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ABSTRACT 

The c r i t i c a l  e f f e c t  of binding s o l v e n t s  i n  aqueous w e t  granula-  

t ion ,on  t h e  phys ica l  s t a b i l i t y  of  t a b l e t s  w a s  i n v e s t i g a t e d .  The 

implicat ions of t h e  shelfcementat ion process  i n  aqueous g r a n u l a  

t i o n  of Piracetam a r e  discussed.  

INTRODUCTION 

The t a b l e t  i s  t h e  most widely used dosage form i n  t h e  medicine 

of today. Table t s  may be produced e i t h e r  by dry  o r  w e t  granula-  

t i o n  methods, although t h e  l a t t e r  i s  t h e  most used f o r  a l l  types  

of pharmaceutical  powder mixtures,  and f o r  t h i s  reason has been 

ex tens ive ly  s tud ied  . However, no information has  been publ i s -  

hed on t h e  inf luence  of t h e  granula t ion  s o l u t i o n  on t h e  long 

term physical  s t a b i l i t y  of t h e  t a b l e t s .  
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1218 FABREGAS AND CUCALA 

I n  the  present  work , t h e  granula t ion  of Piracetam (2-0x0-1-pyrrg 

l idineacetamide)  , with several aqueous binder s o l u t i o n s  was i n -  

ves t iga ted .  This  compound was s e l e c t e d  a s  a model of h ighly  hy- 

drosoluble  drug, with a high o r a l  u n i t  dose (800 mg). The q u a l i -  

t y  of t h e  r e s u l t i n g  granula tes ,  and t h e  g a l e n i c a l  s t a b i l i t y  of 

the  tablets produced from them, were s tudied .  I t  appears  t h a t  

t h e  kneading so lvent  i s  more important than  t h e  binder  i t s e l f  

i n  inf luenc ing  t h e  physico-chemical s t a b i l i t y  of t h e  t a b l e t s .  

EXPERIMENTAL 

Mate r i a1 s 

Piracetam (UCB, Belgium) Polyvinyl p i r r o l i d o n e ,  mean molecular 

weight 40 , 000 (GAFC, USA) , 96% Ethyl-alcohol and Magnesium stea- 

r a t e  (both from E. Merck, W. Germany) were used. 

Aparatus 

An u l t r a r a p i d  mixer (Lodige M5, W .  Germany)operating a t  cons tan t  

v e l o c i t y  (300 rpm), was used i n  a l l  experiments.  The g r a n u l a t e s  

were compressed i n  a s i n g l e  punch tablet  p r e s s  (Korsch EK-0, W. 

Germany) , u s i n g c i r c u l a r  (11.0 mm) biconcave punches. 

A i r j e t  s ieve  (Alpine 200) , f r i a b i l a t o r  (Roche) , volumeter (Engel 

mann A-G) , durometer (Heberlein) , and d i s i n t e g r a t i o n  tester (Er-  

weka ZT-2) , w e r e  used as c o n t r o l  instruments .  P o r o s i t y  d a t a  were 

determined by a mercury i n t r u s i o n  porosimeter (Carlo Erba , model 

225).  The sur face  tens ion  of binding s o l u t i o n s  were measured with 

a Traube stalagmometer. 

Tablet  p repara t ion  

Excluding experiment A (dry mix procedure) , c r y s t a l l i n e  Piracetam 

(mean p a r t i c l e  s i z e  250 p) was d i r e c t l y  kneaded i n t o  an u l t r a r a -  
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AQUEOUS GRANULATION OF HIGHLY HYDROSOLUBLE DRUGS 

TABLE I 

B I N D I N G  DISSOLUTIONS 

1219 

Surface tens ion  f o r  
binding d i s s o l u t i o n s  

Granulate Binder (dyne . c m - l )  

A Without binder  (dry mix) 

B Ethanol ic  polyvinyl  p i r -  
rol idone ( 3 %  w/v) 26.45 

C D i s t i l l e d  water 74.10 

D Aqueous polyvinyl  p i r -  
ro l idone  (3% w/v) 

