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ABSTRACT 

Tablets provide drug delivery i n  a convenient and 

uncomplicated rnmner. Despite t h i s  apparent: s inp l i c i ty ,  

they must comply with a formidable nu&r of phyr J 1co- ' 

chemical corrg?en:3ial. requirements defined by specif  i ca t io r s  

and test mthock. What these specif icat ions ind i rec t ly  

control is t h a t  each dcsage form or each lot: of dosage form 

m y  vary but the variance is held within s t a t e d  l imits .  

This cominicat ion focuses on the weight var ia t ion of 

formulation ingredients t h a t  m y  be allowed i n  general and 

for  magnesium s tearate i n  par t icu lar  and t o  define a 

relat ionship between the  lubricant. llevel and granulation 

*To whom inquiries should be directed.  
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2482 BAVITZ AND SHIROMANI 

sur face  area of a calcium phosphate matrix t o  obtain optimal 

t a b l e t  properties. 

Magnesium S tea ra t e  is widely used as a lubr icant  i n  

tablet formulations. It minimizes in te r -par t icu la te  

f r i c t i o n  during compression and t h e  f r i c t i o n  between t h e  

t a b l e t  and meta l l ic  surfaces  during eject ion.  

there have always been concerns w i t h  respect t o  lubr icant  

leve ls ,  s i n c e  excessive quan t i t i e s  or extended mixing t i m e s  

can produce a hydrophobic matrix w h i c h  re ta rds  tablet 

d is in tegra t ion  and dissolut ion.  A t  t he  other extreme is the  

recognition t h a t  i r s u f f i c i e n t  lubr icant  r e s u l t s  i n  

t a b l e t t i n g  problem. 

Nevertheless, 

Several s tud ie s  have focussed on t h e  effects of 

1 lubricant  levels .  Mlodezeniec e t  a l  , derivzd a 

mathematical expression for r e l a t ing  tablet h a r d n s s  t o  

lubr icant  mixing times by considering the  increases i n  

sur face  coverage with prolonged mixing t ime .  

okserved a direct relatiorship between the specific sur face  

area and t h e  d is in tegra t ion  t i m e  of tablets. 

F r a t t i n i  and Simioni s tudied the effect of sur face  area 

of magnesium stearate on such tablet properties as hardness, 

YolzerL 

More recently,  

3 
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2483 MAGNESIUM STEARATE CONCENTRATION 

disintegrat ion time, and dissolution. They found t h a t  

d i f fe ren t  batches of t h i s  lubricant,  d i f fe r ing  i n  surface 

area, when used i n  such amunts so  as t o  develop equivalent 

lubricating areas, the f i n a l  charac te r i s t ics  of the t ab le t s  

were a l m  t ident ical .  

s t e a r a t e  can he declsred by weight only i f  well-defined 

specif icat ions of its surface area ar? set. Otherwise 

constant weight of the lubricant may not necessarily mean 

constant qua l i ty  of t h e  product. 

They concluded tha t  mgnes ium 

I n  r ea l i t y ,  the problem has always been hm t o  

rranufacture miter ia l  with consistent properties from raw 

materials wha;e properties indeed vary. 4 p s i b l c  solut ion 

might be to  determine the specific surface area for  each lot 

of the lubricant then use  a factor  t o  spec i f iy  lubricant 

quantity for  a par t icu lar  un i t  dcse. Th i s  approach should 

b~ e s s i l y  app!tied tc a c o n p s i t i o n  whcse bullking excipient 

is 3 watersclut i le  material ,  l i k e  lactose,  w'hich undergoes 

dersificati-on tcl the same e x t e n t  i r respect ive of the length 

and in tens i ty  of ag i ta t ion  applied during w e t  granulation 

and t h i s  s i t ua t ion  has been address& by Simioni' e t  a l ,  

as discussed above. I t  may be more conplex, however, when 

the bulking excipient is a water- i rsduble  mterial  l i k e  

calcium phosphate, par t icu lar ly  s ince  it is 'very sens i t i ve  

t o  the length and intensi ty  of ag i ta t ion  during w e t  
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2484 BAVITZ AND SHIROMANI 

granulation. 

studies4-*, where granulations of dicalcium phosphate 

prepared i n  a high i n t e m i t y  mixer were shown to  have 

intragranular porosi t ies  of 20% while s imi la r  fo rmla t ions  

prepared i n  the conventional pan method had intragrarmlar 

porosi t ies  of 60%. 

re la t ing  the  granulation surface area to  the lubricant  

concentration. 

