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

The apparen t l y  obvious statement t h a t  a p roduc t  cannot e x i s t  and have 

an adequate s h e l f  l i f e  w i t h o u t  a pack, needs t o  be emphasized s ince  t h i s  

can o n l y  be e f f e c t i v e l y  achieved b y  a successfu l  marr iage between the  two. 

However, a l l  packs are a compromise between such f a c t o r s  as cost ,  presenta-  

t i o n ,  p r o t e c t i o n ,  i d e n t i f i c a t i o n  o f  and i n f o r m a t i o n  on the  product ,  con- 

venience and compliance. 

and pack i n  i s o l a t i o n  have exposed numerous r i s k s  wi th t h i s  approach and as 

a r e s u l t  i t  i s  now g e n e r a l l y  accepted t h a t  a j o i n t  product-pack development 

i n v o l v i n g  bo th  f o r m u l a t o r  and pack developer  i s  e s s e n t i a l .  Packaging ex- 

p e r t i s e  should be i n v o l v e d  a t  any t ime when a drug e n t i t y ,  p roduc t  o r  i t s  

e x i p i e n t s  are used i n  p re fo rmu la t i on ,  f o rmu la t i on ,  animal feeds, s a f e t y  

s tud ies ,  c l i n i c a l  t r i a l  suppl ies,  b u l k  o r  i n te rmed ia te  s torage,  through t o  

the pack i n  which the  formulated p roduc t  i s  t o  be u l t i m a t e l y  so ld .  

At tempts i n  the  pas t  t o  deal  w i t h  t h e  p roduc t  

13.2 Fundamental Requirements f o r  Packaging 

I t  i s  e s s e n t i a l  t h a t  s u f f i c i e n t  data i s  accumulated a t  a l l  t h e  stages o f  

product  development, t o  e s t a b l i s h ,  i n  t h e  w ides t  sense, t h a t  a l l  packs a re  
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1464 DEAN 

s u i t a b l e  f o r  t h e i r  f unc t i ons .  I n v e s t i g a t i o n s  i n v o l v e d  i n  reaching these con- 

c lus ions  can be d i v i d e d  i n t o  background o r  f e a s i b i l i t y / c h a l l e n g e  s t u d i e s  

l ead ing  t o  the  formal s t a b i l i t y  t e s t i n g  program o f  t h r e e  batches, e t c .  Since 

inadequate a t t e n t i o n  t o  packaging d e t a i l  can t o t a l l y  i n v a l i d a t e  even t h e  most 

techn ica l  and s c i e n t i f i c  s t a b i l i t y  program i t  i s  impor tan t  t o  make packaging 

support  work meaningful .  

f i e d  he rea f te r .  

j e c t s  i n v o l v i n g  new drug developments many may e q u a l l y  apply  where any sub- 

sequent a l t e r a t i o n s  are made t o  the  p roduc t  and/or pack. 

t e s t i n g  requ i red  f o r  t h e  l a t t e r  may s imp ly  be t h e  change o f  emphasis a p p l i e d  

t o  each f a c t o r ,  as the re  must obv ious l y  be a balance between t h e  adequacy 

o f  t he  data and the  expendi ture which can be a f f o r d e d  t o  j u s t i f y  t h e  change 

proposed. Poss ib le  approaches t o  e x i s t i n g  product-pack changes w i  11 t h e r e f o r e  

be discussed l a t e r .  I t  i s  t h e r e f o r e  e s s e n t i a l :  

A number o f  these suppor t i ng  a c t i v i t i e s  a r e  i d e n t i -  

A1 though these p o i n t s  a r e  p a r t i c u l a r l y  e s s e n t i a l  f o r  p ro -  

The l e v e l  o f  

13.2.1 That the formulator /packaging areas have c a r r i e d  o u t  adequate 

f e a s i b i l i t y  suppor t  work t o  e s t a b l i s h  t h e  f u n c t i o n a l  and e s t h e t i c  aspects  o f  

the pack, bo th  pr imary and secondary. The p r imary  pack may be d e f i n e d  as the 

pack which i s  i n  immediate con tac t  w i t h  the  p roduc t  and the  secondary pack as 

the  a n c i l l a r y  m a t e r i a l s  r e q u i r e d  f o r  p resen ta t i on ,  warehousing and d i s t r i b u t i o n  

purposes. F e a s i b i l i t y  work may i n v o l v e  i n f o r m a t i o n  ga the r ing  on t h e  pack and 

i t s  components, e t c . ,  b a s i c  research i n t o  m a t e r i a l s ,  packs and processes, and 

c o m p a t i b i l i t y  s tud ies ,  acce le ra ted  o r  o the rw ise  on p roduc t  and pack. 

13.2.2 That the  m a t e r i a l s  used f o r  the pr imary (and secondary pack if 

such components may be m i g r a t o r y )  are n o n - t o x i c  and n o n - i r r i t a n t  and t h a t  

t h i s  i n f o r m a t i o n  can be adequately supported by the  s tudy o f :  

a) 

b )  Tox i co log i ca l  da ta  on the  c o n s t i t u e n t s  w i t h  

c )  

The c o n s t i t u e n t s  i n  the  m a t e r i a l s  

The avai  l a b i  1 i ty  o f  adequate a n a l y t i c a l  methods t o  d e t e c t  m i g r a t i o n .  

Note: c o n s t i t u e n t s  i n  terms o f  p l a s t i c s  would i nc lude :  

Residues ( f r o m  po lymer i za t i on  process)  

Add i t i ves  ( those i n g r e d i e n t s  which a r e  added t o  enhance 
o r  modi fy  c e r t a i  n p r o p e r i  t e s )  
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1465 STABILITY ASPECTS O F  PACKAGING 

Processing a ids  

13.2.3 That s u f f i c i e n t  i n  

( those i n g r e d i e n t s  which are added o r  used 
t o  a s s i s t  i n  a f a b r i c a t i o n  o r  convers ion 
process, e.g., mould re lease  agents, 
l u b r i c a n t s ,  e t c . ) .  

depth e x t r a c t i v e  and c o m p a t i b i l i t y  i n v e s t i -  

ga t i ons  have been c a r r i e d  o u t  t o  e s t a b l i s h  l i k e l y  l e v e l s  o f  e x t r a c t i v e s  w i t h  

convent ional  s t imu lan ts  and the ac tua l  product (  s ) .  

Note: Although NF(Nationa1 Formulary, now p a r t  o f  U.S.P.) and WHO(Wor1d 

Heal th  Organizat ion)  e x t r a c t i v e  procedur ies o n l y  g i v e  1 i m i  t e d  i n f o r m a t i o n  and 

are u s u s a l l y  o n l y  mandatory f o r  opthalmic products  and i n j e c t a b l e s ,  t h i s  t ype  

o f  t e s t  may be u s e f u l  f o r  company assessment o f  var ious types o f  p l a s t i c s .  

C o m p a t i b i l i t y  t e s t s  a t  the f e a s i b i l i t y  stage may i n v o l v e  so c a l l e d  acce le ra ted  

cond i t i ons .  I t  should be recorded t h a t  h ighe r  temperatures may i n  some way 

e i t h e r  des t roy  o r  make the  pack l e s s  e f f e c t i v e  w i t h  a r e s u l t  t h a t  t he  p roduc t  

i s  no l onger  f u l l y  p ro tec ted  by t h e  pack. Thus, un less these h i g h e r  tempera- 

t u r e  c o n d i t i o n s  are t o  be found i n  p r a c t i c e ,  some acce le ra ted  t e s t s  may n o t  

prov ide r e a l  i s t i  c e x t r a p o l a t i o n s .  

13.2.4 That p r o v i s i o n a l  s p e c i f i c a t i o n s  have been c rea ted  f o r  a l l  packaging 

components and are subsequent ly used t o  c l e a r  a l l  m a t e r i a l s  through a q u a l i t y  

c o n t r o l  p l u s  type opera t i on  p r i o r  t o  use i n  any t e s t s  i r r e s p e c t i v e  o f  whether 

these a re  f e a s i b i l i t y  o r  formal s t a b i l i t y  s t u d i e s .  Procedures should i n c l u d e  

m a t e r i a l  i d e n t i f i c a t i o n  (e.g., by i n f r a - r e d  o r  u l t r a - v i o l e t  spectroscopy o r  

d i f f e r e n t i a l  scanning co lo r ime t ry ) ,  phys i ca l  assessment i n c l u d i n g  dimensions 

and f u n c t i o n a l  t e s t s ,  and be o f  g r e a t e r  t e c h n i c a l  depth than t h e  q u a l i t y  con- 

t r o l  procedures used f o r  subsequent r e g u l a r  incoming p r o d u c t i o n  m a t e r i a l s -  

13.2.5 Repeat 4 w i t h  a p r o v i s i o n a l  p r o d u c t  s p e c i f i c a t i o n  and i n  p a r t i -  

c u l a r  have records o f  how drug e n t i t y  was produced and t h e  f o r m u l a t i o n  process- 

ed i n t o  a product .  

mon i to r i ng  b u t  p o s s i b l y  l e a d  t o  f u r t h e r  s t a b i l i t y  work t o  suppor t  t h e  p roduc t  

s t a b i l i t y  p r o f i l e .  

Note any subsequent changes may n o t  s o l e l y  r e q u i r e  

13.2.6 That accurate d e t a i l s  a r e  kep t  (product-pack assembly s p e c i f i c a t i o n )  

and recorded on how t h e  product-pack was assembled. 

re ference t o  environmental  cond i t i ons ,  machine speeds and s e t t i n g s ,  heatseal  

This  d e t a i l  should i n c l u d e  
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1466 DEAN 

and i s  i n  use. 

1 i f e  periods. 

i .e.,  

i 

strength, cap torque, f i l l  volumes and where and by whom the operat ion was 

performed, e t c .  

13.2.7 To constant ly  r e c a l l  t h a t  a s t a t i c  s t a b i l i t y  t e s t  does n o t  cover 

those e f f e c t s  l i k e l y  t o  be associated w i t h  warehousing ( i n  bu l k ) ,  handling, 

t ranspor tat ion,  d isp lay o r  use. 

t o  ensure t h a t  s t a b i l i t y  data i s  n o t  i nva l i da ted ,  e i t h e r  by the use o f  labora- 

t o r y  simulated t e s t s  o r  actua l  ' f i e l d  t r i a l s ' .  Top pressure (compression) 

and/or v i b r a t i o n  are l i k e l y  t o  present t he  more serious hazards. 

It i s  essen t ia l  t h a t  t e s t s  cover these aspects 

13.2.8 To ensure t h a t  packaging eva lua t i on  work where poss ib le  inc ludes 

a ' con t ro l  ' pack and invo lve  recognized t e s t  procedures which prov ide good 

comparative type data (e.g., t e s t s  t o  show moisture loss o r  mois ture gain, 

changes i n  c losure torque and heat seal s t reng th  on storage, e t c . ) .  

procedures should i nvo l ve  adequate a n a l y t i c a l  and inst rumenta l  support. Re- 

member, even i n  a s c i e n t i f i c  soc iety ,  t he  use o f  observation by the  experienced 

worker t o  detect  v i sua l  and organolept ic  changes, i s  s t i l l  inva luable.  

Test 

This work should cover no t  on l y  the  primary pack b u t  the secondary packing 

( e f f e c t s  o f  storage, stacking, v i b r a t i o n ,  e t c . ) .  

f i n i t e  and each t e s t  should be constant ly  reviewed and updated. 

ment has t o  be checked, monitored and va l idated.  

Remember no t e s t  method i s  

A lso ,  equip- 

13.2.9 To ensure t h a t  i n  use tes t i ng ,  p a t i e n t  a c c e p t a b i l i t y  and poss ib le  

mis-use aspects are adequately covered and i n t e r p r e t e d  since most formal s h e l f  

l i f e  t e s t i n g  does n o t  i nvo l ve  any 'use '  o f  product and pack. I t  i s  poss ib le  

t h a t  the product/pack may have a r e s t r i c t e d  s h e l f  l i f e  once the pack i s  opened 

Therefore, i t  may be occasional ly  necessary t o  have two s h e l f  

) 

) 

For the unopened pack, e.g., 3 years p lus  

For the opened pack, e.g., "use w i t h i n  4 weeks" o r  "the 
contents should be discarded a f t e r  one month", e t c .  

It i s  an t i c ipa ted  t h a t  greater  emphasis w i l l  be placed upon "in-use" s h e l f  

l i f e  i n  the fu ture,  and indeed dur ing 1983 a number o f  F.D.A. o f f i c i a l s  have 

ind i ca ted  a support f o r  t h i s  trend. 
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STABILITY ASPECTS OF PACKAGING 1467 

I n  use l i f e  can invo lve  phys ica l ,  chemical and m ic rob io log i ca l  s t a b i l i t y  

- i . e . ,  does the product remain m i c r o b i o l o g i c a l l y  e f f e c t i v e  over the pe r iod  

and condi t ions i n  use as we l l  as phys ica l  and chemical aspects. 

