
DRUG DEVELOPMENT AND I N D U S T R I A L  PHARMACY, 1 3 ( 2 ) ,  2 2 5 - 2 3 4  ( 1 9 8 7 )  

DIRECT COMPRESSION OF PIRACETAM 

P .  Van Aerde,  P .  P i m h a t a i v o o t ,  

R .  Synave  a n d  R .  Van S e v e r e n  

L a b o r a t o r y  o f  G a l e n i c a l  Pharmacy,  S t a t e  U n i v e r s i t y  of  

G h e n t ,  Hare lbekes t raa t  72, B-9000 Ghent  ( B e l g i u m ) .  

ABSTRACT 

It i s  d e m o n s t r a t e d  t h a t  p i r a c e t a m  u n d e r g o e s  p l a s t i c  

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

s i u m  s t e a r a t e  d r a m a t i c a l l y  r e d u c e s  t h e  m e c h a n i c a l  

s t r e n g t h  of t h e  t a b l e t s .  T h i s  e f f e c t  i s  much l e s s  p r o -  

nounced  when u s i n g  g l y c e r y l  b e h e n a t e  as  a l u b r i c a t i n g  

a g e n t .  

S i l i c o n  d i o x i d e  on t h e  c o n t r a r y  i n c r e a s e s  t o  a 

grea t  e x t e n t  t h e  t e n s i l e  s t r e n g t h  o f  p i r a c e t a m  t a b l e t s .  

T h i s  a d v a n t a g e o u s  i m p a c t  r e m a i n s  u n a f f e c t e d  b y  a d d i t i o n  

of  magnesium s t e a r a t e  o n  c o n d i t i o n  t h a t  t h e  d r u g  i s  

m i x e d  w i t h  s i l i c o n  d i o x i d e  p r i o r  t o  t h e  a d d i t i o n  o f  

t h e  l u b r i c a n t .  

2 2 5  
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226 AERDE ET A L .  

INTRODUCTION 

Piracetam (pyrrolidone acetamide) is a psychotro- 

pic drug, claimed to be a cerebral stimulant protecting 

the cortex against hypoxia. It is frequently used in a 

variety of disorders e.g. alcoholism, vertigo, senile 

dementia, cerebrovascular accidents and behavioural dis- 

orders in children(1). Since a therapeutic dose of 

800 mg implicates a rather large tablet volume, t he re  

is little room left for additives to improve the com- 

pactibility of' the drug. 

In this paper the compression behaviour of pira- 

cetam and the influence of some adjuvants on the mecha- 

nical strength of the tablets are studied. 

EXPERIMENTAL 

Materials : Piracetam was obtained from Pharmache- 

mic (Antwerpen, Belgium). Magnesiumstearate was of Eur. 

Ph. grade. Colloidal silicon dioxide (Aerosil 200@) was 

purchased from Degussa (Frankfurt, G.F.R.) and glyceryl 

behenate (Compritol 888@) from Gattefoss6 (Saint-Priest, 

France). 

_ _ _ _ _  

_ _ _ -  Methods : Table 1 shows the procentual composition 

of the formulations evaluated in this study. 

Mixing of piracetam with the adjuvants was done in 

a Turbula mixer (W.A. Bachofen AG, Switserland) at 60 

r,p.m. for the time (min) indicated by the number in 

the formula codename. 
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DIRECT COMPRESSION OF PIRACETAM 22  7 

FORMULATIOF 

CODE NAMES 

A 

BI ,  ~ 1 5  

C1, C 1 5  

D 5 ,  D 1 5  

E l  5 

F15 

H 1 5  

I15  

TABLE 1 

TABLET FORMULATION 
~ ~ ~~~ 

MATERIALS (Concentrations % w/w) 

Piracet am 

100.0 

9 9 . 9  

9 9 . 5  

9 9 . 9  

9 9 . 8  

9 9 . 6  

9 9 . 2  

9 9 . 7  

9 9 . 5  

9 9 . 3  

Magnesium- 
s tearate 

- 

0 . 1  

0 . 5  

- 

- 

0 . 1  

- 

3lycerol 
behenat e 

Silicon 
dioxide 

- 
- 
- 

0.1 

0.2 

0.4 

0.8 

0.2 

- 

0.2 

The dimensions of the container and the amount of 

powder in process were kept constant f o r  all formula- 

tions. 

In formulae I 1 5  and K 1 5  the silicon dioxide and the 

lubricating agent were incorporated separately hereby 

doubling the total mixing time to 30 min. 

Tablets weighing 500 mg were compressed in an in- 

strumented and computerized eccentric tablet press, 

equiped with plane-faced punches having a diameter of 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2 2 8  AERDE ET AL. 

