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I INTROOUCTIDN 

Advances In  packaging technology arm c l o s a l y  tie8 t o  t r e n d s  i n  

nszeriels and mechinery, c b n g a s  i n  l a g i s l e t i o n  bnd the d w e l o p n m t  of 

new i y p e s  of products  end the modes by which they  b r a  adn in l s t a rad .  

-7  fnis beckground is consl8ar.d toge t tmr  wl th  a dmf ln l t l on  of packsping. - _  
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110 DEAN 

as being tha economical means of providing protect ion.  prosontat ion.  

i d e n t l f i L s t i o n  and convenience f o r  a product u n t i l  it is u l t i m e t e l y  

U 8 0 0  then fur ther  armas of change can bo i d e n t i f i e d .  For exemple protect ion 

may be required aga ins t  mechanical and climatic hozbrds. micrabiologica1 

and human hazards ( c h i l d  resistance or p i l f e r p m o f n o s s l  and it mignt ce 

expected that  peckaging achiwms t h i s  func t ion  better tmay than I t  

d i d  yosteroay. w v e r  i n  smm CaSO8' thiS i s  not  trum f o r  a nunbef of 

rOaSOn8. 8uCh b8 

i l  The more r igo rous  and i n  depth t a s t i n g  mployod today  r evea l s  

l i m i t a t i o n s  t o  b o t h  packs and products which -re not I d e n t i f i e d  

under prmvious l e v e l s  of t a s t i n g .  For inmtance a pach/product 

wh ich  Shoved no i n s t b b i l i t y  On 6 1 ymar p rogram8 a t  37%mmight have 

bean glvon a 5 yobr shelf  l i fe  pnQlct ion 0as.d on vory l i m i t e d  test 

procmduns and 6sta on ba th  pack and producta under these circumrtanc,es 

thore ues no gii rentma that a pack was 'wi tbola '  for w e n  a 213 year 

shelf lit@ under noml condit ions.  

i l l  T h e  earlier bmlisf that ttu 16ma1 shelf 119. f o r  a product was 5 years 

hes now been l a r g e l y  d i s p e l l e d .  A mlnimm shelf l i f e  o f  two yoars. 

w i t h  an average uf 3 years appears t o  bo fbr mare r @ 4 l l r t i C  as most 

product-pack rys t rm show nb tu ra l  detmrioret ion over prolonged 

periods.  Equally a product which is still i n  stock a f t o r  5 years must 

either s u f f e r  f r a  poor sales or Om a v ic t im  of unsa t i s f ac to ry  r o t a t i o n  

of  stock. Hencm tha llkmlihood of  many products  neoding a fivm year 

shelf l i f e  bmcanc mxtramly ram. 

Thus some recent  edvanC0S i n  packaging technology must refer t o  more 

soph i s t i ca t ed  test  mathods end g n a t m r  i n  depth knowledge of woll e s t a b l i m o a  

materials, rather than new materials. Uouover mbny advances a r e  concerned 
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PACKAGING OF PHARMACEUTICALS. I 

w i t h  i n  use convenience,  s e c u r i t y ,  hygiene,  s i m p l e r  f o r m u l a t i o n s ,  

n e w  dosage f o r m s ,  iniproved economy, etc or even a more modern image. 

I t  i s  t h e r e f o r e  proposed t o  i n t r o d u c e  t h i s  broad s u b j e c t  under  t h e  

f o l l o w i n g  headings  

11 Product  form and dosage 

21 Packaging m a t e r i a l s  

31 Packaging Technology 

b u t  i t  must be recognised  t h a t  each of t h e s e  i s  i n t e r l i n k e d .  

111 

I1 PRODUCT FORM AND DOSAGE PACKAGING RELATIONSHIPS 

I r r e s p e c t i v e  of  t h e  f i n a l  product  form t h e  need t o  comply w i t h  good 

manufac tur ing  p r a c t i c e ,  t o  improve m i c r o b i o l o g i c a l  s t a n d a r d s  both  i n  te rms  

of r e s i d u a l  contaminat ion  and t h e  c h a l l e n g e  of p r e s e r v a t i v e  systems,  t o  

reduce  p a r t i c u l a t e  contaminat ion  and t o x i c i t y  r i s k s ,  t o  check on b i o -  

a v a i l a b i l i t y ,  d i s s o l u t l o n .  e t c .  have a l l  had a n  i n f l u e n c e  on  both  packaging 

m a t e r i a l s  and components and how t h e y  are produced, c l e a n e d ,  s t o r e d ,  

assembled etc. T h u s  demands for  h i g h e r  product  s t a n d a r d s  have been 

r e s p o n s i b l e  f o r  improved peckaging s t a n d a r d s .  

Pharmaceut ica ls  a r e  still  showing a steady growth r a t e  due t o  i n c r e a s i n g  

demands f o r  medica t ion  on  a world wide b a s i s  as t h e  lesser p r i v i l e d g e d  

c o u n t r i e s  become more prosperous  and purchase t h e  more s o p h i s t i c a t e d  msdic ines .  

A t  t h e  same time t h e r e  is some evidence  o f  e r e d u c t i o n  I n  medical  expansion 

due t b  both t h e  c o s t  of  r e s e a r c h  and t h e  l e n g t h y  and r i g i d  procedures  which 

now have t o  be s a t i s f i e d  i n  o r d e r  t o  o b t a i n  r e g i s t r a t i o n  o f  a new drug  

s u b s t a n c e .  Emphasis has  been p laced  i n  f i n d i n g  t h e  r i g h t  product  form, 

t h e  r i g h t  dosage,  or range  of dosages  and t h e  most s u i t a b l e  pack s i z e  f o r  

a t r e a t m e n t  p e r i o d .  The s o l i d  dose form i.e. t a b l e t ,  sof t  and d r y  c a p s u l e ,  

f i rs t  showed expansion d u e  t o  obvious  product  convenience but  t h i s  i s  now 
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1 1 2  DEAN 

r e l a t r d  t c  d o s a g e  a c c u r a c y .  b i c - a v a i l a b i l i t y  s o d  a t t e m p t s  t o  m i n i m i s e  t h e  

nurrmter of e x L i p i e n t s  i n  any  f o r m u l a t i o n .  T h i s  i s  p a r t i c u l a r l y  r e l e v a n t  

w i t h  d d r y  c a p s u l e . b u t  e v e n  here o t h e r  i n g r e d i e n t s  may h a v e  t o  b e  added 

t o  o b t a i n  good d r b g  a D s o r p t i o n .  As a r e s u l t  o r a l  l i q u i d  f o r m s  have  f e e n  

l e s s  p o p u l a r  e x c e p t  f o r  p a e d i a t r i c  u s a g e .  

i i7n LE more e c o n o m i c a l l y  p r e s e n t e d  I n  a u n i t  dose fo rm t h a n  a l i q u i d  s o  

any t r e n d  t o w a r d s  a u n i t  d o s e  h a s  u s u a l l y  s tar ted i n  t h i s  area.  

I n  t u r n  t h e  s o l i d  dose f o i m  

The u n i t  dose fo rm is a l s o  i d e a l l y  s u i t e d  for  e i t h e r  s t e r i l e  o r  

' c l ean '  p r o d u c t s  s u c h  as  eye. e a r  a n d  n a s a l  p r e p a r a t i o n s ,  s i n g l e  d o s e  

i n j e c t i o n s  and  enemas,  g i v i n g  improved dose a c c u r a c y  a n d  s i m p l i f y i n g  

f o r m u l a t i u n  a n d  a s s i s t i n g  pack  s e l e c t i o n  i f  a non p r e s e r v e d  s y s t e m  c a n  

oe employed.  T h e  a d v e n t  of t h e  s i n g l e  d o s e  i n j e c t i o n  I n  a d i s p o s a b l e  

s y r i n g e  f u r t h e r  shows how a n  a p p a r e n t l y  more e x p e n s i v e  c m b i n a t i o n  c a n  

actuaily s a v e  cos t s  i n  t h a t  it e l i m i n a t e s  t h e  c l e a n i n g  a n d  r e s t e r i l i z a t i o n  

c f  d r e u s a b l e  s y r i n g e  w h i c h  was v e r y  l a b o u r  i n t e n s i v e .  Thus  t h e  c o n v e n i e n c e  

f a c t o i -  of  J p r o d u c t  pack  has p r o v e d  a n  a t t r a c t i v e  o b j e c t i v e  o v e r  t h e  p a s t  

twenty y e a r s .  The a d v a n t a g e s  o f  t h e  u n i t  dose s y s t e m  therefore  combine  

p r o d u c t  a n d  pack f e a t u r e s  wh ich  can be f u r t h e r  i d e n t i f i e d .  

P T h e  U n i t  Oose fom fo r  Ear, E y e  a n d  Nasal P r e p a r a t i o n s  

4 u n i t  d o s e  pack o f f e r s  a d v a n t a g e s  o v e r  a p r e s e r v e d  m u l t i d o s e  p r e p a r a t i o n  

i n  t h a t : -  

l i  ; iG p r e s e r v a t i v e  is n e c e s s a r y ,  i f  t h e  dose i s  t o  b e  r e s t r i c t e d  t o  o n e  

J S S  iir ~ p r l i z a t i c n  and  t h e  p r o d u c t  i s  p r e s e n t e d  i n  a s t e r i l e  form 

rL:-,ential  f o r  r y e  p r e p a r a t i o n s ,  o p t i o n a l  f o r  ear, n a s a l l  o r  a ' c l e a n '  

I e a r  o r  n a s a l l  . 
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PACKAGING OF PHARMACEUTICALS. I 113 

i i l  Fol lowing f r m  1) f o r m u l a t i o n s  a r e  s impler  t h u s  needing less f o r m u l a t i o n  

work and minimum work  r e l a t e d  t o  m i c r o b i a l  c h a l l e n g e .  [ Does not  have 

t o  comply w i t h  USP X I X ) .  

l i i l  Reduces t h e  complexi ty  of  s t a b i l i t y  t e s t i n g  - p a r t i c u l a r l y  where t h e  

drug s u b s t a n c e  i s  s imply  a s o l u t i o n  i n  water .  

i v )  I t  a v o i d s  r i s k s  a s s o c i a t e d  w i t h  contaminat ion  i n  u s e  and c r o s s  

i n f e c t i o n .  

v l  P r o v i d e s  an a c c u r a t e  dosage, which i s  p e r s o n a l  t o  t h e  I n d i v i d u a l .  

v i )  I t  i s  s u i t a b l e  f o r  mall dosages u s u a l l y  a d m i n i s t e r e d  as  d r o p s  or 

a powder. 

v i i )  C o n t a i n e r s  a r e  made from f l e x i b l e  p l a s t i c s  from which t h e  c o n t e n t s  

can be r e a d i l y  e x p e l l e d .  

