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ABSTRACT 

A comparison of  two new t a b l e t  l u b r i c a n t s ,  sodium s t e a r y l  

fuinarate and glyceryl beKenate, was made w i t h  magnesium s t e a r a t e .  

Physical parameters such a s  compaction force ,  e j e c t i o n  force  and 

residual force were invesxigated and quant i f ied.  The e f f e c t  of 

these lubr icants  on a bi:?harmaceutical parameter such a s  d isso lu-  

t i o n  r a t e  was a l s o  evaluated.  The r e s u l t s  i n d i c a t e  t h a t  where 

magnesium s t e a r a t e  cannot be used due t o  problems of  compaction, 

l u b r i c a t i o n ,  s t a b i l i t y  o r  f o r  biopharmaceutical reasons,  sodium 

s teary l  fumarate should be used a s  the  t a b l e t  l u b r i c a n t  of  choice,  

followed by glyceryl  behenate a s  the next a l t e r n a t i v e .  

INTRODUCTION 

Lubricants a r e  used i n  tableEing t o  reduce f r i c t i o n  between the t a b l e t  and 

d i e  wa71 and t o  prevent adhesion o f  the  t a b l e t  mater ia l  t o  t h e  punches or 

*To whom correspondence should be made. 
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d i e  wal l .  

a coat ing around individual  5'-anules which remains more o r  l e s s  i n t a c t  

during the process o f  t a b l e t  :ompression. 

s t e a r a t e  a r e  good l u b r i c a n t s  > u t  a r e  hydrophobic and may have a negatfve 

inf luence on the biopharmaceurical p roper t ies  of the f i n a l  product (1) .  

When l u b r i c a n t s  a r e  added t o  the t a b l e t  g ranula t ion ,  they form 

Magnesium s t e a r a t e  and calcium 

The e f f e c t  of  a t a b l e t  l u b r i c a n t  on mechanical s t rength  depends on the 

bonding mechanism. 

in t imate  contac t  between the p a r t i c l e s  and t h e  adhesive s t r e n g t h  over  this  

area.  

t h e  addi t ion  of  a l u b r i c a n t  i r t e r f e r e s  i n  this process by a c t i n g  a s  a 

physical b a r r i e r  between the  p a r t i c l e s  ( 2 ) .  

The s t r e n g t h  of  a t a b l e t  results from t h e  a rea  of  

For a mater ia l  which u-dergoes p l a s t i c  and/or e l a s t i c  deformation, 

Sodium s teary l  fumarate and glyceryl  behenate have recent ly  been proposed 

as  s u i t a b l e  l u b r i c a n t s  f o r  use i r  t a b l e t i n g .  The purpose of this s tudy was 

t o  evaluate  t h e i r  e f f e c t  on t".p fo rces  a c t i n g  during the t a b l e t i n g  process ,  

e .g . ,  compaction ( t a b l e t  s t r e n g t h ) ,  e j e c t i o n  and residual  forces  ( f r i c t i o n  

and adhesion) a s  well a s  on t e e  d isso lu t ion  r a t e  of  the a c t i v e  and inert 

ingredients  from t h e  t a b l e t ,  

EXPERIMENTAL 
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ed 

Mater ia ls  and Equipment .  

Mater ia ls :  
corn s t a r c h 4 ,  sodium s t e a r y l  fumarate5, glyceryl  behenate 6 . 

S a l i c y l i c  ac id ' ,  corn starch', magnesium s t e a r a t e 3 ,  pregel 

1 .  Aldrich Chemical Cob, Milwaukee, WI 

2. National Starch,  Bridgewater, NJ 

3. Mallinckrodt Corporation, Chicago, IL 

4. National Starch,  Bridgewater, NJ 

5. Syntex Nutr i t ional  & Chemical Corp., Spr ingf ie ld ,  MA 

6. Gat tefosse Corp., Hawthorne, N Y  

t i n i  
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TWO NEW TABLET LUBRICANTS 1331 

8 Equipment: 

U.S.P d i s i n t e g r a t i o n  apparatus’, U.S.P. disso lu t ion  apparatus13, spectro-  

Instrumented Stoke’s  s ing le  s t a t i o n  t a b l e t  p ress7 ,  hardness t e s t e r  , 

photometer” microscope 12 . 

