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ABSTRACT 

Three b a t c h e s  o f  magnesium s t e a r a t e  d i f f e r i n g  i n  
morphology, p a r t i c l e  s i z e ,  bu lk  d e n s i t y  and s p e c  
i f i c  s u r f a c e  a r e a  were compared i n  t h e  p r e p a r a t i o n  
of Pyrazinamide d i r e c t  compression t a b l e t s ,  
When t h e  l u b r i c a n t s  w e r e  used  i n  t h e  same amount 
t h e y  gave r i s e  t o  t a b l e t s  d i f f e r i n g  i n  ha rdness ,  
d i s i n t e g r a t i o n  and d i s s a l u t i o n .  When t h e y  w e r e  
used i n  s u c h  amounts t o  deve lop  e q u i v a l e n t  lu-  
b r i c a t i n g  a r e a s ,  t h e  f i n a l  c h a r a c t e r i s t i c s  o f  t h e  
t a b l e t s  w e r e  a l m o s t i d e n t i c a l .  A d i r e c t  c o r r e l a t i o n w a s  
found between l u b r i c a t i n g  a r e a s  and e j e c t i o n  f o r c e .  

I N T R O D U C T I O N  

I n  s p i t e  o f  t h e  v a r i e t y  o f  l u b r i c a n t s  c l a s s i f i e d  
i n  t h e  s p e c i a l i z e d  books, magnesium s t e a r a t e  is 
t h e  most commonly used  i n  bo th  c a p s u l e  and t a b l e t  
fo rmula t ions .  I n  f a c t ,  it is  t h e  most e f f e c t i v e  
agen t  i n  r e d u c i n g  f r i c t i o n  between p a r t i c l e s  and 
t h e  d i e  w a l l  s u r f a c e  d u r i n g  compression ( 1 ) .  
U n f o r t u n a t e l y  m a g n e s i u m  s t e a r a t e  has  many draw- 

? To whom i n q u i r i e s  s h o u l d  be d i r e c t e d .  
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1118 FRATTINI AND SIMIONI 

backs t h a t  can a f f e c t  t h e  p h y s i c a l ,  mechanical and 
biopharmaceutical  c h a r a c t e r i s t i c s  of capsu le s  and 
t a b l e t s  ( 2 - 5 ) .  I n  f a c t  it does n o t  have a w e l l  de- 
f i n e d  chemical n a t u r e  ( 6 ) ,  it may p r e s e n t  v a r i a b l e  
morphology and i s  h igh ly  hydrophobic ( 7 - 9 ) .  
The mechanism of a c t i o n  of magnesium s t e a r a t e  is 
e x p l a i n e d i n  terms o f  t h e  formation o f  a l u b r i c a n t  
f i l m  around t h e  s u b s t r a t e  s u r f a c e s  ( 10- 13). This 
means t h a t  no t  on ly  t h e  i n i t i a l  physico-chemical 
c h a r a c t e r i s t i c s  of magnesium s t e a r a t e  a r e  impor- 
t a n t  bu t  a l s o  i ts  amount. I n  f a c t  t h e r e  should  be 
a r e l a t i o n s h i p  between t h e  amount used and t h e  
s u r f a c e  a rea  developed o r  between t h e  p a r t i c l e  s i z e  
and s u r f a c e  a r e a ,  Holzer s t u d i e d  t h e  e f f e c t  of 
twelve ba tches  of magnesium s t e a r a t e  having d i f f e r -  
e n t  s u r f a c e  a rea  (14). H e  found t h a t  t h e r e  was a 
d i r e c t  r e l a t i o n s h i p  between t h e  s p e c i f i c  s u r f a c e  
a rea  and t h e  d i s i n t e g r a t i o n  t i m e  of t a b l e t s .  
I n  s p i t e  of t h e  evidence o f  t h e  i n f l u e n c e  of  both 
physico-chemical c h a r a c t e r i s t i c s  and s p e c i f i c  sur -  
f ace  a rea  developed, t h e  O f f i c i a l  Compendia r e q u i r e  
ments f o r  magnesium s t e a r a t e  a r e  s t i l l  based on chem - 
i c a l  s p e c i f i c a t i o n s  only.  
Since w e  deem it i n s u f f i c i e n t  and i n c o r r e c t  t o  ex- 
p r e s s  t h e  amount of magnesium s t e a r a t e  i n  a formula 
by weight, w e  compared t h e  e f f e c t  o f  t h r e e  ba tches  
of magnesium s t e a r a t e  , having d i f f e r e n t  s p e c i f i c  
s u r f a c e  a r e a s ,  on t h e  main c h a r a c t e r i s t i c s  of 
Pyrazinamide t a b l e t s .  I n  one experiment t h e  magne- 
s i u m  s t e a r a t e  from t h e  t h r e e  d i f f e r e n t  ba tches  was 
present  i n  t h e  t h r e e  fo rmula t ions  i n  t h e  same weight. 
I n  t h e  o t h e r  experiment t h e  magnesium s t e a r a t e  was 
p re sen t  i n  vary ing  amounts i n  o r d e r  t o  develop equi_ll: 
a l e n t  s u r f a c e  a r e a s .  

