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14.1 I n t r o d u c t i o n  

The pharmaceut ical  s c i e n t i s t  faced by the  task o f  ass ign ing  an e x p i r a -  

t i o n  ( o r  s a l a r y  e x p i r y  date)  t o  a produc t  i s  l i k e l y  t o  use more than one 

source o f  data i n  o r d e r  t o  reach a r a t i o n a l  and in formed judgement. 

a ted s t a b i l i t y  t e s t s  and o t h e r  f o r m u l a t i o n  and p r e f o r m u l a t i o n  l a b o r a t o r y  s tud ies  

can indeed be u s e f u l ,  so can cons ide ra t i on  o f  pub l i shed  d a t a  concerning s i m i l a r  

products.  

sample data. A d d i t i o n a l l y  data ob ta ined  f rom t e s t  market d i s t r i b u t i o n  s t u d i e s  

o r  l a b o r a t o r y  "market s t r e s s "  t e s t s  can p l a y  a r o l e  i n  t h e  process o f  d e f i n i n g  

product  s t a b i  i t y .  

Acceler -  

Also,  o f  value can be a cons ide ra t i on  o f  r e t a i n e d  and r e t u r n e d  

14.2 Market St ress 

T y p i c a l l y ,  a f i n i s h e d  pharmaceut ical  p roduc t  once i t  has been g i v e n  market 

re lease approval  by a q u a l i t y  c o n t r o l  and assurance u n i t ,  w i l l  be s t o r e d  f o r  

some t i m e  i n  t h e  manu fac tu re r ' s  warehouse b e f o r e  be ing  t ranspor ted  f i r s t  t o  

the  who lesa le r ' s  

be fo re  be ing  p rov ided  t o  the p a t i e n t .  

have many v a r i a t i o n s ,  i s  o f t e n  cha rac te r i zed  by t h e  manufacturer  hav ing an 

i n c r e a s i n g l y  reduced l e v e l  o f  c o n t r o l  as the  p roduc t  moves f u r t h e r  a long  t h e  

warehouse and then t o  the  community o r  h o s p i t a l  pharmacy 

This  process, which can o f  course, 
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1498 RHODES 

channels o f  d i s t r i b u t i o n .  

n a t i o n a l  marke t ing  i s  i nvo l ved .  

be ab le  t o  count  on t h e  p roduc t  be ing  a p p r o p r i a t e l y  s t o r e d  a t  t h e  p r o d u c t i o n  

s i t e  the re  may w e l l  be l e g i t i m a t e  grounds f o r  concern about  t h e  s t r e s s  t o  

which t h e  p roduc t  w i l l  be sub jec ted  b e f o r e  i t  i s  f i n a l l y  used by t h e  p a t i e n t .  

C e r t a i n l y ,  i t  i s  t o  be hoped t h a t  t he  who lesa le r  and h o s p i t a l  o r  community 

pharmac is t  w i l l  t r e a t  t h e  s to rage  and r o t a t i o n  o f  s tock  i n  a p r o f e s s i o n a l  

manner. However, even when t h i s  hope i s  j u s t i f i e d ,  t h e  t r a n s p o r t  process 

can impose cons iderab le  s t r e s s  on t h e  p roduc t .  

many concerned w i t h  t h e  s t a b i l i t y  o f  pharmaceut ica ls  t h a t  t h e  c o n d i t i o n s  o f  

s to rage  o f  pharmaceut ical  p roduc ts  by t h e  user  i s  o f t e n  a major  cause f o r  

concern. 

Th is  i s  p a r t i c u l a r l y  l i k e l y  t o  be t r u e  if i n t e r -  

Thus, w h i l e  t h e  manufac turer  shou ld  c e r t a i n l y  

I t  i s  now recogn ized by 

Al though i t  would s u r e l y  be unreasonable t o  expec t  t h e  manufac turer  t o  

be l e g a l l y  respons ib le  f o r  t h e  c o n d i t i o n s  o f  s to rage o f  pharmaceut ica l  p ro -  

duc ts  by i n d i v i d u a l  users,  t h e r e  i s  c e r t a i n l y  reason f o r  manufac turers  and 

o the rs  t o  do a l l  they  can t o  educate t h e  p u b l i c  about t h e  importance o f  t h e  

approp r ia te  s to rage and use o f  drugs. 

can p l a y  an impor tan t  r o l e  i n  t h i s  process. 

