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ABSTRACT 

Pellets were prepared from wet granulations using 

an extruder and spheronizer. Binary mixtures of active 

ingredient and different types of Avicel micro- 

crystalline cellulose products have been processed 

and evaluated to determine the effect of varying the 

drug, the diluent, and the drug-diluent ratio. 

Physical properties including in-vitro drug release 

profiles were evaluated for the uncoated pellets. 

Anhydrous Theophylline, USP and Quinidine Sulfate, USP 

were evaluated at drug-diluent ratios from 10:90 to 

80:20. Chlorpheniramine Maleate, USP and Hydro- 

chlorothiazide, USP were incorporated into one system 

to study the influence of more extreme values of 

aqueous solubility on drug release. Drug release was 

found to vary with the drug, diluent, and the 

drug-diluent ratio. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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1838 O'CONNOR AND SCHWARTZ 

INTRODUCTION 

Pellets for pharmaceutical uses are of interest 

for both conventional dosage forms and controlled 

release delivery systems. It has been reported in a 

recent survey ( 1 )  that over 80% of the respondents 

from the pharmaceutical industry and academia are 

actively engaged in the research and development of 

drug delivery systems. 

In an earlier report ( 2 ) ,  materials used to 

manufacture pellets were evaluated with commercially 

available equipment, namely an extruder and 

spheronizer. In that study, the Avicel micro- 

crystalline cellulose (MCC) products were found to be 

amenable to the spheronization process as single 

components. As a logical extension, this study has 

been expanded to include simple drug-diluent mixtures, 

so that drug release could also be investigated. The 

literature contains several references (3-5)  to drug 

release from coated or specially formulated pellets. 

The emphasis in this report, however, is directed 

toward drug release from uncoated pellets consisting 

of binary mixtures of drug and diluent. 

In the present study, two active ingredients, 

theophylline and quinidine sulfate, were incorporated 

into three diluents o r  matrix materials at three 

drug-diluent ratios: 10:90, 50:50,  and 80:20 .  These 
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S P M E R O N I Z A T I O N  11: DRUG R E L E A S E  1839 

two drugs are of current interest in controlled 

release dosage forms and are even represented by 

several marketed products. The three diluents were 

selected from those Avicel MCC products studied 

previ.ous1y and are Avicel PH-101, Avicel RC-581, and 

Avicel CL-611. Two additional drugs, chlorpheniramine 

maleate and hydrochlorothiazide, were selected as 

soluble and insoluble model compounds, respectively, 

and were evaluated in the system prepared with Avicel 

PH-101 at a drug-diluent ratio of 10:90. 

It is the authors' contention that this 

experimental plan will provide a useful data base for 

future research and formulation efforts, as well as, 

insight into the application of this process to 

controlled release. 

EXPERIMENTAL 

Materials 

The matrix rnater Li11.s i-nclude : Microcrystalline 

Cellulose, NF (Avicel PH-101, FMC Corporation, 

Philadelphia, PA) and two types of Microcrystalline 

Cellulose and Carboxymethylcellulose Sodium, NF 

(Avicel RC-581 and Avicel CL-611, FMC C o r p o r a t i o n ) .  

The active ingredients used in this study 

include: Chlorpheniramine Maleate, USP (VitaAmerican 

C o r p o r a t i o n ,  Little Falls, NJ), Hydrochlorothiazide, 

iJSP (supplied for this study by E. R. Squibb & Sons, 
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1840 O'CONNOR AND SCHWARTZ 

I n c . ,  P r i n c e t o n ,  N J ) ,  Q u i n i d i n e  S u l f a t e ,  IJSP ( s u p p l i e d  

f o r  t h i s  s t u d y  by t h e  FMC C o r p o r a t i o n ,  P h i l a d e l p h i a ,  

P A ) ,  and  Anhydrous T h e o p h y l l i n e ,  USP ( K n o l l  F i n e  

C h e m i c a l s ,  N e w  York ,  N Y ) .  