These advantages  have t o  be equated  w i t h  t h e  h i g h e r  cost of t h e  u n i t  dose  

form and t h e  h i g h e r  volume which is  i n e v i t a b l y  occupied.  

A ster i le  or ' c l e a n '  u n i t  dose  form t h e r e f o r e  offers a modern e t h i c a l  

image f o r  eye,  ear. and n a s a l  p r e p a r a t i o n s  which are normally a d m i n i s t e r e d  

i n  r e l a t i v e l y  small doses. These u n i t  d o s e s  may e i t h e r  be f i l l e d  i n t o  

small c o n t a i n e r s  and t h e n  s e a l e d  [ such as t h e  Pbxims*pack USA. PlinimS u() 

o r  manufactured on a form f i l l  s e a l  b a s i s .  I n  t h e  lat ter a c o n t a i n e r  is 

normally moulded, f i l l e d  and sealed on a s i n g l e  machine which is  main ta ined  

under  a s e p t i c  c o n d i t i o n s  so t h a t  a secondary t e r m i n a l  s t e r i l i z a t i o n  18 u s u a l l y  

Trade marks 
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1 1 4  DEAN 

r e n d e r e d  u n n e c e s s a r y .  I n  e i ther  p r o c e s s  t h e  p l a s t i c  m a t e r i a l  o f  c h o i c e  

c a n  be  v a r i e d  b u t  i n  g e n e r a l  t h e s e  are l i m i t e d  t o  low or h i g h  d e n s i t y  

p o l y e t h y l e n e ,  p o l y p r o p y l e n e  o r  copolymer c o m b i n a t i o n s  o f  these.  

The m e r i t s  o r  d e m e r i t s  o f  e a c h  m t e r i a l  depend on b o t h  t h e  p r o c e s s  

a n d / o r  t h e  d e s i g n .  For  i n s t a n c e  low d e n s i t y  p o l y e t h y l e n e  when opened 

is l i k e l y  t o  p r e s e n t  a less h a z a r d o u s  s u r f a c e  b u t  i f  i t  d o e s  n o t  break  

c l e a n l y  t h i s  c a n  a l t e r  t h e  d r o p l e t  s ize  when t h e  c o n t a i n e r  i s  squeezed .  

P o l y p r o p y l e n e  b e i n g  a more r i g i d  material c a n  b e  made i n  t h i n n e r  wall 

s e c t i o n ,  and  p r o v i d e  a c l e a n e r  tear b u t  i f  t h i s  is n o t  a c h i e v e d ,  may  

p r e s e n t  s h a r p  and  j a g g e d  edges. A g e n e r a l  compar i son  t a b l e  i s  g i v e n  

a t  t h e  end  o f  t h i s  s e c t i o n ,  b u t  i n t e r p r e t a t i o n  n e e d s  t o  b e  c o n s i d e r e d  

a g a i n s t  a s p e c i f i c  c o n t a i n e r  d e s i g n .  

I t  i s  t h e  a u t h o r s  o p i n i o n  t h e t  a u n i t  d o s e  p e c h  s h o u l d  be  restricted 

t o  one t r e a t m e n t ,  t h e  eyecsl ,  n o s t r i l [ s ) .  a a r ( s 1 ,  e t c  and  t h a t  any  

r e c l o s u r e  s y s t e m  s h o u l d  b e  a v o i d e d  so as  t o  d i s c o u r a g e  any  r i s k  o f  rnisusa.  

The p r e s e n c e  o f  a r e c l o s u r e  i m n e d i a t e l y  s u g g e s t s  t h a t  it s h o u l d  e i t h e r  be  

restricted to  p r o f e s s i o n a l  a d m i n i s t r a t i o n  o r  raises t h e  q u e s t i o n  a s  t o  

w h e t h e r  a p r e s e r v a t i v e  s h o u l d  b e  i n c o r p o r a t e d  t h u s  r emov ing  o n e  o f  t h e  

a d v a n t a g e s  i d e n t i f i e d  i n  t h e  i n t r o d u c t i o n .  

The use of a p r e f o r m e d  c o n t a i n e r  w h i c h  i s  f a b r i c a t e d ,  t r a n s p o r t e d  

t h e n  f i l l e d  and s e a l e d  a p p e a r s  t o  have  d i s a d v a n t a g e s  o v e r  a f o r m / f i l l / p r o c e s s .  

However t h e  l a t t e r  p r o c e s s  i s  r e l a t i v e l y  e x p e n s i v e  t o  i n s t a l l  and  r e q u i r e s  

r i g i d  c o n t r o l  i n  terms o f  a s e p t i c  t e c h n i q u e s  f t h e  mach ine  is  n o r m a l l y  

s t e a m  s t e r i l i z e d  on a d a i l y  b a s i s ] .  The p r o d u c t i o n  r a t e  u s u a l l y  l i e s  

t e t w e e n  2500 and  5000 u n i t s  p e r  hour ,  b u t  w i l l  I n v a r i a b l y  p r o d u c e  a u n i t  

a t  t h e  l o w e s t  cost p r o v i d i n g  t h e  p r o c e s s  is o p e r a t e d  on  a r n u l t i s h i f t  b a s i s .  
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P A C U G I N G  OF PHARNACEUTICALS. I 115 

P preformed c o n t a i n e r  i s  s t i l l  a v i a b l e  p r o p o s i t i o n  a s  i t  o f f e r s  g r e a t e r  

f l e x i b i l i t y  a t  lower i n i t i a l  cost and can be f i l l e d  and s e a l e d  a t  a h i g h e r  

speed 5000-7000 u n i t s  per hour. These u n i t s  can e i t h e r  be p r e s t e r i l i z e d  

by e t h y l e n e  oxide  or ganna i r r a d i a t i o n  plus  a s e p t i c  f i l l i n g  and s e a l i n g ,  

or t e r m i n a l l y  au toc laved  a f t e r  f i l l i n g  and s e a l i n g  under  c l e a n  c o n d i t i o n s .  

I n  t h e  l a t t e r  i n s t a n c e  polypropylene can  r e a d i l y  wi ths tand  normal a u t o c l a v i n g  

t e m p e r a t u r e s ,  whereas low d e n s i t y  p o l y e t h y l e n e  u s u a l l y  requires lower 

t e m p e r a t u r e s  and t h e  use of a s p e c i a l  e q u a l i z i n g  p r e s s u r e  a u t o c l a v e .  

W i t h  t h e  l a t t e r  it is impor tan t  t h a t  u n i t s  a r e  s e p a r a t e d  from each 

o t h e r  d u r i n g  t h e  a u t o c l a v i n g  p r o c e s s  o t h e r w i s e  adhes ion  between packs 

may occur .  

p r i o r  t o  t h e  s t e r i l i z a t i o n  of  most eye p r e p a r a t i o n s  a s  t h i s  p r o v i d e s  a 

pack which i s  s t e r i l e  i n t e r n a l l y  and e x t e r n a l l y ,  and also r e d u c e s  m o i s t u r e  

loss t h r o u g h  t h e  p l a s t i c .  Whether such a double  pack is e s s e n t i a l  f o r  ear 

and n a s a l  p r o d u c t s  I s  d o u b t f u l  and even for  eye  d r o p s  t h e r e  a r e  d i f f e r i n g  

o p i n i o n s ,  The same t y p e s  of  pack are l i k e l y  t o  f i n d  e x t e n s i o n  of  usage 

w i t h  o ther  p r o d u c t s  - f o r  example steri le n e b u l i z a t i o n  s o l u t i o n s  of up 

t o  5 m l  i n  volume. 

A secondary overwrap such  as a b l i s t e r  or s a c h e t  I s  a p p l i e d  

The compara t ive  t a b l e  which f o l l o w s  is g e n e r a l l y  based on preformed 

c o n t a i n e r s  a l t h o u g h  c e r t a i n  a s p e c t s  would a l s o  a p p l y  t o  a f O r m - f i l l - S e d l  

p r o c e s s .  

B O t h e r  Unit  Dose Forms 

Unit  dose  p r e p a r a t i o n s  have e x i s t e d  I n  such f o n s  a s  t h e  g l a s s  ampoule 

for  i n j e c t i o n  and b o t t l e s  f o r  i n t r a v e n o u s  s o l u t i o n s  for  s e v e r a l  decades.  

More r e c e n t  i n v e s t i g a t i o n s  by h o s p i t a l s  in t h e  USA have i n d i c a t e d  t h a t  t h e  
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118 D U N  

w i c v r  u s a g e  of t h e  u n i t  dose fo rm c a n  g i v e  a t o t a l  c o s t  s a v i n g  e v e n  t h o u g h  

t h E  i n i t s  are  u s u a l l y  m o r E  e x p e n s i v e  t h a n  a n  e q u i v a l e n t  m u l t i a o s e  p r e s e n t a t i o n .  

A l though  o t h e r  c o u n t r i e s  a r e  now c h e c k i n g  w h e t h e r  t h e s e  same a a v a n t a g e s  

a p p l y  t o  t h e i r  h o s p i t a l  s y s t e m s ,  a n y  changz  i s  r e l a t i v e l y  slow when c o s t s  

are n a t i o n a l l y  p a i d  f o r ,  a s  a n y  d i r e c t  i n c r e a s e  i n  t h e  cost o f  packed  d r u g s  

i s  G i f f i c u l t  t o  s u p p o r t  when t h i s  one a s p e c t  i s  c o n s i d e r e d  i n  i s o l a t i o n .  

I r ,  any e v e n t ,  t h e  u n i t  p a c k a g l n g  o f  s o l i d  d o s e  i t e m 5  s u c h  as tab le t s .  c a p s u l e s  

and  powders  i s  u s u a l l y  c o n s i d e r e d  f irst  due t o  t h e  a v a i l a b i l i t y  of s u i t a b l e  

t l i s t e r ,  s t r i p  o r  sachet p a c k a g i n g  m a c h i n e r y .  Wi th  a l l  of t h e s e  p a c k s  t h e  

c o s t  of t h e  p a c k a g i n g  materials t e n d s  t o  be r e l a t e d  t o  t h e  m o i s t u r e  p r o t e c t i o n  

a f f o r d e d .  F o r  i n s t a n c e  l a m i n a t e s  u s i n g  a n  a d e q u a t e  g a u g e  o f  f o i l  c a n  g i v e  

e ~ c e l l e n t  p r o t e c t i o n  i n  s t r i p  a n d  sachet p a c k a g i n g ;  t h i s  p r o t e c t i o n  c a n  b e  

i u p e r i o r  t o  a m u l t i d o s e  pach  where t h e  p r o d u c t  i s  e x p o s e d  t o  t h e  a t m o s p h e r e  

r a c k  time a pach  i s  opened  a n d  reclosed-(  n o t  a c t u a l l y  g u a r a n t e e c :  i n  u s e ) .  