P a r t i c l e  Size Spec i f ica t ions  : 

All the lubr icants  were s ieved through a 2100 mesh s ieve  p r i o r  t o  use. 

p a r t i c l e  s i z e  analysis  f o r  each of the  lubr icants  was determined micro- 

scopical ly .  The r e s u l t s  a r e  shown i n  Table I .  

The 

Tab1 e t  Preparation : 

Salicylic Acid Tablets :  

with 5% pregelat inized s t a r c i  and the granulation war; dr ied overnight a t  

45OC t o  a moisture content  of 1 %  5 0 .24 .  To the dr ied granulat ion which was 

sieved t h r o u g h  a 16 mesh screen ,  corn s tarch (dry)  was added a n d  mixed f o r  10 

minutes. The lubr icant ,  a t  a concentration of 1-3X, was then added and was 

mixed f o r  5 minutes. The co-lposition of the t a b l e t  formulation i s  given i n  

Table 11. 

S a l i c y l i c  acid (60-80 mesh powder) was granulated 

Lactose Tablets :  Lubricant, a t  a concehtration of 1-3%, was added t o  d i r e c t  

compression grade l a c t o s e  and mixed f o r  5 minutes. 

t a b l e t  formulation i s  given i n  Table 11. 

The composition o f  the  

Measurement of Forces Acting During the Tableting Process. 

instrumenting a t a b l e t  press  t o  measure the forces  ac t ing  during the  

cnmpaction process has been recognized since the 1950’s. A de ta i led  com- 

The value of 

7 .  Hoffmann-La Roche, Inc. ,  Nutley, NJ 

8. 

9. S c i e n t i f i c  Glass Co., Bloomfield, NJ 

10. Van Kel Indus t r ies ,  Chatham, NJ 

11. Beckman Instrument Corp., Ful ler ton,  CA 

12. Carl Ze iss ,  Germany 

Cherry Burrell Corp., Cedar Rapids, IA 
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1332 SHAH ET A L .  

TABLE I 

Lubricant 

P a r t i c l e  Size Spec i f ica t ions  f o r  Lubricants 

P a r t i c l e  S ize  Spec i f ic  Surface Area 
pm m2/g 

Ma gne s i um S t ea r a t e 

Sodium Steary l  Fumarate 5-25 

1-20 

Glyceryl Behenate 5-50 

TABLE I 1  

Composition of  t h e  Tablet  Formulations 

S a l i c y l i c  Acid Tab= 

S a l i c y l i c  Acid (60-80 mesh) 
Pregelat inized Corn Starch  
Corn Starch (dry)  
Lubricant 

Lactose Tablets  

Lactose Anhydrous 
Lubricant 

1.8 

1 .G 

0.65 

mg/tablet 
Formulation # 

B - A - 
300 300 

30 30 
15 15 

3 9 

TOTAL WEIGHT 348 mg 354 mg 

300 300 
3 9 

TOTAL WEIGHT 303 mg 309 mg 

prehensi ve study present ing experimental data on the  measurement of  forces  

required t o  remove the  t a b l e t  from the t a b l e t  press was authored by Mitrevej 

_ _  e t  a1 (3) .  

of these forces ,  "The Rostar V " ,  was used i n  t h i s  inves t iga t ion .  A s i n g l e  

p iezoe lec t r ic  force  t ransducer  was i n s t a l l e d  i n  t h e  lower punch holder. The 

t ransducer  cons is t s  of a p i e z o e l e c t r i c  c rys ta l  element and uni ty  gain ampl i f ie r  

hermetical ly  sealed i n s i d e  a s t a i n l e s s  s tee l  enclosure. 

The instrument developed a t  Hoffmann-La Roche f o r  the measurement 

Power and s ignal  voltages 
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TWO NE.W TABLET LUBRICANTS 1333 

80 F EXPANDED SCALE 

1 9280.0258 P R I N T E D  IN U S A. 

