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10.1 In t roduc t i on  

When one glances a t  the s t a b i l i t y  aspects o f  scale-up experiments and 

the preparat ion o f  c l i n i c a l  supplies, even though one may have considerable 

experience i n  research and development and/or p i l o t  and commercial pro- 

duction, i t  i s  d i f f i c u l t  t o  comprehend the scope o f  the subject. This i s  

p a r t i c u l a r l y  t r u e  f o r  attempts t o  i n t e r - r e l a t e  s t a b i l i t y  and scale-up work. 

I f  one works i n  the area o f  scale-up and/or the production of  c l i n i c a l  

supplies, many th ings  are taken f o r  granted, because they c o n s t i t u t e  procedures 

t h a t  are c a r r i e d  out  as standard operat ing procedures. 

back and takes a ca re fu l  look i n  perspective a t  the number o f  s t a b i l i t y  

considerations t h a t  must be d e a l t  wi th ,  and t h a t  take on s i g n i f i c a n t  meaning, 

the importance o f  s t a b i l i t y  s tud ies become evident. 

However, i f  one steps 

Before the l a t e s t  "Good Manufacturing Pract ices"  regu la t i ons  were issued, 

and the i n i t i a t i o n  o f  "Good Laboratory Pract ices" ,  l i m i t e d  considerat ion was 

given t o  the s t a b i l i t y  o f  a c l i n i c a l  batch o f  a new drug e n t i t y ,  as t o  the  

s t a b i l i t y  o f  a scale-up batch of  a new drug. 

batch i s  the scale-up p i l o t  l o t .  

I n  many instances, the c l i n i c a l  

This l i m i t e d  considerat ion was p a r t i c u l a r l y  
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1426 LANTZ 

t rue  i f  no  s t a b i l i t y  problems had surfaced during the formulation and product 

development work. 

problems during development, b u t  may escape detect ion i f  the s t a b i l i t y  

problem i s  the r e s u l t  of a number of ingredient  i n t e r a c t i o n s ,  a l l  p o s s i b i l i t i e s  

of which cannot be tes ted .  

Preformulation s t a b i l i t y  work may catch many potent ia l  

This lack of consideration f o r  the importance of s t a b i l i t y  s t u d i e s ,  may 

be a t t r ibu ted  i n  par t  t o  the  fever ish pace t h a t  has been s e t  because of 

ambitious time ta lbes  t o  g e t  the new formula i n t o  the c l i n i c  f o r  t e s t i n g .  

I n  the industry,  "as soon a s  possible" ,  of ten means yesterday,  and i n  a l l  

cases ,  s t a b i l i t y  i s  synonymous with time, and the s t a b i l i t y  time may of ten 

be sacr i f iced .  This primarily adds up t o  the lack of i n s i g h t  i n t o  t h e  im- 

portance of s t a b i l i t y  follow-up so necessary i n  both c l i n i c a l  batch work 

and scale-up work. 

During the  preparation of c l i n i c a l  batches of new d r u g  formulas, and 

the scale-up from development through p i l o t  and i n t o  commercial production, 

s t a b i l i t y  work i s  an integral  p a r t  of each of these steps leading t o  the 

marketing of a pharmaceutical product. 

10.2 Examination of Reason f o r  S t a b i l i t y  Work 

10.2.1 Forms New Drugs Take 

I n  order t o  examine the  reasons f o r  t h i s  s t a b i l i t y  work i t  i s  ins t ruc-  

t i v e  t o  take a look a t  the forms a new d r u g  formula may take: 

10.2.1.1 New Drug Substances 

The formula may contain an e n t i r e l y  new ac t ive  ingredient  o r  drug sub- 

stance. 

work indicated no  incompat ib i l i t i es ,  s t a b i l i t y  of the f in i shed  new formula 

must be f u l l y  defined. 