E Aqueous Piracetam 
(5% w/v) 

F Aqueous Piracetam 
( 10% w/v) 

Aqueous P i  race t a m  
(15% w/v) 

G 

85.90 

87.04 

90.59 

87.83 

p id  blender ,  using d i f f e r e n t  binding s o l u t i o n s  (Table I)  i n  a ra- 

t i o  t o  s o l i d  bulk of 0.15 ml/g. Binder spray t i m e  (2 min . ) ,  and 

kneading t i m e  ( 3  min.) were t h e  same i n  a l l  experiments. The re- 

s u l t a n t  granules  were d r i e d  f o r  4 hours  a t  6 0 ~ ~ 2 ,  screened -- 
through a 0.8 mm s i e v e ,  and mixed with magnesium stearate (0 .5%) .  

The granula tes  were t a b l e t e d  i n  a s i n g l e  punch press, a t  an  uni- 

form weight (830 mg) and h e i g h t  (6.6 mm).  

T e s t  Methods 

Granule p r o p e r t i e s  i n v e s t i g a t e d  inc lude  very f i n e  powder content  

(as % sieved through a 125 pm s c r e e n ) ,  apparent  d e n s i t y ,  t r u e  den - 
s i t y ,  Hausner's number, and f r i a b i l i t y  (as i n c r e a s e  of  very f i n e  
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1220 FABREGAS AND CUCALA 

powder content  from t h e  f r a c t i o n  c o a r s e r  than 125 pm assayed du- 

r i n g  30 minutes i n  t h e  f r i a b i l a t o r )  . 
The tablets were checked f o r  t h e i r  hardness ,  d i s i n t e g r a t i o n  t i m e ,  

f r i a b i l i t y ,  and s u r f a c e  poros i ty .  The t a b l e t s  were s t o r e d  i n  open 

bottles a t  80% r e l a t i v e  humidity a t  250C and v a r i a t i o n s  i n  hard- 

ness ,  and moisture absorpt ion were s tudied .  T a b l e t s  w e r e  a l s o  - 
placed i n  an  s p e c i a l  PVC rack, s imulat ing a convent ional  b l i s t e r  

pack b u t  without p l a s t i c  nor aluminium a lveolus  cover ,  t o  a l low 

indiv idua l  observat ions of  t a b l e t  volume v a r i a t i o n s  under high 

humidity condi t ions  (80% R.H.) f o r  a p e r i o d  of 45 days. 

RESULTS AND DISCUSSION 

The phys ica l  c h a r a c t e r i s t i c s  o f  g r a n u l a t e s  prepared with d i f f e -  

r e n t  binder s o l u t i o n s  a r e  shown i n  Table 11. The high f r i a b i l i t y  

observed when pure water was used a s  kneading l i q u i d  (granula te  

C) i s  noteworthy. 

The s t a r t i n g  g a l e n i c a l  d a t a  f o r  t h e  tablets  a r e  l i s t ed  i n  Table 

111. In terba tches  d i f f e r e n c e s  were n e g l i g i b l e ,  with t h e  excep- 

t i o n  of high f r i a b i l i t y  and low hardness of  sample A ,  t h a t  inva- 

l i d a t e s  t h e  d i r e c t  compression method. On t h e  cont ra ry  t h e  high- 

es t  hardness with l o w  f r i a b i l i t y  and d i s i n t e g r a t i o n  t i m e  was -- 
achieved with binder  procedure D. Furthermore, t h e  very low p o r g  

s i t y  and small pore r a d i u s  range of t a b l e  D i s  ev ident  from t h e  

da ta  p l o t t e d  i n  Fig.  1, when compared with t h e  high p o r o s i t y  of  

sample C and t h e  l a r g e s t  mean pore r a d i u s  of sample A. 