13.2.10 That the re  may be d i f f e rences  between the product-pack fo rma l l y  

s t a b i l i t y  tested and the pack t o  be so ld.  I t  i s  essent ia l  t h a t  a l l  ' d i f f e r e n c e s '  

are considered and where re levan t  i nves t i ga ted .  

i n t e n t i o n  t o  t e s t  the pack t o  be u l t i m a t e l y  s o l d  there are f requen t l y  sub t le  

d i f f e rences  between e i t h e r  the primary pack o r  the f a c t  t h a t  the primary pack i s  

r a r e l y  tested together  w i t h  the secondary (warehousing, t r a n s i t  o r  d i sp lay )  

packaging mater ia ls .  

produced and economics do no t  permi t  the l a y i n g  down o f  product ion moulds u n t i l  

the concept has been proven. 

Although the re  may be a f i r m  

A t y p i c a l  example i s  where an e n t i r e l y  new pack i s  t o  be 

The opt ions then are: 

i) 

i i )  

iii) To t e s t  i n  s i m i l a r  ma te r ia l s  using the nearest s i z e  which may, 

To t e s t  i n  the same mate r ia l s  using a s i m i l a r  design o f  pack. 

To t e s t  i n  the c o r r e c t  design, us ing packs produced f o r  a s i n g l e  
impression prototype t o o l .  

i n  f a c t ,  be s i g n i f i c a n t l y  d i f f e r e n t  design. 

Which route i s  adopted var ies between countr ies and companies. I f  t o o l i n g  

i s  requi red f o r  both a b o t t l e  and a closure, then the  s i t u a t i o n  i s  f u r t h e r  com- 

p l i c a t e d  by h igher  t o o l i n g  costs. Also, i f  a pack e i t h e r  acts  as, o r  incorpor-  

ates, a d e l i v e r y  system, then t o o l i n g  may become even more complex and c o s t l y ,  

p a r t i c u l a r l y  i f  the numbers o f  components i nvo l ved  are increased. However, as 

the pack becomes more complex the re  i s  a g rea te r  need t o  complete s t a b i l i t y  

work on the pack t o  be u l t i m a t e l y  used. 

13.2.11 That the  data generated from any programme whether formal o r  

otherwise may have t o  be used t o  s a t i s f y :  

a) The company 

b )  Regulatory A u t h o r i t i e s  

Consider the phi losophy t h a t  i f  the data does n o t  convince the company (your-  

s e l f  and colleagues) how can i t  be con f iden t l y  used t o  s a t i s f y  Regulatory 

Au tho r i t i es .  

13.2.12 F i n a l l y  a l l  companies should work towards a t o t a l  data phi losophy, 

whereby a l l  data, l i t e r a l l y  from incep t ion  o f  drug t o  u l t i m a t e  d i scon t inua t ion  
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o f  product, should be used t o  j u s t i f y  n o t  on l y  s t a b i l i t y ,  b u t  safety ,  e f f i c a c y  

and i n t e g r i t y  t o  preserve bo th  the p o s i t i o n  o f  the company and the u l t i m a t e  

pat ient /user .  

the above, are given below. 

Some examples o f  where problems have occurred w i t h  reference t o  

13.3 Examples o f  Problems i n  Packaging 

13.3.1 Examples o f  inadequate moni tor ing between the pack tes ted  and the 

13.3.1.1 

pack adopted. 

S t a b i l i t y  samples using low densi ty  polythene b o t t l e s  were 

A f t e r  t he  s t a b i l i t y  t e s t  the sales pack i d e n t i f i e d  by magic marker i nks .  

used a s e l f  adhesive l abe l .  

through the p l a s t i c  i n t o  the product causing degradation o f  a p rese rva t i ve  

system. 

A migratory  i ng red ien t  from the adhesive passed 

13.3.1.2 A device (separate t o  a pack) which used a rubber bu lb  was 

stored under a range o f  condi t ions and observed f o r  d e t e r i o r a t i o n  ( v i s u a l l y  

and performance). None was detected. I t  was subsequently packed i n  a dark 

coloured car ton and s t i l l  no problems occurred. 

p r i n t e d  white carton w i t h  a polypropylene f i l m  overwrap. 

changed s lowly  t o  a yellow-orange co lou r  as a v o l a t i l e  organic copper i n -  

gredient  from the rubber bu lb was re ta ined  by the polypropylene f i l m .  

was l o s t  through the p rev ious l y  non overwrapped ca r ton  wi thout  detect ion,  

p a r t l y  due t o  the p r i n t e d  dark colours. 

I t  was then packed i n  a 

The whi te  car ton 

This 

13.3.1.3 A low dens i t y  po lyethy lene b o t t l e ,  i d e n t i f i e d  by a s e l f -  

adhesive l abe l ,  was used f o r  s t a b i l i t y  t e s t .  

p r i n t e d  by the s i l ksc reen  process i n  two colours, one co lou r  became detached 

dur ing i n  use f l e x i n g ,  due t o  the e f f e c t  o f  a s lowly  v o l a t i l e  i ng red ien t  i n  

the product, on t h a t  co lour .  

When the  b o t t l e  f o r  sale was 

13.3.2 Example o f  where lower temperatures gave an accelerated e f f e c t .  

13.3.2.1 Zinc and cas to r  o i l  cream was tes ted  i n  a po lystyrene j a r  using 

a fou r  s t a r t  l u g  f i n i s h  t o  s i m p l i f y  removal o f  the c losure (This  simple c losure 

was selected i n  order t o  a s s i s t  the user, the mother, when apply ing t h i s  remedy 

f o r  diaper rash t o  the baby. 

opening o f  complex closures!).  

Holding a baby does n o t  a l l ow  f o r  t h e  ready 

Samples were s tored a t  4OC, 20°C, 3OoC and 37OC. 
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STABILITY ASPECTS OF PACKAGING 1469 

Jars cracked a t  t he  f o u r  s t r e s s  p o i n t s  c rea ted  by the  f o u r  l u g  c losu re ,  f i r s t  

a t  4OC then a t  t he  h ighe r  temperatures i n  ascending o r d e r  o f  temperatures ( i . e . ,  

6 weeks, 3 months, 7 months, 10 months). 

f i e d  po lys ty rene  w i th  the  r e t u r n  t o  a convent ional  cont inuous screw th read  and 

screw cap u l t i m a t e l y  prov ided a s a t i s f a c t o r y  pack. 

The subsequent use o f  an impact modi- 

13.3.3 Example o f  use o f  i n c o r r e c t  m a t e r i a l  and l a c k  o f  i n i t i a l  s p e c i f i -  
c a t i o n  d e t a i l .  

13.3.3.1 A s t r i p  pack us ing  an aluminum f o i l / l o w  d e n s i t y  po l ye thy lene  

laminate was used f o r  a t a b l e t  c o n t a i n i n g  v o l a t i l e  o i l  c o n s t i t u e n t s .  

n a t i o n  between f o i l  and f i l m  subsequent ly occurred as t h e  v o l a t i l e  c o n s t i t u e n t s  

passed through the  po lye thy lene  and sof tened t h e  adhesive bond. 

coated laminate p rov ided  a s a t i s f a c t o r y  answer. 

Delami- 

An e x t r u s i o n  

13.3.4. Example o f  i n s u f f i c i e n t  i n v e s t i g a t i o n  p r i o r  t o  formal  s t a b i l i t y .  

13.3.4.1 A n e u t r a l  unbu f fe red  aqueous s o l u t i o n  was s t o r e d  i n  a po l y -  

e thy lene b o t t l e .  

t o  pH 6.5 when the  s o l u t i o n  was heated. 

d iox ide  permeat ion w i t h  the f o r m u l a t i o n  o f  ca rbon ic  ac id .  

On storage the  pH value dropped f rom 4.3 - 4.5 b u t  r e v e r t e d  

The change was i d e n t i f i e d  as carbon 

Poss ib le  s o l u t i o n :  - change o f  p l a s t i c ,  an overwrap o r  p o s s i b l y  a 

b u f f e r e d  f ormul a t  i on. 

13.3.4.2 An i n j e c t i o n  p roduc t  s to red  i n  a c a r t r i d g e  tube u s i n g  a n a t u r a l  

rubber  component c o n t a i n i n g  wax showed a s i g n i f i c a n t  pH s h i f t  and p roduc t  de- 

g rada t ion  due t o  oxygen permeation. 

s i n g  t reatment  p r i o r  t o  assembly, overcame bo th  problems. 

The use o f  a b u t y l  rubber ,  w i t h  a s i l i c o n i -  

13.3.5 Examples o f  adequate i n v e s t i g a t i o n s  p r i o r  t o  formal  s t a b i l i t y .  

13.3.5.1 I t was r e q u i r e d  t h a t  a v e t e r i n a r y  i r o n  i n j e c t i o n  be packed i n  

a c o l l a p s i b l e  ( f o r  wi thdrawal  o f  m u l t i p l e  doses) low d e n s i t y  po lyethy lene,  

LDPE, f l a s k .  The product  was suscep t ib le  t o  oxygen permeat ion and pH s h i f t .  

The p rese rva t i ve  system, phenol was r e a d i l y  l o s t  through LDPE which i s  a l s o  

permeable t o  oxygen. 

sachet prov ided a t h r e e  yea r  p l u s  s h e l f  l i f e .  

The f l a s k ,  when packed i n  a p a p e r / f o i l / p o l y e t h l e n e  

13.3.5.2 I t was des i rous t h a t  a new mul t i -dose preserved nasal  p roduc t  

be packed i n  a squeeze spray b o t t l e  t h a t  a l lowed wor ld  wide p roduc t i on  and 
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1470 DEAN 

packing. This  i n v o l v e d  cons ide ra t i on  o f  t he  convent ional  LDPE nasal  spray 

b o t t l e  which was permeable t o  the p r e f e r r e d  p r e s e r v a t i v e  system. 

was packed i n  a p o l y v i n y l c h o l o r i d e ,  PVC, b l i s t e r  w i t h  f o i l  pee lab le  l i d  as 

an 'overwrap ' .  

achieved a t h r e e  yea r  p roduc t  s h e l f  l i f e .  

was placed on the  pack, t o  aover the  usage pe r iod ,  a f t e r  removal f rom the  

b l i s t e r  pack. 

The b o t t l e  

This  system a l lowed the  use o f  t h e  LDPE pack and r e a d i l y  

An "use w i t h i n , 2 8  days" statement 

The b l i s t e r  pack i s  a l s o  p i l f e r  i n d i c a t i n g .  

13.3.6 Example o f  i n e f f e c t i v e  m o n i t o r i n g  o f  environment. 

An e f fe rvescen t  t a b l e t  packed i n  a f o i l  s t r i p  pack subsequent ly "ba l l oon -  

ed" due t o  re lease  o f  C02 w i t h i n  the pockets.  

showed t h a t  t h e  dehumid i f i ca t i on  o f  t h e  room where t h e  t r i a l  had been packed 

had n o t  f unc t i oned  p r o p e r l y  and t h a t  r e a c t i o n  had r e s u l t e d  f rom t h e  i n t r o -  

duc t i on  o f  mois ture t o  t h e  product  because o f  t h e  h i g h  r e l a t i v e  humid i t y  i n  

the  packaging room. 

A search ing i n v e s t i g a t i o n  

13.3.7 Lack o f  process mon i to r i ng .  

A s t e r i l e  product  prepared f o r  s t a b i l i t y  t e s t i n g  us ing  a hand p lugging,  

capping opera t i on  because o f  t he  n o n - a v a i l a b i l i t y  o f  automat ic capping equip- 

ment. 

w i t h  a s t e r i l e  g love powder based on s ta rch .  Examinat ion o f  t he  p roduc t  

p r i o r  t o  p l a c i n g  under t e s t  revealed a 'haze'  i n  some samples which was sub- 

sequent ly i d e n t i f i e d  as g r a i n s  of s t a r c h  t h a t  had become detached f rom t h e  

gloves. 

The team doing t h e  p lugg ing  and capping used rubber  g loves l u b r i c a t e d  

Al though the  above c l e a r l y  i d e n t i f i e s  some o f  t h e  r i s k  areas associated 

w i t h  packaging and t h e  need f o r  Good Laboratory  P rac t i se ,  GLP, and Good 

Manufactur ing P rac t i se ,  GMP, i n c l u d i n g  adequate records o f  a l l  a c t i v i t i e s ,  

t h i s  type o f  t h i n k i n g  may w e l l  have t o  be extended ou ts ide  the  t r u e  develop- 

ment area. 

are adequately packed and are s t a b l e  f o r  f r e q u e n t l y  an i n d e f i n i t e  pe r iod .  

type o f  a t t i t u d e  does r e q u i r e  t o  be quest ioned and i f  an i n g r e d i e n t  i s  t o  be 

s to red  f o r  prolonged pe r iods  some al lowance f o r  r e - a n a l y s i s  i s  always adv isable,  

p a r t i c u l a r l y  as some products  and packs may never have been sub jec ted  t o  any 

formal assessment. 

