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ABSTRACT 

The process v a l i d a t i o n  as a p p l i e d  today i s  a pass i ve  con- 

r o l  i n t e r v e n t i o n  on t a b l e t  manu fac tu r ing .  I n  t h i s  c o n t r i b u t i o n  an 
a c t i v e  process v a l i d a t i o n  o f  t a b l e t  f o r m u l a t i o n  i s  proposed. T h i s  

t ype  o f  v a l i d a t i o n  i s  based on t h e  phys i cs  o f  compression. A 

t a b l e t  f o rmu la  i s  v a l i d a t e d  when t h e  s t o c h a s t i c  we igh t  v a r i a t i o n s  

do n o t  determine unacceptable v a r i a t i o n s  o f  t a b l e t  p r o p e r t i e s .  

I 14 T RO DUCT I 0 N 

V a l i d a t i o n  seems t o  have become t h e  must f r e q u e n t l y  used 

word by those  i n v o l v e d  i n  pharmaceut ica l  p r o d u c t i o n .  I t  i s  an 

e s s e n t i a l  p a r t  o f  t h e  GMP and i t s  a p p l i c a t i o n  i s  now r e q u i r e d  

f o r  p roduc t  r e g i s t r a t i o n  by h e a l t h  a u t h o r i t i e s .  

The q u a l i t y  o f  t h e  pharmaceut ica l  p r o d u c t  must comply w i t h  t h e  

requi rements o f  s a f e t y ,  e f f i c a c y  and equiva lence.  Many phar-  

maceut ica l  forms cannot  be guaranteed i n d i v i d u a l l y  because c o n t r o l  

procedures d e s t r o y  them. I n  t h i s  case, each form possesses a 

p r o b a b i l i t y  o f  q u a l i t y  t h a t  can be i nc reased  t o  a maximum l e v e l  

by a p p l y i n g  t h e  Good Manu fac tu r ing  P r a c t i c e s  t o  t h e  p r o d u c t i v e  

o p e r a t i o n s .  

1047 
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1048 COLOMBO 

Several  d e f i n i t i o n s  were g i v e n  t o  Val i d a t i o n  i n d i c a t i o n  

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

a p p l i c a t i o n  t o  pharmaceut ica l  forms o t h e r  t h a n  i n j e c t a b l e s .  

sys temat i c  means t h a t  a p r o d u c t i v e  process i s  c o n f i a b l e  and r e -  

pea tab le .  

The FDA de f i nes  t h e  process v a l i d a t i o n  as "a documented 

program which p rov ides  a h i g h  degree o f  assurance t h a t  a s p e c i f i e d  
process w i l l  c o n s i s t e n t l y  produce a p r o d u c t  meet ing i t s  prede- 

termined s p e c i f i c a t i o n s  and qua1 i t y  a t t r i b u t e s " .  

procedure because t h e  sys temat i c  means a r e  p r i m a r i l y  process 

obse rva t i on ,  document c o l l e c t i o n  and v e r i f i c a t i o n  t h a t  t h e  va lues 

of t h e  v a r i a b l e s  c o n t r o l  l i n g  t h e  process remain i n t o  p r e d e s c r i p t e d  

l i m i t s  f o r  an o p t i m a l  p roduc t .  P r a c t i c a l l y ,  i t  i s  a c e r t i f i c a t i o n  

t h a t  t h e  i n s t r u c t i o n s  o f  p r o d u c t i o n  were s t r i c t l y  f o l l o w e d .  There- 

fore,  a process v a l i d a t i o n  so cons ide red  

ducer and i n v o l v e s  many r i s k s  due t o  t h e  

f a c t u r i n g  i n s t r u c t i o n s .  I n  t h i s  s i t u a t i o n  process v a l i d a t i o n  

p l a y s  t h e  r o l e  o f  c e r t i f y i n g  t h a t  t h e  GMP were a p p l i e d .  It i s  a 

pass i ve  c o n t r o l  i n t e r v e n t i o n ,  ve ry  d i f f e r e n t  f rom m o n i t o r i n g .  The 
assurance o f  p roduc t  q u a l i t y  has n o t  been reached. Only a c e r t a i n  

q u a l i t y  l e v e l  submi t ted  t o  s t o c h a s t i c  n e g a t i v e  events  f o r  p roduc t  

requi rements has been ob ta ined .  E f f e c t i v e l y ,  i n  a f l o w - c h a r t  o f  

development o f  a pharmaceut ica l  form, t h e  Val i d a t i o n  i s  i n d i c a t e d  

a t  t h e  end o f  p r o d u c t i o n  procedures.  