P e l l e t  M a n u f a c t u r i n 8  

The d r y  powders  were p r e b l e n d e d  f o r  5 m i n u t e s  i n  

a p l a n e t a r y  m i x e r  ( H o b a r t  Model A-20I>T, H o b a r t  

C o r p o r a t i o n ,  H o b a r t ,  N Y ) .  Rat,ch s i z e  H a i s  h e l d  c o n s t a n t  

a t  1 . 0  k i l o g r a m  o f  d r y  s o l i d .  P u r i f i e d  ' d a t e r ,  USP was 

added  t o  t h e  m i x i n g  powders  i n  t h e  p l a n e t a r y  m i x e r  t o  

a c h i e v e  t h e  p r o p e r  c o n v i s t a n c y  for e x t r u s i o n .  The 

w e t t e d  mass was p a s s e d  t h r o u g h  t h e  e x t r u d e r  (Model 

EXDS-60, L I J W A  C o r p o r s t i o n ,  C h a r l o t t e ,  N C ) .  The 

e x t r u d e r  was o p e r a t e d  a t  50 rpm a n d  was f i t t e d  w i t h  

1 .5  mn s c r e e n s .  The e x t r u d a t e  was t h e n  p r o c e s s e d  i n  

t h e  s p h e r o n i z e r  (Marumerizer, Model 8 -230 ,  L U W A  

C o r p o r a t i o n )  i m m e d i a t e l y  f o l l o w i n g  e x t r u s i o n .  The 

s p h e r o n i z e r  was o p e r a t e d  a t  1000 rpm and  was f i t t e d  

w i t h  a 2 mm s c o r e d  f r i c t i o n  p L a t e .  P r o d u c t  was 

c o l l e c t e d  a f t e r  a two m i n u t e  r e s i d e n c e  1;i.me. The 

s p h e r o n i z e d  p r o d u c t  was d r i e d  on p d p e r  l i n e d  t r a y s  

e i t h e r  by a i r  o r  i n  a h o t  a i r  oven  ( S t o k e s  Model-38C, 

P e n n w a l t  C o r p o r a t i o n ,  W a r m i n s t e r ,  PA).  

P h y s i c a l  T e s t i n g  

P h y s i c a l  t e s t i n g  i n c l u d e d  p a r t i c l e  s i z e  a n a l y s i s  

by s i e v i n g ,  d e n s i t y  d e t e r m i n a t i o n ,  a n d  f r i a b i l i t y  
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SPHERONlZATlON 11: DRUG RELEASE 1841 

e v a l u a t i o n  u s i n g  a n  a b r a s i o n  Mheel and g l a s s  b e a d s ,  as 

d e s c r i b e d  i n  an e a r l i e r  r e p o r t  ( 2 ) .  The g e o m e t r i c  mean 

diameter ( d ' g )  was d e t e r m i n e d  from t h e  s i e v e  a n a l y s i s  

da ta  usiris a l o g - p r o b a b i l i t y  p l o t  as  d i s c u s s e d  by 

M a r t i n  ( 6 ) .  

D i s s o l u t i o n  t e s t i n g  was p e r f o r m e d  i n  900  m l  o f  

d i s t i l l e d  water a t  37 d e g r e e s  C e l s i u s  u s i n g  USP/NF 

Method I a t  a b a s k e t  r o t a t i o n a l  s p e e d  o f  50 rpm o v e r  a 

f o u r  h o u r  time p e r i o d ,  A l l  s a m p l e s  were a n a l y z e d  by  TJV 

s p e c t r o s c o p y  a t  a maximum w a v e l e n g t h  de  terrniried by an 

d b s o r b a n c e  v e r s u s  w a v e l e n g t h  scan .  