For example, many companies tend  t o  assume t h a t  bought i n  m a t e r i a l s  
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STABILITY ASPECTS OF PACKAGING 1471 

Most companies have systems i n v o l v i n g  r e t e n t i o n  samples o f  ingredients ,  

intermediates, completed formulat ions,  e tc . ,  which are sometimes based on the 

b e l i e f  t h a t  a l l  r e ten t i on  packs are pe r fec t .  The author has on a number of 

occasions discovered t o t a l l y  unsui tab le packs being used, i . e . ,  small po l y -  

ethylene bags, polystyrene tubes and PVC b o t t l e s  o r  g lass w i t h  an unsui tab le 

c losu r ing  system. 

reference t o  and analys is  o f  r e t e n t i o n  samples i s  t o  be meaningful should 

complaints a r i  se. 

Even such packaging systems therefore need moni tor ing i f  

One f u r t h e r  aspect, i s  the handl ing o f  ma te r ia l s  i n  house. It has been 

noted t h a t  i ng red ien ts  may occasional ly  be t r a n s f e r r e d  and s tored i n  

ethylene bags o r  formulat ions o r  intermediates i n  a process s tored f o r  unexpect- 

ed ly  l ong  periods, i n  containers which have n o t  been shown ( o r  proven) 

su i tab le .  

the i n t r o d u c t i o n  o f  p l a s t i c i z e d  PVC tub ing  o r  the use o f  non-approved f i l t e r s )  

have introduced migratory  ingredients  o r  p a r t i c u l a t e  mat ter  i n t o  the  product. 

po l y -  

Instances have a l so  been known where changes t o  equipment (e.g., 

The above ind i ca tes  t h a t  t he  u l t i m a t e  s h e l f  l i f e  o f  any product may depend 

on how and i n  what containers and mater ia ls ,  the i ng red ien ts  and the i n t e r -  

mediates are stored, p r i o r  t o  and dur ing processing, i n c l u d i n g  bulk  storage 

o f  the product, u n i t 1  the t ime when i t  i s  packed i n t o  the pack f o r  sale. 

I t  can the re fo re  be concluded, having i d e n t i f i e d  some o f  the poss ib le  

areas o f  weakness/risk, associated w i t h  e s t a b l i s h i n g  a product-pack s h e l f  

l i f e ,  t h a t  no company has ' ye t  found the u l t i m a t e  means o f  p rov ing  the ' b e s t '  

pack which w i l l  guarantee optimal s h e l f  l i f e  f o r  a l l  times and condi t ions.  

The l a t t e r  p a r t  o f  t h i s  chapter w i l l  f u r t h e r  enhance t h i s  p o i n t  i n  t h a t  a l l  

packs f i n i s h  up as a compromise o f  a number o f  o f t e n  c o n f l i c t i n g  f a c t o r s .  

13.4 Changes i n  Product and Pack ( a f t e r  i n i t i a l  launch). 

13.4.1 General Considerations. 

The means o f  prov ing product o r  pack equivalency when e i t h e r  the product 

o r  pack i s  a l t e r e d  o r  modif ied, i s  o f t e n  discussed, f o r  example, when the pack 

i s  changed i n  terms of size, ma te r ia l s ,  shape, c losure,  e tc .  

i n  pack s i z e  using the  same conta iner  ma te r ia l s  and c losure s ize,  should be 

O f  these, a change 
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1472 DEAN 

t h e  most easy t o  prove i n  equiva lency,  p a r t i c u l a r l y  when t h e  p roduc t  has been 

shown t o  be h i g h l y  s tab le .  

evaluated aga ins t  the mo is tu re  ( o r  gas) l o s t  o r  gained pe r  p roduc t  (i .e., per  

i tem, volume o r  weight )  and p rov ided  t h i s  i s  s i m i l a r  o r  n o t  s i g n i f i c a n t l y  

g rea te r  than t h e  p r e v i o u s l y  used pack, t hen  a case c o u l d  be made f o r  a change 

i n  pack s i z e  even i f  the  c l o s u r e  was a l s o  a l t e r e d .  

i n g s  could be p u t  forward f o r  changes i n v o l v i n g  d i f f e r e n t  pack types and 

packaging ma te r ia l s ,  a d d i t i o n a l  f a c t o r s  such as c o m p a t i b i l i t y  have t o  be con- 

s idered.  

which can then be backed up by l onger  te rm formal  type s t a b i l i t y  t e s t s .  

t ime t o  the p o i n t  where a change can be re leased  must l a r g e l y  depend on the  

complex i ty  o f  t he  a l t e r a t i o n s .  

a se r ies  o f  packs have been proven e q u i v a l e n t  and t h e  p roduc t  has good s t a b i l i t y  

then in terchange should be r e a d i l y  acceptable bo th  t o  t h e  company and Regu- 

l a t o r y  A u t h o r i t i e s .  

'proven e q u i v a l e n t ' ,  does go back t o  a ph i losophy t h a t  i f  a company i s  s a t i s -  

f i e d  w i t h  the data and i s  thereby happy t h a t  a commercial r i s k  i s  j u s t i f i a b l e ,  

then t h i s  should prove adequate, w i t h  d i scuss ion  i f  necessary, f o r  c learance 

by any Regulatory A u t h o r i t y .  I n  v i r t u a l l y  a l l  cases any change w i l l  have t o  

be supported by l onger  te rm s t a b i l i t y  t e s t s  ( p o s s i b l y  covered. by e s t a b l i s h e d  

products/ongoing product  s t a b i l i t y  procedures) which i n  c e r t a i n  i ns tances  can 

be c a r r i e d  o u t  i n  p a r a l l e l  wi th p roduc t i on  and ' s a l e '  o f  t he  product/pack 

change. 

a l l  those who could p o s s i b l y  be a f fec ted ,  i .e . ,  purchasing, development, pro-  

duct ion,  q u a l i t y  c o n t r o l ,  warehousing, customers, e tc . ,  as o c c a s i o n a l l y  a 

change which may seem e x c e l l e n t  t o  one area may have s i g n i f i c a n t  disadvantages 

t o  others.  

r i g h t  be fo re  any resources a r e  a l l o c a t e d  t o  the  more expensive t e s t i n g  p ro -  

cedures which ' p rove '  equivalence. Some examples o f  t he  more ususal  changes 

are prov ided w i t h  d i scuss ion  below: 

Products s e n s i t i v e  t o  mo is tu re  ( o r  gases) can be 

Al though s i m i l a r  reason- 

This  cou ld  be covered by s h o r t  term, p o s s i b l y  acce le ra ted  s tud ies  

The 

Arguments have been p u t  forward t h a t  p rov ided  

This  approach, a1 though very dependent on t h e  phrase, 

I n t e r n a l l y  w i t h i n  a Company any proposed a l t e r a t i o n  should i n v o l v e  

Each proposal  should t h e r e f o r e  be f u l l y  reviewed i n  t h e i r  own 

a) A h i g h  dens i t y  po lyethy lene,  HDPE, i s  l o w l y  permeable t o  b o t h  mo is tu re  

and gases - hence exchange v i a  the  con ta ine r  w a l l s  may be more r e l e v a n t  than 
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STABILITY ASPECTS OF PACKAGING 1473 

t he  c losu re  - dependent on con ta ine r  w a l l  t h i ckness  and eveness o f  d i s t r i -  

bu t i on .  

b )  Closure may r e a c t  d i f f e r e n t l y  on p l a s t i c ,  i . e . ,  change o f  torque, 

back ing o f f ,  under v a r i a b l e  c o n d i t i o n s  o f  temperature and humid i t y  ( h u m i d i t y  

l e s s  s i g n i f i c a n t ) .  

(e.g., b u t t r e s s  t h r e a d  form i s  p r e f e r r e d  f o r  a p l a s t i c  t o  p l a s t i c  c l o s u r e  f i t  

and i s  more l i k e l y  t o  be used on an a v a i l a b l e  s tock con ta ine r ) .  

The thread form may n o t  be i d e a l  f o r  a meta l  c l o s u r e  

A d d i t i o n a l  

t e s t s  are necessary t o  c o n f i r m  su 

t i veness  o f  t he  c l o s u r i n g  systems 

here. 

c )  Dimensional assesment o f  

c 1 0s u r e  t o  1 e rance s . 

t a b i l i t y  o f  metal  t o  p l a s t i c  f i t  and e f f e c -  

Cyc l i ng  s t r e s s  s torage t e s t s  may be u s e f u l  

drawings e s s e n t i a l  - p a r t i c u l a r l y  b o t t l e  t o  

d) D e t a i l  o f  p l a s t i c  and c o n s t i t u e n t s .  I n c o m p a t i b i l i t y  i s  u n l i k e l y ,  

unless v o l a t i l e  c o n s t i t u e n t s  a re  present ,  b u t  some form o f  acce le ra ted  t e s t  

i s  probably  e s s e n t i a l  i f  t h e r e  has been no p rev ious  exper ience w i t h  the  

m a t e r i a l .  Check odour and t a s t e  p lus  poss ib le  degradat ion.  

e)  Mois ture i ng ress  t e s t s  - use g lass  as a c o n t r o l  t o  e s t a b l i s h  combined 

c losu re  and con ta ine r  permeation d i f f e r e n c e s .  

f )  L i g h t  p e n e t r a t i o n  may be g r e a t e r  w i t h  p l a s t i c  (compared w i t h  amber 

g lass) .  A d d i t i o n a l  checks advised. 

L i k e l y  Conclusions 

The d e c i s i o n  i s  l a r g e l y  dependant on the s t a b i l i t y  o f  t h e  f o r m u l a t i o n  and 

whether any degradat ion,  phys i ca l /b ioava i  l a b i  1 i ty  changes r e l a t e d  t o  mois ture,  

oxygen, l i g h t ,  carbon d iox ide ,  e t c . ,  cou ld  occur .  

on pack appears e s s e n t i a l  and cou ld  be p a r t  o f  procedure p r i o r  t o  agreed r e -  

lease ( i . e . ,  check v i a  the  above 1-6 t e s t s  then do t h r e e  t o  s i x  months of a 

formal s t a b i l i t y  t e s t  p r i o r  t o  re lease ) .  

Long term s t a b i l i t y  da ta  

13.4.2 

An aluminum f o i l  s t r i p  ( i  .e. , p a p e r / f o i l / p o l y e t h y l e n e  o r  f o i l l p o l y e t h y l e n e )  

Change f rom an amber g lass  b o t t l e  t o  a f o i l  s t r i p  pack. 

should i n  theory g i v e  as good o r  s u p e r i o r  p r o t e c t i o n  aga ins t  mo is tu re  i ng ress  

as a g lass  b o t t l e  i f  an e f f e c t i v e  c l o s u r i n g  system i s  used and machine pro-  
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1474 DEAN 

blems are absent ( i .e . ,  good heat seal ing, no excessive extension o f  pockets 

by s i ze  o r  l o c a t i o n  o f  i t em i n  the packet, e t c . ) .  There w i l l ,  however, be a 

new contact mater ia l  w i t h  the product, namely the heat sea l i ng  p l y .  Product 

headspace ( a i r )  may d i f f e r  from a glass pack. The f a c t o r s  t o  consider inc lude:  

a) General machine e f f i c i e n c y  - d e l i v e r y  and l o c a t i o n  o f  product i n  

pocket, extension o f  pocket area. S t r a i n  on seal area, e tc .  

b) Does heat seal ing operat ion r a i s e  any product problems w i t h  heat 

re ta ined  by pack and t rans fe r red  t o  product. 

c)  What i s  ma te r ia l  i n  contact w i t h  product (heat-seal m a t e r i a l )  - query 

c o m p a t i b i l i t y  against  ma te r ia l  s p e c i f i c a t i o n  i nc lud ing  any cons t i t uen ts  i n  

p l a s t i c .  

d) What are sear requirements, e t c . :  

E l im ina t i on  o r  avoidance o f  c a p i l l a r y  channels i n  seal margins. 

Peel s t rength o f  seal ( i .e . ,  r e l a t e d  t o  temperature, swel l  and pressure) 

Vacuum t e s t i n g  requirements 

Moisture ingress/egress (weight change on product o r  des icant  t a b l e t s ) .  

Does heatseal p a t t e r n  avoid p e r f o r a t i o n  o f  pack? 

