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ABSTRACT 

Wet granula t ion  of a hydrophi l ic  sus ta ined  release matr ix  t a b l e t  

formulation has been s tudied .  A f r a c t i o n a l  f a c t o r i a l  

experimental design was employed to i d e n t i f y  p r inc ipa l  inf luences 

and i n t e r a c t i n g  f a c t o r s  from the  following : granulat ion f l u i d  

volume, mixing time, mixer speed and inc lus ion  of a wet screening 

step. Fluid volume and mixing time were primary f a c t o r s  
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5 32 TIMMINS ET AL. 

a f f e c t i n g  mean granule s i z e .  Fines i n  the granula t ion  were 

reduced a t  higher  f l u i d  l e v e l s  and by inc lus ion  of a w e t  

screening operat ion.  There were seve ra l  i n t e r a c t i n g  f a c t o r s  

in f luenc ing  the  p a r t i c l e  s i z e  p rope r t i e s  of  t he  granulat ion.  The 

f a c t o r s  s tud ied  had l i t t l e  inf luence on t h e  bulk dens i ty  of the  

granulat ion.  

The inf luence of granule  mean particle s i z e  on flow, 

compress ib i l i ty  and drug release from f in i shed  t a b l e t s  was 

evaluated.  Flow and compressibi l i ty  were inf luenced by granule  

properties and the  data generated suggested t h a t  should f i n a l  

t a b l e t  p rope r t i e s  d e t e r i o r a t e  on scale up i t  may be poss ib l e  t o  

ameliorate the e f f e c t  by modification of granula t ion  f l u i d  volume 

or mixing time or both. 

The f a c t o r s  s t u d i e s  had no inf luence on release of drug from 

f in i shed  tablets. 

INTRODUCTION 

Sustained release o r a l  dosage forms have become increas ingly  

important i n  therapy as a means of reducing dosing frequency, 

hence po ten t i a l ly  improving p a t i e n t  compliance and consequently 

efficacy. Side e f f e c t s  and therapeut ic  response may be 

bene f i c i a l ly  modified by the reduct ion i n  peak to  trough 

v a r i a t i o n  of drug plasma concentrat ion r e s u l t i n g  from therapy 

with a sustained release o r a l  dosage form. F ina l ly  there is 

great impetus from within the  pharmaceutical indus t ry  t o  develop 
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GRANULATION OF A SUSTAINED RELEASE TABLET 533 

sus ta ined  release oral dosage forms as a means of  product l i f e  

cyc le  management i n  pro tec t ing  market share  for  pa t en t  expi r ing  

drugs. 

Hydrophilic polymer-based sustained release matr ix  t a b l e t s  

u t i l i s i n g  ce l lu lose  e t h e r s  are well e s t ab l i shed  as a means of 

providing prolonged drug de l ivery  v i a  the  oral  route .  There have 

been a number of s t u d i e s  on the  inf luence  of  formulation f a c t o r s  

on in -v i t ro  drug release and in-vivo performance of these  systems 

which have been reviewed by Hogan (1). Ranga Rao e t  a1 (2 )  and 

Ranga Rao and Padmalathan Devi ( 3 ) .  Baveja and Ranga Rao (4)  

demonstrated t h a t  i o n i c  and non-ionic c e l l u l o s e  e t h e r s  could be 

combined t o  provide zero order  drug de l ive ry  from a hydrophi l ic  

matrix.  

More recent ly  the  formulation of a novel dua l  polymer hydrophi l ic  

matrix system f o r  t he  provision of a sus ta ined  release o r a l  

system based on sodium a lg ina te  and hydroxypropylmethylcellulose 

has been descr ibed,  ( 5 ) .  This system can be optimised t o  provide 

pH-independent i n -v i t ro  release of  bas i c  drug substances ( 6 ) .  

Processing proper t ies  of sustained release systems based on 

hydrophi l ic  matrices have not been reported previously.  