Community and h o s p i t a l  pharmac is ts  

Market s t r e s s  imposed on a p roduc t  can take  a v a r i e t y  o f  forms: h i g h  

temperatures,  low temperature,  tempera ture  change, humid i t y ,  load ,  impact,  

abrasion, l i g h t  and b i o l o g i c a l  aspects a r e  among t h e  f a c t o r s  which may be 

r e l e v a n t .  Often, t h e  combina t ion  o f  two o r  more o f  t h e  above f a c t o r s  has a 

p a r t i c u l a r l y  harmfu l  e f f e c t .  

and h i g h  humid i t y  i s ,  f o r  many produc ts ,  an e s p e c i a l l y  v i c i o u s  combinat ion,  

which can have se r ious  adverse e f f e c t s  on s t a b i l i t y .  

Thus, s to rage  a t  c o n d i t i o n s  o f  h i g h  tempera ture  

14.3 Temperature Data 

O f  a1 1 t h e  environmental  f a c t o r s  wh ich  can adve rse l y  a f f e c t  t h e  s t a b i  1 i t y  

o f  pharmaceut ical  p roduc ts ,  temperature,  and temperature change, a r e  o f t e n  

g i ven  spec ia l  a t t e n t i o n .  As has been p o i n t e d  o u t  i n  chap te r  one, t h e r e  i s  

good reason f o r  t h i s ,  s ince ,  o f  a l l  t h e  env i ronmenta l  f a c t o r s  which can 

acce le ra te  degradat ion,  temperature i s  t h e  one which can n o t  be c o n t r o l l e d  

by package s e l e c t i o n .  
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MARKET STRESS TESTS 1499 

There i s ,  t he re fo re ,  cons iderable i n t e r e s t  i n  o b t a i n i n g  i n f o r m a t i o n  on 

c l i m a t i c  cond i t i ons  i n  the  area where any g i ven  p roduc t  w i l l  be marketed. 

I f  a p roduc t  i s  be ing marketed i n  a temperate zone, where a i r  cond i t i oned ,  

warehouses are used and d i s t r i b u t i o n  i s  r a p i d  so t h a t ,  f o r  example, 95% o f  

a g iven batch i s  used w i t h i n  two years,  ( i . e . .  T95 < 2 yea rs ) ,  c l i m a t i c  data 

may n o t  be c r i t i c a l .  

c l i m a t i c  cond i t i ons  a re  extreme and warehouse des ign and use are somewhat 

rudimentary and d i s t r i b u t i o n  i s  s low so t h a t  t h e  T95 exceeds f o u r  years,  

c l i m a t i c  data i s  o f  grave importance. 

hensive sources o f  c l i m a t i c  data i s  t h e  s i x  volume "Tables o f  Temperature 

and R e l a t i v e  Humid i ty  and P r e c i p i t a t i o n  f o r  t h e  World" pub l i shed  f o r  t he  

Me te ro log i ca l  O f f i c e  i n  London by Her M a j e s t y ' s  S t a t i o n e r y  O f f i c e .  

However, when a product  i s  expor ted t o  areas where 

One o f  t h e  most r e l i a b l e  and compre- 

14.4 Warehouse Design and D i s t r i b u t i o n  Contro l  

Even i n  areas o f  the wor ld  where m a t e r i a l  supp l i es  a re  scarce, a r e l a -  

t i v e l y  s imple warehouse design, i f  used w i t h  app rop r ia te  s tock  r o t a t i o n ,  can 

p rov ide  an adequate degree o f  p r o t e c t i o n  f o r  most pharmaceut ical  products .  

Keeny, Rhodes and Schearer i n  "The Purchase, Shipment, Storage and Dis- 

t r i b u t i o n  o f  Contracept ives i n  Developing Countr ies" ,  a book produced under 

c o n t r a c t  f o r  t he  World Bank, have descr ibed, i n  some d e t a i l ,  t he  des ign o f  an 

inexpensive model warehouse which cou ld  be used i n  many areas of  t h e  wor ld .  

They have a l so  d i r e c t e d  a t t e n t i o n  t o  t h e  importance o f  r e g u l a t i n g  the  s t r e s s  

which products  may be subjected t o  d u r i n g  d i s t r i b u t i o n .  