Thus the objective of t h i s  study w a s  t o  optimize a drug 

This property has been the subjec t  of several 

These differences may be resolved by 

f o r m l a t i o n  of a calcium phosphate matrix made i n  a high 

in tens i ty  mixer and t o  def ine a relat ionship between 

lubricant  l eve l  and granulation surface area. 

EXPERIMENTAL 

Optimization of the formulation, shown i n  Table I ,  

enplayed a commonly used f i v e  fac tor ,  orthogonal, cen t ra l ,  

composite, second order design. 

independent variables,  which involves 27 experiments w i t h  

zero as the base l i n e  and the  experimental ranges varying 

from -1.547 to  +1.547 exper imnta l  uni ts ,  (e.u.)  has been 

employed many ti- i n  these laborator ies  and has been 

thoroughly described i n  the literature’. 

were performd i n  random order. 

The modified design of f ive  

The experiments 

The t rans la t ion  of the 
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MAGNESIUM STEARATE CONCENTRATION 2485 

Table I 

F o r m l a t i o n  

2 )  Mannitol, Z J S P  

3)  Calcium Phcsphate D i b a s i c  
Hydrous, USP 

4 )  Red F e r r i c  Oxide, NF 

5) Y e l l o w  Ferr ic!  Oxide, NF 

6 )  Starch ,  Corn, N F  

7 )  S ta rch ,  P rcge la t in i zed ,  NF 

8)  %arch, Colin, NF 

9 )  Magnesium Stcarate 

mgflablet 

21.78 

41  .OO 

124 .OO 

0.056 

0.145 

22 .oo 
4.40 

11 .r)o 

1.70 

s ta t i s t ica l  design i n t o  phys ica l  u n i t s  f o r  t h e  f i v e  

independent va r i ab le s  is presented in Table 11. Each 

experiment cons i s ted  of a batch of 6000 t a b l e t s .  W e t  

g ranula t ion  w a s  c x r i e d  out i n  a high i n t e m i t y  

granulator '  a t  a low iqeller,  (500 rpm), arid chopper, 

(1000 rpa) speed. 

press . The responses, (dependent var iab les  ), measured 

included: geometric granula t ion  s u r f a c e  area, 

mathemtical . ly  ca l cu la t ed  from the  q u a n t i t a t i v e  mesh profile 

and t h e  tapped dens i t y l o ,  d i s s o l u t i o n  rate, d i s i n t e g r a t i o n  

,Sranulat iors  w e r e  t a b l e t t e d  on a r o t a r y  

2 
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2486 BAVITZ AND SHIROMANI 

Table I1 

Experimental Design 

Independent 
Variables 

Xl-uantity of 
Granulating Water 
(i. e. Water 
required for an 
equivalent s t a r c h  

-1.547 -1 0 
f3.I eu e U  

7.626% 7.90% 8.4% 

+I 
eu 

8.9% 

+l. 547 
eu 

9.17% 

p&te); 1 eu = 0.5% 

X2=Time for 
Granu- 1.45 m i =  2.0 m i n s  3.0 min 4.0 m i n s  4.55 min 

la  t ion 
1 eu = 1 min 

X3=Screen S i z e  0.04" 0.05" 0.063" 0.078" 0.086'' 
for D r y  (No. IA) (No. 1B)  (No.2) (No.2AA) (No.2A=O .093") 

Grinding ; 
1 eu = 0.015" 

X4 = Quantity 0.85 mg 1.15 mg 1.7 mg 2.25 mg 2.55 mg 
of Magnesium Steara te ;  
1 eu = 0.55 mg 

X5=Msgnitude 1.2 tons 1.5 tons 2 tors 2.5 tons 2.9 tons 
Compress ion 
Pressure 
1 eu = 0.5 tons 

time, tablet hardness, t a b l e t  f r i a b i l i t y ,  tablet weight 

var ia t ion ,  and tablet thickness var ia t ion.  