RESULTS A N D  DISCUSSION 

The m a n u f a c t u r i n g  r e s u l t s  are  p ? e ~ ~ ~ * ~ i ; ~ ~ d  iri a 

p r o c e s s i n g  summary ( T a b l e  I )  f o r  t h e  b i n a r y  m i x t u r e s  of 

t h e o p h y l l i n e  and ma t r ix  mater ia l .  I n  g e n e r a l ,  t h e  

resul ts  d e m o n s t r a t e  t h a t  a c t i v e  i n g r e d i e n t  c a n  be  

i n c o r p o r a t e d  i n t o  p e l l e t s  u n d e r  these  s i m p l e  mixing a n d  

p r o c e s s i n g  c o n d i t i o n s .  The  p h y s i c a l  a p p e a r a n c e  o f  t h e  

p r o d u c t s  v a r i e d  as  a f u n c t i o n  o f  d r u g  c o n c e n t r a t i o n .  A t  

a d r u g - d i l u e n t  ^ . i t ; io  of' 10:90, t h e  m a t r i x  mater ia l  u s e d  

was t h e  pretlolnirlant Pac to r  i n  d e t e r m i n i n g  t h e  p h y s i c a l  

a p p e a r a n c e  of the  s p h e r o n i z e d  p r o d u c t s .  Thus ,  t h e  

A v i c e l  Pq-191 p r o d i i c t  which formed t h e  mos t  s p h e r i c a l  

p l a c e b o  p e l l e t s  ( 2 )  a l s o  formed t h e  bes t  p e l l e t s  a t  

t h i s  c o n c e n t r a t i o n .  A t  a d r u g - d i l u e n t  r a t i o  o f  50:50,  

t h e  p r o d u c t s  were o v e r a l l  t h e  most  a c c e p t a b l e  i n  
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SPHERONIZATION 11: DRUG RELEASE 1843 

appearance for all three matrix materials. At a 

drug-diluent ratio of 80:20, a complete reversal in 

pellet acceptability occurred with respect to that at 

the 10:90 ratio. In fact, the Avicel PH-101 did not 

yield acceptable pellets and those prepared with Avicel 

CL-611 were the most spherical in appearance. 

Therefore, based solely on physical appearance, 

Avicel P9-101 appears to be the ideal matrix material 

for the preparation of pellets containing low dose 

medicaments. Conversely, Avicel RC-581 and Avicel 

C1,-611 appear to be more applicable to the preparation 

of pellets containing a high dose of drug, at least by 

this simple processing method. 

The results of physical testing are reported i r l  

Tables 11, 111, and IV for pellets containing 

theophylline in Avicel PH-101, Avicel RC-581, and 

Avicel CL-611, respectively. 

In general, the particle size distributions f o r  

these pellets represent a narrow distribution relative 

to that produced by conventional wet granulation. The 

percentage of the batch found in a 12/30 mesh cut 

decreased with increasing active concentration for a11 

the matrix materials tested. The sieve analysis data, 

as well as, the calculated geometric mean diameter, 

i-fl?,lic?te that increasing the active concentration 

results in smaller particles for the pellets prepared 
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SPHERONIZATlON 11: DRUG RELEASE 1847 

w i t h  A v i c e l  PH-101 and  l a r g e r  p a r t i c l e s  f o r  t h o s e  

p r e p a r e d  w i t h  A v i c e l  RC-581 and  A v i c e l  C L - 6 1 1 .  A s  

p r e v i o u s l y  r e p o r t e d  ( 2 1 ,  some degree o f  v e r t i c a l  

o r i e n t a t i o n  was n e c e s s a r y  t o  o b t a i n  t h e  p a r t i c l e  s i z e  

r e s u l t s  r e p o r t e d  f o r  t h e  n o n - s p h e r i c a l  p e l l e t s .  

P e l l e t  d e n s i t y  a p p e a r s  t o  be  u n a f f e c t e d  by 

c h a n g e s  i n  t h e  d r u g - d i l u e n t  r a t i o .  The p e l l e t  

d e n s i t i e s  a r e  g e n e r a l l y  g rea t e r  t h a n  t h o s e  u s u a l l y  

p r o d u c e d  d u r i n g  a c o n v e n t i o n a l  wet g r a n u l a t i o n .  