This  t o p i c  i s  a t t r a c t i n g  considerable i n t e r e s t  f rom a number o f  pharma- 

c e u t i c a l  and i n t e r n a t i o n a l  agencies i n v o l v e d  i n  the  purchase d i s t r i b u t i o n  

and use o f  drugs. Some companies, hav ing i n v e s t i g a t e d  the  problems o f  d i s -  

t r i b u t i o n  i n  t r o p i c a l  areas o f  t he  wor ld,  have decided t h a t  i t  i s  necessary 

t o  i n t roduce  a spec ia l  heavy du ty  pack. 

o f  complet ion o f  t h i s  chapter  (Sp r ing  1984), t h e  U.S. Army i s  g i v i n g  s p e c i a l  

a t t e n t i o n  t o  the  problems o f  s torage o f  drugs throughout  t h e  wor ld .  

Army has very s u b s t a n t i a l  sums i n v e s t e d  i n  drug products .  A lso,  as a r e s u l t  

o f  i n v e s t i g a t i o n s  o f  d i s t r i b u t i o n  and s torage problems i n  c e r t a i n  coun t r i es ,  

some companies and agencies are i n t r o d u c i n g  t r a i n i n g  schemes f o r  those i n -  

I t  i s  understood t h a t  a t  t he  t ime 

The 
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1500 RHODES 

volved i n  such a c t i v i t i e s .  

such as " F i r s t  I n  - F i r s t  Out", have i n  some instances had a dramatic e f f e c t  

i n  reducing s t a b i l i t y  problems. 

Even j u s t  a p p l i c a t i o n  o f  bas ic  storage p r i n c i p l e s ,  

14.5 Market Stress Tests 

How we l l  do our products stand up t o  s t a b i l i t y  s t ress  imposed du r ing  

d i s t r i b u t i o n ?  This question, although d i f f i c u l t  t o  answer, i s  one which 

j u s t i f i e s  considerable a t ten t i on .  

used i n  order t o  obta in  in format ion on t h i s  t o p i c .  

Analysis o f  both re ta ined  and returned samples can provide usefu l  i n -  

A number o f  d i f f e r e n t  approaches can be 

s i g h t  i n t o  s t a b i l i t y .  Retained samples w i l l ,  presumably, be s tored exac t l y  

as the manufacturer recommends and thus are l i k e l y  t o  g ive an o r d e r l y  o p t i -  

m i s t i c  view o f  the product 's l i k e l y  cond i t i on  a f t e r  having been exposed t o  

market stress. 

Most manufacturers from time t o  t ime, have unsold products re turned t o  

them from wholesalers o r  r e t a i l e r s .  

f o r  deal ing w i t h  such ma te r ia l s .  

case can be made f o r  a comprehensive ana lys i s  o f  some samples o f  re turned pro- 

duct. I t  i s  the au tho r ' s  experience t h a t  re turned product analys is  w i l l  o f t e n  

tend t o  give an unduly pess im is t i cv iew  o f  s t a b i l i t y .  This i s  probably because 

returned product i s  n o t  a random sample represent ing an average product, b u t  a 

representat ion o f  the slow moving " t a i l "  o f  the product. 

been t h a t  low sales o u t l e t s  o f t e n  s to re  products i n  a l ess  w e l l - c o n t r o l l e d  

manner than average. 

There i s  no genera l ly  accepted procedure 

Whatever e l se  may be done w i t h  them, a s t rong 

My experiences has 

Test d i s t r i b u t i o n  o f  product i s  used by some manufacturers t o  prov ide 

evidence of the a b i l i t y  o f  a product t o  r e s i s t  market s t ress.  

samples tested and the mode o f  t e s t i n g  vary. I n  general, however, samples 

are sent through the normal channel o f  d i s t r i b u t i o n  t o  the r e t a i l e r  who i s  

i ns t ruc ted  t o  r e t u r n  the samples t o  the manufacturer. 

are o f ten  focused p r i m a r i l y  on the package and l a b e l .  

are by no means i n f a l l i b l e  i n d i c a t o r s  o f  product robustners and res is tance 

t o  market s t ress.  