11,6 m m ( 2 ) .  P r e s s u r e - h a r d n e s s  p r o f i l e s  were o b t a i n e d  

b y  c o m p r e s s i n g  2 0  t a b l e t s  a t  g r a d u a l l y  i n c r e a s i n g  

p r e s s u r e  w i t h i n  5 0  t o  450 MPa r a n g e .  A f t e r  2 4  h t h e  

c r u s h i n g  s t r e n g t h  was d e t e r m i n e d  w i t h  a H e b e r l e i n  hard- 

n e s s  t e s t e r  ( H e b e r l e i n ,  S c h l e u n i g e r ,  S w i t s e r l a n d ) ,  

e q u i p e d  w i t h  s t r a i n  g a u g e s  t o  i n c r e a s e  t h e  p r e c i s i o n  

o f  t h e  i n s t r u m e n t .  S i n c e  a l l  t a b l e t s  showed n o r m a l  

t e n s i l e  f a i l u r e ,  r e s u l t s  a r e  e x p r e s s e d  as t e n s i l e  

s t r e n g t h  ( k g . c m - * ) .  

M i c r o p h o t o s  a r e  t a k e n  w i t h  a J e o l  JXA-50A s c a n n i n g  

e l e c t r o n  m i c r o s c o p e  a t  a m a g n i f i c a t i o n  o f  150 X. 

RESULTS AND DISCUSSION 

F i g u r e  1 shows t h e  e l e c t r o n  s c a n n i n g  m i c r o p h o t o s  o f  

b o t h  t h e  u p p e r  a n d  t h e  f r a c t u r e  s u r f a c e  o f  a t a b l e t  made 

f rom p u r e  p i r a c e t a m .  The a b s e n c e  o f  s i g n i f i c a n t  f rag-  

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

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

t h i s  c o n s e r v a t i o n  o f  p a r t i c l e  i n t e g r i t y  i s  c l e a r l y  ob-  

s e r v e d .  M u l t i p l e  t w i n  f o r m a t i o n  w i t h i n  t h e  c r y s t a l s  

g i v e s  o t h e r  e v i d e n c e  o f  p l a s t i c  b e h a v i o u r ( 3 ) .  

I n  f i g u r e  2 t h e  e f f e c t  o f  m i x i n g  t i m e  a n d  concen-  

t r a t i o n  o f  m a g n e s i u m s t e a r a t e  o n  t h e  t e n s i l e  s t r e n g t h  

o f  p i r a c e t a m  i s  d e m o n s t r a t e d .  A d i s t i n c t  r e d u c t i o n  i n  

t a b l e t  s t r e n g t h  c a n  b e  n o t i c e d  when t h e  l u b r i c a n t  con-  

c e n t r a t i o n  i s  i n c r e a s e d  f rom 0 % ( A )  o v e r  0 . 1  % (B) t o  

0 . 5  % ( C ) .  As d e s c r i b e d  b y  B o l h u i s  e t  a l . ( 4 )  t h i s  c a n  
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D I R E C T  COMPRESSION OF PIRACETAM 2 2 9  

F i g .  1. E l e c t r o n s c a n r ? i n g  m i c r o p h o t o s  o f  t h e  u p p e r  ( a )  

and f r a c t u r e  ( b )  s u r f a c e  o f  a p i r a c e t a m  t a b l e t .  
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230 AERDE ET A L .  

W J I  . ,015 

c1 

IS 

UPPER PUNCH PRESSURE (MPo) 

Fig.2. The e f f e c t  o f  mixing time and concent ra t ion  o f  magnesium 
s t e a r a t e  on t h e  t e n s i l e  s t r e n g t h  of piracetam t a b l e t s ,  
(Key : t a b l e  1 ) .  

b e  a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  a magnesium s t e a r a t e  

f i l m  a round t h e  d r u g  c r y s t a l s  p r e v e n t i n g  e f f e c t i v e  bon- 

d i n g  o f  t h e  p l a s t i c a l l y  de fo rming  p a r t i c l e s  d u r i n g  com- 

p r e s s i o n .  A s  m ix ing  t i m e  i n c r e a s e s  f rom 1 min (Bl, Cl) 

t o  15 min (B15, C15), t h e  e f f e c t  becomes more pronoun-  

ced ,  i n d i c a t i n g  t h e  c o m p l e t i o n  and  s u b s e q u e n t  t h i c k e -  

n i n g  o f  t h e  l u b r i c a n t  l a y e r  on t h e  s u b s t r a t e  s u r f a c e  as 

mix ing  p r o c e e d s .  