The f r i a b i l i t y  a p p e a r s  t o  i n c r e a s e  w i t h  

i n c r e a s i n g  a c t i v e  c o n c e n t r a t i o n .  T h e  l a r g e  i n c r e a s e  

f o r  A v i c e l  Pil-101 was accompan ied  by t he  p h y s i c a l  

c h a r a c t e r i s t i c  o f  s o f t n e s s  a n d  may, i n  p a r t ,  e x p l a i n  

t h e  f a i l u r e  t o  fo rm s a t i s f a c t o r y  p r o d u c t  a t  a 

d r u g - d i l u e n t  r a t i o  o f  80:20. A l l  o t h e r  p r o d u c t s  c o u l d  

b e  q u a l i t a t i v e l y  c l a s s i f i e d  as  h a r d  p e l l e t s  and c o u l d  

b e  e x p e c t e d  t o  r i t h s t a n d  r o u g h  h a n d l i n g .  

The i n - v i t r o  d i s s o l u t i o n  r e s u l t s  f o r  p e l l e t s  

c o n t a i n i n g  t h e o p h y l l i n e  h a v e  been summarized i n  T a b l e  

V and r e p r e s e n t  t h e  p e r c e n t  d i s s o l v e d  a t  30 and 60 

m i n u t e s .  These e a r l y  s m p l i n g  times a re  o f  i n t e r e s t  t o  

d e m o n s t r a t e  t h e  d e l a y e d  re lease c h a r a c t e r i s t i c s  o f  

these  p e l l e t s  by t h i s  t e s t  method. D i s s o l u t i o n  d a t a  

a r e  a l s o  p r e s e n t e d  i n  g r a p h i c a l  fo rm t o  r a c i l i t a t e  

c m p a r i s o n  and  d i s c u s s i o n  o f  t r e n d s .  The r e s u l t s  o f  

d i s s o l u t i o n  t e s t i n g  were somewhat s u r p r i s i n g ,  s i n c e  
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SPHERONIZATION 11: DRUG RELEASE 1849 

TIME (minutes) 

F i g u r e  1. D i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  
10% t h e o p h y l l l n e  i n  d i f f e r e n t  A v i c e l  MCC 
t y p e s .  ( K E Y :  0 A v i c e l  PH-101, A A v i c e l  
RC-581, A v i c e l  CL-611) 

none  of  t h e  p e l l e t s  t e s t e d  y i e l d e d  an imet l ia te  

re lease p r o f i l e .  

The d i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  

t h e o p h y l l i n e  i n  each d i l u e n t  a t  a d r u g - d i l u e n t  r a t i o  

of 10:90 a re  shown i n  F i g u r e  1 .  These re lease  p r o f i l e s  

Mere f o u n d  t o  be t h e  s lowes t  of a l l  t h ree  d r u g - d i l u e n t  

r a t i o s  a n d  a p p e a r  t o  be  d e p e n d e n t  on t h e  d i l l l e n t .  The 

p e l l e t s  c o n t a i n i n g  A v i c e l  PH-101 as t h e  m a t r i x  
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O'CONNOR AND SCHWARTZ 1850 

mater ia l  e x h i b i t e d  100% re l ease  a f t e r  3 h o u r s  o f  

d i s s o l u t i o n  t e s t i n g ,  w h i l e  t h o 3 e  c o n t a i n i n g  e i t h e r  

A v i c e l  RC-581 o r  CL-611 e x h i b i t e d  o n l y  40% re lease  

a f t e r  4 h o u r s .  The  p h y s i c a l  appearaf lce of t h e  b a s k e t  

c o n t e n t s  a f t e r  d i s s o l u t i o n  t e s t i n g  may e x p l a i n  t h e  

d e l a y e d  re lease  r rom t h e s e  p e l l e t s .  The r e s u l t s  of 

d i s s o l u t i o n  t e s t i n g  f o r  p e l l e t s  p r e p a r e d  w i t h  A v i c e l  

PH-101 h a v e  b e e n  a t t r i b u t e d  t o  t h e i r  

n o n - d i s i n t e g r a t i n g  n a t u r e .  I n t a c t  d r u g l e s s  p e l l e t s  

r e o l s i n e d  i n  t h e  b a s k e t  a f t e r  t e s t i n g ;  t h i s  pheri!:,sn-r( 

m u l d  be  e x p e c t e d  of a n  i n e r t  m a t r i x  re lease  s y s t e m  