The numbers o f  

Tests on these samples 

Obviously, such t e s t s  

During t e s t  d i s t r i b u t i o n ,  the t ranspor t  car ton may never 
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MARKET STRESS TESTS 1501 

be dropped, whereas once f u l l  scale d i s t r i b u t i o n  i s  s t a r t e d  dropping t rans -  

p o r t  cartons may occur, and cause damage t o  product, w i t h  a depressingly h igh 

frequency. Also, i t  must be kept  i n  mind t h a t  t e s t  d i s t r i b u t i o n  a t  d i f f e r e n t  

times o f  the year may impose s i g n i f i c a n t l y  d i f f e r e n t  thermal s t ress  on t h e  

product. Products shipped i n  January may be l e f t  on a loading dock a t  5'F 

whi le  i n  J u l y  the temperature on the dock may be 95OF. 

conjunct ion w i t h  o the r  data, r e s u l t s  o f  t e s t  d i s t r i b u t i o n  can provide usefu l  

in format ion on product s t a b i l i t y .  

However, when taken i n  

During recent years a number o f  i n d u s t r i a l  and academic pharmaceutical 

s c i e n t i s t s  have given considerable a t t e n t i o n  t o  developing l abo ra to ry  tes ts ,  

which w i l l  mimic market s t ress.  

i n  the design of such tes ts ,  unfor tunate ly  there i s  no t  a genera l l y  accepted 

method and indeed s t i l l  much l i v e l y  debate on t h i s  top i c .  

I t  i s  r e l a t i v e l y  common t o  use c y c l i c  temperature s t ress  t e s t s  i n  

s t a b i l i t y  programs. The usual cyc le  i s  o f  24 hours durat ion and as i t  

corresponds t o  d i u r n a l  rhythm, i t  seems t o  t h i s  author t o  be a l o g i c a l  choice. 

However, some workers use a weekly cycle. 

i n t e r e s t  t o  reproduce storage temperature i n  a warehouse, the re  i s  a good 

reason t o  use a s ine wave program t o  con t ro l  the v a r i a t i o n  o f  temperature 

as a f unc t i on  of  t ime. 

v i r t u a l l y ,  a pure s ine  wave i s  used. 

of equipment l i m i t a t i o n s ,  use a square wave system, i n  which the temperature 

between the two extremes o f  the cyc le  i s  changed very r a p i d l y .  I t  i s  argued 

by some t h a t  such a change provides a more r i go rous  chal lenge t o  a product. 

Considerable i ngenu i t y  has been demonstrated 

I f  i n  our c y c l i n g  t e s t  i t  i s  our  

Some groups use a temperature:time system i n  which, 

Others, e i t h e r  from choice o r  because 

A mat ter  o f  l i v e l y  debate i s  the se lec t i on  o f  the l i m i t  temperatures 

between which the product i s  cycled. Perhaps the re  i s  a need f o r  more than 

one temperature range, depending on the product and the market f o r  which i t  

i s  intended. 

as the upper l i m i t  f o r  a product t o  be marketed i n  the United States, since 

the confined room (non-a i r  condit ioned) storage temperature r a r e l y  exceed t h i s  

value f o r  any lengthy pe r iod  o f  t ime. 

maximum i s  normally several degrees lower than outdoors maximum: also, whereas 

I t i s  t h i s  au tho r ' s  op in ion  t h a t  4OoC i s  a reasonable choice 

(The confined storage room temperature 
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1502 RHODES 

t he  outdoors maximum may be reached a t ,  say 3:OO P.M. t h e  con f ined  room 

storage temperature maximum i s  l i k e l y  t o  be severa l  hours l a t e r ,  a t  perhaps 

7:OO P.M.). Other workers p r e f e r  t o  use 37OC o r  45OC as the  upper l i m i t  o f  

t h e  cyc le .  

For the lower  l i m i t  temperature,  t he  author  commonly uses 4OC. Other 

workers use O°C o r  -5OC. 

such as many emulsions, can n o t  t o l e r a t e  f r e e z i n g  and f o r  such systems any 

f r e e z i n g  temperature cou ld  w e l l  be regarded as an excess ive s t ress .  

However, i t  must be kep t  i n  mind t h a t  some products,  

How long  should a c y c l i c  s t r e s s  t e s t  be operated? Again, t h e r e  does 

n o t  appear t o  be any consensus. 

use one week, one month o r  two months. 