Excluding c l i n i c a l  and pharmacokinetic s t u d i e s  the  majori ty  of 

work reported i n  the  l i t e r a t u r e  f o r  t h i s  type of formulation is 

on i n - v i t r o  evaluat ion of products prepared the  labora tory  s c a l e  

where both w e t  granulat ion and d i r e c t  compression processes have 

been employed. To ensure good content  uniformity,  and avoid flow 
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5 34 TIMMINS ET AL. 

related inter-tablet weight variation problems, wet granulation 

may be a preferred processing route fo r  hydrophilic sustained 

release matrix tablets in commercial production. The present 

work describes fractional factorial design experiments undertaken 

to evaluate wet granulation processing of the sodium 

alginate/hydroxypropylmethylcellulose pH-independent matrix 

sys tem. 

EXPERIMENTAL 

Granule and Tablet PreDarat ions 

The formulation evaluated consisted of verapamil hydrochloride 

(Fermion, Finland) as model drug, with sodium alginate (Kelco, 

UK) and hydroxypropylmethylcellulose 4OOOcps (Colorcon, UK) as 

rate-controlling hydrophilic polymers. Microcrystalline 

cellulose (FMC, Belgium) and lactose monohydrate (Lactochem, UK) 

were included as compression aids and magnesium stearate (Durham 

Chemicals, UK) was employed as lubricant. 

A model 22 Winkworth 2-blade mixer was used for preparing 

granulations at the 0.2kg scale. All formulation components 

except magnesium stearate were dry blended and then granulated by 

addition of water at a fixed rate in all studies. Where a wet 

screen operation was utilised this employed a Jackson Crockatt 

oscillating granulator fitted with a 20 mesh screen. Granules 

were dried at 50°C fo r  15 hours to give a moisture content (by 

loss on drying at 105°C) of 2.5 - 5%. Lubrication was performed 
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GRANULATION OF A SUSTAINED RELEASE TABLET 535 

by mixing the  d r i ed  granules with magnesium stearate i n  a Turbula 

mixer f o r  f i v e  minutes. 

Table t s  were prepared a t  a range of appl ied compression pressures  

on a Manesty F3 s i n g l e  punch t a b l e t  p re s s ,  instrumented t o  

collect compression and e j ec t ion  d a t a  (7 ) .  

Product Eva lua t ion  

The p a r t i c l e  s i z e  of t he  unlubricated granules  w a s  determined by 

s i e v e  ana lys i s  and the mean p a r t i c l e  s i z e  determined graphica l ly .  

Bulk and tap  dens i ty  were evaluated i n  a measuring cy l inder ,  

c a r e f u l l y  pouring i n  a known weight t o  c a l c u l a t e  bulk dens i ty  and 

us ing  volume da ta  obtained a f t e r  f i f t y  t aps  t o  ob ta in  t ap  

dens i ty .  Carr's index (8) w a s  ca lcu la ted  from the  dens i ty  da ta .  

Angle of repose was determined by passing unlubricated granules  

through a funnel a t  an even rate t o  form a s t a b l e  cone of powder. 

The funnel was maintained a t  a f ixed  height  i n  a l l  experiments. 

The height  and diameter of t he  cone was measured and t h e  angle of 

repose ca lcu la ted  by trigonometry. 

Drug release s tud ie s  on compressed t a b l e t s  were carried out  on 

a USP X X I I  apparatus I a t  50rpm (Pharmatest, U K ) .  Dissolut ion 

tests were undertaken on s i x  tablets for each test, and t e s t i n g  

w a s  conducted i n  both simulated gastric f l u i d  (pH 1 . 2 )  and 

simulated i n t e s t i n a l  f l u i d  (pH 7.4)  to  cha rac t e r i s e  the  pH- 

independent nature  of drug release. Dissolved drug was 

determined by spectrophotometry a t  260nm on a LKB Ultrospec I1 

spectrophotometer (LKB, U K ) .  
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5 36 TIMMINS ET AL. 

Mean t a b l e t  crushing s t r eng th ,  mean weight and weight va r i a t ion  

were determined on twenty t a b l e t s  from each experiment on a 

Pharmatest WHT-1 t a b l e t  testing system. 