L i k e l y  Conclusion 

Not simple t o  prove t o t a l  equivalence - some s t a b i l i t y  t e s t i n g  advisable 

p r i o r  t o  acceptance 

13.4.3 Current pack h igh  densi ty  polyethylene. Changes proposed t o  a 
polypropylene copolymer ( cos t  saving, s l i g h t  weight sav ing) .  No 
change t o  c losure envisaged. 

Permeation values o f  HDPE:(polypropylene),PP, are s i m i l a r  i n  terms o f  

moisture. 

f ac to rs  t o  consider inc lude : 

PP shows a hilgher pe rmeab i l i t y  t o  oxygen and carbon d iox ide.  The 

a) Check b o t t l e  weight dimensions/against s p e c i f i c a t i o n  paying p a r t i -  

c u l a r  a t t e n t i o n  t o  wa l l  thickness as t h i s  w i l l  i n f l uence  permeation. 

b) I nves t i ga te  cons t i t uen ts  o f  PP, e s t a b l i s h  grade o f  homopolymer/ 

copolymer, i d e n t i f y  grade, supp l i e r ,  e t c .  , ob ta in  data sheets. 

c )  Check closure e f f i c i e n c y  against  cu r ren t  pack as con t ro l .  Torques may 

d i f f e r  espec ia l l y  under va r iab le  cond i t i ons  o f  temperature and t ime o f  removal 

a f t e r  app l i ca t i on .  

d )  Check permeation by desicant o r  o ther  re levan t  t e s t s .  
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STABILITY ASPECTS OF PACKAGING 1475 

L i k e l y  Conclusions 

S t a b i l i t y  work p r i o r  t o  re lease  probably  n o t  e s s e n t i a l  - b u t  l onger  te rm 

Release very much dependant on t h e  thoroughness s t a b i l i t y  back up necessary. 

o f  t he  above t e s t s .  

13.4.4 A 5 m l  opthalmic pack i n  low d e n s i t y  po l ye thy lene  i s  c u r r e n t l y  
e thy lene  ox ide t r e a t e d  and a s e p t i c a l l y  f i l l e d  and assembled. 
The b o t t l e  and p l u g  a re  made f rom two d i f f e r e n t  grades o f  LDPE 
and t h e  cap f rom polypropy lene.  A recommendation i s  made t o  
change the  s t e r i l i z a t i o n  process t o  gamma i r r a d i a t i o n .  

The f a c t o r s  t o  consider  i nc lude :  

a) Compare non- i  r r a d i a t e d  components ( separa te l y )  w i t h  gamma i r r a d i a t e d  

components f o r :  

a. Dimensional change/appearance 

b. Changes i n  phys i ca l  p r o p e r t i e s  ( f l e x i b i l i t y )  

c. E x t r a c t i v e s .  

b )  Check e x t r a c t i v e  r e s u l t s  on new process 

a. Chemical ly 

b. T o x i c i t y  

c. I r r i t a n c y  (Dra ize t e s t )  

Advise gamma i r r a d i a t e d  components a re  sme l t  i n  b u l k  as f i r s t  s i g n  o f  

degradat ion products  may be de tec ted  t h i s  way. 

c )  I f  s a t i s f i e d  w i t h  1 )  and 2 )  proceed t o  a formal s t a b i l i t y  program - 

cons ide r  re lease  a f t e r  t h r e e  o r  s i x  months data has been accrued. 

L i k e l y  Conclusion 

There i s  a f a i r  chance t h a t  t h e  above exe rc i se  w i l l  n o t  pass stages 1 )  

and 2) .  

sometimes lachrymatory substances. 

f a i l  on appearance. 

C e r t a i n  grades o f  LDPE when gamma i r r a d i a t e d  w i l l  r e lease  ac ids  and 

Some grades o f  PP may d i s c o l o u r  and hence 

13.4.5 

Act ions advised: 
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1476 DEAN 

a) Check new stopper f o r  fragmentation, resea l i ng  ( f o l l o w i n g  m u l t i p l e  

penetrat ion)  and force f o r  needle t o  penetrate - note syn the t i c  stoppers are 

genera l ly  i n f e r i o r  i n  these p roper t i es  hence questions as t o  whether new 

mater ia l  i s  sa t i s fac to ry .  

b) Check ex t rac t i ves  before and a f t e r  autoc lav ing o f  stoppers - 

chemical l y  and t o x i  c i t y .  

c )  Check preservat ive absorption and moisture loss v i a  stopper (syn- 

t h e t i c  stopper should be s i g n i f i c a n t l y  super ior  w i t h  regards t o  bo th ) .  

d) Check i f  washing and s t e r i l i z a t i o n  process ( i . e . ,  autoc lav ing o f  

stoppers) generates any p a r t i c u l a t e  mat ter .  

e )  Consider s t a b i l i t y  t e s t  parameters i n c l u d i n g  a n a l y t i c a l  methodology 

( i f  product has been marketed f o r  a number o f  years methodology may be ou t  o f  

date and n o t  s p e c i f i c )  . 
f )  Make up necessary batches f o r  s t a b i l i t y  and p lace on t e s t .  

L i k e l y  Conclusions 

Formal s t a b i l i t y  type t e s t s  essen t ia l  before clearance can be given. 

Release most l i k e l y  a f t e r  a six-month o r  longer p e r i o d  even i f  c e r t a i n  

accelerated condi t ions are used ( i . e . ,  no room f o r  e r r o r  on an i n j e c t a b l e  

product).  

- Note: The number o f  batches requ i red  f o r  formal s t a b i l i t y  data t o  

support changes does vary between regu la to ry  a u t h o r i t i e s ,  

there does appear t o  be good reasons t o  support a one o r  two batches approach 

ra the r  than the more conventional three batches. 

I n  c e r t a i n  cases 

The remainder o f  t h i s  chapter covers the more general background of pac- 

kaging and the  hazards which the product and pack may have t o  face. 

13.5 Package Function and Select ion 

F i r s t  f o r  a d e f i n i t i o n  o f  packaging, which can be describes as the 

ECONOMICAL means o f  prov id ing:  

PROTECTION 

PRESENTATION 
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STABILITY ASPECTS OF PACKAGING 1477 

INFORMATION/IDENTITY 

CONVENI ENCE/CONTAI NMENT/COWP LIANCE 

f o r  f u l l  l i f e  o f  t h e  PRODUCT dur ing :  

STORAGE 

CARRIAGE 

USE and 

DISPLAY 

u n t i l  such t ime  as t h e  PRODUCT has been used, o r  admin i s te red  o r  s imp ly  d i s -  

posed o f .  

f i n i s h e s  up as a COMPROMISE. 

I n  whatever way t h e  above d e f i n i t i o n  i s  met t h e  pack i n e v i t a b l y  

S ince  no compromise can ever  be cons idered p e r f e c t i o n ,  any pack chosen 

has t o  be recogn ized as a human judgement reached by human dev ised  e v a l u a t i o n s  

( t e s t s ) ,  where some r i s k  o f  f a i l u r e  (even i f  by  misuse by t h e  u l t i m a t e  u s e r ) ,  

however smal l ,  i s  i n v a r i a b l y  p resen t .  

I n  t h i s  c o n t e x t  f o r  example any pack wh ich  i n v o l v e s  m u l t i p l e  open ing  

and r e c l o s u r i n g  always evokes the  ques t ion ,  "how o f t e n  i s  t h e  pack e f f e c t i v e l y  

rec losed  d u r i n g  use"? Since the  answer must a t  l e a s t  be  " n o t  always", t h i s  

may c r e a t e  a case f o r  a u n i t  dose pack which i n v o l v e s  i n d i v i d u a l  p r o t e c t i o n  

r i g h t  up t o  the  t ime  o f  use, a l b e i t  i n  some ins tances  a t  a h i g h e r  c o s t  p e r  

dose. Al though t h e r e  has a l s o  been a tendency towards i n t r o d u c i n g  m i c r o b i a l  

l i m i t s  f o r  many types  of p roduc t ,  any suppor t  f o r  these l i m i t s  may be d i f -  

f i c u l t  t o  subs tan t i a te ,  i f  gross con tamina t ion  can occur  d u r i n g  a p roduc t  

i n  use pe r iod .  

absence o f  c e r t a i n  pathogens, i t  i s  more d i f f i c u l t  t o  accept, f o r  example, 

an argument f o r  s t e r i l e  nasa l  p r e p a r a t i o n  e s p e c i a l l y  as we do n o t  con- 

t i n u o u s l y  b rea the  " s t e r i l e  a i r "  and t h e  p roduc t  i s  used t o  t r e a t  a h i g h l y  

contaminated zone ( i  .e. , the  nasal  passages). 

Thus, a l though i t  may be r e l a t i v e l y  easy t o  j u s t i f y  t h e  

The PROTECTIVE aspects o f  t he  pack w i l l  v a r y  f rom p r o d u c t  t o  p roduc t  

CHEMICAL ( i n c l u d i n g  c o m p a t i b i l i t y )  3 
w i t h  d i f f e r i n g  emphasis on: 

CL I MAT1 C 

PHYSICAL o r  MECHANICAL 

BIOLOGICAL 

PROTECTION i 
J 
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1478 DEAN 

Wi th  pharmaceut ical  p roduc ts  t h e  p r o t e c t i v e  aspects o f  t he  pack may be bo th  

c r i t i c a l  and d i ve rse .  I t  i s  t h e r e f o r e  e s s e n t i a l  t o  c l e a r l y  i d e n t i f y  a whole 

range o f  hazards a g a i n s t  which some p roduc ts  may r e q u i r e  PROTECTION e s p e c i a l l y  

as t h e i r  obvious na tu re  can e a s i l y  be ove r looked  on t h e  b a s i s  t h a t  ' f a m i l i a r i t y  

breeds contempt ' .  

t o  use some fo rm o f  check l i s t  and t h e r e f o r e  t h e  headings 

use fu l  reminder.  

i n  combina t ion  r a t h e r  than i n  i s o l a t i o n .  

The au tho r  t h e r e f o r e  adv ises  even t h e  most knowledgeable 

below may p rov ide  a 

I t i s  a l s o  impor tan t  t o  remember t h a t  hazards tend  t o  work 

13.6 Hazards Which Nay A f f e c t  Packs 

13.6.1 PHYSICAL OR MECHANICAL HAZARDS 

SHOCK - impact, drops, d e c e l e r a t i o n  

COMPRESSION - p ressu re  a p p l i e d  by s t a c k i n g  d u r i n g  s to rage  o r  
d u r i n g  t r a n s i t .  

p ressure  a p p l i e d  d u r i n g  p roduc t  l i n e  opera t i ons ,  
p a r t i c u l a r l y  capping, p lugg ing ,  e t c .  

VIBRATION - e f f e c t s  o f  a range of ampl i tudes  and f requenc ies  f rom 
bumps ( l o w  frequency, h i g h  ampl i tude)  t o  h i g h  resonance 
( h i g h  frequency, low ampl i tude) .  

ABRASION - u s u a l l y  t h e  e f f e c t  o f  v i b r a t i o n  b u t  l i s t e d  s e p a r a t e l y  
so t h a t  i t  i s  n o t  over looked.  
e f f e c t s .  

May c rea te  e l e c t r o s t a t i c  

PUNCTURE - p e n e t r a t i o n  f rom h a n d l i n g  opera t i ons  o r  c o n t a c t  w i t h  
sharp o b j e c t s .  

13.6.2 CLIMATIC HAZARDS which may l e a d  t o  d e t e r i o r a t i o n  o r  con taminat ion .  

C l i m a t i c  hazards cover  t h e  e f f e c t s  f rom atmospher ic gases, p ressure  d i f f e r e n t i a l s ,  

l i g h t  rays,  a i r b o r n  contaminat ion  ( s o l i d ) ,  tempera ture  v a r i a t i o n s ,  mo is tu re /  

re1  a t i  ve humi d i  t y  , e t c .  

Al though a l l  r e q u i r e  some f u r t h e r  e x p l a n a t i o n  o n l y  a few examples w i l l  be 

g iven below: 

Atmospheric Gases 

These i n c l u d e  oxygen, n i t rogen ,  and carbon d iox ide .  O f  these, oxygen 

i s  l i k e l y  t o  have t h e  most severe e f f e c t  ma in l y  due t o  o x i d a t i v e  a c t i o n  o r  

a b i l i t y  t o  suppor t  m i c r o b i a l  a c t i v i t y .  Carbon d i o x i d e  p a r t i c u l a r l y  i n  the  

case o f  unbu f fe red  produc ts ,  may cause a pH s h i f t  t o  4.3 - 4.5 ( ca rbon ic  a c i d )  

o r  o c c a s i o n a l l y  l e a d  t o  chemical  r e a c t i o n .  A l though n ig rogen i s  i n e r t  t h e r e  
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STABILITY ASPECTS OF PACKAGING 1479 

have been instances where n i t rogen  f lushed conta iners have su f fe red  from 

te rna l  pressure increases where the mater ia l  (e.g. p l a s t i c )  i s  permeable 

other  gases. A l l  p l a s t i c s  are t o  some degree permeable t o  gases usua l l y  

n- 

t o  

n 

a r a t i o n  o f  1:4:20 f o r  n i t rogen,  oxygen and carbon dioxide, where the l a t t e r  

i s  the most permeable. 

o r  organic (so lvents ,  perfumes) etc . ,  may cause organolept ic  changes 

associated w i t h  t a s t e  ( t a i n t )  o r  smell (odours). 