The need f o r  s t a b i l i t y  work i s  obvious. Even though pre-formulation 

10.2.1.2. Addition of  a Second Active Ingredient 

Although not as common today as back i n  the  1960's ,  a new drug formula 

may take the form of a second ac t ive  ingredient  addi t ion.  The second drug 
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CLINICAL SUPPLIES AND SCALE-UP STUDIES 1427 

e n t i t y  may a c t  i n  con junc t i on  w i t h  the e x i s t i n g  a c t i v e  i n g r e d i e n t  t o  p r o v i d e  

another pharmacological  a c t i v i t y ,  o r  perhaps a s y n e r g i s t i c  a f f e c t  such as a 

n a r c o t i c  an tagon is t  t o  prevent  n a r c o t i c  drug abuse. 

10.2.1.3 E x c i p i e n t  Change 

A change i n  e x c i p i e n t s  and/or co lo ran ts ,  f l a v o r s ,  e t c .  a l s o  c o n s t i t u t e  

Over the l a s t  decade, changes i n  c o l o r a n t s  has been run-  a formula change. 

n i n g  rampant through t h e  pharmaceut ical  i n d u s t r y .  D e c e r t i f i c a t i o n  o f  many 

o f  t h e  o l d  dependable c o l o r s  has c rea ted  a considerable amount o f  reformu- 

l a t i n g  work, and has l ead  t o  near chaos i n  the  scramble t o  match e x i s t i n g  

c o l o r s .  I n  many cases, c o l o r  matches cannot be made and some problems come 

about as a r e s u l t  o f  c r e a t i n g  new appearances w i t h  t h e  a v a i l a b l e  l i g h t  s t a b l e  

dyes and lakes.  This  r e f o r m u l a t i o n  work has l e a d  t o  u n t o l d  s t a b i l i t y  s t u d i e s  

which l a s t  f o r  yea rs  f o r  e x p i r a t i o n  da t i ng .  

10.2.1.4 Change o f  Dosage Form 

A new dosage form may be e x a c t l y  what i t  says: whether i t  i s  a new 

i n j e c t a b l e  form o f  a compound which has been marketed o n l y  as a t a b l e t ,  o r  

the sw i t ch  f rom a t a b l e t  t o  a capsule, o r  an emulsion t o  a s o l u b i l i z e d  c l e a r  

l i q u i d .  A l l  a re  changes o r  new d rug  dosage forms o f  new o r  e x i s t i n g  drugs. 

Summarizing t h e  f o u r  examples o f  new drug formulas t h a t  a re  o f  concern 

du r ing  c l i n i c a l  batch p repara t i on  and the  scale-up t o  p i l o t  and p roduc t i on ,  

they i nc lude :  

a c t i v e  i ng red ien t ,  t h e  change o f  e x c i p i e n t s  o r  non-act ive i n g r e d i e n t s ,  and 

a change i n  dosage form. 

an e n t i r e l y  new a c t i v e  i n g r e d i e n t ,  t he  a d d i t i o n  o f  another  

10.2.2 Scale-up o f  New A c t i v e  I n g r e d i e n t s  

Dur ing the  p repara t i on  o f  a c l i n i c a l  batch, which must be prepared 

accord ing t o  Current  Good Manufactur ing P rac t i ces ,  s t a b i l i t y  must be i n i t i a t e d  

f o r  a number o f  reasons, i n c l u d i n g  t h e  f o l l o w i n g :  

The new a c t i v e  i n g r e d i e n t  may w e l l  be prepared by a new scale-up process, 

and may present  s l i g h t  d i f f e r e n c e s  i n  phys i ca l  c h a r a c t e r i s t i c s  f rom t h a t  used 

i n  e a r l i e r  l a b o r a t o r y  development. Take f o r  example the  c l i n i c a l  batch 
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1428 LANTZ 

p r e p a r a t i o n  o f  a fo rmula  c o n t a i n i n g  a new drug  e n t i t y .  

has j u s t  been prepared by a scaled-up syn thes i s  o r  an e x t r a c t i o n ,  perhaps 

100-1000 t imes the  bench sca le  s i z e .  

f o r  c l i n i c a l  t e s t i n g  and t h e  planned s t a b i l i t y  work. 