EXPERIMENTAL 

Mater ia l s  

The fol lowing m a t e r i a l s  w e r e  used : 
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MAGNESIUM STEARATE 1119 

- Pyrazinamide-J.P. grade (Sankyo Co.,Japan). 
pa r t i c l e  s i z e :  V.M.D. = 54.6 p ; d g  = 1 .90317  
con tac t  angle:  45" + 1.3 - 

- Corn s t a r c h  - U.S.P. grade; moisture 8 % . 
- Mg s t e a r a t e  type  A - U.S.P. grade (Carlo E r b a , I t a l y ) .  

- M g  s tearate  type  B - U.S.P. grade (Petrac,U.S.A.), 

- M g  s t e a r a t e  type  C - U.S.P. grade (Witco Co. ,U.S.A.). 

Methods 

The morphology of magnesium s t e a r a t e  w a s  a s ses sed  
by scanning e l e c t r o n  microscopy. 
The p a r t i c l e  s i z e  measurements were made by a H . I . A . C .  
mod. PC 3 2 0  equipped with a 1-60 um probe. 
The s u r f a c e  a r e a  measurements w e r e  made by Quantasorb 
(Quantachrome) a f t e r  condi t ion ing  t h e  samples f o r  
twelve hours a t  room temperature.  
Thermal ana lyses  w e r e  made with a Du Pont 990  ana- 
l y z e r  equipped with a d i f f e r e n t i a l  scanning ca lo r im - 
e t r y  c e l l  (DSC) and a thermogravimetric ana lyzer  
( T G A ) .  

Formulas s t u d i e d  i n  experiment one : 

Product 
(%w/w) 

I I1 I11 

Pyrazinamide 9 5 . 0  9 5 . 0  9 5 . 0  
Corn s t a r c h  4.5 4 . 5  4 . 5  

Mg s t e a r a t e  type  A 0.5 ( a )  - 
Mg s t e a r a t e  type  B - 
Mg s t e a r a t e  type  C - 

2 
2 
2 

( a )  : equiva len t  t o '  1 7 . 5  cm 
( b )  : equiva len t  t o  30.0 cm 
( c )  : equiva len t  . t o  9 1 . 5  cm 
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1120 FRATTINI AND SIMIONI 

Formulas s t u d i e d  i n  experiment  two : 

I V  V VI 

Pyra zinamide 95.0 9 5 . 2 0 9  95.404 
Corn s t a r c h  4 . 5  4.500 4 500 

Mg s t e a r a t e  t y p e  A 0 . 5  ( a )  -- -- 
Mg s t e a r a t e  type  B - 0 . 2 9 1  f d )  -- 
Mg s t e a r a t e  t ype  C - -- 0 . 0 9 6 ( e )  