Dissolut ion rates were determined i n  900 ml, 0.lN 

hydrochloric ac id  with U S X X I  apparatus 2 a t  50 rpm. 

d i s i n t e g r a t i o n  time, breaking s t r e n g t h  and f r i a b i l i t y  were 

Tablet 

measured with comnonly employed equipmnt.  
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MAGNESIUM STEARATE CONCENTRATION 2487 

FESULTS FNJl DISCUSSION 

All. stateld ~responses from t h e  27 experinents  were 

-- 

measured. A rout ine  m u l t i v a r i a t e  s t a t i s t i c a l  opt imizat ion 

ana lys i s  wa; then c a r r i e d  out .  Data reduct ion incluckd 

c a l c u l a t j o n  of m m - s  and c o r r e l a t i o n  c o e f f i c i e n t s  of the 

dependent va r i ab le  masurements . Each response WES examined 

as t o  f i t  i n  a second order plynomiall equation, as 

descr ibed before, ,  R-Sqtlare values ind ica ted  good 1 i n e a r i t y  

f o r  a l l  va r i ab le ; .  

The optimum s o l u t i o n  WES obtained through t r a d i t i o n a l  

opt imizat ion ana lys i s ,  i.e., f e a s i b i l i t y  and g r i d  searches 

and then v e r i f i e d  i n  t h e  laboratory.  

respome va r i ab le s  from t-he batch c l c s e l y  p a r a l l e l e d  those  

predicted by t h e  reqress ion  equation. 

Data from the 27 experiments j.nclicated t h a t :  

a )  

The values o f  t h e  

an increase  i n  t h e  a m u n t  of granulalt ing water t o  

-1.547 eu increased d e n s i f i c a t i o n  arid hence 

resultec? i n  P smller granul.ation s u r f a c e  area (329 

cm'/g) than t h e  base, (X1 = 0 e u ) ,  s u r f a c e  a r e a  

(570 crn:'/g). 

g ranula t ing  water to +1..547 eu, i n  c o n t r a s t ,  

r e su l t ed  i n  an increase  i n  t h i s  value t o  1146 

cm2/g. 

4 decrease i n  the a m u n t  of 
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2488 BAVITZ AND SHIROMANI 

b) This t rend w a s  also a b e r v e d  with var ia t ions  i n  t h e  

granulat ion mixing time, i.e., d e n s i f i c a t i o n  and 

hence s i z e  of the granules is directly proport ional  

t o  time. 

These r e s u l t s  support  l i t e r a t u r e  reports which ind ica te  

t h a t  matrices of dicalcium phosphate are extremely s e n s i t i v e  

t o  t h e  volume of t h e  granulat ing l i q u i d  and t h e  length of 

time for granulation prepared i n  a high i n t e n s i t y  mixer. 

Lactose matrices, i n  cont ras t ,  were found irsensitive t o  

these  var iables .  

c)  Effect of Lubricant: With t h e  o ther  var iables  

maintained constant  and, hence, a t  about an 

equivalent  granulat ion s u r f a c e  area, a decrease i n  

the lubr icant  l e v e l  from 1.7 mg, ( 0  e u ) ,  to  0.85 

mg, (-1.547 eu) ,  decreased the d i s i n t e g r a t i o n  

t i m e  from about 10  min t o  4 1/2 min, ind ica t ing  

decreased lydrophobicity. A corresponding increase 

i n  th i s  l e v e l  t o  2.55 mg increased the 

d i s i n t e g r a t i o n  time t o  about 15 min. 