Studv Desiqn 

The e f f e c t  of processing var iab les  on the  phys ica l  p rope r t i e s  of 

granules  and the  resultant e f f e c t s  on compression and f i n a l  

product performance were inves t iga ted  us ing  a f r a c t i o n a l  

f a c t o r i a l  experimental design (9 ) .  Based on preliminary 

experiments, four  va r i ab le s  were chosen for  inves t iga t ion  a t  two 

l e v e l s .  

Granulation f l u i d  volume 

Mixer speed 

Mixing time 

Use of w e t  screening stage 

The f a c t o r i a l  design is given i n  Table 1. 

RESULTS AND DISCUSSION 

The mean p a r t i c l e  s i z e ,  angle of repose and Carr index f o r  

granulat ions from each of the  experiments are given i n  Table 2. 

The main e f f e c t s  and in t e rac t ions  f o r  p a r t i c l e  s i z e  were 

determined according t o  Davies ( 9 ) .  summing the  p a r t i c l e  s i z e s  

and applying the  appropriate  s igns  from Table 1. Sums of  squares 

were determined from the  square of t he  sum of p a r t i c l e  s i z e s  for 

each main e f f e c t  and in t e rac t ion  divided by e i g h t  ( 9 ) .  The 
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GRANULATION OF A SUSTAINED RELEASE TABLET 

Experiment Number 1 

537 

TABLE L 

ExDerimental d e s m  ' fo r  evaluatigp some variables  . .  i n  Eranulation of a hvdroDhillc matrix 

1 

2 

3 

4 

5 

6 

7 

8 

Factor 
A ,  Fluid Level 

B ,  Mixing Time 

C, Wet Screening Stage 

D .  Mixer Speed 

Factor 

A B C D 

+ = 50mi - = 60ml 

+ = 60 mins 

+ = Wet screen step - = No w e t  screen step 

- = 45 mins 

+ = 75rpm - = 50wm 
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GRANULATION OF A SUSTAINED RELEASE TABLET 539 

ana lys i s  of var iance r e s u l t s  obtained from t h i s  da t a  handling is 

presented i n  Table 3 .  

By t h e  inspect ion of sums of squares i t  can be seen t h a t  t h e  most 

i n f l u e n t i a l  f a c t o r s  r e l a t i n g  to  p a r t i c l e  s i z e  of  t he  granulat ion 

are the  l e v e l  of  water i n  the  granulat ion (decreasing granula t ion  

f l u i d  l e v e l  depresses  p a r t i c l e  s i z e )  and mixing time ( increas ing  

mixing time y i e l d s  increased mean granule  s i z e ) .  The o t h e r  

process  parameters s tud ied ,  mixer speed and inc lus ion  of  a w e t  

sc reening  s t age ,  have a lesser e f f e c t  on mean granule s i z e .  From 

prel iminary experiments with t h i s  formulation the  system e r r o r  

var iance was estimated as 9.0 and therefore  t h e  f a c t o r s  A (water 

l e v e l ) ,  B (mixing t i m e )  and the  i n t e r a c t i o n  (AB, CD) are of 

primary s igni f icance ,  having sums of squares  i n  excess of t h i s  

value.  

For t he  in t e rac t ion ,  factors CD are probably not  significant as 

t h e  ana lys i s  of var iance suggests t h a t  inc lus ion  of a w e t  

screening stage and increase  i n  mixing speed have l i t t l e  e f f e c t  

on the  mean p a r t i c l e  s i z e .  For f a c t o r s  A and B, f l u i d  volume and 

mixing time, t h i s  i n t e rac t ion  is probably real. Re-analysis of 

t he  d a t a  f o r  these two in t e rac t ing  f a c t o r s  on a two way b a s i s  

gives  the  averaged totals  da t a  i n  Table 4 .  