'!owever i n  t h e  c a s e  o f  b l i s t e r  p a c k s  e v e n  t h e  most- e x p e n s i v e  mater ia ls  do  

7,ot g i v e  t o t a l  p r o t e c t i o n  f rom m o i s t u r e  p e r m e a t i o n ,  and i n  s u c h  i n s t a n c e s  

i t  mdq be more e c o n o m i c a l  t o  use a lower  cost  b l i s t e r  material  a n d  e n c l o s e  

each u n i t  [ o r  u n i t s 1  i n  a f o i l  c o n t a i n i n g  o v e r w r a p  e g  sachet o r  a l i n e d  

,:ortun sys t em.  i n  these i n s t a n c e s  i t  h a s  t o  be e s t a b l i s h e d  t h a t  t h e  b l i s t e r  

i-ect. a f f o r d s  a d e q u a t e  shor t  tern p r o t e c t i o n  o n c e  t h e  o v e r w r a p  i s  opened  

a r c  t k  b l i s t e r s  are  e x p o s e d  t c  t h e  a t m s p h e r e .  

S t r i p  p a c k s  c a n  be fabr icated f rom a r a n g e  of materials i . e .  

r e g e n e r a t e 0  c e l l u l o s e ,  c o a t e d  p a p e r s .  t o  complex l a m i n a t i o n s  i n c o r p o r a t i n g  

J,::-GLS ~ m ~ c i n a t i o n s  o f  f i l m s .  f o i l s ,  p a p e r ,  c o a t i n g s  anti  r e g e n e r a t e d  

- ? l i u l o s € .  I n  most i n s t a n c e s  t n e  i n n e r  p l y  - w h i c n  has t o  b e  h e a t s e i l a t l e  

! Cali!  seal F l i e s  3re a v a i l a b l e  b u t  l i t t l e  u s e d )  - u s u a l l y  C o n s i s t s  of a 

-eating o f  PVcC, S u r l y n ,  iow d e n s i t y  p o l y e t h y l e n e ,  a v i n y l  p o l y m e r ,  o r  

copo lymer .  i h e  o t h e r  p l i e s  are  s e l e c t e d  b e c a u s e  o f  a p p e a r a n c e ,  s t r e n g t r , .  

~ 1 s t .  o r  p r o t e c t i v e  propert ies .  F o i l  o f  1 m i l  t h i c k n e s s  and  ntove  hi i s  
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PACKAGING OF PHARMACEUTICALS. I 119 

g e n e r a l l y  been recognised  a s  comnerc ia l ly  p i n h o l e  f r e e ,  b u t  lower gauges 

in t h e  c o r r e c t  combinat ion w i t h  o t h e r  m a t e r i a l s  w i l l  a f f o r d  e x c e l l e n t  

m o i s t u r e  p r o t e c t i o n .  I n  l a m i n a t e s  i n c o r p o r a t i n g  a f o i l  p l y  t h e  product  

shape and s i z e  and t h e  pocket s i z e  may be c r i t i c a l  a s  a t o o  smal l  pocket  

w i l l  pu t  c o n s i d e r a b l e  s t r a i n  on t h e  f o i l  and p o s s i b l y  lead t o  f o i l  

p e r f o r a t i o n  w i t h  r e s u l t i n g  loss i n  p r o t e c t i o n .  T h i s  s i t u a t i o n  can be 

improved by us ing  a preformed pocket  r a t h e r  t h a n  a product  extended pocket .  

The former method of  forming a pocket ( a s  exempl i f ied  by Wrapade equipment)  

can reduce  t h e  pocket  s i z e  by 20-302 and e l i m i n a t e  any stress between the 

product  and t h e  pocket .  M a t e r i a l s  used  f o r  l a m i n a t e s  t o  be s u b j e c t e d  t o  

a preform o p e r a t i o n  m u s t  be s e l e c t e d  f o r  t h e i r  a b i l i t y  t o  w i t h s t a n d  s t r e t c h i n g  

wi thout  p e r f o r a t i o n  and have l i m i t e d  e las t ic i ty .  

S u p p o s i t o r i e s  may be packaged i n t o , p r e f o r m e d  s t r i p s  or b l i s t e r  packs  

which a r e  manufactured s e p a r a t e  t o  t h e  packaging o p e r a t l o n  or made on t h e  

machine I n t o  which a s o l i d  s u p p o s i t o r y  i s  f e d .  

b l i s t e r  may be formed w i t h  a n  open end, i n t o  which t h e  s u p p o s i t o r y  mass 

is hot  f i l l e d ,  s e a l e d  and cooled .  

A l t e r n a t i v e l y  t h e  s t r i p  or 

Blister packaging c o n s i s t s  of  a p l a s t i c  t r a y  w i t h  e l t h e r  a p e e l a b l e  

o r  a push through t y p e  l i d d i n g .  Europe more widely u s e s  t h e  b l i s te r  

pack t h a n  t h e  USA w i t h  a p r e f e r e n c e  f o r  hard tempered f o i l  l i d  which 

p e r m i t s  t h e  product  t o  be pushed or p r e s s e d  through it. A s  a p e e l a b l e  

t y p e  pack r e q u i r e s  a p e r f o r a t e d  a r e a  sur rounding  each  blister ( t o  prevent  

t h e  p e e l i n g  exposing t h e  product  in t h e  a d j a c e n t  b l is ter)  t h e  push t h r o u g h  

pack n o t  on ly  u t l l i r e s  less material b u t  it can  be produced a t  h i g h e r  speeds  

( machine o u t p u t  i s  based on web speed  and number of u n i t s  p e r  u n i t  a r e a ) .  

However a few European machines  a r e  now c o n v e r t i n g  t o  a p e e l a b l e  pack w i t h  

hidden p e e l  f e a t u r e s  i n  o r d e r  t o  meet USA or impending European l e g i s l a t i o n  

on c h i l d  r e s i s t a r , t  packaging.  T h e  push through pack i s  u n l i k e l y  t o  o f f e r  
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1 2 0  DEAN 

& s o l u t e  c h i l d  r e s i s t a n c e .  A l t h o u g h  many p a p e r s  h a v e  been  w r i t t e n  on b l i s t e r  

p a c h a g i n g  by European  a u t h o r s  much of what  has been  s a i d  c o u l d  b e . r e n d e r e d  

o u t  o f  da te  i f  s u b s t a n t i a l  d e s i g n  c h a n g e s  are r e q u i r e d  t o  meet t h e  c h i l d  

r e s i s t a n t  f u n c t i o n .  The b l i s t e r  t r a y  mater ia ls  most w i d e l y  u s e d  a r e  

u n p l a s t i c i z e d  PVC, PVdC c o a t e d  UPVC, WVC/PVdC/WVC sandwich  c o m b i n a t i o n s  

and  PCTFE [ ACLAR or polymonochlorotrifluo~o-ethylenel/WVC, b e i n g  l i s t e d  

i r  a s c e n d i n g  o r d e r  o f  m o i s t u r e  p r o t e c t i o n .  PVdC c o a t i n g s  of 24 g/m2 t o  

6G g / m L  a r e  w i d e l y  u s e d  i n  E u r o p e  w i t h  PCTFE (Aclar)  PVC b e i n g  u s e d  fo r  t h e  

more m o i s t u r e  s e n s i t i v e  p r o d u c t s .  Even t h e  l a t t e r  p r o v i d e s  i n s u f f i c i e n t  

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

t h e  p e r m e a t i o n  l a r g e l y  d e p e n d s  on  b o t h  t h e  u n i f o r m i t y  a n d  t h i c k n e s s  o f  

the  b l i s t e r  a f t e r  f o r m i n g .  

s u c h  a., the b l i s t e r  design, web Speed,  t e m p e r a t u r e .  t y p e  o f  h e a t i n g  of 

t h e  web a t  t h e  f o r m i n g  s t a t i o n  a n d  mode of f o r m i n g .  P r e s s u r e  f o r m i n g  

w i t p ,  p l u g  a s s i s t a n c e  g e n e r a l l y  g i v e s  t h e  most u n i f o r m  w a l l  t h i c k n e s s ,  

p a r t i c u l a r l y  w i t h  t h e  mare complex l a m i n a t e s .  b u t  vacuum f o r m i n g  i s  q u i t e  

s a t i s f a c t o r y  w i t h  a c o r r e c t l y  d e s i g n e d  b l i s t e r  w i t h  b o t h  s t r a i g h t  UPVC and  

PVdC c o a t e d  UPVC. A c h i l d  r e s i s t a n t  b l i s t e r  pack  u t i l i z i n g  p l a s t i c  f o r  

b o t h  the t r a v  and  t h e  l i d  h a s  b e e n  d e v e l o p e d  b y ’ S a u t e r - S p a r k g  [USA). 

T h i s  i n  t u r n  d e p e n d s  on a n u n b e r  o f  f e a t u r e s .  

Othzl  materials and  c o m b i n a t i o n s  of mater ia l  h a v e  been  c o n s i d e r e d  

for b l i s t e r  p a c k s  b u t  f ew have  r e a c h e d  a s t a g e  of c o m n e r c i a l  s u c c e s s  e i t h e r  

t ecause  of  t h e  l a c k  o f  barrier p r o p e r t i e s  o r  b e c a u s e  o f  p o o r  p e r f o r m a n c e  

or, m a c h i n e r y .  P o l y p r o p y l e n e  has f r e q u e n t l y  b e e n  t r i e d  b u t  s u f f e r s  f rom 

p r o b l e m s  due t o  i ts  h i g h  s o f t e n i n g  t e m p e r a t u r e ,  r e l a t i v e l y  n a r r o w  S o f t e n i n g  

sod f o r m i n g  r a n g e  p l u s  a n  i n h e r e n t  c h a r a c t e r i s t i c  o f  g i v i n g  a n  e x c e s s i v e l y  

t t i i n  b l i s t e r  t h 5  g i v i n g  l i t t l e  m e c h a n i c a l  p r o t e c t i o n  a n d  n e g a t i n g  any  

t h e o r e t i c d l  barr ier  p r o p n r t i z s .  I t  h a s  had l imi t ed  s u c c e s s  a s  a s e c o n d a r y  
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PACKAGING OF PHARHACEUTICALS. I 121 

wrap for Minims" a Unit dose eye presentationl which with a paper/heatseal 

lid was suitatle for terminal steam autoclaving. Copolymers of polypropylene 

and talc filled polypropylene will form far more satisfactorily but 

unfortunately these materials then possess moisture barrier properties 

which are similar to PVC. In further attempts to find a replacement for UPVC 

following the VCM saga, a range of modified styrenes and various 

thermnformable polyesters are being experimented with. 