0 0 2  0 4  0 6  
TIME -SECONDS 

FIGUF!E 1 . Analog Rrcoding trom an  Instrumented Single-Stat ion Tablet Press 

a r e  transmitted t h r o u g h  a s i n g l e  cable located o n  the s ide  o f  the t rans-  

ducer case. A typical  analogue s ignal  from a load c e l l  i n s t a l l e d  i n  a 

s ing le  s t a t i o n  t a b l e t  press i s  shown i n  Figure 1. 

cussion o f  t h i s  instrumented press i s  described by J .  Williams and D. S t i e l  

( 4 ) .  

well as f r i c t i o n a l  and adhe;ive forces  which occur during t a b l e t  compaction 

A more complete d i s -  

The data generated y i e l d s  valuable information on  tableL s t rength as 

Dissolution Rate NeasureAeE: 

Sal icyl- ic  Acid Tablets :  

using an automated d isso lu t ion  apparatus a t  a wavelength o f  300 nm. 

disso lu t ion  method I (Baskei) was used a t  100 rpm. lhe  de ta i led  procedure 

i s  described by Johnson e t  a1 ( 5 ) .  

Dissolut ion was measured i n  0.1 N HCI a t  37°C & 0.5"C 

U.S.P. 

-____ Lactose Tablets :  

U.S.P. dis in tegra t ion  apparatus i n  water a t  37°C 5 0.5"C. 

Dissolut isn o f  the  lac tose  t a b l e t s  was performed using a 

Since the l a c t o s e  
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1334 SHAH ET A L .  

CCMPACTION FORCE (US) 

FIGURE 2 Effec t  o f  Lubricant Type on Compressibility of  Lactose Tablets  

t a b l e t s  slowly erode, the  non-eroded port ions of  the tablets were used a s  a 

measure of dissolut ion.  A t  various time i n t e r v a l s ,  the non-eroded port ions 

were removed from the d i s i n t e g r a t i o n  apparatus ,  dr ied overnight a t  5OoC and 

weighed. Each data  point represents  an average of six t a b l e t s .  The only d i s -  

advantage with t h i s  method i s  t h a t  a d i f f e r e n t  s e t  of t a b l e t s  has t o  be used 

f o r  each time point. 

The t a b l e t  hardness was i n  the desired range of 14-16 Strong Cobb Units f o r  

t h e  p a r t i c u l a r  t a b l e t  s ize .  

t o  lubr icant  type on the d i s s o l u t i o n  r a t e  of lac tose  t a b l e t s  was also  evaluated.  

The e f f e c t  o f  d i f f e r e n t  hardnesses w i t h  respec t  
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TWO NEW TABLET LUBRICANTS 1335 

CCMPACTION FORCE (US) 

FIGIJRE 3 .  E f f e c t  of  L u b r i c a n t  Type on C o m p r e s s i b i l i t y  o f  L a c t o s e  T a b l e t s  

__- R e s u l t s  and Discuss- 

~ - _ _  Compress i  b i  1 i t y  

The s t r e n g t h  o f  a t a b l e t  i s  r e l a t e d  t o  i t s  compac t ion  b e h a v i o r  d u r i n g  t a b l e t  

compress ion .  R e l a t i v e  c o r p r e s s i b i l i t y  can  be d e t e r m i n e d  by i o n i p a r i n g  com- 

p a c t i o n  f o r c e  t o  t a b l e t  ha rdness .  

I n  t h e  l a c t o s e  t a b l e t  a t  1 l u b r i c a n t  c o n c e n t r a t i o n  ( F i g u r e  ? ) ,  sod ium s t e a r y l  

fun iara- te  and g l y c e r y l  b e h e n a t e  showed s l i g h t l y  s u p e r i o r  c o m p r e s s i b i l i t y  compared 

t o  magnesium s t e a r a t e .  B u t  a t  31 l u b r i c a n t  c o n c e n t r a t i o n  ( F i g u r e  3 ) ,  t h e  

c o r n p r e s s i b i l  i t y  o f  t h e s e  t w o  l u b r i c a n t s  was t w i c e  t h a t  o f  magnesium s t e a r a t e .  
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E f f e c t  o f  L u b r i c a n t  Type on C o m p r e s s i b i l i t y  o f  S a l i c y l i c  A c i d  T a b l e t s  