A t  a high f l u i d  l eve l  the increased mixing time has a marked 

p o s i t i v e  e f f e c t  on mean p a r t i c l e  s i z e  wh i l s t  a t  the  lower f l u i d  

l e v e l  t he re  is l i t t l e  e f f e c t  o r  perhaps a negat ive e f f e c t .  The 

negat ive e f f e c t  may be r e l a t ed  t o  increase  i n  a t t r i t i o n  a t  
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5 40 TIMMINS ET AL. 

a 
m 
m 
I 

N 

N aJ 
I 

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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



GRANULATION OF A SUSTAINED RELEASE TABLET 

Higher Fluid Volume 

541 

Shorter Longer 
Mixing Time Mixing Time 

191.0 345 5 

i d  volume and mixina time Interact ion of f l u  
influent i n a  Dartic le s i z e  of m u l e s  

Lower Fluid Volume 149.0 I 161 .o 
I 1 

extended mixing times. A t  either mixing time the  increase i n  

f l u i d  l eve l  has a pos i t ive  e f f e c t  on mean p a r t i c l e  s i z e .  

These observations are i n  accord with published da ta  on the 

influence of the employed var iables  on propert ies  of conventional 

granules derived by w e t  granulation. Although there  is no 

spec i f i c  l i t e r a t u r e  on the  wet granulation of hydrophilic matrix 

sustained release formulations, the l i t e r a t u r e  on w e t  granulation 

of conventional formulations indicates  the possible  influences of 

granulation f l u i d  volume and mixing t i m e  on mean granule s ize .  

Hunter and Ganderton (10) showed increases  i n  mean granule s i z e  

for granulation of s ing le  component systems on increase i n  

granulation f lu id  volume. These observations were extended t o  

binary systems by Selkirk (11) and Opakunle and Spring (12). The 

la t ter  authors explained t h e i r  observations on the basis  of 

increases i n  the amount of soluble components i n  the mass being 
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542 TIMMINS ET AL. 

dissolved and c r y s t a l l i s i n g  on drying. This would r e s u l t  i n  

l a r g e r ,  s t ronger  granules.  

I n  the  case of  t he  binary mixture s tud ie s  by Opakunle and Spring 

(12) t he  e f f e c t  of mixing time on mean granule  s i z e  was dependent 

upon the  powder mixture composition. I n  general ,  increased 

mixing time produced granules  with increased mean granule  s i z e .  

Some formulations which yielded less robust granules showed the  

poss ib le  breakdown of granules on increased mixing time, 

r e s u l t i n g  o v e r a l l  i n  a reduction i n  mean granule s i z e  on 

increased mixing time. Carstensen et  a1 (13) and Zoglio e t  

(14)  examined the  e f f e c t  of extending mixing times f o r  prototype 

granulat ions and concluded t h a t  a m a x i m u m  or even equi l ibr ium 

granule  s i z e  may be achieved and increas ing  mixing time would 

r e s u l t  i n  an approach t o  the  equi l ibr ium o r  m a x i m u m  value,  or 

possibly passing the  m a x i m u m  value.  

For t he  sustained release matrix s tud ied  here ,  t he  inf luence of 

granulat ion f l u i d  l e v e l  and mixing time can be in t e rp re t ed  as 

a r i s i n g  as the  hydrophi l ic  polymers present  i n  the  blend are 

hydrat ing during the granulat ion stage. Both the  increase  i n  

f l u i d  ava i l ab le  and t h e  extending of mixing time might enable 

hydrat ion t o  occur more f u l l y  which w i l l  r e s u l t  i n  enhanced 

i n t e r p a r t i c u l a t e  bonding. The r e s u l t  is an increase  i n  mean 

granule s i z e .  The water so luble  drug present ,  verapamil 

hydrochloride,  could also d isso lve  to  a greater ex ten t  on 

increas ing  granula t ing  f l u i d  l eve l  and r e s u l t  i n  enhanced granule 
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GRANULATION OF A SUSTAINED RELEASE TABLET 543 

growth. The hydrophilic polymers present may however compete 

with dissolving components for  granulating f l u i d  as they hydrate 

and a complex dynamic system may be present.  This may manifest 

as a marked s e n s i t i v i t y  to  scale and mixer type on scale-up 

perhaps demanding a rapid and even d i s t r ibu t ion  of granulat ing 

f l u i d  i n t o  the e s sen t i a l ly  binder-rich system. 