Th is  new d rug  compound 

T h i s  w i l l  depend on t h e  amount r e q u i r e d  

Al though the  compound may meet s p e c i f i c a t i o n s  chemica l l y ,  i n c l u d i n g  

potency, some d i f f e r e n c e s  may p o s s i b l y  e x i s t  p h y s i c a l l y  such as b u l k  dens i t y ,  

su r face  area, p o r o s i t y  o r  c r y s t a l  h a b i t  t o  name a few. 

i s  one from t h i s  au tho r ' s  persona l  exper ience w i t h  two opera to rs  who had 

never  made a d i r e c t  compression fo rmula  newly  t r a n s f e r r e d  t o  comnerc ia l  p ro -  

duc t i on .  

raw m a t e r i a l s  were screened i n t o  a m i x e r  and d r y  mixed. 

i n t o  drums and sen t  t o  compression. 

l o t s  had compressed w i t h o u t  d i f f i c u l t y .  

i n g r e d i e n t  had been used i n  t h i s  c u r r e n t  uncompressable l o t .  

t h a t  t he  opera to rs  had used almost t w i c e  the  volume o f  t h e  a c t i v e  i n g r e d i e n t ;  

4 drums vs. 2 drums. The a c t i v e  i n g r e d i e n t  c o n s t i t u t e d  t h e  m a j o r i t y  o f  t h e  

t a b l e t  so i t s  presence had a cons ide rab le  a f f e c t  on compressab i l i t y .  

A good example o f  t h i s  

A l l  we igh ts  o f  i n g r e d i e n t s  had been weighed and checked, and t h e  

The m i x e r  was empt ied  

T h i s  l o t  would n o t  compress. Four p rev ious  

Records i n d i c a t e d  a new l o t  o f  a c t i v e  

I n q u i r y  revea led  

The number o f  drums t o  be compressed v e r i f i e d  t h e  l a r g e r  volume. A 

b u l k  d e n s i t y  de te rm ina t ion  o f  t h e  new l o t  o f  m a t e r i a l  compared t o  t h e  b u l k  

d e n s i t y  o f  t h e  a c t i v e  i n g r e d i e n t  used i n  p rev ious  l o t s ,  i n d i c a t e d  t h e  volume 

was almost double f o r  t he  same we igh t  o f  a c t i v e  m a t e r i a l .  

p i cked  up i n  q u a l i t y  c o n t r o l  because no b u l k  d e n s i t y  s p e c i f i c a t i o n  had been 

s e t .  Th is  was imned ia te l y  co r rec ted ,  and t h e  remainder o f  t h e  b u l k y  l o t  o f  

raw m a t e r i a l  was used i n  t h e  l i q u i d  dosage fo rm o f  t h e  produc t .  

It had n o t  been 

10.2.3 D i f f e r e n t  Design and S ize  Equipment 

P i l o t  s i z e  batches u s u a l l y  r e q u i r e  d i f f e r e n t  des ign  and/or s i z e  equ ip-  

ment than t h a t  used d u r i n g  s m a l l e r  sca le  development work. 

t o  s l i g h t  m o d i f i c a t i o n s  i n  t h e  fo rmula .  

i n g r e d i e n t  o r  a number o f  a c t i v e  i n g r e d i e n t s  may p resen t  a problem which may 

n o t  be e v i d e n t  on a smal l  s c a l e  such as s l i g h t  c o l o r  changes due t o  o x i d a t i o n  

d u r i n g  d r y  o r  wet  mix ing ,  o r  t h e  m i l l i n g  o f  s o l i d s ,  o r  t h e  hand l i ng  o f  l i q u i d s  

Th is  u s u a l l y  l eads  

A fo rmula  w i t h  e i t h e r  a s i n g l e  a c t i v e  
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CLINICAL SUPPLIES AND SCALE-UP STUDIES 1429 

on a l a r g e  scale.  

shear and longer  exposure t o  the  atmosphere d u r i n g  l onger  p r e p a r a t i o n  t imes.  