3d00 

CMPACTION FORCE (LBS) 

TIbURL 5 .  E f f e c t  o f  L u b r i c a n t  Type on Compressibility o f  S a l i c y l i c  A c l d  T a b l e t s  
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t I G U R E  6 .  E f f e c t  o f  Lubr icant  Type on Ejec t ion  P r o f i l e  o f  Lactose Tab le t s  

3 5  

30 

- 2 5  
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CCMPACTION FORCE ( U S )  

Ff fPc t  o f  I i i h r icar i t  Typc  nn Adhesibc P r o p e r t i e s  o f  I n c t o q e  T a h l c t T  
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30 

C(MPACTI0N FORCE (US) 

FIGURt 8. E f f e c t  o f  L u b r i c a n t  Type on E j e c t i o n  P r o f i l e  o f  L a c t o s e  T a b l e t s  
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CCMPACTION FORCE (US) 

F I G U R E  9. E f f e c t  o f  L u b r i c a n t  Type on A d h e s i v e  P r o p e r t i e s  o f  L a c t o s e  T a b l e t s  
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FIGURE 10.. 

0 1% f+AGNESILM STEARATE 

0 1% S0DIV.I STEARYL FLMARATE 

0 1; GLYCERYL BEHENATE 

, I ! 1 , 
500 1000 1500 zoo0 2500 3000 3500 1 

CCMPACTICN FORCE (LBS) 

I0 

E f f e c t  o f  L u b r i c a n t  Type on E j e c t i o n  P r o f l l e  o f  S a l i c y l i c  A c i d  T a b l e t s  

F I G U R E  1 1 .  E f f e c t  o f  L u b r i c a n t  Type on Adhes ive  P r o p e r t i e s  of  S a l i c y l i c  Ac id  T a b l e t s  
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1340 S H A H  ET A L .  

100- 

80 

20 

01 

0 5% MAGNESIUM STEARATE 

0 370 SODIUM STEARYL F W T E  

0 3% GLYCERYL BEHElJATE 

I I 

500 1000 1500 zoo0 2 )O 

C W A C T I O N  FORCE (US) 

F i g u r e  12.  E f f e c t  O F  L u b r i c a n t  Type on E j e c t i o n  P r o f i l e  o f  S a l i c y l i c  A c i d  T a b l e t s .  

T h i s  same t r e n d  was a l s o  seen i n  t h e  s a l i c y l i c  a c i d  t a b l e t s  ( F i g u r e s  4 and  5 )  

a t  t h e s e  same l u b r i c a n t  c o n c e n t r a t i o n s .  S a l i c y l i c  a c i d  t a b l e t s  p r e p a r e d  w i t h  

sod ium s t e a r y l  f u m a r a t e  and  g l y c e r y l  behena te  had s u p e r i o r  c o m p r e s s i b i l i t y  

t o  t h o s e  p r e p a r e d  w i t h  magnesium s t e a r a t e .  The c o m p r e s s i b i l i t y  o f  sod ium 

s t e a r y l  f u m a r a t e  i s  s l i g h t l y  b e t t e r  t h a n  t h a t  o f  g l y c e r y l  behena te .  The 

i m p r o v e d  c o m p r e s s i b i l i t y  of sodium s t e a r y l  f umara te  and g l y c e r y l  behena te  

c o u l d  be due t o  l e s s e r  i n t e r f e r e n c e  i n  t h e  b o n d i n g  mechanism and a l s o  due 

t o  some p o s s i b l e  s e l f - a d h e s i v e  p r o p e r t i e s .  