Airborne odours, e i t h e r  inorganic  (e.g., SO2' H2S) 

Once these are i d e n t i f i e d  

by panels, a n a l y t i c a l  l i m i t s  may subsequently be establ ished. 

Temperature Va r i  a t  i ons 

World wide v a r i a t i o n s  are usua l l y  greater  than most people rea  i ze .  

They cover both temperatures below f reez ing  p o i n t  (although obvious f o r  a r c t i c  

and a n t a r c t i c  condi t ions,  low temperatures may a l so  occur f o r  per iods of days 

w i t h  non-insulated vehic les o r  warehouses dur ing vacations, hol idays, e t c . ) ,  

and na tu ra l  o r  a r t i f i c a l l y  h igh temperatures. 

data sheets on ly  record i n  the shade condit ions, temperatures of w e l l  above 

50°C (122OF) can be r e a d i l y  found, i . e . ,  storage area i n  a low b u i l d i n g  w i t h  

a metal corrugated roo f ,  outdoor storage, d i r e c t  exposure t o  sun l i gh t ,  indoor  

storage d i r e c t l y  behind windows w i t h  southern exposure, stock s tored under 

overhead h o t  a i r  heaters, goods c a r r i e d  i n  the t runk  o f  a b lack car  i n  ho t  

c l imates,  exposure i n  shop windows under and close t o  b r i g h t  i l l u m i n a t i o n  - 
j u s t  t o  mention a few. 

ocass ional ly  longer, periods of temperatures o f  70-80°C (i .e.,  158OF - 176OF). 

However, i t  should be s t rong ly  emphasized t h a t  many packaging ma te r ia l s  are 

r e a d i l y  a f fec ted  by temperatures o f  45OC and above and the re fo re  the use o f  

temperatures above t h i s  f o r  prolonged periods does n o t  necessa r i l y  g i ve  a 

t r u e  o r  p red ic tab le  accelerated e f f e c t .  

b o t t l e  could become so ' t i g h t '  t h a t  the b o t t l e  seal i s  improved - hence 

moisture l oss  v i a  the  c losure could be reduced and thereby i n c o r r e c t l y  pre-  

d i c t  a longer  s h e l f  l i f e ,  i f  moisture l oss  was a s h e l f  l i f e  determining 

feature). L i k e l y  domestic condi t ions should a l so  be noted. For instance 

a deep freeze i s  -15OC t o  22OC (deep freeze condi t ions vary between coun t r i es ) ,  

a r e f r i g e r a t o r  4OC 

As many c l i m a t i c  char ts  and 

I n  extremes, products may be exposed f o r  shor t ,  o r  

(E.g., a metal c losure on a glass 

4OC and condi t ions i n  bathrooms, kitchens, e tc . ,  may 
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1480 DEAN 

f requent ly  exceed the extremes ( i n  both temperature and humid i ty)  o f  most 

external  c l i m a t i c  condi t ions.  Storage o f  medicines we l l  ou t  o f  the reach 

o f  the c h i l d r e n  may the re fo re  lead t o  exposure t o  h o t t e r  condi t ions (based 

on ho t  a i r  r i s i n g )  if these are on shelves o r  cabinets  near t o  c e i l i n g s .  

F ina l l y ,  one's a t t e n t i o n  should be drawn t o  storage condi t ions which 

are advised on the pack as f requen t l y  such recommendations cannot be met 

i n  the pharmaceutical company's own premises l e t  alone i n  other  warehouses, 

stores shop, hosp i ta l s  and the p a t i e n t ' s  home. 

Temperature va r ia t i ons  may a l so  g i ve  r i s e  t o  condensation o r  even 

shower e f f e c t s  both w i t h i n  and outs ide a pack when h igh  temperature, h igh 

humidity condi t ions are reduced t o  1 ower temperatures. 

F luctuat ions i n  temperature w i l l  a l so  l ead  t o  dimensional changes and 

pressure changes which may cause a pack t o  breathe o r  a l t e r n a t i v e l y  leak 

and seal t o  a va r iab le  degree. 

may therefore no t  represent what w i l l  occur under normal condi t ions,  where 

f l uc tua t i ons  i n  temperature, humidity, pressure, e tc . ,  may g i ve  r i s e  t o  

d i f f e r e n t  resu l t s .  This type o f  problem can p a r t i a l l y  be compensated by 

e i t h e r  'normal ' storage t e s t s  o r  chal lenging the packed product under c y c l i n g  

condit ions, e.g., 15OC 50% RH, 37OC 90% RH over 12 hour cycles. A pack/pro- 

duct which withstands these condi t ions i s  then u n l i k e l y  t o  f a i l  i n  p rac t i ce .  

However, i f  the pack f a i l s  the l a t t e r  t e s t  (o the r  than i d e n t i f y i n g  and i n -  

ves t i ga t i ng  the f a i l u r e  f u r t h e r )  i t  does n o t  necessar i ly  m a n  t h a t  the pack 

w i l l  i n e v i t a b l y  f a i l  under normal, l ess  severe condi t ions.  

S t a b i l i t y  storage a t  one selected condi t ion,  

Pressure d i f f e r e n t i a l s  

Pressure changes may occur around and w i t h i n  packs due t o  the  packaging 

condit ions/operation, changes i n  temperature, o r  barometric pressure, which 

may be accentuated by moving from one a l t i t u d e  t o  another. 

For example, a product packed a t  5OoC, sealed and then cooled t o  20°C, 

w i l l  be under negative pressure ( c r e a t i o n  o f  a p a r t i a l  vacuum), depending 

on the formulation. Conversely a product packed a t  5OC (mater ia l  brought 

i n  from an unheated warehouse) and then moved i n t o  a warmer (25OC) area, i s  

l i k e l y  t o  be under p o s i t i v e  pressure. 
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STABILITY ASPECTS OF PACKAGING 1481 

Temperature w i l l  cause d i f f e r e n t  pressure changes accord ing t o  bo th  t h e  

vapour pressures ( l i q u i d s ,  gases and some s o l i d s )  and t h e  p r o d u c t ' s  thermal 

c o e f f i c i e n t  o f  expansion. 

a l coho ls ,  (e.g.  , a f t e r  shave), r e q u i r e  more u l l a g e  o r  c o n t a i n e r  headspace 

t o  a l l o w  f o r  t h e  g r e a t e r  expansion under warmer cond i t i ons .  Temperatures 

of  product,  a t  t ime o f  f i l l ,  can be impor tan t  i n  such instances.  

Products con ta in ing  s i g n i f i c a n t  q u a n t i t i e s  o f  

Pressure d i f f e r e n t i a l s  w i l l  a l s o  occur  t o  products  f i l l e d  a t  one a l t i t u d e  

and then moved t o  another,  e i t h e r  on the  ground o r  i n  t h e  a i r .  

0 t o  8000 f e e t  i nvo l ves  a pressure d i f f e r e n t i a l  o f  -3.8 p s i .  

a l s o  t h e  average atmospher ic c o n d i t i o n  t o  which p ressu r i zed  a i r c r a f t  a re  

ad jus ted  (not sea l e v e l )  i t  i s  p o s s i b l e  t h a t  any f l e x i b l e  pack ( l am ina te  o r  

p l a s t i c  b o t t l e ,  e t c . )  may p a r t i a l l y  co l l apse*  d u r i n g  a i r  t r a n s p o r t a t i o n .  

though warnings o f  t h i s  are g iven by I n t e r n a t i o n a l  A i r  T ranspor ta t i on  Associa- 

t i o n ,  IATA, and most a i r l i n e s  c a r r y i n g  cargoes, some pharmaceut ical  companies 

do n o t  appear t o  have t h i s  i n fo rma t ion .  These IATA warnings cover bo th  poss i -  

i b l e  leakage e f f e c t s  on p l a s t i c  packs and i n d i c a t e  how a i r c r a f t  (and occasion- 

a l l y  t h e  goods which they c a r r y )  can be subjected t o  temperatures w e l l  below 

zero ( i n  t h e  a i r )  and up t o  55OC (130OF) on the  ground i n  t r o p i c a l  areas. 

With non-pressur ized a i r c r a f t  ( t hese  do s t i l l  e x i s t )  then pressure d i f f e r -  

e n t i a l s  o f  approaching * may occur  even though they f l y  a t  lower  a l -  

t i t u d e s ,  (up t o  22000 f e e t ) .  

cons ider  such p o i n t s  as: 

For example, 

Since t h i s  i s  

A l -  

From t h e  above i n d i c a t i o n s  i t  i s  adv i sab le  t o  

1. How goods a re  l i k e l y  t o  be t ranspor ted  ( w i l l  they w i ths tand  a i r  
t r a n s p o r t a t i o n  o r  can a i r  t r a n s p o r t a t i o n  be avoided - no te  smal l  
p l a s t i c  (LDPE) dropper and spray packs a re  p a r t i c u l a r l y  prone t o  
seepage when t ranspor ted  by a i r ) .  
What u l l a g e  i s  r e q u i r e d  i n  the  pack p a r t i c u l a r l y  w i t h  products  hav ing  
a h igh  c o e f f i c i e n t  o f  expansion. 

Do f i l l i n g  c o n d i t i o n s  ( temperature)  have t o  be c o n t r o l l e d .  

Do packaging operat ions have t o  be c o n t r o l l e d ,  e.g., some 
more f l e x i b l e  con ta ine rs  may f l e x  o r  p a r t i a l l y  c o l l a p s e  
d u r i n g  p lugg ing  o r  capping thereby i n t r o d u c i n g  a p a r t i a l  
vacuum. Note: (Th is  would be l e s s  l i k e l y  t o  occur  when 
the  same pack was l a b o r a t o r y  hand f i l l e d ,  capped, e tc . ,  
a t  an i n i t i a l  t e s t i n g  s tage than when mechanical p lugg ing  
and capping i s  employed. 
ensure t h a t  pressure d i f f e r e n t i a l s  do n o t  become a 
problem.) 

2. 

3. 
4. 

It i s  t h e r e f o r e  impor tan t  t o  

* I f  leakage occurs 
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1482 DEAN 

Humidi ty,  mois ture,  l i q u i d  contaminat ion 

Mois ture ( i n c l u d i n g  bo th  the l i q u i d  and vapour s t a t e s )  may g i v e  r i s e  t o  

a number o f  d e t e r i o r a t i o n  e f f e c t s :  

Chemical r e a c t i o n  - ef fervesence,  h y d r o l y s i s  

Phys ica l  change - so f ten ing ,  hardening, expansion, and c o n t r a c t i o n ,  
change i n  d i s s o l u t i o n  , d i s i n t e g r a t i o n ,  s o l u b i  1 i ty ,  
e tc . ,  b r i t t l e n e s s ,  haze o r  t u r b i d i t y .  

Encourage o r  i n i t i a t e  m i c r o b i a l  growth 

A t t r a c t  o r  a c t  as a c a r r i e r  t o  o r g a n o l e p t i c  changes 

Encourage p a r t i c u l a t e  contaminat ion,  e.g. , low humid i t y  increases 
e l e c t r o s t a t i c  charges on p l a s t i c s .  

When r e l a t i v e  humid i t y  RH, i s  mentioned, t h e r e  i s  always a tendency 

t o  t h i n k  o f  h i g h  h u m i d i t i e s  which u s u a l l y  p resen t  t h e  g r e a t e r  hazard. 

ever, change may be brought  about by e i t h e r  f l u c t u a t i o n s  i n  RH, o r  low RH 

which may b r i n g  about d r y i n g  o u t  (dehydra t i on )  o r  encourage more r a p i d  

mois ture l o s s  f rom a p roduc t  e i t h e r  be permeat ion o r  phys i ca l  l oss .  

change f o r  aqueous based products ,  e i t h e r  as l o s s  o r  gain,  whereby a drug 

e n t i t y  i s  concentrated o r  d i l u t e d ,  may i n  some ins tances  become a s t a b i l i t y  

1 i m i  t i n g  fea tu re .  