This  problem may n o t  show up u n t i l  scale-up, because smal l  problems u s u a l l y  

scale-up as the  product  scales-up. 

Dur ing scale-up, t h e  formula may be sub jec ted  t o  h i g h e r  

Murphy's Law always comes i n t o  p l a y  when a new formula i s  assembled i n  a 

scaled-up vers ion,  be i t  p i l o t  o r  commercial sca le.  It should be noted t h a t  i n  

o rde r  t o  i l l u s t r a t e  the  weights o f  m a t e r i a l s  i nvo l ved ,  p i l o t  and commercial 

sca le  l o t s  o r  batches mean d i f f e r e n t  s i z e s  t o  each o f  us. For example, t h e  

p i l o t  l o t  sca le  may range f rom 10 kg t o  300 kg o r  more, and the  commercial 

sca le may range f rom 50 kg t o  5,000 kg o r  more. 

manufactur ing p l a n t ,  t he  equipment capaci ty ,  and product  volume each company 

works wi th.  

volume depending on dosage form, dose l e v e l ,  t h e  e x t e n t  o f  t h e  s tudy be ing  

conducted, and t h e  d u r a t i o n  o f  t h e  s tudy.  

l i q u i d s  should appear, powder masses t h a t  w i l l  n o t  f low,  capsule and t a b l e t  

weights t h a t  show u n s a t i s f a c t o r y  we igh t  v a r i a t i o n ,  n o t  t o  ment ion g r a n u l a t i o n  

s t i c k i n g  t o  t a b l e t i n g  punches, and some g r a n u l a t i o n  t h a t  w i l l  n o t  even com- 

press.  

t imes than they would l i k e  t o  count.  

v e s t i g a t i o n a l  New Drug A p p l i c a t i o n  ( I N D )  must be made a v a i l a b l e  i n  t h e  

formula t o  a l l o w  f o r  these problems. 

be a n t i c i p a t e d  f rom exper iences w i t h  equipment s i z e  and design. 

This  i s  dependent on t h e  s i z e  

C l i n i c a l  batch s i z e s  have even w i d e r  ranges i n  weight  o r  

I n  any case, Murphy's Law c rea tes  

People work ing i n  the  scale-up area have t r a v e l e d  t h i s  road more 

As a r e s u l t ,  ranges w i t h i n  the  In-  

Many o f  these scale-up problems may 

10.2.4 C l i n i c a l  Package 

Another reason f o r  i n i t i a t i n g  s t a b i l i t y  s t u d i e s  w i t h  c l i n i c a l  batches 

o f  drug formulas i s  r e l a t e d  t o  packaging. I n  many s i t u a t i o n s ,  t he  package 

used t o  supply t h e  c l i n i c a l  m a t e r i a l  under s tudy may be d i f f e r e n t  than was 

o r i g i n a l l y  used d u r i n g  the  development s t a b i l i t y  work. This  encompasses 

f l i n t  as compared t o  amber glass,  p l a s t i c  r a t h e r  than metal  caps, c h i l d -  

p r o o f  r a t h e r  than non-ch i l d  p r o o f  caps, g lass  i n s t e a d  o f  p l a s t i c  b o t t l e s ,  

ampuls i n s t e a d  o f  v i a l s ,  e t c .  The l i s t  as i l l u s t r a t e d  i s  o n l y  severa l  o f  

t he  choices t h a t  can be made when one considers choices o f  cap l i n e r s  o r  
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1430 LANTZ 

dropper b o t t l e s ,  e t c .  

convenience, l abe l  space, and dosage s ize.  I f  several packages are selected, 

a l l  should be set  on s t a b i l i t y  a t  normal and exaggerated condi t ions.  

The c l i n i c a l  package i s  a l so  se lected because o f  

- 10.2.5 E x p i r a t i o n  Dat ing 

I t  i s  essen t ia l  t h a t  in format ion f o r  e x p i r a t i o n  da t i ng  s t a r t  as soon 

as possible, and perchance the  proper package fo l l ows  through t o  production, 

t h i s  da t i ng  may be s t a r t e d  w i t h  c l i n i c a l  t es t i ng .  