' Trade mark 

C Packs for Intravenous Solutions 

As indicated earlier IV solutions by their mode of usage can be 

considered as a unit dose form. Although glass has maintained a clean bill 

of health, it suffers from inherent weight and fragility factors which 

do not mke it an ideal container in emergency situations where patient 

mobility I s  essential. In such situations plastics have advantages in 

lightness, non breakability plus an additional asset of collapsibility in 

certain designs which renders their use particularly suitable in conditions 

which are far less clean than hospitals. Plasticized PVC, which is 

discussed elsewhere. has so far been the main material of choice due to 

its inherent transparency. In Europe there is however a wide choice of 

containers in polyethylene, and polypropylene in both preformed containers 

and those produced by a form/fill/seal operation on R m l a g  or similar 

type of equipment. Packs produced by this latter process invariably use 

6 weld as the final seal but this does not exclude a use of rubber being 

used as a liner or stopper underneath a seal of plastic. Thus the giving 

set needle first pierces the plastic and then the rubber which provides 

a tight seal around the needle stem and eliminates a possibility that 

during piercing,the inside and outside of the pack are exposed to the 

atmosphere by the needle taper. 
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122 DEAN 

Tne preformed polypropylene  c o n t a i n e r s  widely used i n  Sweden arE 

of r e a s o n a b l e  t r a n s p a r e n c y  and can b e  r e a d i l y  a u t o c l a v e d  wi thout  problems.  

Low d e n s i t y  p o l y e t h y l e n e  c o n t a i n e r s  i n  s p i t e  of  t h e i r  lower  s o f t e n i n g  

poin t  can be s a t i s f a c t o r i l y  a u t o c l a v e d  a t  a s l i g h t l y  lower t h a n  normal 

tempera ture  provided  a n  e q u a l i z i n g  p r e s s u r e  a u t o c l a v e  i s  used and no 

c o n t a c t  i s  made between c o n t a i n e r s  d u r i n g  t h e  p r o c e s s i n g .  T h i s  i s  

sometimes achieved  by i n d i v i d u a l l y  e n c l o s i n g  each p l a s t i c  u n i t  i n  a meta l  

c o n t a i n e r .  Designs a l s o  v a r y  i n  t h e  number of  p o r t s  a v a i l a b l e ,  i . e .  an 

a d d i t i v e ,  f i l t e r  and g i v i n g  set p o r t  be ing  a p o s s i b i l i t y .  S i n g l e  p o r t s  

are used on t h e  Braun p o l y f u s o r  which now has  a break  o f f  t i p .  T h e  

g i v i n g  set t h e n  r e l i e s  on d f r i c t i o n  f i t  i n s i d e  a t u b e .  If i n  t h e  use 

of such packs t h e  rubber  component can be d i s p e n s e d  w i t h ,  t h i s  removes 

one o t h e r  v e r y  obvious s o u r c e  of  o x t r a c t i v e s a n d  p a r t i c u l a t e  contaminat ion .  

P V C  packs which are  f a b r i c a t e d  by high f requency  welding from t u b u l a r  or 

shee t  m a t e r i a l  my have from one t o  t h r e e  p o r t s .  Due t o  t h e  s t a t i c  n a t u r e  

o f  t h e  m a t e r i a l .  f a b r i c a t i o n  has  t o  be c a r r i e d  o u t  under  u l t r a  c l e a n  

c o n d i t i o n s  w i t h  i n t e r m e d i a t e  wrapping i f  component p a r t s  a r e  made s e p a r a t e l y  

t h e n  brought  t o g e t h e r  a f t e r  a s t o r a g e  p e r i o d ,  f o r  weld ing .  Under c o n d i t i o n s  

of good manufactur ing these u n i t s  r e q u i r e  no washing and can produce a 

product  of ex t remely  low p a r t i c u l a t e  l e v e l  provided  t h e  p a r t s  a r e  s e a l e d  

a t  t h e  f a b r i c a t i o n  s t a g e ,  o n l y  opened p r i o r  t o  f i l l i n g  and t h e n  immediately 

s e a l e d .  The f l e x i b l e  n a t u r e  of P V C  p r o v i d e s  good c o l l a p s i b i l i t y  i n  us9 

t h e r e b y  reducing  t h e  r i s k s  of  p d s s i b l e  a e r i a l  contaminat ion .  Due t o  t h e  

r e l a t i v e l y  h igh  moisture p e r m e a b i l i t y  of p l a s t i c i s e d  P V C  an overwrap is 

e s s e n t i a l  t o  reduce  m o i s t u r e  loss which consequent ly  l e a d s  t o  c o n c e n t r a t i n g  

of t h e  s o l u t i o n .  Some manufac turers  a c t u a l l y  add a drop  o f  water  t o  t h e  

overwrap which f u r t h e r  r e d u c e s  losses - t h i s  p r e s e n c e  of w a t e r  should  not  

* Trade mark 
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PACKAGING OF PHARMACEUTICALS. I 123 

be confused w i t h  a d r y  overwrap where t h e  presence  of mois ture  t h e n  i n d i c a t e s  

a l e a k i n g  c o n t a i n e r .  I n  g e n e r a l  p l a s t i c i z e d  PVC, a s  used for I V  packs and 

blood bags c o n t a i n s  no d e t e c t a b l e  l eve l  of  Vm ( v i n y l  c h l o r i d e  monomer). 

D Adminis t ra t ion  of  a tomised p r o d u c t s  

Another product  t r e n d  is t o  g e n e r a t e  smaller p a r t i c l e  sizes from 

l i q u i d s  and powders a s  a means of  e i t h e r  improving a b s o r p t i o n  or g a i n i n g  

a c c e s s  t o  c e r t a i n  organs  of t h e  body ( i . e .  l u n g s ) .  Product  d i s p e r s i o n  or 

a t o m i z a t i o n  ha5 i n  many c a s e s  depended on both  t h e  f o r m u l a t i o n  and how i t  

is dispensed  by a pack. Aerosols and squeezee spray  b o t t l e s  immediately 

come t o  mind. Metered dose  a e r o s o l s  can provide  c l o u d s  of low p a r t i c l e  

s i z e  b u t  a r e  restricted t o  a low dose  s i z e  w i t h  powders and are l i k e l y  

t o  conta in ,  p r o p e l l a n t s  which a r e  c r i t i c i z e d  due t o  a l l e g e d  t o x i c i t y  r i s k s  

or a f f e c t  on t h e  e a r t h s  ozone l a y e r .  The squeezee n a s a l  s p r a y  b o t t l e  has  

served  a useful purpose i n  s p i r e  of  l i m i t a t i o n s  r e l a r e d  t o  s p r a y  break  up 

and dose  v a r i a b i l i t y .  However both these v a r i a b l e s  may make such a pack 

u n s u i t a b l e  f o r  a more c r i t i c a l  dosage product  and t h e r e f o r e  a n  improved pack 

i 5  l i k e l y  t o  be found i n  a metered dose  pump coupled t o  a break up system. 

Such a pack or an a e r o s o l  system [ based on a bag or p i s t o n )  where t h e  

p r o p e l l a n t  I s  s e p a r a t e d  from t h e  product  or is an inert g a s  is l i k e l y  

t o  r e p l a c e  some of t h e  more convent iona l  a e r o s o l s  I f  p r o p e l l a n t s  c o n t i n u e  

t o  be s u b j e c t e d  t o  c r i t i c i s m .  

The quest  f o r  t h e  f i n e l y  d l v i d e d  p a r t i c l e  form which l e a d s  t o  more 

rapid product  a b s o r p t i o n  w i l l  s t i m u l a t e  f u r t h e r  r e s e a r c h  i n t o  break up 

f e a t u r e s  based e i t h e r  on packs  or a s  a t t a c h m e n t s  or as s e p a r a t e  devices .  
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1 2 4  

TI1 PACKAGING MATERIALS 

A P l a s t i c s  - C o n t a i n e r s  a n d  F i l m s  

The p e r c e n t a g e  g r o w t h  o f  p l a s t i c s  is  h i g h e r  t h a n  a n y  other  material 

even  i n  t h e  p h a r m a c e u t i c a l  i n d u s t r y  where t h e  s t r i n g e n c y  o f  t h e  t e s t i n g  

r e q u i r e d  t o  s u p p o r t  t h e  use of p l a s t i c s  i s  ever i n c r e a s i n g .  The uses of 

p l a s t i c s  f o r  p h s r m a c e u t i c a l s  g e n e r a l l y  f a l l s  i n  three categories.  

a )  P r i m a r y  p a c k s  where c o n t a c t  is made be tween  

p r o d u c t  a n d  p a c k .  

b )  S e c o n d a r y  p a c k a g i n g  materials which  may assist  i n  

p r e s e n t a t i o n  a n d  p r o t e c t i o n .  

c )  D e v i c e s  or a d m i n i s t r a t i o n  a i d s  which  may be p r e s e n t e d  

s e p a r a t e l y  from t h e  p r o d u c t  or form a n  i n t e g r a l  p a r t  

o f  t h e  p r i m a r y  p a c k .  

4 l t h o u g h  p a c n a g i n g  i n  p l a s t i c  c o u l d  b e  c o n s i d e r e d  t o  g i v e  a modern 

lmdgf I u s e  o f  f l e x i b l e  low d e n s i t y  p o l y e t h y l e n e  b o t t l e s  began  i n  t h e  

rdriy  5 6 ’ s )  t h e  m a j o r i t y  o f  a p p l i c a t i o n s  c a n  b e  c o v e r e d  by f o u r  materials: 

a l l  o f  w h i c h  dre well e s t a b l i s h e d  i . e .  

The p o l y e t h y l e n e s ,  low, medium a n d  h i g h  d e n s i t y .  

F o l y p r o p b l e n e  a n d  c o p o l y m e r s  of P o l y p r o p y l e n e .  

F o i y s t y r e n e  w i t n  a d d i t i o n a l  l i m i t e d  use o f  i m p a c t  m o d i f i e d  p o l y s t y r e n e .  

I - o l y v i n y l c h l o r i o e ,  u n p l a s t i c i z e d .  m o d i f i e d  a n d  p l a s t i c i z e d .  