The ef icacy  of binding s t r a t e g i e s ,  i n  t h e  p h y s i c a l  s t a b i l i t y  of 

t h e  tablets was v e r i f i e d  i n  a s tudy  of t h e  hardness v a r i a t i o n  as 

funct ion of moisture absorpt ion.  I n  t h i s  way, tablet samples con 

t a i n e d  i n  open b o t t l e s  were maintained a t  2 5 ~ C  and 80% r e l a t i v e  

humidity, and hardness v a r i a t i o n s  and weight increases  were mea-  

sured a t  45 and 30 days, respec t ive ly .  

- 
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AQUEOUS GRANULATION OF HIGHLY HYDROSOLUBLE DRUGS 

TABLE I1 

PHYSICAL CHARACTERISTICS O F  THE GRANULATES 

1221 

Very f i n e  Apparent True Hausner 's  F r i a b i l i t y  
Granulate powder, % d e n s i t y  dens i ty  number % 

g . mL-1 g . mL-1 
~ 

A 6.6 0.735 0.833 1.133 4.55 

B 9.6 0.632 0.740 1.170 4.32 

C 4 .9  0.645 0.735 1.139 10.40 

D 10.0 0.591 0.714 1.208 4.20 

E 4.4 0.625 0.746 1.194 3.55 

F 9.5 0.632 0.719 1.138 3.80 

G 7 . 8  0.625 0.735 1.176 4.80 

The mean r e s u l t s  f o r  f l u c t u a n t  hardness (expressed a s  a percen- 

tage  of t h e  i n i t i a l  value) of t e n  i n d i v i d u a l  tablets of each -.- 

batch with t i m e ,  s t o r e d  a t  80% R.H.,are p l o t t e d  i n  Fig.  2 .  Gene - 
r a l  behaviour inc ludes  a f i r s t  s t e p  when hardness i n c r e a s e s ,  co- 

rresponding t o  i n i t i a l  water absorp t ion ,  e s p e c i a l l y  f o r  tablets 

with lower r e s i d u a l  humidity a t  zero  t i m e .  Secondly, t h e  hardness 

decreases  due t o  t h e  e f f e c t  of t h e  excessive amount of water absor  

bed. Only sample D shows a n e a r l y  cons tan t  value wi th in  t h e  usual  

range accepted ( f20%)  - f o r  n o n - c r i t i c a l  t a b l e t  hardness  v a r i a t i o n s .  

- 

Weight increase  w a s  i n v e s t i g a t e d  i n  formulat ions A t o  E under 80% 

r e l a t i v e  humidity, i n  t h e  rack descr ibed above. The r e s u l t s  are 

p l o t t e d  i n  Fig.  3. The observa t ions  were i n t e r r u p t e d  when s i g n i -  

f i c a n t  a l t e r a t i o n s  of t a b l e t  sur face  were ev ident  ( f i r s t  d e t e c t e d  

i n  sample B ) ,  bu t  c l e a r l y  formulat ion D was aga in  t h e  most s t a b l e  
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FABREGAS AND CUCALA 

i \ 0.: 

10-2 10-1 1 10 
PORE RADIUS bm) 

FIGURE 1 

Porous structure data for different Piracetam tablets. Key : 
A (0) I B ( * I I  C (A) I D I E * j  I F (A, G (0). 

tablet. There was a slight increase of disintegration time at 

the end of the study (Table 111). 

The irregular interformulation behaviour in presence of moisture 

was not attributable to the partial formation, during the knea- 

ding procedure, of different Piracetam polimorphs I because in- 8-9 
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1224 FABREGAS AND CUCALA 

WEIGHT 
INCREASE (%) 

I 

5 10 15 20 25 30 35 Time (days) 

FIGURE 3 

Kinet ics  of moisture uptake ( a s  weight i n c r e a s e )  f o r  Piracetam 
t a b l e t s ,  under 80% relative humidity a t  25QC. Same key a s  Fig.  1. 

f r a r e d  s p e c t r a  and d i f f e r e n t i a l  scanning ca lor imet ry  curves were 

i d e n t i c a l  i n  a l l  cases. 