10.2.6 A l te rna te  Formulas 

I t  i s  a l so  suggested t h a t  an a l t e r n a t i v e  formula be considered should 

problems occur dur ing c l i n i c a l  t e s t i n g  o f  the formula o f  choice. 

r a t i o n a l e  behind t h i s  fo l l ows  t h a t  i t  i s  much cheaper t o  run formulas " X "  

and " Y "  s ide by side i n  the c l i n i c  r a t h e r  than have t o  se t  up an e n t i r e l y  

new study. 

The 

I t i s  obvious from the above why s t a b i l i t y  i s  so important i n  c l i n i c a l  

and scale-up work. 

s t a b i l i t y  work must e s t a b l i s h  and con f i rm  the q u a l i t y  o f  the product. 

Wherever a change i n  formula o r  process takes place, 

10.3 The S t a b i l i t y  Study 

10.3.1 Conditions and I n i t i a l  Observations 

The s t a b i l i t y  study i t s e l f  should be c a r r i e d  o u t  a t  normal and exagger- 

ated condi t ions as we l l  as c y c l i n g  temperatures where temperatures are 

changed d a i l y  from f reez ing  t o  room temperature ( R . T . )  (25OC). Each company 

usual ly  has t h e i r  own s tab i  1 i t y  exaggerated temperatures such as -lO°C, O°C , 
3OoC, 4OoC, 5OoC and sometimes 6OoC. Re la t i ve  humid i ty  (R.H.) may a l so  be 

var ied from 10% R.H. a t  R.T. t o  80% R.H. Again t h i s  i s  dependent upon the 

program se t  up by each company o r  i n s t i t u t i o n .  

p a r t i c u l a r l y  important when dry  products such as powders, t a b l e t s  and 

capsules are the ob jec t  o f  the study. 

Humidity condi t ions are 

It must be stressed t h a t  i n i t i a l  s t a b i l i t y  o f  c l i n i c a l  ma te r ia l  must 

be fol lowed c lose ly .  The i n i t i a l  observations i n  a d d i t i o n  t o  zero time, 
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CLINICAL SUPPLIES AND SCALE-UP STUDIES 1431 

should be made once-a-week f o r  the f i r s t  f o u r  (4 )  weeks, i n c l u d i n g  chemical, 

as w e l l  as phys ica l  t e s t i n g .  Any changes i n  the  product(s) should be noted 

and tagged immediately so t h e i r  s ign i f icance can be evaluated. S i g n i f i c a n t  

changes i n  the product may requ i re  the terminat ion o f  the c l i n i c a l  study 

and the s t a b i l i t y  work. 

formula before i t  goes t o  the c l i n i c ,  a r e c a l l  o f  c l i n i c a l  ma te r ia l  would 

n o t  have t o  be i n i t i a t e d ,  and considerable monies could be saved. 

po int ,  i t  would mean s t a r t i n g  a t  ground zero again. 

as mentioned e a r l i e r ,  i f  an a l t e r n a t e  formula showing s a t i s f a c t o r y  s t a b i l i t y  

were ava i l ab le .  

I f  one has the l uxu ry  o f  s t a b i l i t y  t e s t i n g  the new 

A t  t h i s  

This might  be avoided, 

10.3.2 Length o f  Time 

I f  a l l  s t a b i l i t y  t e s t i n g  appears normal f o r  the f i r s t  month o r  two, 

t e s t i n g  may be c a r r i e d  ou t  on a monthly basis f o r  three ( 3 )  t o  s i x  (6 )  

months f o r  a t  l e a s t  two (2)  years and usua l l y  f i v e  (5)  years i n  order  t o  

fo l l ow  through on the  e x p i r a t i o n  da t i ng  mentioned e a r l i e r .  