L t h e r  p l a s t i c s  a r e  used  i n  e x t r e m e l y  l i m i t e d  q u a n t i t i e s ,  for 

s p e c i a l i s E d  p u r p 0 s e s . a ~  a l l  a re  c o n s i d e r a b l y  more e x p e n s i v e  t b a n  the m i n  
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PACKAGING OF PHARMACEUTICALS. I 125 

four i n d i c a t e d  above. F o r  example t h e  polyamides - a v a r i e t y  of ny lons  - 
a r e  used  f o r  low f r i c t i o n  b e a r i n g s  t o  l i m i t  wear i n  use of moving p a r t s  

i n  devices .  Nylon can wi ths tand  a u t o c l a v i n g  and is u s e f u l  f o r  p r e c i s i o n  

mouldings as i s  a c e t a l  I polyformaldehyde) .  

P o l y e s t e r  is used a s  a p l y  i n  lamina tes ,  p a r t i c u l a r l y  where c h i l d  

r e s i s t a n c e  i s  r e q u i r e d  because it is tough and d i f f i c u l t  t o  t e a r .  P o l y e s t e r  

is now be ing  tested a s  a c o n t a i n e r  f o r  carbonated  d r i n k s  but  has  not  been 

used, a s  y e t ,  f o r  packaging l i q u i d s  i n  t h e  pharmaceut ica l  i n d u s t r y .  Some 

thermoforming g r a d e s  are being used f o r  b l i s te r  packs .  A s  a t h i n n e r  gauge 

can be used and t h e  d e n s i t y  i s  lower t h a n  PVC, p o l y e s t e r  may become a 

c o m p e t i t i v e  m a t e r i a l .  

Ionomer - Sur lyn ' (0upont l  - I s  used i n  laminates a s  a hea t  seal p l y  

s i n c e  It offers e a s i e r  s e a l i n g  t h a n  many a l t e r n a t i v e s  p a r t i c u l a r l y  where 

t h e  s e a l  is contaminated w i t h  powder o r  l i q u i d .  I t  costs approximate ly  

t w i c e  t h e  p r i c e  of LO polye thylene  but  can  be used a t  2/3rds of c o a t i n g  

weight .  I t  can a l s o  be themoformad a s  sof t  blisters. 

P o l y v i n y l i d e n e  C h l o r i d e  (PVdC, S a r a n )  is mainly used as a s o l v e n t  or 
2 

d i s p e r s i o n  c o a t i n g  r a n g i n g  from around 5 g/m2 t o  60 g/m . 
a hea t  s e a l i n g  medium and a barrier c o a t i n g .  

odour ,  oxygen and m o i s t u r e  permeat ion.  The p r o p e r t i e s  of  t h e  f i l m  are 

p o o r e r  t h a n  t h e  d i s p e r s i o n  o r  s o l v e n t  c o a t i n g  m a t e r i a l .  I t  has  had l i m i t e d  

use a s  an i n t e r n a l  or e x t e r n a l  b a r r i e r  c o a t i n g  for  p o l y e t h y l e n e  b o t t l e s .  

It is  used as 

A s  t h e  la t ter , i t  is low i n  

Aclar'  - polymonochlorotrifluorethylene i s  c u r r e n t l y  t h e  h i g h e s t  

c o s t i n g  p l a s t i c  i n  use b u t  offers t h e  best moisturk p r o t e c t i o n .  

Trade mark 
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126 D W N  

It is used laminated to UPVC for blister pac)..aging, in two ions, 

Aclar 22A and Aclar 33C. The former is used in a lamination of 14 ml 

and ii suitable for all types of forming including continuous motion 

vacuum machines. The 3313 material is used at half this thickness i . e .  

? mli anc requires pressure forming preferably with plug assistance. The 

latter is therefore more econoniical particularly as similar moisture 

Drotection is achieved from both materials when thermoformed. 

Further plaetics which have limited usage include polyurethane [lacquers, 

coatings and foams], polycarbonate, polysulphone, poly ( 4 methyl pentme -1 1 

i P X ,  pulytetrafluorethylene IPTFE), styrene - acrylonitrile, acrylonitrile 

butadlene styrene. ethylene vinyl acetate copolymers, end nitriles (Barex). 

Polyurethane foams are prepared from the reaction of polyesters 

ur polyethers with d i  or polyisocyanates in the presence of a foaming agent. 

AlthGugh both have been use'd to replace cotton wool filling in tablet 

containers in that they carry less absorbed moisture. the polyether versions 

are preferre; as the polyesters are more likely to cause product discolourntion 

due t c  surface alkali. 

Co extrusion whereby two or more plies are extruded together 

rnd) find phermaceutical usage elther as bottles or laminates in the future. 

T5e process enables a series o f  plies to be built up so that the proportion 

~4 E B C ~  can b e  used to the maximum effect. The process does however have 

- e F t ; l i n  rertricticps :n that it is only suitatle f o r  long runs, the 

p > c L ~  & J ~ S  must  not have greatly dissimilar softening points, and any Wastage. 

l i e , ~ g  j composite rnateridl, cannot be directly reground and u s e d .  D
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P A C U G I N G  OF PHARMACEUTICALS. I 127 

R e t u r n i n g  t o  t h e  more w i d e l y  u s e d  economica l  mater ia ls  PVC t e n d s  t o  

b e  s u b j e c t e d  t o  t h e  most cr i t ic ism f i r s t l y  b e c a u s e  it i n v a r i a b l y  c o n t a i n s  

t h 6  most  a d d i t i v e s ,  and  s e c o n d l y  b e c a u s e  o f  t h e  more r e c e n t  scare on  

\ , i n y l  c h l o r i d e  monomer 'with i t s  c a r c i n o g e n i c  p r o p e r t i e s .  Most r i g i d  PVCS 

c a n  not, b e  p r o d u c e d  w i t h  monomer l e v e l s  of less t h a n  5 ppm w i t h  some 

b e i n &  less t h a n  Zppm. I n  s p i t e  o f  t h i s , i t s  h i g h  c l a r i t y  offers  a n  

a d v a n t a g e  which none of t h e  o t h e r  lower cost p l a s t i c s  c a n  ma tch  and  t h i s  

f e a t u r e  i s  f r e q u e n t l y  q u o t e d  t o  j u s t i f y  i t s  use f o r  I V  p r o d u c t s  i n  E u r o p e  

a n l  the U S A .  The p o s s i b l e  e x t r a c t i o n  of t h e  p l a s t i c i z e r  - which  may 

b r  p r e s e n t  i n  l a r g e  amoun t s  a n d  also t h e  s t a b i l i s e r  h a s  been  t h e  s u b j e c t  

o f  i n n u m e r a b l e  a r t ic les .  

C r i t i c i s m  of PVC h a s  t h e r e f o r e  l e d  t o  b o t h  more a c t i v e  i n v e s t i g a t i o n s  

i n t o  a l t e r n a t i v e  materials and  more r i g o r o u s  i n  d e p t h  i n v e s t i g a t i o n s  i n t o  

b o t h  PVC and  i t s  a d d i t i v e s .  As a r e s u l t  of t h e  l a t te r ,  a s i t u a t i o n  c o u l d  

b E  r e a c h e d , w h e r e  c e r t a i n  PVC f o r m u l a t i o n s  w i t h  low e x t r a c t i v e s  a n d  h i g h  p u r i t y  

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

t h a n  o t h e r  materials which are  c o n s i d e r e d  safe t o d a y .  T h e s e  factors are 

therefore  p a r t  of modern t r e n d s ,  a l t h o u g h  t h e  b a s i c  p l a s t i c ,  a s  o t h e r s ,  

i s  well e s t a b l i s h e d .  A p l a s t i c i z e d  PVC ' c o l l a p s i b l e '  t u b e  h a s  a l s o  b e e n  

f o r m u l a t e d  wh ich  w i t h  t h e  t h i c k e r  w a x / o i l  t y p e  of p r o d u c t s  a c t u a l l y  does 

c o l l a p s e  i n  use and  therefore  does n o t  s u f f e r  from t h e  t y p i c a l  s n a p  back  

f e a t u r e  o f  o t h e r  p l a s t i c s  ( PE, P.PI, which  p e r m i t s  e n t r y  of a i r  a n d  

mhes s u b s e q u e n t  e x p u l s i o n  d i f f i c u l t .  I t  is f o r  t h i s  r e a s o n  t h a t  p l a s t i c s  

M v e  n o t  g e n e r a l l y  r e p l a c e d  metal c o l l a p s i b l e  t u b e s  f o r  o i n t m e n t s ,  creams 

FIC.  However t h e  p l a s t i c i z e d  PVC t u b e  h a s  had a c o n s i d e r a t l e  s u c c e s s  w i t h  

e y e  p r e p a r s t i o n s  where it e l i m i n a t e s  a n y  r i s k  o f  a n y  s h r e d s  of metal b e i n g  

p r e s e n t .  
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128 D W N  

Polypropylene, although a well established material is stili a 

relatively newxmer to pharmceutical packaging. Initially used in the 

film form as a replacement for regenerated cellulose due to its improved 

dimensional stability it is now finding growing usage as a laminate ply 

and as a strip packaging material. Heatsealable polypropylene is usually 

otjrained by applying a PVOC coating [ which in itself improves the barrier 

properties) or using an ethylene polypropylene copolymer or co extrusion. 

Plastic bottles are also being made from various grades of polypropylene. 

wnere a combination of rigidity and/or snap back can be achieved at a 

relatively low weight ( density 0.911. Biaxial orientation improves 

b o t h  chemical properties and clarity. In the injection moulding field 

polypropylene offers containers with lids or closures with integrally 

moulded lids which exhibit high flexural strength. 

Low, medium and high density polyethylene remain In use both as 

unsupported films e.g. low density f o r  shrink wrapping and in laminates 

where low density is widely used as a heat sealing ply. They are also used 

extensively for containers and closures. Low density is the material of 

choice where flexibility is required I e.g. squeeze bottles1 and high 

Gensity where rigidity and barrier properties are preferred e .g .  tablet 

containers. 

Preparations for multiple use which require a preservative system also 

present problems with many plastics due to sorption and if the preservative 

is vclatile, 105s from the outer surface of the plastic. One obvious way 

of  overcoming this situation is to adopt an unpreserved unit dose form. 