To def ine  a re1atiorr;hip between granulat ion sur face  

area and level of the lubricant ,  the following data 

normalized t o  correct for the  influence of the 4 other 

independent variables w a s  examined. 
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MAGNESIUM STEARATE CONCENTRATION 2489 

Expt.No. Lubricant  level, Granula t ion  Surface  Tab le t ,  DT 
rns/cr -- arei3, m2/g m i n s  . 

16 1.15 (-1.0 e ~ )  0.428 8-1 0 

2 1.7  ( 0  e u )  0.571 9-11 

4 1,,7 ( 0  eu)  0.599 10-11 

17 1.,7 ( 0  e u )  10.615 9-11 

19  2 ,, 25, (+1. eu)  I0 -849 10-11 

A least squares  l i n e a r  r eg res s ion  a n a l y s i s  r e l a t e d  t h e  

l u b r i c a n t  level (y)  t o  t h e  g ranu la t ion  s u r f a c e  area ( x )  

producing t h e  e vress inq: 

Y = 2.5 x +0.157 

wi th  a c o r r e l a t i o n  c o e f f i c i e n t  of 0.982. 

The highJy s i g n i f i c a n t  corrzlation coeff  i c i e n t  

i n d i c a t e s  the l inear dependence of t h i s  independent variable 

and t h e  response va r i ab le .  

CONCLUSION 

This  s tudy  provides  an  e x c e l l e n t  p r e d i c t o r  of t h e  

optimm lubrlicaint concen t r a t ion  for any granula t ion .  

The optimim l u b r i c a n t  concent ra t ion  for a new 

g ranu la t ion  (g ; ! )  can be c a l c u l a t e d  from t h a t  known for an  

adequately l u b r i c a t e d  g ranu la t ion ,  (gl), of t h e  same 

material , through s irrple a r i t h m e t i c  , 
i.e. L2 = % x SLl x L1 

Sg1 SL2 
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2490 BAVITZ AND SHIROMANI 

where Sg = surface area of the granulation, m2/100 g 

SL = surface area of t h e  lubricants (m”/g), 

Llsed i n  batch 1 and 2 ,  respectively 

L = concentration of the lubricant i n  gram. 

I f  the same lubricant batch is used, then 

SLI = SL2 and SO 

The above calculation also accounts for the surface 

area of mgnes ium s tearate, which can significantly affect 

lubricity and !ydraphobicity, more so  since magnesium 

stearate shcws corsiderable batch-to-bitch variation w i t h  

regard to  lubricating properties. Therefore, no only the 

in i t ia l  physico-chemical characteristics of mgnes ium 

stearate are inportant but also its amunt. 

Magnesium stearate can be declared by an akolute 

quantity only i f ,  a )  w e l l  defined physico-chemical 

specifications are s e t  for it, b)  the formlation where-in 

it is used is mde irsensitive to  the method 

of dersification, i.e., aFproximately the same granulation 

surface area is obtained each tire. I f  these constraints 

cannot be met then an aksolute quantity of the lubricant 

w i l l  contribute to  variable product quality. 

aproach then is to  have ranges for lubricant weight, 

The acceptable 
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MAGNESIUM STE:ARATE C O N C E N T R A T I O N  2491 

e spec ia l ly  si.nce P a r t  314.7 T i t l e  211 since ]?art 314.7 T i t l e  

21 of the Code of Federa l  Regulatiovrs indicat-es t h a t  

reasonable va r i a t ions  of ingredien ts  m y  be s p e c i f i e d  i n  t h e  

f u l l  statement of the composition oE t h e  drug. 

a d j u s t m n t s  within t h i s  weight range m y  be m d e  hut  only if  

the f in i shed  product meets s p e c i f i c a t i o n s  regarding 

d isso lu t ion .  

Presumably 

'BPMC 10 L i t e r  (Granulator - Baker  Perkins Clncmical  
Machinery 

Limited, Stok:e-on-Trent, Englanb. 

' M a n s  t y  Betapress - Manes t y  Machines Limited, Liverpool, 
England 
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