o f  t h e  pass i ve  v a l i d a t i o n  t o  an a c t i v e  process, by i d e n t i f y i n g  
t h e  v a r i a b l e s  o f  t h e  manu fac tu r ing  process t h a t  de te rm ine  t h e  

p roduc t  p r o p e r t i e s  and by work ing  w i t h  them i n  o r d e r  t o  assure 

t h a t  t h e  p r o p e r t i e s  o f  t h e  f i n i s h e d  p r o d u c t  w i l l  remain i n t o  t h e  

s a f e t y  l i m i t s .  T h i s  r e q u i r e s  bas ing  t h e  v a l i d a t i o n  on s c i e n t i f i c  

knowledge a b l e  t o  g i v e  t h e  t r u e  guarantee o f  t h e  p r o d u c t  q u a l i t y .  

F I P  d e f i n e s  t h e  v a l i d a t i o n  process as t h e  assessment by 

These d e f i n i t i o n s  i n d i c a t e  t h a t  v a l i d a t i o n  i s  a b u r e a u c r a t i c  

s s u f f e r e d  by t h e  p r o -  

ack o f  r e s p e c t  o f  manu- 

I n  t h i s  c o n t r i b u t i o n  we propose t o  examine t h e  t r a n s f o r m a t i o n  
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VALIDATION OF TABLET FORMULATION 1049 

It i s  e v i d e n t  t h a t  seve ra l  d i f f i c u l t i e s  e x i s t  f o r  t h e  a p p l i -  

c a t i o n  o f  a c t i v e  v a l i d a t i o n  t o  a l l  manu fac tu r ing  procedures,  

because n o t  a l l  t h e  pharmaceut ica l  forms possess w e l l  def ined,  
s e n s i b l e  and c r i t i c a l  c o n t r o l l i n g  v a r i a b l e s .  However, i t  i s  c e r -  
t a i r l  t h a t  t h e  e v o l u t i o n  o f  pharmaceut ica l  technology can a l l o w  

t h e  overcoming o f  t hese  o b s t a c l e s ,  p a r t i c u l a r l y  i f  i t  i s  accom- 
panied by an e f f o r t  o f  t h e  p roducer  t o  e x e r t  a p r a c t i c a l  a p p l i -  
c a t i o n  o f  t h e  o b t a i n e d  knowledge. 

C o n t r o l l i n a  Var iab les  i n  T a b l e t  P r o d u c t i o n  

Pharmaceut ical  forms o b t a i n e d  by compression possess i n t e r -  
e s t i n g  process v a r i a b l e s  on which t h e  a c t i v e  process v a l i d a t i o n  
can be cons t ruc ted .  

a b i l i t y  capable t o  render  t h e  performance o f  one dosage form 

d i f f e r e n t  from ano the r .  The c r i t i c a l  s t e p  i n  t a b l e t  p r e p a r a t i o n  
i s  t h e  compression phase and a l l  t h e  preceding manu fac tu r ing  

o p e r a t i o n s  a r e  done f o r  i t s  be t te rmen t .  These c o n s i d e r a t i o n s  

i n d i c a t e  t h a t  t h e  v a l i d a t i o n  o f  t a b l e t  p r o d u c t i o n  must be based on 
t h e  compression s tep.  The process v a r i a b l e  t h a t  governs t h e  prop-  

e r t i e s  o f  each t a b l e t  o f  t h e  ba tch  i s  t h e  a p p l i e d  compression 
force.  The p r o p e r t i e s  o f  t h e  t a b l e t  t h a t  cannot be t e s t e d  w i t h o u t  
t a b l e t  d e s t r u c t i o n  a r e  dependent on i t .  Therefore,  a c t i v e  v a l i -  
d a t i o n  o f  a t a b l e t  f o rmu la  i s  founded on t h e  s c i e n t i f i c  knowledge 
of t h e  "phys i cs  o f  compression".  