Mowever in many instances this is not pcactical or economical and hence 

alternatives have to be considered either in terms of preservatives or 

tne p l a s t i c  employed. Although it is difficult to generalise on preservatives 
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s o r p t i o n  t e n d s  t o  be g r e a t e s t  w i t h  lo* d e n s i t y  p o l y e t h y l e n e  reducing  w i t h  

HC polye thylene .  po lypropylene  and u n p l a s t i c i z e d  PVC. P l a s t i c i z e d  PVC again  

snows h i g h e r  s o r p t i o n .  Although t h e r e  a r e  many p a p e r s  l i s t i n g  p r e s e r v a t i v e s  

wrtich may or may not  s u f f e r  from s o r p t i o n  t h e r e  a r e  many o t h e r  f a c t o r s  which 

i n f l u e n c e  t h e  s i t u a t i o n  e.g. d i f f e r e n c e s  between g r a d e s  of p l a s t i c .  s u r f a c e  

smoothness and hence a r e a  a v a i l a b l e  f o r  s o r p t i o n ,  volume and t h i c k n e s s  of 

p i a s t i c ,  t y p e  of  c l o s u r e  e t c .  The f o r m u l a t i o n  of t h e  product  [ p a r t i c u l a r l y  

i f  s u r f a c e  a c t i v e  a g e n t s  a r e  i n c l u d e d )  a l s o  p l a y s  a p a r t .  Hence t h i s  

i n f o r m a t i o n  can only  be used as a rough g u i d e  l i n e .  The f i n a l  proof  m u s t  

r e s t  h r i t h  tests on t h e  product  i n  t h e  c o n t a i n e r  of choice .  What probably 

i s  c r i t i c a l  i s  t h e  s o l u b i l i t y  l e v e l  of t h e  p r e s e r v a t i v e  i n  t h e  p l a s t i c  and 

t h e  r a t e  of  l o s s  from t h e  e x t e r n a l  s u r f a c e .  If t h e  former is low, which it 

i s  w i t h  a number of v o l a t i l e  p r e s e r v a t i v e s ,  t h e n  p r e s e r v a t i v e  loss can be 

s topped  or minimised by s e l e c t i n g  a s u i t a b l e  overwrap system, such a s  a 

f l o w  wrap, s a c h e t ,  l i n e d  c a r t o n  e t c .  Although both  i n t e r n a l  and e x t e r n a l  

l a c q u e r  c o a t i n g  systems could  a l s o  p r o v i d e  a n  e f f e c t i v e  means of  r e t a i n i n g  

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

have been d i f f i c u l t  t o  a c h i e v e .  

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

a a d i t i v e s  and/or  r e s i d u e s  which are or may be  p r e s e n t .  

i n c l u d e  any  of  t h e  f o l l o w i n g : -  pigments  and dyes,  p l a s t i c i z e r s ,  s t a b i l i  

A p l a s t i c  c a n  

er 

a n t i - o x i d a n t s ,  a n t i - s t a t i c  a g e n t s ,  U.V. a b s o r b e r s ,  o p t i c a l  whi teners ,  a n t i -  

s l i p  a d d i t i v e s ,  s l i p  a d d i t i v e s ,  impact m o d i f i e r s  and l u b r i c a n t s  p l u s  

n a t u r a l l y  o c c u r r i n g  r e s i d u e s  which may c o n s i s t  of unconverted monomer. 

c a t a l y t i c  r e s i d u e s  or t r a c a s  of e m u l s i f y i n g  a g e n t s .  Although r e s i d u e s  

g e n e r a l l y  occur  a t  t h e  p o l y m e r i s a t i o n  s t a g e  some breakdown p r o d u c t s  can a r i s e  

a t  t h e  convers ion  s t a g e .  

t h &  mixing p r i o r  t o  convers ion  or d u r i n g  t h e  moulding c y c l e .  

A d d i t i v e s  can  be i n c o r p o r a t e d  d u r i n g  MnUfaCtUre. 

I n  i d e n t i f y i n g  
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130 D W  

tne total ingredients o f  a plastic material it is important to estatlish 

m a t  is added or  can arise from the three operations just mentioned. 

For instmce a moulder may employ a heavy metal lubricant such as zinc 

o r  sagnesium stearate which may create an incompatibility problem and 

unless asked whether lubricants are used this information may not be 

volunteered. 

The properties of any plastic which govern its use for pharmaceutical 

purposes can be grouped under the following headings:- permeability, clarity, 

impact resistance, stress creck resistance, compatibility, sterilisability 

and cost. 

Some reference to the sterilization of plastics has been made elsewhere 

in the text. Only a few can be sterilized by dry heat; these include TPX, 

PTFC and certain grades of Aclar and Nylon. Gamna irradistion, usually 

Employing 2.5megarads.  is now widely used for the pre-sterilization of 

containers used in aseptic packaging processes. As with ethylene oxide 

treatmer?t it 1s.nornlal to seal the containers in two separate polyethylene 

Lags. tht obter one being removed in the 'Clean' area and the second in 

the  s t e r i l e  ared. Gamma irradiation is unsuitable fo r  a number of the 

t-.sio&cnated polymers. Ethylene oxide treatment is only suitable for 

pi6srics which are permeable to the gas. After treatment the residual 

Ettmyleno oxide levels have to be reduced due t o  the toxic and hazardous 

nature of the material. Tt,ia can be achieved by forced aeration o r  

jilowing the containers I in double polyethylene Lags1 to remain in d 

Clear Bred for 1 - 2  weeks f o r  natural degassing. Althougi- less than 2OOpm 

p~185 seen considered safe in t t i e  past,efforts are being made t o  reduce 

Jctual levels t o  l e s s  than 50 ppm. A move exists in France for i: llmir 

G f  LFPm hut rlt tt-e rqoment ti-is appears  impractical. 
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PACKAGING OF PHARMACEUTICALS. I 131 

The currently used manufacturing processes for plastic containers 

are injection moulding, extrusion blow moulding, and injection blow moulding. 

The latter process is now widely used for small pharmaceutical containers 

a5 it prOvidEs a better nech finish, less inbuilt strain and generally a 

higher quality product. For decoration purposes there is now a wide choice; 

in moulu debossing and embossing, dry Offset letterpress, hot die stamping, 

letraset, therimage, silkscreen and tempoprint. The latter produces half 

tone prints of up to four colours by an offset gravure process. It is now 

widely used in Europe and is particularly suitable for printing Over radii 

and irregularly shaped items as the transfer medium is an inflated rubber 

bulb or balloon. 

A particularly useful reference book is "Plastic Containers for 

Pharmaceuticals, Testing and Control" by Jack Cooper issued by the World 

Health Organisation, Geneva 1974. Chapters of'the book include the following: 

Plastics for Pharmaceutical Packaging (Current and Future) [IV) 

Potential problems - plastic containers, Including sorption, 
desorption. permeation. photodegradation, polymer 

modification ( V l .  

Relationship of Plastic containers to Dosage Forms (VI1 

Regulatory requirements ( USP, NF, Swiss, French, Nordic, 

British, German and Japanese1 (VIII 

Standards Issued by Standards Institution. (VIII) 

The respective chapter number is indicated in brackets. 

B =  

In considering recent advantages in pharmaceutical packaging it is 

easy to miss out glass simply because it is so well established. Glass 
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132 DEAN 

i s  n o t  o n l y  o n e  of t h e  o l d e s t  p a c h a g i n g  material b u t  i t  has Se rved  t h e  

i n d u s t r y  e x t r e m e l y  w e l l  i n  a m u l t i t u d e  of f o r m s ,  c o l o u r s  and  cOmpOsltiOns.  

As a c o n v e n t i o n a l  c o n t a i n e r  i t  h a s  p a r t i c i p a t e d  i n  r e c e n t  t r e n d s  l e a d i n g  

t o  l i g h t e r  or ' r i g h t '  w e i g h t  d e s i g n s ,  wh ich  u s e  l ess  glass ,  have  a more 

e v e n  wall  t h i c k n e s s .  are u s u a l l y  s t r o n g e r  a n d  are  p r o d u c e d  a t  h i g h e r  s p e e d s .  

S u r f a c e  t r e a t m e n t  by wh ich  t h e  l u b r i c i t y  i s  i n c r e a s e d ,  nave  a l s o  r e d u c e d  

t h e  l i k e l i h o o d  of damage a n d  s u b s e q u m t  b r e a k a g e .  The p h r a s e  ' g l a s s  i s  a s  

s t r o n g  as  i t s  s k i n '  c a n  r e a d i l y  be d e m o n s t r a t e d  i f  b o t t l e s  are t a k e n  d i r e c t l y  

f rom t h e  lehr  e n d  o f  a glass making m a c h i n e  ( no p r e v i o u s  g l a s s  t o  g l a s s  

c o n t a c t 1  a n d  t h e n  p u t  t h r o u g h  a c o n v e y o r  t y p e  p a c k a g i n g  l i n e  wh ich  p e r m i t s  

s u r f a c e  t o  s u r f a c e  b u f f e t i n g .  T h e  b u r s t  s t r e n g t h  of t h e s e  b o t t l e s  c a n  b e  

r e d u c e d  by a p p r o x i m a t e l y  50% d u r i n g  s u c h  a tes t .  The s u r f a c e  c o a t i n g s  used .  

i n c l u d e  s i l i c o n e s ,  t i t a n i u m  d i o x i d e ,  waxes,  waxes  i n  c o m b i n a t i o n  w i t h  

p o l y e t h y l e n e ,  stearates. o r  t i n  t e t r a c h l o r i d e .  Wi th  t h e  l a t t e r ,  t h i s  is 

d o p l i e d  a t  t h e  h o t  e n d  of t h e  l e h r  w i t h  a f u r t h e r  t r e a t m e n t  o f  p o l y e t h y l e n e  

g l y c o l  or stearate a t  t h e  co ld  e n d  of t h e  l e h r .  

r e d u c i n g  i m p a c t s  d u r i n g  t h e  s o r t i n g  o p e r a t i o n  a s  t h e  s l i p  p r o p e r t i e s  

o f  t h e  t i n  t r e a t m e n t  o n l y  becomes f u l l y  e f f e c t i v e  a f te r  a l o n g e r  p e r i o d  

o f  s t o r a g e .  