L u b r i c i t y ,  F r i c t i o n  and A n t i - A d h e s i v e  P r o p e r t i e s  D i e  w a l l  l u b r i c i t y  can  

be e v a l u a t e d  b y  compar ing  p r o f i l e s  o f  c o m p r e s s i o n  v s .  e j e c t i o n  f o r c e s  f o r  

d i f f e r e n t  g r a n u l a t i o n s .  A l o w e r  e j e c t i o n  f o r c e  a: a s i v e n  c o m a r e s s i o n  f o r c e  
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Figidre 13. E f t e c t  of Lubr icant  Type on Adhesive P r o p e r t i e s  of S a l i c y l i c  

Acid T a b l e t s .  

i n d i c a t e s  b e t t e r  l u b r i c a t i o n .  The tendency f o r  p ick ing  o r  s t i c k i n g  t o  occur  

can be ob ta ined  by r e s idua l  f o r c e  measurements. Non-sticking fo rmula t ions  

tend t o  y i e l d  h igher  r e s i d u a l  f o r c e s  because of t h e  reduced tendency f o r  t he  

t a b l e t  t o  be r a i s e d  away from t h e  lower punch when t h e  upper Dunch l i f t s  

away from the compact. Formula t ions  t h a t  t end  t o  s t i c k  or pick tend t o  be 

s l i g h t l y  withdrawn from the lower p u n c h  when t h e  upper punch l i f t s  t o l lowing  

compression; t h i s  reduces  t h e  r e s i d u a l  t o r c e  on  the lower punch. 

0 0  

A t  t h e  1:: l u b r i c a n t  l eve l  i n  l a c t o s e  t a b l e t s  (F igu res  6 and 7 ) ,  t h e  l u b r i c a t i o n  

behavior  o f  t h e  t h r e e  l u b r i c a n t s  under i n v e s t i g a t i o n  ranked in the fo l lowing  

o r d e r :  niagnesiurn s t e a r a t e l s o d i u m  s t e a r y l  fumara te  7 g lyce ry l  behenate .  With 

magnesiuni s t e a r a t e ,  t h e r e  was no p i ck ing  o r  s t i c k i n g  a t  t h e  s u r f a c e  o f  t h e  
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Figure 14. Effect  of Lubricant Type and Tablet Hardness on  Dissolution 

Rate of Lactose Tablets .  

punches and d i e  wall l u b r i c i t y  was e x c e l l e n t .  Sodium s teary l  fumarate gave 

very s l i g h t  picking a t  lower compaction forces  ( <  1000 l b s ) ;  however, with 

compaction forces  a b o v e  1000 l b s . ,  no  picking o r  s t ick ing  was observed. 

Glyceryl behenate gave s l i g h t l y  higher e j e c t i o n  forces  a s  well a s  lower 

residual  forces  a t  a l l  compaction forces  (1000-3000 l b s )  indicat ing somewhat 

i n f e r i o r  lubr ica t ion  proper t ies .  A t  the  3% l e v e l ,  the  lubr ica t ion  proper t ies  

of a l l  t h r e e  lubr icants  were improved. Figures 8 a n d  9 c l e a r l y  show t h a t  a t  

the  highest  compaction force (34000 l b s  

120 l b s  i n  a l l  cases .  Glyceryl behenate 

torce with increase in compaction force 

i t  showed imprvoed ant iadhesive behavior 

, the  e jec t ion  forces  were l e s s  

showed a t rend in  increased r e s  

ndicat ing t h a t  a t  the  3" l e v e l ,  

than 

dual 
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Figure  1 5 .  E f f e c t  of Lubr icant  Type and Tab le t  Hardness on Di s so lu t ion  

Rate o f  Lactose T a b l e t s .  

The t h r e e  l u b r i c a n t s  showed s i m i l a r  behavior  i n  t h e  s a l i c y l i c  a c i d  t a b l e t s  

( F i g u r e s  10  t o  13)  as  they  d id  in t h e  l a c t o s e  t a b l e t s .  The l u b r i c a t i o n  

p r o p e r t i e s  o t  magnesium s t e a r a t e  and sodium s t e a r y l  fumarate were a c c e p t a b l e  

a t  both t h e  1 and 3"' l e v e l s .  In the c a s e  of g lyce ry l  behenate,  t h e  3 l e v e l  

was the lowes t  l eve l  requi red  f o r  a c c e p t a b l e  l u b r i c a t i o n .  