These forms, a l t h o u g h  n o t  so c r i t i c a l  , c o n t a i n  enough v a r i -  

Weight, Compression Force and T a b l e t  P r o p e r t i e s  Compression Force 

D e f i n i t i o n  

Compression f o r c e  d e f i n i t i o n  i s  e s s e n t i a l  f o r  unders tand ing  

I n  pharmaceut ica l  t a b l e t  p r o d u c t i o n  t h e  compression f o r c e  i s  
of i t s  r o l e  i n  t h e  t a b l e t  manu fac tu r ing  process. 

t h e  r e s u l t a n t  o f  t h e  r e s i s t a n c e  g i v e n  by t h e  powder t o  t h e  volume 
r e d u c t i o n  e f f e c t e d  by t h e  punch movement. It i s  e v i d e n t  t h a t  when 
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1050 COLOMBO 

t h e  m a t r i x  i s  empty, no f o r c e  can a r i s e .  There fore  t h e  compression 
fo rce  depends on t h e  q u a n t i t y  and q u a l i t y  o f  t h e  powder i n t o  t h e  

d i e .  The amount o f  powder i n  t h e  d i e  governs t h e  e f f e c t i v e  c o n t a c t  

s u r f a c e  between t h e  punch and powder ( a c t i v e  s u r f a c e ) ,  w h i l e  t h e  

q u a l i t y  o f  t h e  powder i s  expressed by t h e  y i e l d  va lue  o f  t h e  

m a t e r i a l .  Thus, t h e  compression f o r c e  can be d e f i n e d  as t h e  prod- 

u c t  between t h e  a c t i v e  s u r f a c e  and t h e  y i e l d  va lue.  The a c t i v e  

sur face o f  a powder under p ressure  i s  d i f f i c u l t  t o  measure, b u t  

can be eva lua ted  f rom t h e  r a t i o  between t h e  t r u e  volume and t h e  

h e i g h t  o f  t h e  powder bed i n  t h e  m a t r i x .  Th is  r e l a t i o n s h i p  estab- 

l i s h e s  t h e  dependence o f  t h e  compression f o r c e  on t h e  we igh t  of 

t h e  t a b l e t .  I t  i s  on t h i s  r e l a t i o n s h i p  t h a t  systems f o r  au tomat ic  

weight  c o n t r o l  d u r i n g  p r o d u c t i o n  a r e  based. 

d u r i n g  t h e  p r o d u c t i o n  o f  a ba tch  and s u f f e r s  t h e  randomness o f  

t h e  p r o d u c t i o n  events,  such as f i l l i n g  o f  t h e  d i e .  The l i t e r a t u r e  

ment ions an exponent ia l  r e l a t i o n s h i p  between compression f o r c e  
and t h e  t a b l e t  weight .  The f a c t  t h a t  t h i s  r e l a t i o n  i s  n o t  l i n e a r  
in t roduces  a p r a c t i c a l  problem f o r  t h e  we igh t  c o n t r o l  systems of 

t h e  t a b l e t s  based on f o r c e  measurement: a t  symnet r ic  va lues o f  

weight  v a r i a t i o n  around t h e  mean we igh t  va lue,  t h e r e  do n o t  c o r -  

respond symmetric va lues o f  t h e  f o r c e .  

c e r t a i o n  l e v e l  o f  powder volume r e d u c t i o n  depends on t h e  amonut 

of m a t e r i a l  i n t o  t h e  m a t r i x ,  i t  remains t o  d e f i n e  t h e  r e l a t i o n s h i p  

e x i s t i n g  between t h e  compression f o r c e  and t h e  mechanical and 

b iopharmaceut ica l  p r o p e r t i e s  o f  t h e  t a b l e t s .  These r e l a t i o n s h i p s  

a r e  u s u a l l y  e m p i r i c a l .  I n  genera l ,  t h e r e  e x i s t s  a l o g a r i t h m i c  

r e l a t i o n s h i p  between t h e  f o r c e  and t h e  hardness, whereas t h e  r e -  

l a t i o n s h i p  between t h e  f o r c e  and d i s i n t e g r a t i o n  t i m e  i s  ex-  

p o n e n t i a l .  The r e l a t i o n s h i p s  found between t h e  f o r c e  and d i s s o -  

l u t i o n  t i m e  a r e  more complex. S i t u a t i o n s  i n  which t h e  d i s s o l u t i o n  

t i m e  increases w i t h  i n c r e a s i n g  compression f o r c e  a r e  descr ibed;  