How- 

Mois ture 

The most quoted h y d r o l y s i s  r e a c t i o n  i s  probably  the  breakdown of  a c e t y l -  

s a l i c y l i c  a c i d  i n t o  a c e t i c  a c i d  and s a l i c y l i c  ac id .  

can occur and these should be r e a d i l y  i d e n t i f i e d  by e a r l y  p r e f o r m u l a t i o n  

chal lenge s tud ies  where the  drugs, e x c i p i e n t s ,  and proposed fo rmu la t i ons ,  

are subjected t o  e i t h e r  l i q u i d  water  o r  water  vapor. 

o f  any r e a c t i o n  udder l i q u i d  c o n d i t i o n s  does n o t  however r u l e  o u t  changes 

under t h e  broader  i n f l u e n c e  o f  atmospher ic mo is tu re  i n  the  presence o f  a i r ,  

temperature f l u c t u a t i o n s ,  e t c .  

Other chemical a c t i o n s  

N o n - i d e n t i f i c a t i o n  

The c o r r o s i v e  na tu re  o f  mo is tu re  on meta ls  should a l s o  be borne i n  mind, 

p a r t i c u l a r l y  when coupled w i t h  ab ras i ve  ac t i ons .  

The more phys i ca l  a f f e c t s  o f  mo is tu re  exchange a re  probably  less pre-  

d i c t a b l e .  

a t a b l e t  may reduce o r  increase w i t h  e i t h e r  l o s s  o r  g a i n  o f  mois ture.  

re leased from a product  d u r i n g  s torage a t  h ighe r  temperature may r e - e n t e r  

the product  b y  a d i f f e r e n t  process under c o o l e r  cond i t i ons .  For example, 

The hardness, and p o s s i b l y  t h e  d i s i n t e g r a t i o n  and d i s s o l u t i o n  o f  

Mois ture 
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STABILITY ASPECTS OF PACKAGING 1483 

moisture may be l o s t  s lowly  by desorption and d i f f u s i o n  i n t o  the head 

space b u t  produce an adsorption e f f e c t  on re-ent ry ,  whereby the surface o f  

the product i s  a l t e red .  

amount of water ava i l ab le  and the r a t e  a t  which i t  i s  taken up ( o r  l o s t )  

from the product. 

The product may a l so  be changed by both the 

Moisture may, i n  c e r t a i n  circumstances, a c t  as a p l a s t i c i z e r ,  e.g., 

g e l a t i n  capsules (both hard and s o f t )  become considerably more f l e x i b l e  

as the moisture content increases. Conversely moisture l oss  w i l l  produce 

a more r i g i d ,  less f l e x i b l e  and poss ib l y  b r i t t l e  g e l a t i n  s h e l l .  

o f  surface adsorption may again a l t e r  t he  s o l u b i l i t y  o f  var ious ma te r ia l s .  

The e f f e c t s  

L i g h t  i nc lud ing  Photo lys is  

The e f f e c t s  o f  l i g h t  are sometimes more d i f f i c u l t  t o  q u a n t i f y  as d i r e c t  

exposure t o  actua l  condi t ions,  shop window, open (outdoor) storage, e tc . ,  i s  

very much dependent on the weather condi t ions p r e v a i l i n g  a t  t h a t  t ime. 

example, s i x  months exposure i n  Singapore would be much dependent on whether 

t h i s  covered the d ry  o r  r a i n y  season o r  a combination o f  both. 

For 

A r t i f i c a l  condi t ions Xenon*, f luorescent  tubes, carbon arcs*, e tc . ,  may 

again i nvo l ve  var iab les,  p a r t i c u l a r l y  the distance from the l i g h t  source, the 

wave leng th  i n t e n s i t i e s ,  the temperature o f  t he  t e s t  (*these i n v a r i a b l y  i n -  

volve h ighe r  temperatures generated by the l i g h t  source), together  w i t h  

poss ib le  i n f l uence  from oxygen, ozone, moisture, e tc .  

noted t h a t  c e r t a i n  packs may absorb the i n f r a  red  wave length and the re fo re  

i ncu r  an add i t i ona l  heat ing e f f e c t  (example amber glass which provides good 

p ro tec t i on  f o r  the u l t r a - v i o l e t  wave length w i l l  absorb more i n f r a - r e d  than 

a c lea r  glass conta iner) .  

I t  should a l so  be 

Although p r o t e c t i o n  from l i g h t  i s  essen t ia l  w i t h  some products i t  should 

be noted t h a t  a carton and f iberboard combination, as found w i t h  many d i s -  

t r i b u t i o n  packs, w i l l  a f f o r d  v i r t u a l l y  100% p r o t e c t i o n  from l i g h t  u n t i l  the 

pack i s  removed from the  car ton f o r  f i n a l  usage. 

i n g  i n s e r t )  o r  the overwrapping o f  a primary pack i n  l ess  l i g h t  pene t ra t i ng  

mater ia l  w i l l  also improve the s h e l f  l i f e  o f  l i g h t  sens i t i ve  products. 

Cartoning (and the packag- 
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1484 DEAN 

Other Atmospheric Contamination - S o l i d  p a r t i c u l a t e s  

Airborne contamination o f  a m ic rob ia l  nature i s  covered under b i o l o g i c a l  

hazards. 

stream may sometimes represent an a d d i t i o n a l  hazard, which depends on s i ze  

shape, hardness, s o l u b i l i t y ,  etc., and whether they are a chemical o r  phys 

l i a b i l i t y .  Included under these categories, the most f requen t l y  l i s t e d  

mater ia ls  are, d i r t ,  dust, h a i r ,  powder, c rys ta l s ,  g r i t ,  f i b e r  (na tu ra l  or  

However, any s o l i d  p a r t i c u l a t e s  t h a t  can be conveyed v i a  an a i r  

ca l  

syn the t i c ) ,  e t c .  

encourage o r  increase the m ic rob ia l  r i s k s ,  cause abrasion o f  c losures and 

decorated surfaces, e tc . ,  o r  simply downgrade the product/pack by an uns igh t l y  

appearance. 

accelerate the corrosion o f  m e t a l l i c  surfaces. 

Such ma te r ia l s  may lead  t o  obvious p a r t i c u l a t e  contamination, 

The abrasive nature o f  c e r t a i n  p a r t i c u l a t e s  i s  a l so  l i k e l y  t o  

"Aging" i s  used as a general term f requen t l y  when the cause e i t h e r  cannot 

be c l e a r l y  i d e n t i f i e d  o r  where a combination o f  causes may be invo lved.  For 

example, a change i n  d i s i n t e g r a t i o n  o r  d i s s o l u t i o n  t ime may f a l l  i n t o  such a 

category, p a r t i c u l a r l y  where t h i s  changes according t o  the storage pe r iod  of 

o f  the product. 

rubber components, na tu ra l  rubber ma te r ia l s  could l i m i t  the s h e l f  l i f e  o f  

a product by an aging phenomena. I n  t h i s  context  aging was accelerated by 

the combined e f f e c t  o f  oxygen, l i g h t ,  h igher  temperature, whereby the 

e l a s t i c  p roper t i es  were l o s t  and the rubber u l t i m a t e l y  became tacky, crazed, 

etc., t o  a p o i n t  t h a t  i t  could s p l i t  when st re tched.  

U n t i l  r ecen t l y ,  w i t h  the  advent o f  improved syn the t i c  

13.6.3 CHEllICAL HAZARDS 

Since chemical i n t e r a c t i o n ,  i f  inhe ren t  t o  the formulat ion,  cannot usua l l y  

be reduced o r  avoided by pack se lec t i on  (unless i t  i s  associated w i t h  exchange 

between the product pack and external  atmosphere) t e s t s  t o  e l i m i n a t e  any 

r i s k  o f  i n t e r a c t i o n  o r  i n c o m p a t i b i l i t y  between product and pack a re  essent ia l .  

Compat ib i l i ty  b a s i c a l l y  covers any exchange which w i l l  occur ( i . e . ,  inc ludes 

any exchange both between product and pack and pack and product), and may be 

associated w i t h  i n t e r a c t i o n  o r  contamination covering migrat ion,  absorption, 

ex t rac t i on ,  whereby ingredients  may be l o s t  o r  gained. Such exchange may 
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1485 STABILITY ASPECTS OF PACKAGING 

be i d e n t i f i c a b l e  as organolept ic  changes, increase i n  t o x i c i t y / i r r i t a n c y  

aspects, l oss  o r  gain o f  m ic rob io l  e f fect iveness,  p r e c i p i t a t i o n ,  haze, t u r -  

b i d i t y ,  co lour  change, pH s h i f t ,  e t c .  Again o t h e r  external  i n f l uences  may 

ca ta l i ze ,  induce, o r  even n u l l i f y  chemical changes. 

Chemical i n te rac t i on ,  contamination, can a l so  a r i s e  from i m p u r i t i e s  i n  

ingredients  (1)  , accidenta l  i ng red ien ts  a r i s i n g  from the product ion process 

(2), abrasion ( 3 ) ,  e tc .  e.g., 

(1)  Oxidation process could be accelerated by the presence o f  copper. 

(2 )  Contamination a r i s i n g  from the e x t r a c t i o n  o f  p l a s t i c i z e r s  i n  PVC p ipe  

l i n e s .  

(3) A bu lk  product w i t h  a c l a r i t y  o f  s o l u t i o n  t e s t  was packed i n  an LDPE 

bag w i t h i n  a metal drum. 

sence o f  a haze a f t e r  a t r a v e l  t e s t .  This was t raced t o  the s l i p  

a d d i t i v e  i n  the  LDPE which funct ions by being present a t  the surface 

of the f i l m .  The l a t t e r  became detached from the p r o d u c t / f i l m  i n t e r -  

face by phys ica l  v i b r a t i o n  and f r i c t i o n  between the product and the  

s l i p  add i t i ve .  Other examples of exchange between product and pack 

are g i  ven be1 ow: 

The c l a r i t y  t e s t  was f a i l e d  due t o  a pre-  

Adsorption o f  chemical e n t i t i e s  onto component surfaces which 

are f requent ly  r e l a t e d  t o  the sur face areas invo lved - losses o f  

ethylenediamine t e t r a  acetate, EDTA, and c e r t a i n  preservat ives 

have been known t o  occur by surface adsorption. 

a lso va r ied  between d i f f e r e n t  supp l i e rs  o f  b o t t l e s  and d i f f e r e n t  

p l a s t i c  grades. 

Absorption and surface evaporation. 

t i ves ,  e.g., ch lo rbu to l  , phenol, 2-phenlethanol, show f a i r l y  

rap id  loss through low dens i t y  polythene. 

wrap, which i s  n o t  permeable t o  the  p rese rva t i ve  i s  used, t he  

l oss  can be r e s t r i c t e d  t o  r e l a t i v e l y  low leve l ,  i .e.,  l ess  than 

10%. This a lso i nd i ca tes  t h a t  the actual  s o l u b i l i t y  o f  t he  pre-  

servat ives i n  the p l a s t i c  are r e l a t i v e l y  low. 

Other surface ac t i ve  i ng red ien ts  which may be found i n  p l a s t i c  

ma te r ia l s  and s u f f e r  l oss  i n t o  product by so lu t i on ,  surface abrasion, 

Losses have 

The more v o l a t i l e  preserva- 

I f an external  over- 
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1486 DEAN 

e tc . ,  inc lude a n t i - s t a t i c  addi t ives,  s l i p  addi t ives,  a n t i - s l i p  

addi t ives,  mould release agents, an t i b lock  agents, l u b r i c a n t s ,  

e t c .  

d) Detachment of glass spicules, may occur when a l k a l i n e  so lu t i ons  

o f  c i t r a t e s ,  t a r t r a t e s ,  ch lor ides,  s a l i c y l a t e s  are s tored i n  

soda glass containers. 

i s  autoclaved, i n  the presence o f  s i m i l a r  a l k a l i n e  s a l t s .  

M u l t i p l e  autoc lav ing (e.g. , conta iner  reuse), w i l l  a l so  increase 

the surface eros ion r i s k .  

Spicules may occur when t r e a t e d  glass 

e) Organoleptic changes - permeation o f  v o l a t i l e  o r  odourless 

substances through p l a s t i c  ma te r ia l s  (note converse t o  loss 

o f  perfume through p l a s t i c  containers) may a lso occur. 

13.6.4 BIOLOGICAL HAZARDS 

These cover animal , human and m ic rob io log i ca l  aspects. A1 though the  

handling and storage o f  a l l  drug substances, i r r e s p e c t i v e  o f  whether o f  animal, 

vegetable o r  synthet ic  o r i g i n  has now reached a more hygien ic  l e v e l  than pre- 

v ious ly ,  contamination by animals ( p a r t i c u l a r l y  rodents) and insects ,  may s t i l l  

occas ional ly  occur, p a r t i c u l a r l y  w i t h  substances o f  vegetable o r i g i n .  

contamination may a r i s e  from the cocoa moth, t he  drug room bee t le  (S.teggob&tn 

panacewn) l leather bee t le  ( D m p n a  macueatlLs) and smal ler  i nsec ts  such as 

termites. 