2 ( a ) ; ( d ) ; ( e )  : e q u i v a l e n t  t o  1 7 . 5  c m  

P r e p a r a t i o n  of  t h e  mixtures  f o r  t h e  direct compres - 
s i o n  : t h e  powders w e r e  pa s sed  through a no. 80 
A . S . T . M .  s i e v e  and mixed i n  a cube mixer f o r  t e n  
minutes.  The mixing t i m e  w a s  chosen a f t e r  having 
checked t h e  minimum t i m e  needed for t h e  uniform 
d i s t r i b u t i o n  of m a g n e s i u m  s t e a r a t e  i n  t h e  mixture  
assuming t h a t  a t  t h i s  p o i n t  a uniform f i l m  o f  mag 
nesium s t e a r a t e  was obta ined .  It is w e l l  known 
t h a t  t h e  mixing t i m e  may be c r i t i c a l  s i n c e  an in-  
s u f f i c i e n t  mixing may 
er  t h a n  t h e  p o t e n t i a l  
excess ive  mixing t i m e  
t h e  p o t e n t i a l  s u r f a c e  
( 1 5 - 1 7 ) .  
The e v a l u a t i o n  of  t h e  

produce a s u r f a c e  a r e a  s m a l l  
one,  On t h e  o t h e r  hand , an  
may produce a n  i n c r e a s e  o f  
a r e a  due t o  de lamina t ion  

end p o i n t  of t h e  s p r e a d i n g  
of t h e  magnesium s t e a r a t e  on Pyrazinamide du r ing  
t h e  mixing was e v a l u a t e d  by means o f  c o n t a c t  angle  
measurements. A s  shown i n  Fig.  1 ,  t h e  c o n t a c t  an- 
g l e  s h a r p l y  i n c r e a s e s  up t o  a maximum i n  t h e  f i r s t  
e i g h t  minutes ,  r each ing  a s t e a d y  l e v e l  t h a t  l a s t s  
n o t  less  t h a n  f i f t y  minutes .  Therefore ,  t h e  mixing 
t i m e  chosen i n  t h e  p r e s e n t  s t u d y  can be cons ide red  
t h e  minimum mixing t i m e .  

P r e p a r a t i o n  of  t a b l e t s  : t h e  t a b l e t s  w e r e  ob ta ined  
on an ins t rumented  s ingle-punch machine (Korsh E K / O )  
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MAGNESIUM STEARATE 1121 
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FIGURE 1 

Effec t  o f  mixing t i m e  on t h e  c o n t a c t  a n g l e  of 
Pyrazinamide-Mg s t e a r a t e  compacts. 
Key : 0 t y p e  A; A t y p e  B;. H t y p e  C. 

equipped  w i t h  a f l a t - f a c e d  1 3  mm d i ame te r  punch, 
p l a c e d  i n  a room a t  3 8 %  R . H .  . Each t a b l e t  was 
ob ta ined  by in t roduc ing  600 mg of  mixture,  
weighted, i n t o  t h e  d i e .  The a p p l i e d  f o r c e  was kep t  
cons t an t  a t  1,450 kg c m - 2 ;  t h e  app l i ed ,  
e j e c t i o n  f o r c e s  w e r e  recorded on a U . V .  r eco rde r .  

a c c u r a t e l y  

t r a n s m i t t e d  and 

Hardness : t h e  t e s t  was c a r r i e d  o u t  on s i x  t a b l e t s  by a 
Schleuniger  mod. 
a f t e r  t a b l e t t i n g .  

2E/2O5  hardness  tester immediately 

D i s i n t e g r a t i o n  : t h e  tes t  was c a r r i e d  o u t  on s i x  t a b l e t s  
fo l lowing  t h e  U. S .P .  d i r e c t i o n s .  

Disso lu t ion  : t h e  t e s t  descr ibed  on page 236 of t h e  
U . S . P .  XX, addendum 1982, was c a r r i e d  o u t  on f o u r  
t a b l e t s ,  
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1122 FRATTINI AND S I M I O N I  

Contact angle  measurements : t h e  c o n t a c t  angle  of t h e  
Pyrazinamide/magnesium s t e a r a t e  ( 9 9 . 5 : O . s )  mixtures  was 
determined fo l lowing  t h e  method of Mack ( 1 8 ) .  