( 7 ) .  The p e l l e t s  p r e p a r e d  w i t h  A v i c e l  RC-581 o r  A v i c e l  

CL-611 a p p e a r  t o  h a v e  a s imi la r  re lease  s y s t e m ,  s i n c e  

t h e s e  p e l l e t  s y s t e m s  f o r m e d  a s w o l l e n  g e l a t i n o u s  p l u g  

i n  t i l e  d i s r o l i i i ;  i o n  b a s k e t  a s s e m b l y .  T h e s e  l a t t e r  two  

s y s t e m s  c a n  be b e s t  d e s c r i b e d  as water-swel lable  

h y d r o g e l  ma t r ix  s y s t e m s  ( 7 ) .  

The r e s u l t s  o f  an e x t e n d e d  d i s s o l u t i o n  t e s t  f o r  

p e l l e t s  conta  i n i r i g  ' ch t - ?ophy l l ine  i n  A v i c e l  RC-581 a t  a 

d r u g - d i l u e n t  r a t i o  of 10:90 i s  shown i n  F i g u r e  2 .  

T e s t i n g  was e x t e n d e d  <)vet? a 12  h o u r  time p e r i o d  t o  

d e t e r m i n e  t h e  re lease  p r o f + t l e  u n d e r  c o n s t a n t  t e s t  

c o n d i t i o n s .  The f i r s t  f o u r  h o u r  s e g m e n t  o f  t h i s  

d i s s o l u t i o n  p r o f i l e  i s  s u p e r i m p o s a b l e  on t h e  p r e v i o u s  

f o u r - h o u r  p r o f i l e  ( F i g u r e  1). I t  is  o b v i o u s  t h a t  

release c o n t i n u e s  o v e r  a 12 h o u r  time p e r i o d .  
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S P H E R O N L Z A T I O N  11: DRUG R E L E A S E  1851 

2 4 6 a 10 12 

TIME (hours) 

Figure 2. Dissolution profile for pellets containing 
10% theophylline in Avicel RC-581 with an 
extended time a x i s .  

The d i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  

t h e o p h y l l i n e  i n  e a z h  d i l . i i en t  a t  a d r u g - d i l u e n t  r a t i o  

o f  50:50 are  shown i n  F i g u r e  3 .  These p r o f i l e s  e x h i b i t  

t h e  same t r e n d  as t h a t  e s t a b l i s h e d  a t  a d r u g - d i l u e n t  

r a t i o  of 1O:gO. I n  a d d i t i o n ,  t h e  d i f f e r e n c e  i n  drlid 

r’elsase be tween  p e l l e t s  p r e p a r e d  w i t h  Avice‘l RC-58 1 

and  t h o s e  p r e p a r e d  w i t h  A v i c e l  CL-611 i s  more a p p a r e n t  

a t  t h i s  d r u g  c o n c e n t r a t i o n .  Comparison o f  F i g u r e s  1 

and 3 s u p p o r t s  t h e  hyp0 thes i . a  th<Ii; dr-:Js r j l e a s e  is 

d e p e n d e n t  on t h e  n a t u r e  o f  t h e  d i l u e n t  o r  m t r i x  

mater ia l .  
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1852 O'CONNOR AND SCHWARTZ 

100 

n 
';1 80 

20 

60 120 180 
TIME (minutes) 

240 

F i g u r e  3 .  D i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  
50% t h e o p h y l l i n e  i n  d i f f e r e n t  Avicel MCC 
t y p e s .  (KEY: eAvice l  PH-101, A Avicel 
RC-581, Avicel  CL-611) 

The d i s s o l u t i o n  p r o f i l e s  f o r  t h e o p h y l l i n e  i n  

A v i c e l  CL-611 a t  d r u g - d i l u e n t  r a t i o s  o f  10:90, 50:50,  

and  80:20 are  shown i n  F i g u r e  4 .  A d i r e c t  r e l a t i o n s h i p  

a p p e a r s  t o  e x i s t  be tween  d r u g  c o n c e n t r a t i o n  a n d  d r u g  

r e l ease .  T h e r e f o r e ,  d r u g  re lease  was a l s o  found  t o  b e  

d e p e n d e n t  on t h e  d r u g - d i l u e n t  r a t i o .  