Such 

With m ic rob io log i ca l  contamination from bacter ia ,  moulds, fungae, yeasts, 

w h i l s t  i t  i s  n o t  intended t o  deal w i t h  these i n  d e t a i l ,  i t  i s  impor tant  t o  

recognize how m ic rob io log i ca l  e f f e c t s  can be minimized by depr i v ing  them o f  

those fac to rs  which are fundamental t o  t h e i r  s u r v i v a l .  

Bacter ia  f o r  example, need f r e e  l i q u i d  water, food (a source o f  n i t r o -  

gen), oxygen (unless anerobic o f  f a c u l t a t i v e )  and are r e a d i l y  a f f e c t e d  by 

temperature. 

although r e q u i r i n g  s i m i l a r  condi t ions t o  bac te r ia  need h igh RH t o  su rv i ve  

and genera l ly  grow best around a temperature o f  25OC. 

can grow a t  RH's below 70%. 

Most r a p i d  growth usua l l y  occurs between 2OoC - 4OoC. Moulds 

Few species o f  mould 
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STABILITY ASPECTS OF PACKAGING 1487 

The need f o r  s t e r i l e  products  may impose r e s e r v a t i o n s  on the  packaging 

m a t e r i a l s  depending on whether s t e r i l i t y  i s  achieved by a te rm ina l  o r  

asep t i c  process. 

( v a i r e s  between pharmacopoeia1 standards),  m o i s t  heat  ( a u t o c l a v i n g )  115-12loC 

o r  even lower  temperatures p rov ided  s t e r i l i t y  i s  proved, e thy lene  ox ide  

s t e r i l i z a t i o n ,  gamma i r r a d i a t i o n  and acce le ra ted  e lec t rons ,  needs c a r e f u l  

eva lua t i on  t o  check any change i n  bo th  product  and pack. 

For each process, i .e., d r y  s t e r i l i z a t i o n  a t  150-160°C 

A word o f  warning i s  a l s o  adv ised on p l a s t i c s  and s t e r i l i z i n g  processes. 

L i t e r a t u r e ,  on f o r  example, e thy lene  ox ide  r e t e n t i o n ,  and t h e  e f f e c t s  o f  

gamma i r r a d i a t i o n  and acce le ra ted  e l e c t r o n s  tends t o  l a g  behind p r a c t i c a l  

exper ience. 

many e a r l i e r  papers may have used a n a l y t i c a l  methods and procedures of  ex- 

t r a c t i v e  which do n o t  r e f l e c t  t he  t o t a l  res idues l i k e l y  t o  be present .  

S i m i l a r l y ,  t h e  w i d e l y  repo r ted  s u i t a b i l i t y  o f  c e r t a i n  types o f  p l a s t i c  t o  

i r r a d i a t i o n  does va ry  accord ing t o  t h e  grade(s)  se lec ted  and t h e  c o n s t i t u e n t s  

present  i n  t h e  p l a s t i c .  

ma te r ia l s ,  as b e l i e f ,  t h a t  a l i t e r a t u r e  search may y i e l d  the  i n f o r m a t i o n  t o  

suppor t  t h e  use o f  c e r t a i n  m a t e r i a l s ,  may sometimes be mis leading.  

As a r e s u l t  t he  l e v e l ,  o f  e thy lene  ox ide  r e t e n t i o n  repo r ted  i n  

I t  i s  t h e r e f o r e  adv i sab le  t o  tho rough ly  check a l l  

13.6.5 PROTECTION - SUMMARY 

The above should c l e a r l y  e s t a b l i s h  t h a t  t h e  impor tan t  p r o t e c t i v e  

f u n c t i o n  o f  t h e  pharmaceut ical  pack can be both v a r i a b l e  and complex. 

though each p r o t e c t i v e  aspect when taken i n  i s o l a t i o n  may be r e l a t i v e l y  s imple,  

t he  t o t a l  i n t e r a c t i o n  between a number o f  f a c t o r s  has always t o  be considered. 

Perhaps the  bes t  way o f  i n d i c a t i n g  t h i s  i s  by a few f u r t h e r  examples: 

A l -  

1. A s t e r i l e  p roduc t  i nco rpo ra ted  a p r e s e r v a t i v e  system t o  cover  w i t h -  

drawal o f  a m u l t i  dose product .  The p roduc t  passed t h e  USP X X  mic ro -  

b i a l  chal lenge t e s t  when f i r s t  made and packed. A f t e r  s i x  months 

i t  was noted the  l e v e l  o f  e thy lenediamine t e t r a  ace ta te  (EDTA) had 

s i g n i f i c a n t l y  reduced ( c h e l a t i o n  w i t h  heavy meta ls  + su r face  adsorp- 

t i o n  onto the  p l a s t i c ) .  A repea t  m i c r o b i a l  chal lenge t e s t  f a i l e d .  

I t  was ' b e l i e v e d '  t h a t  t h i s  was due t o  s l i l g h t  p r e s e r v a t i v e  l o s s  

p l u s  l o s s  o f  EDTA which tends t o  enhance t h e  p r e s e r v a t i v e  e f f i c a c y .  
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1488 DEAN 

2. 

3.  

An 

and tha 

A1 

( i . e . ,  a chemical + phys ica l  e f f e c t  had created a drop i n  pre- 

servat ive e f f i c a c y ) .  

A powder formulat ion product designed t o  g i ve  an accurate dose when 

d isso lved i n  water was packed i n  a sachet. 

d icated no problems. 

drop i n  the a c t i v e  drug by approximately 5%. 

p r e f e r e n t i a l  adhesion o f  the drug ( n o t  the exc ip ien t )  t o  the  i nne r  

p l a s t i c  l a y e r  o f  t he  sachet. The s i t u a t i o n  was corrected by an 

overage whereby the f u l l  dose could then be de l i ve red  a t  t h e  s o l u t i o n  

stage. 

Sachet v i b r a t i o n  t e s t s  could have establ ished the above a t  a 

much e a r l i e r  stage. 

A l i q u i d  was placed on s t a b i l i t y  t e s t  i n  the b e l i e f  t h a t  a s tab le  

product had been produced. 

t o  t r y  the product, and p a r t i a l l y  used one b o t t l e .  

the b o t t l e  some f o u r  weeks l a t e r  the person found t h a t  the product 

had ' g e l l e d '  s o l i d .  

Immediate ana lys i s  i n -  

Subsequent analys is  a f t e r  3 months showed a 

This was t raced  t o  

One member o f  s t a f f  i l l e g a l l y  decided 

Returning t o  

i nves t i ga t i on  revealed t h a t  a gel was produced by absorption o f  oxygen 

t h i s  occurred more q u i c k l y  a t  h igher  temperatures. 

f u l l  b o t t l e s  showed v i r t u a l l y  no change except very s l i g h t  th ickening 

- a t t r i b u t e d  t o  d ry ing  ou t  a t  a i r / s o l u t i o n  i n t e r f a c e .  

ed t h a t  a l l  batches had been imnediate ly  f i l l e d  when produced - r i g h t  from 

development stage. Any res idua l  ma te r ia l  was then discarded. 

An i n v e s t i g a t i o n  show- 

Further work c l e a r l y  estab l ished t h a t  the product stood a h igh chance 

The o f  g e l l i n g  i n  a p a r t i a l l y  used b o t t l e  - dependent on the  r a t e  o f  use. 

product was then reformulated. 

The PRESENTATION aspects o f  a pack which cover both ESTHETIC and FUNC- 

TIONAL requirements w i l l  a l so  vary according t o  whether the product i s  an 

ETH I CAL 

SEMI-ETHICAL 

OVER THE COUNTER (OTC) , PROPRIETARY 

required f o r :  
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and whether 

v i a  

confidence i n  the product. 

INFORMATION and IDENTITY requ 

w i t h  the  general es the t i cs  i n  t h a t  

the ava i l ab le  space. 

clude some o r  a l l  o f  the fo l lowing 

The type o f  

1489 STABILITY ASPECTS OF PACKAGING 

HOME TRADE 

GENERAL o r  S P E C I F I C  EXPORT MARKETS 

SALE/USE i s  

RETAIL 

HOSPITALS/NURSING HOMES 

HEALTH CENTRES, e tc .  

The 'elegance' o f  a pack f requen t l y  con t r i bu tes  t o  the use r ' s  o r  p a t i e n t ' s  

rements o f  a pack may occas iona l l y  c o n f l i c t  

l e g a l i t i e s  may l i t e r a l l y  occupy most o f  

nformation which may be requ i red  may i n -  

Product form ( t a b l e t s ,  capsules) 

Product name - poss ib l y  t rade  name and 

compendia1 name i f  d i f f e r e n t  

Q u a n t i t y  

St rength 

D i rec t i ons  on how t o  be taken/used 

How t o  be s tored 

Precautionary warnings 

Product l i c e n s e  number 

Name and address o f  s u p p l i e r  

Batch number 

Expi ry  date 

Route o f  admin i s t ra t i on  

Universal* product code, e t c .  (*renamed Uniform product 
code ) 

Since the primary ob jec t i ve  of most pharmaceutical packs, i s  t o  convey 

confidence t o  the p a t i e n t  by enhancing the product-pack r e l a t i o n s h i p  

has t o  be met by the c o r r e c t  balance between general presentaion and the 

i n f o r m a t i o n / i d e n t i f i c a t i o n .  I t  i s  important t h a t  the l a t t e r  i s  conc se, 

c l e a r  and unambiguous. 

t h i s  
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1490 DEAN 

CONVENIENCE and CONTAINMENT are both impor tant  packaging f a c t o r s .  

example the l a s t  30 years has been a s i g n i f i c a n t  increase i n  packaging forms 

which a s s i s t  i n  the admin is t ra t ion o f  t he  product (a  range o f  squeeze b o t t l e s  

f o r  l i q u i d  app l i ca t i ons  - ear, eye, nasal drops - sprays, disposable syringes, 

aerosols, metered dose pump systems) , etc. ,  j u s t  t o  mention a few. 

MENT i s  now accepted w i thou t  question as few apprec iate t h a t  some drugs o f  

the past  could a t  one time be l i t e r a l l y  handed over a drug counter unwrapped. 

However many i n  accepting t h i s  now f a m i l i a r  r o l e  o f  t he  pack do n o t  r e a l i z e  

the importance o f  the successful 'marriage' between product and pack. This 

chapter has therefore been se t  ou t  t o  amp l i f y  and emphasize the func t i ons  

o f  the pack i n  the s h e l f  l i f e  o f  a product. 

For 

CONTAIN- 

F ina l l y ,  i t  i s  necessary t o  s t a t e  t h a t  packaging development has r e -  

cen t l y  had t o  consider two newer aspects - p a t i e n t  compliance and the pack's 

r e l a t i o n s h i p  t o  such environmental issues as p o l l u t i o n ,  disposal and con- 

servat ion o f  energy and the wor ld ' s  na tu ra l  resources. I t  i s  obvious t h a t  

a pack can e i t h e r  a s s i s t  o r  de te r  p a t i e n t  compliance and the re fo re  greater  

emphasis may be placed OQ t h i s  by i n v e s t i g a t i o n a l  research on t h i s  issue. 

As regards t o  the second environmental aspect, t h i s  a l so  w i l l  need more 

considerat ion i n  the fu tu re ,  p a r t i c u l a r l y  as some p a t i e n t s  w i l l  see t h i s  as 

an add i t i ona l  emotional issue i f  the anti-packaging lobby concerns continue 

t o  be publ ic ized,  wi thout  the advantages which packaging con t r i bu tes  t o  

today's soc iety ,  being equa l l y  expla ined t o  the p u b l i c  i n  general.  

To conclude a company has t o  generate data t o  

a. S a t i s f y  i t s e l f  

b. Sa t i s f y  regu la to ry  a u t h o r i t i e s  

The f i r s t  aspect should be the more important as 

i) I f  a company cannot s a t i s f y  i t s e l f  how can i t  be expected 

t o  produce au tho ra t i ve  statements which w i  1 s a t i s f y  b. 

i i )  Too much emphasis on (b) may lead t o  r i s k s  being taken o r  

i n c o r r e c t  assumptions being made. 

pressure i s  appl ied)  . 
(Th is  i s  e a s i l y  done when 

Data should be considered as a l l  the i n fo rma t ion  which i s  c o l l e c t e d  from 

p r o j e c t  conception t o  f i n a l  withdrawal o f  product from the market ( c rad le  t o  
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STABILITY ASPECTS OF PACKAGING 1491 

grave approach). 

i n i t i a l  development stage and dur ing subsequent ongoing product ion and sa le.  

These w i  11 the re fo re  inc lude:  

Moni tor ing o f  a l l  stages i s  t he re fo re  essen t ia l  both a t  the 

1. 

2 .  

3. 

4 .  

5. 

6 .  

7. 

8. 

9. 

10. 