A s  shown i n  f i g u r e  3 t h e  i n c o r p o r a t i o n  o f  i n c r e a -  

s i n g  c o n c e n t r a t i o n s  s i l i c o n  d i o x i d e  has an  o p p o s i t e  
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Fig.3.  The e f f e c t  of  s i l i c o n  dioxide concentrat ion on t h e  
t e n s i l e  s t r e n g t h  of  piracetam t a b l e t s ,  (Key : t a b l e  1 ) .  

e f f e c t  on t h e  m e c h a n i c a l  s t r e n g t h  o f  t h e  p i r a c e t a m  t a -  

b l e t .  The t e n s i l e  s t r e n g t h  i s  d o u b l e d  a t  t h e  0 . 1  % 

(D5, D15) a n d  e v e n  t r i p l e d  a t  t h e  0 . 4  % l e v e l  (F15). 

It may b e  assumed t h a t  t h e  h y d r o x y l  g r o u p s  o f  t h e  s i l i -  

con  d i o x i d e  m o l e c u l e s ,  a d h e r i n g  t o  t h e  p i r a c e t a m  c r y -  

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

t i o n  o f  h y d r o g e n  b o u n d s .  I n  c o n t r a s t  t o  t h e  shear  

d e p e n d e n t  d e l a m i n a t i o n  o f  magnesium s t e a r a t e ,  t h e  c o l -  

loidal s i l i c o n  d i o x i d e  i s  more d i r e c t l y  a v a i l a b l e  t o  

t h e  s u b s t r a t e ,  which  e x p l a i n s  t h e  f a c t  t h a t  d i f f e r i n g  
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Fig.4. The e f f e c t  of mixing sequence on the  t e n s i l e  s t r e n g t h  of 
piracetam t a b l e t s  when magnesium s t e a r a t e  i s  incorpora ted  
before (I15a) or a f t e r  ( I15b)  t h e  a d d i t i o n  of s i l i c o n  
d ioxide ,  (Key : t a b l e  1 ) .  

t h e  m i x i n g  t ime f r o m  5 min ( D 5 )  t o  1 5  min ( D 1 5 )  h a s  no  

s i g n i f i c a n t  i m p a c t  on t h e  r e s u l t s .  

The c o m b i n a t i o n  o f  b o t h  a d j u v a n t s  ( 1 1 5 )  s t i l l  g i v e s  

h i g h e r  t e n s i l e  s t r e n g t h  v a l u e s  a l t h o u g h  t h e  m i x i n g  se -  

q u e n c e  i s  h e r e  a p r e d o m i n a n t  f a c t o r .  T h i s  c o m p e t i t i v e  

a c t i o n  b e t w e e n  b o t h  a d j u v a n t s  ? o r  c o a y i n p  t h e  s u r f a c e  o f  

a c r y s t a l l i n e  ma te r i a l  was r e p o r t e d  e a r l i c r  b:v s e v e r a l  

i n v e s t i g a t o r s (  5 - 7 ) .  A s  i l h s t r a t e d  i n  f i r ; u r n  4 ,  Inixfng 

t h e  s i l i c o n  d i o x i d e  b e f o r e  a d d i n g  t h e  magnesinin s t e a r a t e  
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DIRECT COMPRESSION OF PIRACETAM 2 3 3  

UPPER PUNCH PRESSURE (MPa) 

Fig.5. The e f f e c t  on the  t e n s i l e  s t r eng th  of  piracetam t a b l e t s  o f  
t h e  mixing time of g lyce ry l  behenate ( J 5 ,  515)  and t h e  ad- 
d i t i o n  of  t h e  s i l i c o n  dioxide before  (K15b) o r  a f te r  (K15a) 
t h e  incorpora t ion  of t h e  l u b r i c a n t ,  (Key : t a b l e  1 ) .  

( I 1 5 b ) ,  h a r d l y  a l t e r s  t h e  a d v a n t a g e o u s  e f f e c t  o f  t h e  

f ' i r s t .  However when l u b r 3 i c a n t  i s  i n c o r p o r a t e d  prior t o  

t h e  s i l i c o n  d i o x i d e  ( I 1 5 a )  t h e  i n c r e a s e  i n  t a b l e t  

s t r e n g t h  i s  c l e a r l y  r e d u c e d .  

F i g u r e  5 p r e s e n t s  t h e  p r e s s u r e - t e n s i l e  s t r e n g t h  

p r o f i l e s  o f  f o r m u l a t i o n s  J and K ,  b o t h  c o n t a i n i n g  g l y c e -  

r y l  b e h e n a t e  as l u b r i c a t i n g  a g e n t .  A l t h o u g h  good l u b r i -  

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

s t r e n g t h  i s  l i m i t e d  compared w i t h  t h e  e f f e c t  c a u s e d  b y  
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AERDE ET AL.  234 

magnesium stearate. Additionaly the results are not si- 

gnificantly affected by mixing time (J5 and J15) nor by 

the mixing sequence when silicon dioxide is added (K15a, 

K15b), suggesting a different action mechanism of this 

lubricant. 
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