The  r e s u l t s  of  m a n u f a c t u r i n g ,  p h y s i c a l  t e s t i n g ,  

and d i s s o l u t i o n  t e s t i n g  f o r  p e l l e t s  c o n t a i n i n g  

q u i n i d i n e  s u l f a t e  were similar t o  t h o s e  d i s c u s s e d  f o r -  
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SPHERONIZATION 11: DRUG RELEASE 1853 

100 

n 

s1 

w 5 80 

Y n 

2 40 
W a 

20 

60 120 180 

TIME (minutes) 

F i g u r e  4 .  D i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  
d i f f e r e n t  concen t r a t ions  of d r u g  i n  Avicel 
CL-611. ( K E Y :  0 l o % ,  0 505, A80%) 

p e l - l e t s  c o n t a i n i n g  t h e o p h y l l i n e  a n d ,  t h e r e f o r e ,  w i l l  

n o t  be  p r e s e n t e d  i n  t h i s  p a p e r .  The d i s s o l u t i o n  

p r o f i l e s  a re  p r o b a b l y  s imi l a r  f o r  t h e  two s e r i e s  o f  

p e l l e t s  d u e ,  i n  p a r t ,  t o  t h e  s imi l a r  aqueous  

s o l u b i l i t y  o f  t h e  two a c t i v e  compounds ( T a b l e  VI). 

The d i s s o l u t i o n  p r o f i l e s  f o r  p e l l e t s  c o n t a i n i n g  

Avicel PH-101 and  v a r i o u s  a c t i v e  i n g r e d i e n t s  ( T a b l e  

VI) a t  a d r u g - d i l u e n t  r a t i o  of' 1O:gO are shown i n  

F i g u r e  5. The r e s u l t s  d e m o n s t r a t e  t h a t  t h i s  s y s t e m  

240 
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1 8 5 4  O'CONNOR AND SCHWARTZ 
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SPHERONIZATION 11: DRUG RELEASE 1855 

100 

20 

60 120 180 

TIME (minutes) 
240 

Figure 5. Dissolution profiles for pellets containing 
10% drug in Avicel PH-101. (KEY: A Chlor- 
pheniramine Maleate, 0 Quinidine Sulfate, 

X Theophylline, OHydrochlorothiazide) 

follows a d i r e c t  c o r r e l a t i o n  be tween  a q u e o u s  

s o l u b i l i t y  and d r u g  r e l e a s e ,  wh ich  h a s  been  p r e v i o u s l y  

d e s c r i b e d  by t h e  Noyes -Nerns t  e q u a t i o n  ( 8 ) .  T h e s e  d a t a  

s a g g e s t  t h a t  d r u g  r e l ease  from this s y s t e m  i s  

d e p e n d e n t  on t h e  p r o p e r t i e s  of t h e  d r u g ,  i n  

p a r t i c u l a r ,  i t s  a q u e o u s  s o l u b i l i t y .  

The i n f l u e n c e  of i n - v i t r o  d i s s o l u t i o n  t e s t  

me thodo logy  on t h e  r e s u l t s  of a n y  d i s s o l u t i o n  s t u d y  is  

well documented i n  t h e  l i t e r a t u r e  a n d  i s  wor thy  o f  

r u r t h e r  s t u d y  f o r  t h e s e  t e s t  s y s t e m s .  
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CONCLUSIONS 

Based on the data and discussion presented in 

this paper, several conclusions can be made regarding 

this work. Drug release from these simple drug-diluent 

mixtures has been found to vary with the drug, the 

diluent, and the drug-diluent ratio under the 

specified test conditions. At least two different drug 

release systems have been identified, namely, the 

inert matrix and the swelling hydrogel matrix systems. 

It appears that the Avicel microcrystalline cellulose 

products have specialized properties that permit 

spheronization as single components and in binary 

mixtures of drug and diluent using only purified water 

as the granulating fluid. 
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