10.4 C l i n i c a l  Batch Preparation 

During the p lanning stages o f  prepar ing a c l i n i c a l  batch o f  mater ia l ,  

two obvious bu t  very important i tems should be remembered: 

10.4.1 Q u a n t i t y  

Make c e r t a i n  the batch o f  c l i n i c a l  ma te r ia l  i s  l a rge  enough t o  back-up 

any c l i n i c a l  supplies i n  the f i e l d  should anything go wrong dur ing t e s t i n g ,  

e.g., broken packages dur ing shipment, mishandling dur ing the t e s t ,  damaged 

seals, e t c .  

10.4.2 S t a b i l i t y  Q u a n t i t y  

Make c e r t a i n  t h a t  enough c l i n i c a l  mater ia l  has a l so  been prepared t o  

a l low each l o t  being c l i n i c a l l y  t es ted  t o  a l so  be subjected t o  an extensive 

s t a b i l i t y  t e s t .  

w i l l  r equ i re  a considerable number o f  samples f o r  the study and back-up samples. 

The reason being t h a t  the batch w i l l  be checked c lose ly ,  and 
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The c l i n i c a l  batch i s  l i k e l y  t o  need a much greater  percentage o f  u n i t s  f o r  

s t a b i l i t y  t e s t i n g  than i s  a regu la r  product ion batch. 

10.5 Consideration o f  Addi t ional  Problems During Scale-up 

Some o f  t he  s t a b i l i t y  aspects o f  scale-up were mentioned b r i e f l y  e a r l i e r  

i n  the c l i n i c a l  batch s t a b i l i t y  fol low-up. 

ment changes such as the m i l l i n g  o f  raw mate r ia l s  where heat may be generated 

t h a t  was no t  an t i c ipa ted  du r ing  the scale-up o f  a m i l l i n g  operation. 

i n  t u r n  may produce polymorphic changes o r  create auto-degradation products 

no t  detectable o r  no t  present dur ing the m i l l i n g  o f  small q u a n t i t i e s  o f  

ac t i ve  ingredients .  This i s  p a r t i -  

c u l a r l y  t rue  i f  one chooses t o  go t o  the h igh i n t e n s i t y  bowl type chopper 

blade, o r  even the h igh i n t e n s i t y  a g i t a t o r  bar  i n  the l a rge  tumbling mixers. 

Addi t ional  blending time and exposure t o  moisture and the atmosphere f o r  these 

extended periods dur ing mix ing may requ i re  s t a b i l i t y  fol low-up. 

a granulat ion from a sigma blade mixer t o  a f l u i d  bed granulat ion,  o r  any 

other  d i f f e r e n t  g ranu la t i ng  method, requ i res  a s t a b i l i t y  fol low-up because 

the formula i s  being subjected t o  d i f f e r e n t  forces, changes i n  sur face area 

may take place, and the method and r a t e  of applying the  g ranu la t i ng  s o l u t i o n  

may be d i f f e r e n t .  

These are r e l a t e d  t o  process equip- 

This 

The same i s  t r u e  f o r  mix ing equipment. 

Switching 

The same type of cons iderat ion must be given t o  so lu t i ons  which may 

become aerated dur ing r a p i d  mixing, o r  the d i f f e rences  i n  shear app l i ed  t o  

a polymer determines i t s  s t r u c t u r e  and r e s u l t i n g  v i s c o s i t y .  

It becomes ev ident  from examples mentioned above t h a t  v a l i d a t i o n  o f  o l d  

and new processes w i l l  r equ i re  s t a b i l i t y  work t o  complete the v a l i d a t i o n  o f  

products subjected t o  these processes. 

10.6 Conclusion 

I n  conclusion, s t a b i l i t y  i s  a v i t a l  p a r t  o f  the preparat ion o f  c l i n i c a l  

mater ia l  f o r  t e s t i n g  and f o r  the upgrading o f  p i l o t  and commercial scale-up 

manufacturing processes. I t i s  n o t  t o  be neglected, b u t  c a r e f u l l y  planned, 

and fo l lowed UP. 
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