Bulk density is a f ac to r  c r i t i c a l  t o  d i e  f i l l  on high speed 

t a b l e t  machines. A granulate dense enough t o  provide the 

volumetric f i l l  of the d i e  fo r  f i n a l  t a b l e t  weight a t  a l eve l  not 

too close to m a x i m u m  punch s t roke is desirable .  A l l  granulations 

were considered of acceptable bulk density f o r  t ab le t t i ng ,  being 

i n  the range 0.48 - 0.5lg/cc (Table 2). As there  was no marked 

var ia t ion  i n  t h i s  parameter the da ta  w a s  not analysed fur ther .  

Fines i n  a granulation impact on bulk densi ty ,  compressibil i ty 

and flow of granules i n  addition t o  contr ibut ing to  s t i ck ing  and 

picking problems. Therefore control l ing the  level  of f i nes  i n  a 

granulation by ident i fying factors responsible f o r  t h e i r  

generation is desirable .  In  the present work f ines  have been 

defined as  tha t  portion of the granulate t h a t  w i l l  pass through 

a 90 micron aperture mesh sieve.  The f ines  da ta  i n  Table 2 was 

subjected t o  a n a l y s i s  of variance and the r e s u l t s  are presented 

i n  Table 5. 

Inclusion of the wet screening s tage ( f ac to r  C )  and increasing 

the granulating f l u i d  l e v e l  ( f ac to r  A )  appear t o  be important 

fac tors  i n  control l ing the leve l  of f i nes  i n  the  granulate.  
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33fuEl 

Analv- o f variance table fo r l e v e l  o f f i n e s  i n  nran-t ion 

Comparison 
of f a c t o r s  

A 

B 

C 

D 

AB,CD 

AC , BD 

AD, BC 

Magnitude 
of e f f e c t  

6.7 

-3.8 

8.2 

-0.5 

7.9 

6.9 

-0.9 

sum of 
squares 

89.8 

28.9 

132.9 

0.5 

123 3 

93.9 

1.5 

System variance was not  known i n  the  case of evaluat ion of f i n e s .  

However, the sum of squares da t a  suggest  t h a t  i n  addi t ion  t o  the  

two s i g n i f i c a n t  f a c t o r s  a l ready i d e n t i f i e d ,  the  i n t e r a c t i o n s  (AB, 

CD) and (AC, BD) might a l s o  be important.  In t e rac t ion  Al3, 

granulat ion f l u i d  volume x mixing time, represents  ind iv idua l  

f a c t o r s  a l ready i d e n t i f i e d  as inf luencing mean granule  s i z e  which 

could impact t h e  l e v e l  of f i n e s  and t h i s  i n t e r a c t i o n  is therefore  

probably real. In t e rac t ion  CD, wet screening x mixer speed may 

a l s o  be a real e f f e c t ,  as w e t  screening has been i d e n t i f i e d  as an 

individual  f a c t o r  inf luencing the  l e v e l  of f i n e s .  However, t he  

s i t u a t i o n  may be complex as the  i n t e r a c t i n g  f a c t o r  of increas ing  

mixer speed may have an opposi te  e f f e c t  t o  including w e t  
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4 5 1  , 1 , 

40 
100 150 200 250 300 350 400 

Mean she (m microns) 

FIGURE 1 

Variation in anale o f repose with geometric mean E ranule size 

screening as the increased mixing speed may induce generation of 

fines by attrition. 

For the second interaction identified ( A C ,  BD), granulation fluid 

level x wet screen inclusion (AC) is probably real as both 

factors have been identified as individual factors influencing 

the level of fines. The 

identified positive effect of mixing time on overall particle 

size distribution might be expected to reduce fines, but this 

could be negated by the potential for increased mixer speed to 

produce attrition, enhancing the level of fines. Furthermore, 

The possible interaction BD is complex. 
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TABLE 6 

G r a n u l m  

Experiment 

485 (1.33) 

485 (1.25) 

529 (0.57) 

461 (0.26) 

485 (1.26) 

467 (1.08) 

487 (1.26) 

484 (0.68) 

Crushing Strength a t  
2000kg top punch 

load (b) 

14.7 

N.D. 

21.2 

13.8 

17.0 

13.0 

15.7 

16.8 

Dissolution T5OX hrs  

pH1 ' 2 

6.03 

5.46 

5.78 

5.46 

6.19 

N.D. 