T h i s  is  n e c e s s a r y  f o r  

As i n d i c a t e d ,  improved  t e c h n i q u e s  a n d  d e s i g n s  h a v e  l e d  t o  S i g n i f i c a n t  

w e i g h t  r e d u c t i o n s  a n d  i n  some i n s t a n c e s  t h e  c o n t a i n e r  w e i g h t  h a s  been  

r e d u c e d  o v e r  50% o v e r  t h e  p a s t  10-15 y e a r s .  Good d e s i g n s  now r e p l a c e  s h a r p  

c o r n e r s  b y  a d e q u a t e  r a d i i ,  have  a drawn i n  ' f o o t '  a t  t h e  b a s e  a n d  a n  

a d e q u a t e  in sweep  a t  t h e  s h o u l d e r .  I n  s p i t e  of  a l l  t h e s e  improvemen t s  

a r g u m e n t s  s t i l l  r a g e  on  t h e  i d e a l  s h a p e ,  p a r t i c u l a r l y  f o r  s o l l d  dose 

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

n e c h  is v e r y  s t r o n g .  c a n  b e  f i l l e d  a t  h i g n  s p e e d s  b u t  wastes s p a c e  when 

s tored.  The  s q u a r e  b o t t l e  w i t h  s l i g h t l y  r a d i u s e d  c o r n e r s ,  c a n  have  a 
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PACKAGING OF PHARMACEUTICALS. I 133 

reasonably  wide neck, d o e s  not  waste  space,  bu t  is  weaker and o f f e r s  a 

mucti s m a l l e r  l a b e l l i n g  s u r f a c e .  One compromise has  been t h e  r e c t a n g u l a r  

b o t t l e  which a l though having a smaller neck a p e r t u r e  [ l e a d i n g  t o  a n  

overhanging cap on many two p i e c e  c h i l d  r e s i s t a n t  c l o s u r e s l  is  q u i t e  

s a t i s f a c t o r y  f o r  most f i l l i n g  speeds  up t o  120 p e r  minute .  

C e r t a i n  co loured  g l a s s ,  a c t i n i c  g r e e n  and amber have been used e i t h e r  

f o r  a p p e a m n c e  o r  t o  reduce  t h e  passage  of UV l i g h t .  Other  c o l o u r s  mainly 

used f o r  t h e i r  d e c o r a t i v e  appearance  have u n t i l  r e c e n t l y  been o n l y  p o s s i b l e  

f o r  l a r g e  o u t p u t s  as a g l a s s  f u r n a c e  once i n s t a l l e d  r u n s  from 3-5 y e a r s  

o n  one c o l o u r .  A more r e c e n t  s y s t e m  p e r m i t s  a c o l o u r i r e r  t o  be added a s  

a f r i t  a t  t h e  f e e d e r  c o n d i t i o n i n g  s t a g e  p r i o r  t o  e x t r u s i o n  a s  gobs o n t o  

t h e  blowing u n i t .  

q u i c k l y  changed from one c o l o u r  t o  another ,  . a l lowing  o n l y  a s h o r t  r u n  o u t  

t ime d u r i n g  changes. The p r o c e s s  s u f f e r s  from one d isadvantage  i n  t h a t  

any u n s a t i s f a c t o r y  c o n t a i n e r s  r e j e c t e d  a t  t h e  s o r t i n g  s t a g e  can be r a r e l y  

reused  a s  c u l l e t .  A minimum run  i n v o l v e s  about  20 t o n s  of g l a s s .  

T h u s  g l a s s  f u r n a c e s  c o n t a i n i n g  w h i t e  f l i n t  g l a s s  can be 

C o n t a i n e r s  such a s  ampoules, v i a l s ,  c a r t r i d g e  tubes .  and more r e c e n t l y  

t h e  b a r r e l s  of d i s p o s a b l e  s y r i n g e s  a r e  made from t u b u l a r  g l a s s .  

ampoules have been w i d e l y  used for over  50 y e a r s  a number o f  p o i n t s  a r e  

worthy of  no te .  

c l o s u r e  but  i n v o l v e s  only  one m a t e r i a l  - g l a s s .  The opening of a g l a s s  

m o o u l e  a f t e r  s c o r i n g  i t  by a s u i t a b l e  means has  been improved by u s i n g  a 

number o f  e a s y  break  f e a t u r e s .  

t h a t  when broken, ampoules i n v a r i a b l y  shed f i n e  p a r t i c l e s  of g l a s s ,  wh ich  

I n  t h t  c a s e s  where c o l o u r e d  e a s y  break  bands are employed, are more readi ly  

v i s i b l e  t o  t h e  user. A number of  a r t i c l e s  have been w r i t t e n  on t h e  hazards  

of i n j e c t i n p .  g l a s s  i n t c  the body but  one must i n v a r i a b l y  r e a c h  t h e  COnClUSlOn 

t h t  t h e  i r i j t c t j o n  o f  any f o r e i g n  body should  be avoided.  

Although 

A p r o p e r l y  s e a l e d  ampoule not  on ly  p r o v i d e s  a n  e x c e l l e n t  

However t h e s e  have not  OverCOme t h e  f a c t  

A f u r t h e r  
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1 3 4  DEAX 

oevelnpment  is t h e  u s e  o f  c l o s e d  ampou les  whereby ampou les  a r e  s e a l e d  by 

the m a n u f a c t u r e r  t h u s  p r o v i d i n g  t h e  p h a r m a c e u t i c a l  u s e r  w i t h  a n  ampoule 

t h d t  uoes n o t  r e q u i r e  wash ing  p r i o r  t o  u s e .  As t h e  ampou les  a r e  s e a l e d  

i n  a hot s t a t e ,  t h e  a t m o s p h e r e  i n s i d e  i s  u n d e r  n e g a t i v e  p r e s s u r e  and  t h u s  

3n i n r u s t i  of a i r  ( and  g l a s s  p a r t i c l e s 1  o c c u r s  i f  t h e  ampou le  i s  n o t  r e h e a t e r :  

p r i o r  t o  o p e n i n g .  Opening t h e  s e a l e d  ampoule i n  t h e  i n v e r t e d  p o s i t i o n  

r e d u c e s  t h e  e n t r y  o f  any  g l a s s  p a r t i c l e s .  As w i t h  blown g l a s s  c o n t a i n e r s  

the t e c h n i q u e s  o f  p r o d u c i n g  c o n t a i n e r s  f rom t u b u l a r  g lass  has a l s o  improved 

a5 s e e n  by t h e  t y p e s  o f  d i s p o s a b l e  g l a s s  s y r i n g e  now p roduced .  These  i n c l u d e  

dud1 compartment  s y r i n g e s  w i t h  a b y - p a s s  z o n e  w h i c h  p e r m i t s  t h e  mix ing  of 

two i n g r e d i e n t s  p r i o r  t o  u s e .  T h i s  is u s e f u l  f o r  p r o d u c t s  w h i c h  once  mixed 

have r e l a t i v e l y  s h o r t  s h e l f  l i v e s .  

I t  n a s  a l w a y s  been  a c c e p t e d  t h a t  glass i s  r e l a t i v e l y  e a s y  t o  c l e a n .  

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

sealed o u t e r s  and  t h e n  s u b j e c t e d  t o  a i r  b lowing  p l u s  vacuum, t o  remove 

any o h v i u u s  c o n t a m i n a t i o n  j u s t  p r i o r  t o  f i l l i n g .  I n  f a c t  t h i s  h a s  a l s o  

been shown t o  g i v e  c o n t a i n e r s  L? lower m i c r o b i a l  c o u n t  t h a n  c o n t a i n e r s  

washed and  a l l o w e d  t o  s t a n d  p r i o r  t o  f i l l i n g .  

p r o d u c t s .  u s i n g  t e r m i n a l  s t e r i l i z a t i o n ,  a r e  i n v a r i a b l y  washed on  t h e  

p r o d u c t i o n  l i n e  i n c o r p o r a t i n g  t h e  f i l l i n g  p r o c e s s .  T h e r e  i s  e v i d e n c e  t h a t  

if g l a s s  i s  p e r m i t t e d  t o  become c o n t a m i n a t e d  f rom g e n e r a l  a t m o s p h e r i c  

anu f i b r o u s  s u D s t a n c e s  e . g .  from f i b r e b o a r d  o u t e r s  c l e a n i n g  is n o t  t h a t  

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

Tor. p a r t i c u l a t e  matter as i n  I V  s o l u t i o n s .  In these i n s t a n c e s  t h e  use o f  

2 rutber s t o p p e r  a d d s  a n o t h e r  s o u r c e  o f  c o n t a m i n a t i o n  and  a l t h o u g h  t n e r e  

i s  s t r o n g  e v i d e n c e  t h a t  t h i s  c a n  be improved by u s i n g  l a c q u e r e d  r u b b e r  

s t o p p e r s  some e v i d e n c e  i n d i c a t e s  t h e  c o n t r a r y .  One t h e r e f o r e  m i g h t  c o n c l u a e  

t l l h t  g l a s s  b o t t l e s  s h o u l d  be washed and  u s e d  as  soon  as p o s s i b l e  a f t e r  

! r , anu tac tu re  i a f o r m / f i l l / s e a l  o p e r a t i o n  would n o t  ne p r a c t i c a l  w i t h  blown 

Thus  g l a s s  u s e d  f o r  s t e r i l e  
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PACKAGING OF PHARMACEUTICALS. I 135 

glass but might be possible with tubular glass) and that if rubber could 

be eliminated, particulate matter should no longer be a problm. 

Glass can be sterilized by any process but dry heat is preferred if 

aseptic processing is to be used. t a m  irradiation causes discolouration 

to all g lasses  and although a sterile container results the unsightly 

appearance does not lead to ethical acceptance. 

Any glass container is only as good as its closure. An effective 

sea l  is normally achieved by pressure between a hard material - the glass 
itself - and a resilient wadding into which the former embeds. The wad 

is faced with a material which i s  compatible with the product and has 

the appropriate barrier properties. Some one piece wadless closures 

nioulded in thermoplastic materials have been shown to give adequate moisture 

protection,at a lower cost than their wadded equivalents. Thermoplastic 

closures are also used on finishes other than screw necks eg. the push in 

o r  snap over types. Compartmental closuring systems are available so 

ttat a solvent or carrier and a drug substance can be separated in a 

container until the product is required for use. A diaphragm can then be 

broken and the granule or powder allowed to transfer to the solvent for 

dispersion or solution, This provides a convenience pack for items which 

have a limited s h e l f  life once mixed with a solvent or  carrier. Another 

more recent innovation is the use of a diaphragm seal based on polyester/ 

foil or other combinatiorls. The diaphragm is integrally applied in a 

screw closure, following which the diaphragm is induction sealed through 

ttie cap. The principle can be used for plastic or glass but in the case 

of liquids the seal  can be weakened or  lost with time. LIn dry products 

it acts a5 botr, a moisture barrler and a tamperproof seal. 
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136 DEAN 

I n  t he  a rea  of i n j e c t a b l e  products  which employ e i t h e r  a rubber 

stopper or d i s c  the  idea l  rubber has yet t o  be found although the re  i s  a 

constant search f o r  an a l t e r n a t i v e  ma te r i a l  which e x h i b i t s  a l l  t h e  des i red  

a rope r t i e s .  

o a r 5 i c l t s  and fo re ign  ma t t e r ,  compa t ib i l i t y  i n  i ts  widest  sense,  and 

c!lysical c h a r a c t e r i s t i c s .  The l a t t e r  inc lude  ease  of p ie rc ing ,  r e s e a l a t i l i t y .  

corirlg and fragmentation whereby p i eces  o f  rubber a r e  detached o r  cut o u t  

wncn Ctte r u b b e r  is pierced  by a needle.  