The r e s i d u a l  f o r c e s  f o r  magnesium s t e a r a t e  a t  the  3% level were h ighe r  

a t  a l l  compaction f o r c e s  i n d i c a t i n g  an  absence  o f  s t i c k i n g  or p ick ing .  

Sodium s t e a r y l  fumara te  a t  t h e  3% l e v e l  showed a gradual  i n c r e a s e  i n  

r e s i d u a l  f o r c e  wi th  i n c r e a s i n g  compaction f o r c e  i n d i c a t i n g  t h a t  a m i n i m u m  

o f  1000 l b s  compaction f o r c e  was r equ i r ed  f o r  a c c e p t a b l e  l u b r i c a t i o n ,  In 
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Figure 16. Effect  of Lubricant Type and Tablet Hardness on Dissolution 

Rate o f  S a l i c y l i c  Acid Tablets .  

t h e  case of glyceryl  behenate, the residual  force was minimal below 1000 

lbs  compaction force b u t  increased t o  an acceptable  leve l  ( > 30 l b s )  a t  a 

compaction force  of 2500 l b s ,  which was the minimum force  required t o  avoid 

any s t i c k i n g  o r  picking. 

Dissolut ion Rate Studies  

1 

The d isso lu t ion  r a t e s  of the l a c t o s e  and s a l i c y l i c  a c i d  t a b l e t s  w i t h  

respec t  t o  each lubr icant  and t a b l e t  hardness a r e  shown i n  Figures 14 t o  17. 

The r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  sodium s t e a r y l  fumarate has t h e  l e a s t  

re ta rdant  e f f e c t  on the  d i s s o l u t i o n  r a t e s  of both t a b l e t s ,  whereas glyceryl 
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F igu re  1 7 .  E f f e c t  o f  L u b r i c a n t  Type and Tab le t  H a r d n e s s  o n  U i s s o l u t i o n  

Rate o f  S a l i c y l i c  Ac id  Tab le ts .  

behenate has o n l y  a moderate r e t a r d a n t  e f fec r ;  and magnesium s t e a r a t e  has the  

most r e t a r d a n t  e f f e c t .  I n  a l l  t h r e e  cases, l ub r i can t :  a t  t h e  1 %  l e v e l  was 

l e s s  i n h i b i t i n g  t o  the  d i s s o l u t i o n  r a t e  than a t  t h e  3% l eve l .  

harder  t a b l e t s  showed a more r e t a r d i n g  e f f e c t  on d i s s o l u t i o n  r a t e  than d i d  

s o f t e r  t a b l e t s .  

As expected, 

CONCLUSIONS 
_I-_ 

Sodium s t e a r y l  fumarate and g l y c e r y l  behenate can be s a t i s f a c t o r i l y  used 

as l u b r i c a n t s  i n  t a b l e t i n g .  

(compact ion) and have a l e s s e r  n e g a t i v e  e f f e c t  on t h e  d i s s o l u t i o n  r a t e  o f  

They show l e s s  i n t e r f e r e n c e  i n  t a b l e t  s t r e n g t h  
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1346 SHAH ET A L .  

active ingredient t h a n  does magnesium s teara te .  Sodium stearyl fumarate 

was comparable t o  magnesium s teara te  i n  reducing die wall f r i c t ion .  The 

rank-order f o r  antiadherent (st icking and picking) e f fec t  of the three 

lubricants studied was magnesium s teara te  2 sodium stearyl fumarate > 
glyceryl behenate. Magnesium s teara te  and sodium stearyl fumarate were 

e f fec t ive  a t  the 1% and 3% leve ls ,  whereas glyceryl behenate was required 

a t  l e a s t  a t  the 3% level fo r  e f fec t ive  lubrication. 

In formulation research, where magnesium s teara te  causes problems 

compaction or  lubrication, or  i f  magnesium s teara te  i s  contraindic 

n 

ted fo r  

chemical o r  physical s t a b i l i t y  reasons, sodium stearyl fumarate should be 

considered as the tab le t  lubricant of choice followed by glyceryl behenate 

as the next alternative.  
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