The t a b l e t  we igh t  i s  t h e  f i r s t  v a r i a b l e  t h a t  is c o n t r o l l e d  

Once i t  i s  e s t a b l i s h e d  t h a t  t h e  compression f o r c e  a t  a 
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VALIDATION OF TABLET FORMULATION 1051 

however, s i tua t ions  in which t h i s  time decreases with increasing 
force have a l so  been reported. This re la t ionship i s  here described 
by a sigmoidal curve, on the base of the consideration tha t  the 
tab le t  dissolution times are  dis t r ibuted between a minimum value 
( i n  general the value of the uncompressed powder) and a maximum 
value (non  dis integrat ing compact). The experimental data f i t  well 
t h i s  model, when the resu l t s  are  t reated according t o  the Weibull 
d i s t r ibu t ion  curve. Knowledge of these described relationships 
allows the interpolation of tab le t  properties a t  a l l  compression 
force val ues. 

Variation of Weight, Compression Force and Tablet Properties 

We have now a l l  the elements needed for  affirmation of the 
importance of compression force in the t a b l e t  manufacturing proc- 
ess .  I t  i s  t h i s  importance tha t  j u s t i f i e s  the choice of compress- 
i o n  force as the main variable of the process. I ts  control and the 
knowledge of i t s  influence are  the s c i e n t i f i c  bases of the ac t ive  
Val idation process proposed. 

This affirmation derives from the consideration tha t  during 
the tab le t  manufacturing the main var iab i l i ty  i s  due t o  the 
Stochastic weight variations.  According t o  the previous def ini t ion 
variations of compression force applied t o  the powder derive from 
the weight var ia t ions.  Since the t a b l e t  properties a re  dependent 
on the compression force,  the weight variations determine t a b l e t  
property var ia t ions.  The most disturbing consequence i s  tha t  
admitted weight variations can determine n o t  admissible properties 
variations.  

Some practical  examples i l l u s t r a t e  the central  ro le  of 
compression force in tab le t  manufacturing. 
Figure 1 shows two relationships between weight and  compression 
force a t  two d i f fe ren t  compression levels ,  obtained by varying 
the weight of the powder into the die  without changing the posi- 
t ion of punches, for  each one of the compression levels .  Each 
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1052 COLOMBO 

R e l a t i o n s h i p  between we igh t  and compression f o r c e  f o r  two 

o f  t a b l e t s  prepared a t  d i f f e r e n t  compression l e v e l s  (min imal  

d i s t a n c e  between punches : o 161 1 0-2 mm ; 0 192 

(adopted f rom r e f e r e n c e  No. 1 )  

mm) , 

r i  

r e l a t i o n s h i p  depends on t h e  volume r e d u c t i o n  l e v e l  and becomes 

unique by s u b s t i t u t i n g  t h e  apparent  d e n s i t y  o f  t h e  powder bed t h e  

we igh t  . 

s t r e n g t h  o f  t a b l e t s  o b t a i n e d  f rom d i f f e r e n t  we igh ts  o f  powders 

compressed a t  t h r e e  d i f f e r e n t  va lues  o f  volume r e d u c t i o n .  Va ry ing  

weights  o f  powder determine d i f f e r e n t  mechanical and biopharma- 

F i g u r e  2 shows t h e  r e l a t i o n s h i p  between we igh t  and t e n s i l e  
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VALIDATION OF TABLET FORMULATION 1053 
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FIGURE 2 

R e l a t i o n s h i p  between we igh t  and t e n s i l e  s t r e n g t h  f o r  d i f f e r e n t  

amounts o f  powder compressed a t  t h r e e  i n c r e a s i n g  va lues o f  volume 

r e d u c t i o n  (0 > o > 0). (adopted f rom r e f e r e n c e  No. 2 )  

c e u t i c a l  t a b l e t  p r o p e r t i e s ,  a l s o  i f  compressed a t  t h e  same volume 

r e d u c t i o n  ( F i g u r e  3 ) .  Again t h e  r e l a t i o n s h i p  between t h e  w e i g h t  

and p r o p e r t i e s  i s  dependent on t h e  va lue  o f  volume r e d u c t i o n  
se lec ted .  However, i f  i n  t h e  p rev ious  graphs t h e  measured compress- 

i o n  f o r c e  i s  s u b s t i t u t e d  f o r  t h e  corresponding weight ,  t h e  t h r e e  
d i f f e r e n t  curves become a unique cu rve  (F igu res  4 and 5 ) .  