F u l l  knowledge o f  the drug e n t i t y  o r  a c t i v e  substances ( f rom i n i t i a l  

research phase) r e l a t e d  t o  i d e n t i t y ,  p u r i t y ,  process residues, 

degradation routes, (when challenged by l i g h t ,  oxygen, moisture/ 

water, acid, a l k a l i ,  oxygen, carbon d iox ide,  temperatures, e t c . )  , 
plus i n t e r - r e l a t e d  sa fe ty  and t o x i c o l o g i c a l  ( t o x i c i t y / i r r i t a n c y )  

studies. 

I n i t i a l  sca le up and a recheck o f  1 )  leading t o  a p rov i s iona l  

s p e c i f i c a t i o n  f o r  drug e n t i t y .  

Preformulation s tud ies i nc lud ing  i n t e r a c t i o n ,  chal lenge 

(s imi  1 a r  t o  1 ) , d i s s o l u t i o n  s tud ies , release, b i o a v a i l  ab i  1 i ty, 

e t c .  

C l i n i c a l  t r i a l  supplies. 

F u l l  Q . C .  and support ing s t a b i l i t y  s tud ies t o  s a t i s f y  

product/pack use. 

Formulation studies - f e a s i b i l i t y ,  p a r t  o f  o r  an extension t o  

c l i n i c a l  suppl ies leading t o  f i n a l  f o rmu la t i on (s ) .  Accelerated 

s t a b i l i t y  and longer term s t a b i l i t y  t e s t s  on pharmaceutical 

development batches and scale up batches, leading t o  product 

spec i f i ca t i on .  

Packaging s tud ies - f e a s i  b i  1 i t y  

usua l l y  c a r r i e d  ou t  i n  conjunct ion w i t h  5 .  Provis ional  pack 

spec i f i ca t i ons .  

Formal s t a b i  1 i ty . 
Three production scale batches - f i n a l  pack where poss ib le .  

I n i t i a l  product ion batches f o r  f i r s t  sca le supplies - add i t i ona l  

s t a b i l i t y  work, using l i m i t e d  storage cond i t i on .  

Ongoing production. 

Batches representat ive o f  product ion placed on conf i rmat ion s t a b i l i t y  

t e s t s  a t  regu la r  i n t e r v a l s .  

Warehousing inspections, drug s to re  i nspec t i on  and end user checks. 
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1492  DEAN 

11. Monitoring a l l  complaints - product and pack, adverse react ions,  e t c .  

A t  a l l  stages a t t e n t i o n  should be pa id  t o  both GLP and GMP. 

Having surveyed the broad func t i ons  o f  t he  pack, emphasis should be 

placed on the r o l e  o f  the packaging s p e c i f i c a t i o n  and the method o f  

assembly. 

the development and an ongoing product ion s i t u a t i o n .  

A t ten t i on  t o  these two f a c t o r s  are o f  h igh importance t o  both 

13.7 The Packaging S p e c i f i c a t i o n  

One u l t ima te  purpose o f  a s p e c i f i c a t i o n  i s  an agreement document be- 

tween purchaser and suppl ier .  A prov i s iona l  o r  o u t l i n e  s p e c i f i c a t i o n  i s  

however essent ia l  even when i n i t i a l  samples are being surveyed since i t  

provides both a d i s c i p l i n e d  approach t o  t h e  examination o f  ma te r ia l s  and 

components and a record o f  exac t l y  what was received, used, e t c .  

s p e c i f i c a t i o n  i s  usua l l y  documented under the f o l l o w i n g  l ayou t  headings: 

A 

Standard t i t l e ,  B o t t l e ,  cap, laminate,etc. 

Spec i f i ca t i on  reference number 

date w r i t t e n  Replace previous s p e c i f i c a t i o n  

r e f  no - date 

General desc r ip t i on  

Mater ia ls  o f  const ruct ion - types, grade, e t c .  

Construction - process by which constructed 

Size/weight/capacity - w i t h  tolerances 

Drawing r e f ,  date, d e t a i l s  o f  dimensions and to lerance 

Decoration, d e t a i l  o f  p r i n t ,  method o f  decoration 

Performance t e s t s  

How t o  be del ivered and i d e n t i f i e d  

Signatures o f  approval : 

It i s  therefore advised t h a t  p r i o r  t o  the commencement o f  t as te ,  

Suppl i er/purchaser. 

mater ia ls  should be c l e a r l y  i d e n t i f i e d ,  quan t i f i ed ,  measured and checked 

f o r  performance, e tc .  

circumstances, i r r e s p e c t i v e  o f  whether they are i n v e s t i g a t i o n a l ,  f e a s i b i l i t y ,  

formal s t a b i l i t y ,  t r a v e l  t e s t ,  e tc . ,  can be usedmore c o n f i d e n t l y  and b e t t e r  

I n  t h i s  way the components used f o r  any t e s t  
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STABILITY ASPECTS OF PACKAGING 1493 

comparison can u l t i m a t e l y  be m h i e v e d  between a s e r i e s  o f  t e s t s .  

product  and pack, cannot be p r o p e r l y  q u a n t i f i e d ,  then obv ious l y  t e s t  r e s u l t s  

may become o r  verge on being meaningless. 

I f  m a t e r i a l s ,  

13.8 Pack Assembly D e t a i l  

Th is  f o l l o w s  s i m i l a r  importance i n  the phi losophy o f  knowing what you 

are t e s t i n g .  The establ ishment  o f  f u l l  records o f  both,  how a pack was 

assembled and the  t e s t s  performed t o  show t h a t  t h e  pack was s a t i s f a c t o r y ,  

are l i k e l y  t o  cover t h e  f o l l o w i n g  d e t a i l s ,  most o f  which can be r e l a t e d  t o  

GLP o r  GMP. 

Batches references and batch numbers o f  t h e  components and p roduc t  used. 

Any p rev ious  h i s t o r y  o f  components and product .  

Date assembled where assembled 

How assembled R e s p o n s i b i l i t y  f o r  assembly 

Q u a n i t i t y  o f  mater ia l /components i ssued  and used/recovered. Equipment 

used f o r  assembly ope ra t i ons  (assembly speed/output) .  Product/pack speci -  

f i c a t i o n ,  i .e. , t a r g e t  f i g u r e s  associated w i t h  f i l l  (volume, weight,  number), 

cap torque, heatseal  s t reng th ,  e t c .  

F igures achieved 

Problems encountered d u r i n g  assembly. 

Resul ts  o f  any spec ia l  f u n c t i o n a l  t e s t s  a p p l i e d  t o  f i n i s h e d  pack. 

Environmental d e t a i l s  where r e l e v a n t  

Only when d e t a i l ,  such as t h a t  g i ven  above, i s  recorded and s t u d i e d  can 

u l t i m a t e  conf idence be expressed i n  any t e s t  r e s u l t s .  

c u l a r l y  r e l e v a n t  when r e s p o n s i b i l i t i e s  become s p l i t ,  i .e., p roduc t i on  

packed, q u a l i t y  c o n t r o l ,  QC, tested,  t h i r d  p a r t y  evaluated, where each may 

adequately per form t h e i r  own func t i ons ,  b u t  no one area accepts f u l l  r e -  

s p o n s i b i l i t y  f o r  co -o rd ina t i ng  and assessing t h e  t o t a l  data.  

This  becomes p a r t i -  

Th is  type o f  s i t u a t i o n  can r e a d i l y  occur  when p roduc t i on  i s  asked t o  do 

a p roduc t i on  opera t i on  on a r e l a t i v e l y  smal l  sca le.  As a r e s u l t  t h e  exe rc i se  

may be t r e a t e d  as an inaonvenient  ' s p e c i a l '  which i s  done by a make-sh i f t  

team w i t h  l i t t l e  a t t e n t i o n  t o  d e t a i l .  There a re  a l s o  c i rcumstances where 
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1494 DEAN 

the opposite may occur, i .e., expe r t i se  from several areas descends onto the 

production l i n e  whereby the production operators are pu t  under s t r a i n  and 

the u l t ima te  a c t i v i t i e s  i n  no way represent a t y p i c a l  product ion process. 

Both ext~emes may n o t  on ly  i n v a l i d a t e  the  u l t i m a t e  tes ts ,  bu t  create p o l i t i c a l  

unrest between the various p a r t i e s  involved, stemming from "we were n o t  t o l d " ,  

" lack o f  i n t e r e s t "  o r  " i n te r fe rence"  , e tc .  

Although emphasis has been placed on s p e c i f i c a t i o n s  and the examination 

o f  a l l  t e s t  ma te r ia l s  p r i o r  t o  the i n i t i a t i o n  o f  any t e s t s  the  more formal 

q u a l i t y  assurance, q u a l i t y  con t ro l  , QA/QC, approach i n  a cont inu ing product ion 

s i t u a t i o n  a lso needs mention. Records acquired from such ongoing examinations 

may y i e l d  valuable data on changes t o  incoming ma te r ia l s ,  process modi f icat ions,  

changes i n  pack assembly procedures, which i n  t u r n  may r e s u l t  i n  a mod i f i ca t i on  

t o  the product s h e l f  l i f e .  

constant ly  monitored so t h a t  any trends can be recognized as even i n  today 's  

cl imate, technologis ts  can be overcome by the simple pass o r  f a i l  syndrome 

r a t h e r  than using data t o  sense change. 

an apparently impressive supp l i e r  o r  vendor r a t i n g  system which u l t i m a t e l y  

graphed each supp l i e r  on a po in ts  system every few months. Suppl iers  a t  the 

top o f  the t a b l e  were n a t u r a l l y  considered good and those a t  the bottom bad, 

w i t h  constant e f f o r t s  being made t o  upgrade the l a t t e r  through more r igorous 

and c r i t i c a l  approach t o  defect ives.  

side consul tant  immediately i nd i ca ted  t h a t  some o f  the  top supp l i e rs  had items 

o f  good design and those a t  the lower end o f  the scale, poor o r  d i f f i c u l t  

designs. The tab le  therefore gave a general design r a t i n g  i n  a d d i t i o n  t o  

being a vendor r a t i n g  system. 

design, upgraded the r a t i n g s  o f  some o f  the poor suppl iers .  

It i s  the re fo re  impor tant  t h a t  qC records are 

For instance one company in t roduced 

However a qu ick assessment by an out- 

Technical discussions which concentrated on the 

As occas ional ly  suppl iers  in t roduce minor o r  even major mod i f i ca t i ons  

which t o  them improves the process o r  the i t em being produced, i t  i s  important 

t o  i n s i s t  t h a t  any change is n o t i f i e d  t o  the user company. 

cover t h i s  i s  normally incorporated on the  s p e c i f i c a t i o n .  

been n o t i f i e d  of an impending change, judgement has then t o  be made on 

whether any f u r t h e r  t e s t s  are requi red t o  prove whether the change has any 

s ign i f i cance. 

A phrase t o  

Once a company has 
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13.9 Conclusion 

1495 

Formal s t a b i l i t y  work i s  on l y  o f  relevance i f  i t  i s  backed by an e f f e c t i v e  

Wi th in  t h i s  team team which s tud ies the p r o j e c t  and the product/pack i n  t o t a l .  

there must be a h igh  l e v e l  o f  packaging exper t i se  and a thorough co-ord inat ion 

system between formulator ,  analysts, s t a t i s t i c i a n s  and packaging technologis ts .  

Even when a s h e l f  l i f e  has been i n i t i a l l y  estab l ished,  t h i s  must be supported 

n o t  on l y  by ongoing s t a b i l i t y  from the sampling product ion batches b u t  a l so  

a moni tor ing system which ensures t h a t  the product and pack continues t o  meet 

those requirements essen t ia l  t o  p rov id ing  e f f i c a c y ,  safety, i n t e g r i t y ,  un i fo rm i t y ,  

the etc . ,  and confidence t o  the u l t i m a t e  user. 

success of a product and the i ndus t r y  as a whole be assured. 

Only by t h i s  approach can 

It can therefore be concluded t h a t  those ca r ry ing  ou t  formal s tab l i t y  must 

not  on l y  be supported by an e f f e c t i v e  pack examination system b u t  have 

adequate knowledge o f  the t o t a l  support ive r o l e  which the pack plays. 

There must a l so  be an o v e r a l l  co-ord inator  who i s  responsib le  f o r  

ensuring t h a t  a l l  data provides a consis tent  and l o g i c a l  assessment o f  the 

product. It i s  the re fo re  impor tant  t h a t  such a person i s  ab le t o  quest ion 

in format ion r e l a t e d  t o  MATERIALS, MACHINERY, DOCUMENTATION, INCLUDING TEST 

PROCEDURES, ENVIRONMENT, SUPPLY SERVICES and PEOPLE as there i s  always a 

chance t h a t  those nearest t o  s p e c i a l i s t  a c t i v i t e s  "cannot see the wood f o r  

the t rees " .  
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