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THE TESTING OF PRESERVATIVES FOR OPHTHALMIC PREPARATIONS . 1, 

R . J .  IIobbs, S . A .  S a s i  and D . J . G .  D a v i e s ,  Schoo l  o f  Pharmacy and Pharmacology,  
U n i v e r s i t y  of Bath ,  Bath ,  U . K .  

The p r e s e r v a t i o n  o f  oph tha lmic  p r e p a r a t i o n s  a g a i n s t  b a c t e r i a l  c o n t a m i n a t i o n  and 
growth  i s  g e n e r a l  and i s  off,* mandatory .  C l e a r  e v i d e n c e  i s  s t i l l  needed  
c o n c e r n i n g  t h e  e f f i c i e n c y  of  t h e  compounds and c o n c e n t r a t i o n s  u s e d ,  a l o n e  and i n  
combina t ion  w i t h  f o r m u l a t o r y  a d d i t i v e s .  Some cOIMIerCl.ally a v a i l a b l e  c o n t a c t  l e n s  
s o l u t i o n s  may be i n a d e q u a t e l y  p r e s e r v e d  (Nor ton ,  &, 1 9 7 4 ) ,  and a s i m p l e ,  
r a t i o n a l  and r e p r o d u c i b l e  c h a l l e n g e  t es t  i s  needed t o  s t u d y  t h e s e  e f f e c t s .  

The main test organism chosen  w a s  S t aphy lococcus  a u r e u s  NCTC 6571, w h i l e  
B a c i l l u s  s u b t i l i s  NCTC 3610, E s c h e r i c h i a  coli NCTC 1157 and Pseudomonas 
a e r u g i n o s a  NCTC 6750 were used  i n  c o n f i r m a t o r y  tes ts .  C h l o r h e x i d i n e  d i g l u c o n a t e  
was t h e  main test p r e s e r v a t i v e .  C e l l s  w e r e  grown a t  37O i n  a s h a k i n g  water b a t h  
i n  a f u l l y  s y n t h e t i c  medium (Mah e t  a1 1967)  w i t h  g l u c o s e  a s  t h e  main ene rgy  
s o u r c e .  Three  s u b c u l t u r e s  w e r e  needed  f o r  f u l l  a d a p t a t i o n ,  and 24 hour-o ld  
s t a t i o n a r y  phase  (SYN) c e l l s  from t h e  t h i r d  s u b c u l t u r e  w e r e  c o l l e c t e d  on 0.45pm 
membranes, washed w i t h  and a d e q u a t e l y  d i s p e r s e d  i n  M9 s o l u t i o n .  They w e r e  
d i l u t e d  t o  approx ima te ly  107  v i a b l e  cells.ml-1 and h e l d  a t  room t e m p e r a t u r e .  

Fo r  t h e  t e s t ,  cel ls  w e r e  added t o  prewarmed, a s sayed  p r e s e r v a t i v e  s o l u t i o n  h e l d  
a t  250 i n  a c o n i c a l  f l a s k  t o  a f i n a l  c o n c e n t r a t i o n  o f  106 c e l l s . m l - I .  Samples 
w e r e  wi thdrawn a t  t imed i n t e r v a l s ,  immedia te ly  i n a c t i v a t e d  i n  t h i o g l y c o l l a t e /  
l e c i t h i n / p o l y s o r b a t e  80 quench ing  m i x t u r e  and s u b s e q u e n t l y  coun ted  u s i n g  M 9  
s o l u t i o n  as t h e  d i l u e n t .  A l i q u o t s  w e r e  p l a t e d  on Tryptone-soy  a g a r ,  i n c u b a t e d  
a t  37O for 24 hour s  o r  more and coun ted .  From t h e s e  s u r v i v o r  c u r v e s  \.ere 
c o n s t r u c t e d .  The p r o c e s s  w a s  a l s o  used  w i t h  c e l l s  grown i n  Tryptone-soy  b r o t h  
f o r  compara t ive  pu rposes  (TS c e l l s ) .  

The s i g n i f i c a n c e  o f  t h e  v a r i a b l e s  i n  t h i s  sys tem w e r e  examined i n  some d e t a i l .  
Growth c u r v e  d e t e r m i n a t i o n s  showed t h e  need f o r  a t  l e a s t  t h r e e  s u b c u l t u r e s  f o r  
f u l l  a d a p t a t i o n  o f  S Y N  ce l l s  b u t  n o t  of TS cel ls .  O p t i c a l  d e n s i t y / v i a b l e  coun t  
c a l i b r a t i o n  c u r v e s  w e r e  e s t a b l i s h e d  f o r  a l l  t h e  tes t  o rgan i sms  and t h e  h i g h  
i n a c t i v a t i n g  c a p a c i t y  o f  t h e  quench ing  medium f o r  c h l o r h e x i d i n e  demons t r a t ed .  
Some r e g u l a r  v a r i a t i o n  i n  t h e  b e h a v i o u r  o f  v a r y i n g  inoculum number and age  w a s  
shown and needs  f u r t h e r  i n v e s t i g a t i o n .  

Wi th  c h l o r h e x i d i n e  a t  l eas t ,  t h e  t r u e  form o f  t h e  s u r v i v o r  c u r v e  seems t o  be 
s igmoid ,  w i t h  a pronounced t a i l  a t  l o w  s u r v i v o r  l e v e l s .  Q u a n t i t a t i v e  a n a l y s i s  
o f  s u c h  c u r v e s  i s  d i f f i c u l t  b u t  p r o b i t  t r a n s f o r m a t i o n  l e a d s  t o  l i n e a r  r e s p o n s e s  
which c a n  be  c h a r a c t e r i s e d  by t h e i r  s l o p e  and i n t e r c e p t  v a l u e s .  Us ing  t h i s  
a n a l y s i s  t h e  e f f e c t  of e x p e r i m e n t a l  v a r i a b l e s  w a s  i n v e s t i g a t e d .  

The SYN ce l l s  proved t o  be  g e n e r a l l y  more r e s i s t a n t  t o  c h l o r h e x i d i n e  t h a n  TS 
c e l l s ,  w h i l e  showing s i m i l a r  r e s p o n s e s  t o  changes  i n  c h l o r h e x i d i n e  c o n c e n t r a t i o n ,  
e x p o s u r e  t e m p e r a t u r e  and pH. Of t h e  a d d i t i o n a l  b u f f e r  s u b s t a n c e s  t e s t e d ,  TRIS 
and c i t r a t e  reduced  t h e  a c t i v i t y  of c h l o r h e x i d i n e  below t h a t  o f  t h e  d i l u t e d  M9 
a t  t h e  same pH, c i t r a t e  t o  a greater e x t e n t  t h a n  TKIS. The sys t em gave  
s a t i s f a c t o r y  r e s u l t s  u s i n g  c h l o r h e x i d i n e  v. E . c o l i ,  P s .  a e r u g i n o s a  and 
B. s u b t i l i s ,  and w i t h  benza lkonium c h l o r i d e ,  c h l o r b u t o l  and t h i o m e r s a l  v .  Staph. 
a u r e u s .  The l a t t e r  p r e s e r v a t i v e  a p p e a r s  t o  have l i t t l e  a c t i v i t y  o v e r  t h e  t i m e  
s c a l e  used .  
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