5.17 

6.08 

: c lPH7.4 

6.08 

6.86 

5.33 

6.79 

5.78 

N.D.  

6.03 

5.68 

a coeff ic ient  of var ta t ion 

b interpolated from compression force/crushing s t rength p lo ts  

c determined by interpolat ion from log percent undissolved versus 
time p lo t s  

N.D.  not determined 

the  particle s i z e  da t a  analysed as i n  Table 4 suggests  t h a t  a t  

lower granulat ion f l u i d  l e v e l s ,  increased mixing time itself may 

depress  mean p a r t i c l e  s i z e  which could cont r ibu te  to  increase  i n  

l e v e l  of f ines .  

Increase  i n  mean granule s i z e  produces, with respec t  to  the  

p red ic t ion  of improved flow, a b e n e f i c i a l  e f f e c t  on angle of 
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Cruahing atrength (kp) 
25 1 

FIGURE 2 

Relat ionship b e t  ween t a b l e t  c rushing st renpth (2000kg aDD l i ed  
GomDression fo rce )  and geo metric mean p: ranule  s i z e  

repose (Figure 1). The angle of repose increases  sharp ly  as mean 

p a r t i c l e  s i z e  decreases below 170 microns. A granula te  with mean 

p a r t i c l e  s i z e  below 170 microns may show flow r e l a t e d  problems, 

such as high i n t e r - t a b l e t  weight v a r i a t i o n ,  on t a b l e t t i n g  

machines. The cur ren t  experiments have shown t h a t  t h i s  may be 

con t ro l l ed  by m e a n s  of varying mixing t i m e  and granula t ion  f l u i d  

l e v e l .  It should be noted t h a t  i n  spite of the  caut ion  given, 

granules  with mean s i z e s  below 170 microns d id  g ive  t a b l e t s  with 

acceptable  weight and uniformity on a s i n g l e  punch t a b l e t  p ress  

as ind ica ted  i n  Table 6. The weight v a r i a t i o n  on a more 
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548 TIMMINS ET AL. 

demanding ro t a ry  t a b l e t  press was not  evaluated i n  t h e  present  

s tudy.  

Although the d a t a  is somewhat va r i ab le ,  there appears to  be no 

co r re l a t ion  between granule  properties, hence the  va r i ab le s  

s tud ied ,  and d i s so lu t ion  rate (Table 6 ) .  There is a t rend 

however t h a t  on increas ing  granule  s i z e ,  the  compression 

p rope r t i e s  of t he  granules  improve. Tablet  crushing s t r eng ths  a t  

a 200kg applied fo rce  ( taken from compression force/crushing 

s t r eng th  profiles) show a weakly p o s i t i v e  c o r r e l a t i o n  with mean 

granule  s i z e  ( co r re l a t ion  c o e f f i c i e n t  by l i n e a r  regress ion  0.79, 

Fig. 2). This observat ion would be of value should compression 

c h a r a c t e r i s t i c s  of the  product d e t e r i o r a t e  on scale up and 

t r a n s f e r  to  a ro t a ry  t a b l e t  press, as i t  would appear t o  be 

poss ib le  t o  ameliorate t h i s  e f f e c t  by increas ing  mean granule 

s i z e  by increas ing  mixing time or granula t ion  f l u i d  l e v e l  or 

both.  

CONCLUSION 

The present  study has demonstrated t h a t  mixing t i m e  and volume 

of granulat ing f l u i d  were primary f a c t o r s  i n  con t ro l l i ng  p a r t i c l e  

s i z e  of the  granulat ion f o r  a dua l  polymer hydrophi l ic  sustained 

release matrix tablet. 

Analysis of data from a f r a c t i o n a l  factorial  design experiment 

has also indica ted  some i n t e r a c t i n g  f a c t o r s  t h a t  can affect mean 

particle s i z e  and l e v e l  of f ines .  Particle s i z e  has implicat ions 
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on granule flow and compressibility and i t  may be possible to  

address problems of product flow and compression by adjusting 

these granulation parameters. The process variables studied. 

within the range studied, had no impact on drug release 

properties.  
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