On t h e  o t h e r  hand, when d i f f e r e n t  we igh ts  o f  powder a r e  
compressed a t  t h e  same compression f o r c e  va lue,  t h e  o b t a i n e d  tab -  

l e t s  show t h e  same p r o p e r t i e s ,  i ndependen t l y  o f  t h e  d i f f e r e n t  

weight ,  p r o v i d e d  t h a t  t h e  p r o D e r t i e s  have been no rma l i zed  w i t h  
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WEIGHT ( mg ) 

F I G U R E  3 

Relationship between weight and  dissolution time (80% of d r u g  
dissolved) for different  amounts of powder compressed a t  three 
increasing values of volume reduction ( o >  o > 0). (adopted from 

reference No. 2 ) .  

respect t o  different  dimensions o f  the tablets .  This demonstrates 
t h a t  the compression force governs the properties of the tab le t s  
i n  a central manner (Figure 6 ) .  

Val idation Procedure 

We can see now how the tablet  validation procedure develops, 
stressing t h a t  i t  i s  the tablet  formulation t h a t  i s  validated and  

no t  the production apparatus. 
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FIGURE 4 

R e l a t i o n s h i p  between compression f o r c e  and t e n s i l e  s t r e n g t h  f o r  

d i f f e r e n t  amounts o f  powder compressed a t  t h r e e  i n c r e a s i n g  va lues 

of volume r e d u c t i o n  (0 > o > 0). (adopted f rom r e f e r e n c e  No. 3 ) .  

The procedure i s  composed o f  t h r e e  s teps :  
a )  Sample p r e p a r a t i o n  

Using an i ns t rumen ted  t a b l e t t i n g  machine prepare a s e r i e s  

of t a b l e t s  ( a t  l e a s t  Z O ) ,  v a r y i n g  t h e  powder we igh t ,  w i t h o u t  

m o d i f y i n g  t h e  s e t  of  punches (volume r e d u c t i o n  v a l u e ) ,  i n  a range 

between +- 20% o f  t h e  mean we igh t .  The s e r i e s  can be repea ted  a t  

two o t h e r  d i f f e r e n t  volume r e d u c t i o n  l e v e l s .  On t h e  t a b l e t s  p ro -  

duced, measure compression f o r c e ,  we igh t ,  hardness and d i s s o l u t i o n  

r a t e .  Measure a l s o  t h e  va lue  o f  powder volume r e d u c t i o n  (min imal  
d i s t a n c e  between t h e  upper and l o w e r  punches) 
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FIGURE 5 

R e l a t i o n s h i p  between compression f o r c e  and d i s s o l u t i o n  t i m e  (80% 

of d rug  d i s s o l v e d )  f o r  d i f f e r e n t  amount o f  powder compressed a t  

t h r e e  i n c r e a s i n g  va lues o f  volume r e d u c t i o n  (0 > o > 0). (adopted 

from r e f e r e n c e  No. 3 )  

b )  Data t rea tmen t  

F i n d  t h e  r e l a t i o n s h i p s  between we igh t ,  compression f o r c e  

and t a b l e t  p r o p e r t i e s ,  f o r  example f i t t i n g  t h e  l o g a r i t h m  of f o r c e  

versus w e i g h t l v o l  ume (apparen t  d e n s i t y )  , and t h e  l o g a r i t h m  o f  

f o rce  versus hardness and f o r c e  versus d i s s o l u t i o n  t i m e  acco rd ing  

t o  t h e  Weibul l  d i s t r i b u t i o n .  The r e l a t i o n s h i p s  determined a l l o w  

t h e  c a l c u l a t i o n  f o r  each t a b l e t  we igh t  o f  t h e  co r respond ing  

compression f o r c e ,  hardness and d i s s o l u t i o n  r a t e .  