RESULTS AND DISCUSSION 

The physico-chemical c h a r a c t e r i s t i c s  of  t h e  t h r e e  
ba tches  of magnesium s t e a r a t e  a r e  summarized i n  t a b l e  
1 .  Magnesium s t e a r a t e  t ype  A d i f f e r s  from types  B and 
C mainly for morphology, s p e c i f i c  s u r f a c e  a r e a  and bulk 
d e n s i t y .  Type B d i f f e r s  from C e s s e n t i a l l y  i n  t h e  spe- 
c i f i c  s u r f a c e  a rea  and t h e  p a r t i c l e  s i z e .  The l a c k  of 
c o r r e l a t i o n  between s p e c i f i c  s u r f a c e  a r e a  and p a r t i c l e  
s i z e  may be due t o  t h e  l i m i t s  o f  t h e  l i g h t  blockage 
p r i n c i p l e  i n  p a r t i c l e  s i z e  measurements (19)  and t o  t h e  
p a r t i c u l a r  morphology of t h e  t h r e e  ba tches  of  magnesium 
s t e a r a t e .  I n f a c t  t ype  A may be c h a r a c t e r i z e d  a s  agglo- 
merates of  rounded p a r t i c l e s  while  t ype  B and C a s  ag- 
g rega te s  of  t h i n  f l a k e s .  
The l u b r i c a n t  e f f i c i e n c y  was e v a l u a t e d  by means of t h e  
e- ject ion f o r c e  ( 2 0 - 2 2 ) .  A s  shown i n  f i g u r e  5 ,  t h e  same 
amount of magnesium s t e a r a t e  of d i f f e r e n t  ba t ches ,  pro- 
duced s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  (Pz0.01) 
i n  t h e  e j e c t i o n  f o r c e .  It is noteworthy t h a t  t h e r e  is a 
i n v e r s e  c o r r e l a t i p n  between t h e  e j e c t i o n  f o r c e  and 
s u r f a c e  a rea  
Also the f i n a l  c h a r a c t e r i s t i c s  of  t h e  t a b l e t s  v a r i e d  
wi th  t h e  v a r i a t i o n  of t h e  b a t c h  of  magnesium s t e a -  
r a t e  . I n  f a c t ,  a s  shown i n  f i g u r e s  2 ,  3 and 4 . t h e r e  
is a good c o r r e l a t i o n  between t h e  s u r f a c e  aGea 
magnesium s t e a r a t e  and ha rdness ,  d i s i n t e g r a t i o n  and  
d i s s o l u t i o n  of t h e  t a b l e t s .  The r e l a t i o n s h i p  between 
t h e  s u r f a c e  a r e a  a n d  h a r d n e s s  is r e v e r s e .  On t h e  
c o n t r a r y ,  t h e r e  i s  a direct  r e l a t i o n s h i p  between 
t h e  s u r f a c e  a r e a  and  d i s i n t e g r a t i o n  o r  d i s s o l u t i o n .  
This  i s  i n  agreement  w i t h  t h e  f i n d i n g s  o f  some a u t h o r s  
(9 , ls)  w h o  d i s c o v e r e d  t h a t  d i f f e r e n t  s o u r c e s  of magne - 
sium s t e a r a t e  produced t a b l e t s  w i t h  v a r y i n g  c h a r a c t e f  
i s t i c s .  Our s t u d y  conf i rms  t h e  f i n d i n g s  o f  Holzer  (14) 
who c o r r e l a t e d  t h e  d i s i n t e g r a t i o n  o f  t h e  t a b l e t s  w i t h  
t h e  s u r f a c e  a r e a  o f  t h e  l u b r i c a n t  p r e s e n t  i n  t h e  
fo rmula t ion .  Our work also shows t h e  d i r ec t  c o r r e l a  - 
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1124 FRATTINI AND SIMIONI 
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SURFACE AREA h - , g  

FIGURE 2 

Influence of  0 .5% (w/w) M g  stearate 
force. 
Key : type A; A type €3; m type C. 
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FIGURE 3 

Influence o f  0 . 5 %  (w/w) M g  stearate on the hardness. 
Key : 0 type A; A type B; type C .  
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40 1 

I I I 

3,5 6,O 18,3 
-1 

SURFACE AREA Grim9 I 

FIGURE 4 

In f luence  of 0.5% (w/w) M g  s t e a r a t e  on t h e  
d i s i n t e g r a t i o n .  
Key : t y p e  A; A type  8 ;  t ype  C. 

t i o n  between t h e  s u r f a c e  a r e a  and d i s s o l u t i o n  r a t e .  
I n  t h e  second p a r t  o f  our  s tudy  w e  i n v e s t i g a t e d  t h e  
e f f e c t  of t h e  above mentioned t h r e e  ba tches  o f  magrig 
s i w n  s t e a r a t e  p r e s e n t  i n  t h e  formula i n  such amounts 
t o  produce t h e  same s u r f a c e  a rea .  A s  shown i n  f i g u r e s  
6 ,  7 ,  8 and 9 t h e  same s u r f a c e  a r e a  of l u b r i c a n t  
produced t a b l e t s  wi th  t h e  same f i n a l  c h a r a c t e r i s t i c s  
( t h e  d i f f e r e n c e s  w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ;  
P = 0.05). 