The au tho r  i s  aware o f  d i f f e r e n t  groups which 

Some groups l i k e  t o  use c y c l e  s t r e s s  t e s t s ,  which impose a combinat ion o f  

humid i ty  and temperature s t r e s s  t e s t s  on t h e i r  products .  

groups which have devised s p e c i a l  s t r e s s  t e s t s  f o r  products  designed f o r  d i s -  

t r i b u t i o n  i n  t r o p i c a l  areas. Un fo r tuna te l y ,  t he  d e t a i l e d  procedures used by 

many groups a re  regarded as c o n f i d e n t i a l  and a re  n o t  publ ished.  

here i s  n o t  obvious. 

A lso,  t h e r e  are 

The r a t i o n a l e  

Samples subjected t o  temperature c y c l i n g  t e s t s  a r e  c a r e f u l l y  evaluated 

chemical ly,  p h y s i c a l l y ,  and m i c r o b i o l o g i c a l l y  w i t h  respec t  t o  both product  

and pack. 

d a t i o n  products  and o t h e r  components such as p rese rva t i ves ,  can be made. 

Phys ica l  t e s t s  can i n c l u d e  such techniques as t a b l e t  hardness, r e d i s p e r s a b i l i t y  

o f  a suspension o r  c o l o r  o f  a s o l u t i o n .  

both t o t a l  v i a b l e  count and t e s t s  f o r  s p e c i f i c  organisms as w e l l  as quan t i -  

f i c a t i o n  o f  p rese rva t i ve  capac i t y .  

Chemical t e s t s  f o r  t he  amount o f  a c t i v e ,  and a l s o  perhaps degra- 

M i c r o b i o l o g i c a l  t e s t s  can inc lude  

I n  e v a l u a t i n g  samples subjected t o  market s t r e s s  t e s t s ,  i t  i s  o f t e n  very 

use fu l  t o  g i v e  spec ia l  a t t e n t i o n  t o  the  package. The appearance, when evalu-  

a ted i n  a systemat ic  manner by an exper ienced person, can be o f  cons iderable 

value. Is l a b e l  adhesion s t i l l  s a t i s f a c t o r y ?  Is t h e  c o l o r  o f  t h e  l a b e l  and 

c l a r i t y  o f  t he  p r i n t i n g  s t i l l  acceptable? 

cap s t i l l  w i t h i n  l i m i t s ?  

f u l l y  asked. 

Is  t he  b a c k - o f f  torque o f  any 

These are among t h e  quest ions which may be use- 
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The t e s t s  a p p l i e d  f o r  any g i ven  p roduc t  should be c l e a r l y  r e l a t e d  t o  the  

p r o p e r t i e s  o f  t h a t  product .  

t e s t i n g .  Soph is t i ca ted  i ns t rumen ta t i on  i s  n o t  always necessary. For  example, 

a s imple p o u r a b i l i t y  t e s t  f o r  an emulsion may be q u i t e  s a t i s f a c t o r y  f o r  many 

purposes: a r o u t i n e  e v a l u a t i o n  o f  complete r h e o l o g i c a l  p r o p e r t i e s  u s i n g  a 

reco rd ing  c i  scometor , such as a F e r r a n t i  -Shi r l e y  , may we1 1 be unnecessary. 

Sometimes a degree o f  o v e r k i l l  i s  p resen t  i n  

14.6 Summary 

Market s t r e s s  t e s t s  can be o f  cons iderable va lue t o  t h e  pharmaceut ica l  

Un fo r tuna te l y ,  a t  s c i e n t i s t  i n v e s t i g a t i n g  the s t a b i l i t y  of do ing products.  

present  t he re  i s  n o t  a l e a r  general  agreement on the  t e s t s  t o  be used i n  such 

s tud ies .  

t o  develop s tandard ized t e s t s  i n  t h i s  area. 

consensus on what t e s t s  t o  use, pharmaceut ical  s c i e n t i s t s  should be a c t i v e l y  

encouraged t o  p u b l i s h  t h e i r  ideas on t h i s  t o p i c .  

has a p a u c i t y  o f  papers on t h i s  t o p i c .  

There i s  a s t r o n g  case t o  be made f o r  a p r o f e s s i o n a l  group a t tempt ing  

As a f i r s t  s tep  t o  reach ing  a 

A t  present  t h e  l i t e r a t u r e  
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