The r e s u l t s  presented i n  t h i s  r e p o r t  c l e a r l y  show t h a t  a kneading 

l i q u i d  must be i n d i v i d u a l l y  s e l e c t e d .  On t h e  b a s i s  of t h e  s tudy ,  

t h e  following t h r e e  t a b l e t  c r i te r ia  were s t a b l i s h e d  t o  assist i n  

kneading l i q u i d  s e l e c t i o n :  Minimum p o r o s i t y ,  water absorp t ion ,  

and loss of hardness.  
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1226 FABREGAS AND CUCALA 

During t h e  kneading step with water o r  aqueous s o l u t i o n s ,  a minor 

b u t  varying amount of Piracetam i s  d i s s o l v e d  depending on t h e  d i s  - 
posable water i n  t h e  binding s o l u t i o n .  During t h e  d ry ing  p rocess ,  

t h i s  Piracetam i s  p r e c i p i t a t e d  a t  molecular l e v e l ,  occupying vo id  

spaces i n  t h e  aglomerated material, g iv ing  r i se  to  a secondary - 
binder e f f e c t  when a t r u e  b inde r  (po lyv iny lp i r ro l idone ,  PVP) i s  

p resen t .  Formulation D y i e l d s  t a b l e t s  with t h e  minimum water ab- 

s o r p t i o n  due i t s  low p o r o s i t y  caused by cementation with p r e c i p i -  

t a ted  Piracetam. 

This  cementation is not  p o s s i b l e  i f  t h e  Piracetam i s  i n s o l u b l e  i n  

t h e  kneading l i q u i d .  I n  formulat ion B, only macroscopic g ranu le  

aggregation,due t o  PVP, occurs .  The low s u r f a c e  t e n s i o n  of  t h e  

a l c o h o l i c  kneading d i s s o l u t i o n  allows a good p e n e t r a t i o n  i n t o  bed 

powder, bu t  t h e  absence o f  molecular d e p o s i t i o n  of Piracetam lea- 

ves open small channels t h a t  are r e spons ib l e  f o r  t h e  water i n c l u  - 

s i o n  when t a b l e t s  are exposed t o  high humidity cond i t ions .  A s  a 

consequence, t h e  t a b l e t  e a s i l y  swells and hardness  decreases .  

Under similar cond i t ions ,  t h e  i n i t i a l  water absorbed by tablets 

of formulation D slowly d i s s o l v e s  the  molecular deposed Piracetam, 

without  d i s i n t e g r a t i n g  t h e  tab le t ,  being t h e  l a r g e  Piracetam gra- 

nu le s  s t i l l  aglomerated by t h e  PVP e f f e c t .  

The loss  of hardness of t h e  tablets ( G  > F > E > D ,  Fig.  2) i s  re - 
l a t e d  t o  the  q u a n t i t y  of Piracetam d i s so lved .  A very important  - 

amount of Piracetam deposed a t  molecular l e v e l  ( formulat ions E t o  

G )  implies  a n  excessive channels network f i l l e d  with microcrysta-  

l l i n e  Piracetam, l ead ing  t o  easy  crumbling of  t h e  tablets.  Aque- 

ous binding s o l u t i o n s  con ta in ing  e x c l u s i v e l y  Piracetam g ive  ta-  

blets  with more stable c h a r a c t e r i s t i c s  than those  prepared using 

pure water as binder  ( formulat ion C ) ,  b u t  n o t  as stable as those  

prepared from .aqueous binding s o l u t i o n s  o f  a t r u e  b inde r  (PVP) 

supported by a moderate q u a n t i t y  o f  Piracetam a t  molecular s i z e .  
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E t h a n o l i c  s o l u t i o n s  o f  PVP does n o t  r e a c h  an  stable b i n d e r  e f f e c t  

i n  P i race tam g r a n u l a t e s .  
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