c )  P r e d i c t i o n  o f  t h e  fo rmu la  p o s s i b i l i t y  ( t r u e  v a l i d a t i o n )  

The a im o f  t h i s  s t e p  i s  t h e  d e t e r m i n a t i o n  o f  t h e  p o s s i -  

b i l i t y  t o  have i n  t h e  produced ba tch  t a b l e t s  e x h i b i t i n g  unaccept-  

ab le  p r o p e r t i e s .  
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FIGURE 6 

t e n s i l e  s t r e n g t h  and t a b l e t  d i s i n t e g r a t i o n  r a t e  f o r  

1057 
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t a b l e t s  

prepared a t  same compression f o r c e  (16.5 k N ) .  (adopted f rom 

reference No. 1 ) .  

A f t e r  t h e  formula d e f i n i t i o n ,  t h e  p r o d u c e r ' s  c h o i c e  i s  t o  

use t h e  compression f o r c e  v a l u e  wi th  t h e  mean we igh t  o f  t h e  powder 

i n  o r d e r  t o  o b t a i n  t h e  d e s i r e d  t a b l e t  q u a l i t y .  G e n e r a l l y  t h i s  
cho ice  i s  a compromise between t h e  mechanical  and biopharma- 

c e u t i c a l  p r o p e r t i e s  and determines t h e  v a l u e  o f  powder volume 

r e d u c t i o n .  Once t h e  we igh t  l i m i t s  around t h e  mean w e i g h t  a r e  

e s t a b l i s h e d ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  co r respond ing  l i m i t  

va lues  of compression f o r c e  and f r o m  them t h e  va lues  o f  hardness 

and d i s s o l u t i o n  t ime .  The p robab le  compos i t i on  o f  t h e  b a t c h  i n  

r e l a t i o n  t o  t h e  t a b l e t  q u a l i t y ,  and i n  dependence o f  t h e  p o s s i b l e  

we igh t  v a r i a t i o n s  , i s  t h e n  s imu la ted .  The r e s u l t s ,  p o s s i b l y  r e -  

peated f o r  d i f f e r e n t  f o r c e  l e v e l  on t h e  mean t a b l e t  we igh t ,  show 
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1058 COLOMBO 

t h e  c a p a b i l i t y  of t h e  fo rmu la  t o  bear  t h e  occas iona l  we igh t  

v a r i a t i o n s .  

CONCLUSIONS 

A t a b l e t  f o rmu la  i s  v a l i d a t e d  i f  t h e  accepted s t o c h a s t i c  

we igh t  v a r i a t i o n s  d u r i n g  p r o d u c t i o n  keep t h e  p r o p e r t i e s  o f  t h e  

t a b l e t s  o f  t h e  ba tch  w i t h i n  t h e  p r e s c r i b e d  va lues.  T h i s  i s  an 
example o f  a c t i v e  Val i d a t i o n ,  easy t o  accompl ish f o r  t a b l e t s  

because of t h e  a v a i l a b i l i t y  o f  a c o n t r o l  v a r i a b l e  such as compress- 

i o n  f o r c e .  

t i o n s  o f  compression f o r c e  due t o  t h e  we igh t  v a r i a t i o n s  do n o t  

determine unacceptable v a r i a t i o n s  o f  t a b l e t  p r o p e r t i e s .  The 

v a l i d a t i o n  i s  now a guarantee a t t a c h e d  t o  t h e  fo rmu la ,  p a r t i c u -  

l a r l y  f o r  t h e  p o s s i b i l i t y  t o  m o n i t o r i n g  t h e  compression f o r c e  f o r  

each t a b l e t  produced. 

F i n a l  l v ,  t h e  Dresented orocedure i s  an advanced Val i d a t i o n  conceDt 

because i t  works on t h e  fo rmu la ,  i n  o r d e r  t o  make i t  indeDendent 

from t h e  p roduc ing  apparatus.  

I n  t h i s  case t o  v a l i d a t e  means t o  a s c e r t a i n  t h a t  t h e  v a r i a -  
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