CONCLUSIONS 

The p r e s e n t  work shows t h a t  t h e  d i f f e r e n t  p h y s i c a l  
c h a r a c t e r i s t i c s  of magnesium s t e a r a t e  a f f e c t  t h e  
e j e c t i o n  f o r c e ,  hardness ,  d i s i n t e g r a t i o n  and d i s s o  - 
l u t i o n  of Pyrazinamide t a b l e t s .  I n  f a c t ,  equa l  
amounts of d i f f e r e n t  ba tches  produced r e l e v a n t  d i f f e  
rences i n  t h e  f i n a l  c h a r a c t e r i s t i c s  of t h e  t a b l e t s .  
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3,5 6 , O  18,3 

SURFACE AREA 

FIGURE 5 

Influence of  0.5% (w/w) M g  s tearate  on t h e  
dissolution. 
Key : type A; A type B; m type C. 

I I I 

0 I 096 0 I 291 015 
P E R C E N T  O F  MG S T E A R A T E  ( W / W )  

FIGURE 6 

Influence of equivalent surface areas of M g  s tearate 
on the e ject ion force.  
Key : type A; A type B; a type  C .  
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FIGURE 7 

Influence o f  equivalent areas o f  M g  s tearate  
on the  hardness. 
Key : type A; A type B; type C .  

PERCENT OF MG STEARATE ( W / ~ )  

FIGURE 8 

Influence o f  equivalent areas o f  M g  s tearate  
on the d is integrat ion t i m e .  
Key : type A; A type B; type C .  
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40 

z 
I- 

15 R 

1 
0 I 096 0 291 0 , 5  
PERCENT OF MG STEARATE ( W / W >  

i251 
FIGURE 9 

Inf luence  of e q u i v a l e n t  a r e a s  of Mg s t e a r a t e  
on t h e  d i s s o l u t i o n  r a t e .  
Key : type  A; A t ype  B; t ype  C. 

O f  t h e  t h r e e  ba tches  o f  magnesium s t e a r a t e  used, 
one has t o t a l l y  d i f f e r e n t  phys i ca l  p r o p e r t i e s ;  t h e  
o t h e r s  d i f f e r e d  e s s e n t i a l l y  i n  t h e  s p e c i f i c  s u r f a c e  
area.  I n  s p i t e  o f  t h e  d i f f e r e n t  morphology and bulk 
dens i ty ,  when used i n  such  an amount t o  develop t h e  
same l u b r i c a t i n g  a r e a  a s  t h e  o t h e r s ,  it produces 
t a b l e t s w i t h a l m o s t i d e n t i c a l c h a r a c t e r i s t i c s .  Therefore  
s u r f a c e  a r e a  seem t o  be t h e  c r i t i c a l  parameter.  
I f  one cons ide r s  t h a t  a l l  t h e  t h r e e  batches s t u d i e d  
in t h e  p re sen t  work complied wi th  t h e  Pharmacopoeias 
s p e c i f i c a t i o n s ,  it can be concluded t h a t  t h e  O f f i c i a l  
Compendia requirements  a r e  u n s a t i s f a c t o r y .  
Moreover, as i n  the p r e s e n t  ca se ,  i f  3 m g  o f  t y p e  A 
magnesiumstearate a r e  e q u i v a l e n t  t o  0.57 mg of type  
C,  what amount of magnesium s t e a r a t e  should be d e c l a r  - 
ed  i n  t h e  formula? 
I n  our  opin ion  magnesium s t e a r a t e  can be d e c l a r e d  
by weight o n l y  i f  w e l l  de f ined  s p e c i f i c a t i o n s  of  
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MAGNESIUM STEARATE 1129 

the surface area are set. Otherwise constant weight 
of lubricant would not necessarily mean constant 
quality of the product. 
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