Bas i ca l ly  t h e  problem can be i d e n t i f i e d  between r e l e a s e  of 

S a t i s f a c t o r y  performance w i t h  respec t  t o  these  phys ica l  c h a r a c t e r i s t i c s  

more r ead i ly  achievable  when a l l  rubbers  were of n a t u r a l  o r i g i n .  

?;ntttetic rubbers a r e  undoubtedly poorer i n  t h i s  r e spec t  but i t  m u s t  

t t '  dnr,kasiseC t h a t  few c o u n t r i e s  have s tandard  test procedures by w h i c h  

; l i t t r r e n t  rubber formula t ions  can be compared o r  r e s u l t s  equated w i t h  

",',<I: is i i k t l y  ?C occur i n  a p r a c t i c a l  s i t u a t i o n .  Over t h e  years  bu ty l  

.rb: r l o r i n e t e c  rubber components have become widely used a s  t h e s e  possess 

i e r t  -Geing c t , a r a c t e r i s t i c s .  low permeabi l i ty  t o  oxygen and moisture,  

. v ,  t ' : ~ J L ~ ~ V E E  2nd low absorp t ion  of p re se rva t ives  ( p a r t i c u l a r l y  phenol] 

. I  . ~ O I I  !ni l edcr ing  can a l s o  t e  reduced by u s i n e  a f ac ing  of p o l y t e t r a -  

- ' .  I c : r , J t . rc  C,ut t t , i s  adds considerat!ly t o  t h e  c o s t .  Leaching i s  a l s o  

, r ' :  - ' ;  r s f l u c d  cy e p o x y  lacqtier coa t ings .  However a s  mentioned above 

I c rt.' 1 .. : . t i 1  1 Frccaedin@ t o r  f o r w l a t i o n s  wI I c h  o f f e r  b e t t e r  physical  . .  

. i1twr.r r u t h e r  formula t ions  inc lude  ch lo r ina t ed  b u t y l .  

. . - " f  ,'>.:, . i ' r ~ ,  ~ . ~ n y l e r , e - ~ r o p y l e r e - d i e n e  and scecia11) cured grades  free 

~ ) .  . . - ; r , ~   it?^. i r  sl: ins tz rcer ,  t he  c l r en ing  process  i s  b n  

; . r :  ,'* ; . ~ t ; ; , r ~ i t ; ~ r !  ~ : i c r  t u  use. Ttis wos g i v c n  a t tLrough 

, , r , ,  ;I i .  :r; 1'7 ' .  f lost rutlt,Pr c?mpir.crts are !.;gtl?ly s i l i c o n i s e d  

, -  
I ._  

, i r c ' ~ r e d  c t t . r r \ . i < i .  
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137 

Metals  s u c h  a s  aluminium and t i n p l a t e  f i n d  v a r i o u s  u s e s  i n  t h e  packaging 

of pharmaceut ica ls  bo th  f o r  c o n t a i n e r s  and closures. 

Perhaps  t h e  most widespread usage - I n  terms of packs i f  n o t  tonnage  

is t h a t  of aluminium f o i l  f o r  blister,  s t r i p  or s a c h e t  packaging.  The 

main f u n c t i o n  of  t h e  f o i l  - which is u s u a l l y  c o a t e d  or lamina ted  t o  o t h e r  

m a t e r i a l s  - is t o  provide  a s u p e r i o r  b a r r i e r  a g a i n s t  m o i s t u r e  vapour, 

g a s e s  e t c  which cannot  be e q u a l l e d  by even t h e  most impermeable p l a s t i c s  

f i l m .  The use of aluminium f o i l  for  blister and s t r i p  packaging i n  

p a r t i c u l a r  w i l l  grow w i t h  any g e n e r a l  t r e n d  towards  u n i t  packaging 

whether  f o r  c h i l d  r e s i s t a n c e .  convenience,  p roduct  s e c u r i t y  or o t h e r  

reasons .  Gauges of f o i l  a r e  g r a d u a l l y  being reduced  but  t h i s  t r e n d  

has  t o  be c a r e f u l l y  balanced a g a i n s t  t h e  i n c r e a s e d  chances o f  p i n h o l e s  

i n  f o i l  below 1 m i l  t h i c k n e s s  and t h e  subseauent  r e d u c t i o n  I n  barrier 

p r o p e r t i e s .  

Extruded c o l l a p s i b l e  t u b e s  f a b r i c a t e d  from t h e  s o f t e r  metals ( mainly 

aluminium) a r e  s t i l l  used f o r  packaging many pharmaceut ica l  o i n t m e n t s  

and creams.  The impermeabi l i ty  of  t h e  b a s i c  material and t h e  c o l l a p s i b i l i t y  

o f  the  t u b e  e n s u r e s  t h a t  t h e  product  is p r o t e c t e d  from atmospher ic  or 

b a c t e r i a l  contaminat ion  d u r i n g  s t o r a g e  and use. T h i s  is  a n  advantage  

over most p l a s t i c  tubes which a r e  both  permeable and t e n d  t o  s p r l n g  back 

d u r i n g  use i.e. t h e y  a r e  n o t  cample te ly  c o l l a p s i b l e .  

a f a i r l y  r e a c t i v e  meta l  and developments  have c o n c e n t r a t e d  on improved 

i n t e r n a l  c o a t i n g s  e .g .  v i n y l s  and epoxys which a r e  a p p l i e d  by s p r a y i n g  

and e n a b l e  even a g g r e s s i v e  p r e p a r a t i o n s  t o  be packod. 

However aluminium is 
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A r e L e n t  dcvelopnient  w h i c h  combines  t h e  i m p e r m e a b i i i t y  Lf aluminium 

f o i l ,  t t w  c o m p a t i b i l i t y  o f  p l a s t i c s  f i l m s  and t h e  o i s p a n s i n g  c o n v e n i e n c e  

o f  a c o l l a p s i b l e  t u b e  i s  t h e  "Glamina te"  t u b e  ex  C o n t i n e n t a l  Can. This 

c o n s i s t s  o f  a c y l i n d e r  of'  a complex f o i l  based  l a m i n a t e  w h i c h  i s  h e a t  

s d a l e d  t o  i t s e l f  t o  fo rm a t u b a  o n t o  which i s  welded a p l a s t i c s  s h o u i d e r  

a n d  n o z z l e .  These  t u b e s  c a n  be f l a t t e n e d  i n  t h e  same way a s  a c o n v e n t i o n a l  

metal t u b e  b u t  c a n n o t  be r o l l e d  up a s  e a s i l y .  

R i g i d  a lumin ium e x t r u d e d  c o n t a i n e r s  are u s e d  f o r  p a c k i n g  a r a n g e  

o f  d r y  p r o d u c t s ,  t a b l e t s ,  c a p s u l e s ,  powders  e tc  as  a l t e r n a t i v e s  t o  g l a s s  

or  p l d s t i c  b o t t l e s .  Such  c o n t a i n e r s  a r e  c o n s i d e r e d  t o  have a more modern 

image t h a n  g l a s s  and r i v a l  t h e i r  p l a s t i c s  c o u n t e r p a r t s  i n  b e i q g  compact 

l i g h t  a n d  r o b u s t .  

s c rew c l o s u r e s  t e n d  t o  b e  less e f f e c t i v e  - e s p e c i a l l y  i n  l a r g e r  d i a m e t e r s  - 

due t o  J l a c k  of r i g i d i t y .  

A l though  t h e  b a s i c  material is  as impermeab le  a s  glass 

S i m i l a r  a lumin ium e x t r u d e d  c o n t a i n e r s  a r e  u s e d  e x t e n s i v e l y  f o r  

p h a r m a c e u t i c a l  a e r o s o l s  a.g. i n h a l a t i o n  d e v i c e s .  n o s e  and t h r o a t  s p r a y s .  

These one  p i e c e  IMonoblocl c o n t a i n e r s  are e l e g a n t ,  c l e a n ,  eas i ly  s t e r i l i z e d  

dnd can  be f i t t e d  w i t h  a r a n g e  o f  d i s p e n s i n g  v a l v e s  a n d  a p p l i c a t o r s  i n c l u d i n g  

a o s e  m e t e r i n g  d e v i c e s .  

I n  a d d i t i o n  t o  Monobioc c o n t a i n e r s  l a r g e r  s i z e s  of  a e r o s o l s  may be  

c o n s c r u c t e d  from opcr, m d a a  dluminium e x t r u s i o n s  w i t h  seamed on t i n p l a t e  

t d w L  ( T O T  s t r e n g i r i  o r  k i l t  up irofr, t i n p l a t e  sheet. The C h o i c e  d e p e n d s  

or, m d ,  t a c t o r 5  i r i c lu l l i ne  opGaarance ,  p r o d u c t  c o m p a t i b i l i t y  and c o s t .  

I t  i a  cornion t o  use i n t e r n a l  c o a t i n g s  i n  o r d e r  t o  a c h i e v e  p r o o u c t  c o m p a t i b i l i t )  

2nd iwoii l  t"e r i s h  o i  c o r r o s i o n  where t i n p l a t e  i s  i n v o l v e d .  
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Recent developments in can making Such as the draw and wall ironing 

technique and the draw and re-draw technique tend to be adopted more s l o w l ~  

by the pharmaceutical industry due to the large capital investment required 

and the relatively small offtake for pharmaceutical packaging compared witt, 

foodstuffs and household consumer goods. 

Sheet materials are also used f o r  making shallow drawn Containers 

for ointments, creams and solid dose forms. 

container is losing ground to plastics frzr ointments and creams in 

particular on marketing considerations, certain pharmaceutical preparatioos 

are incompdtible with the most commonly used plastics and will therefore 

remain in metal containers. 

Although this type of 

Metals are used as closures both of the pre-formed variety as 

alternatives to plastics e.g. tinplate screw caps and of the partly-formed 

type e.g. aluminium roll-on Caps, roll-on-pilferproof caps and crimp on 

seals .  These aluminium closures rely on the Inherent malleability of t h e  

material f o r  application. Metals are also used for  components In aerosol 

valves metering pumps and as injection needles for administering fluids. 

To summarize, although metal is still extensively used for pharmaceutical 

products the number of new applications is limited. Furthermore in areas 

where metals are w e l l  established there is a constant endeavour t o  replace 

them as the basic material cost and the cost of fabrication rises. 

‘The remainder of t h i s  paper will be published in Drug Development 
Communications, V o l .  2. # 3 .  \ 
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