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THE A C T I O N  OF 8-PHENOXYETHANOL UPON PSEUDOMONA S A F R U G I N O  SA NCTC 6749 

E.G. Beveridge,  I a n  Boyd and G.W. J e s s e n ,  School of  Pharmacy, 
Sunderland P o l y t e c h n i c ,  Sunderland.  SR1 3SD, U.K. 

The a c t i o n  of  phenoxyethanol upon Pseudomonas aeruginosa  NCTC 6749 was 
s t u d i e d  us ing  c u l t u r e s  growing i n  v a r i o u s  media and washed suspens ions  
prepared  from s t a t i o n a r y  phase ( 2  hours )  carbon- l imi ted  ( s u c c i n a t e )  l i q u i d  
c u l t u r e s .  

Up t o  t h e  minimum growth i n h i b i t o r y  c o n c e n t r a t i o n  ( M I C )  ( c i r c a  0.25% w/v) 
phenoxyethanol d i d  n o t  induce g r o s s  morphological  changes i n  growing c u l t u e s ,  
and l i t t l e  b a c t e r i c i d a l  a c t i v i t y  occurred  with washed suspens ions  below 0.8% 
w/v (LT 90% = 240 min.) . 
A 1% w/v s o l u t i o n  had modest b a c t e r i c i d a l  a c t i v i t y  (LT 90% = 10.3 min.)and a 
c o n c e n t r a t i o n  exponent ( 7 )  of 11.8 w a s  determined.  
o f  drug  were adsorbed and a C-type a d s o r p t i o n  i so therm o b t a i n e d  wi thout  a n  
i n f l e x i o n  o r  s a t u r a t i o n  p l a t e a u .  

Treatment o f  t h e  c e l l s  with phenoxyethanol, even a t  markedly b a c t e r i c i d a l  
c o n c e n t r a t i o n s  (LT 99% < 0.5 min.) , r e s u l t e d  i n  leakage  i n t o  t h e  suspending 
menstruum of only  low l e v e l s  of  g e n e r a l  i o n i c  materials as e s t i m a t e d  by 
c o n d u c t i v i t y  measurements. A small propor t ion  of  t h i s  w a s  shown t o  be inorganic  
phosphate i o n s ,  and o n l y  very low l e v e l s  o f  pentose-conta in ing  and p u r i n e ,  o r  
pyrimidine-containing cytoplasmic m e t a b o l i t e s  could  be d e t e c t e d ,  This  i n d i c a t e s  
t h a t  phenoxyethanol d i d  n o t  cause  g r o s s  damage t o  t h e  osmo-regulatory p r o p e r t i e s  
of  t h e  cytoplasmic membrane. 

The a b i l i t y  of  phenoxyethanol t o  uncouple o x i d a t i v e  phosphoryla t ion  was 
i n d i c a t e d  by its a b i l i t y  t o  t r a n s l o c a t e  pro tons  a c r o s s  t h e  cytoplasmic 
membrane even a t  low drug  l e v e l s  (0.1% w/v) , 
i o n s  from c e l l s  s i m i l a r l y  occurred  a t  t h e s e  low drug  l e v e l s .  
o f  e x t e r n a l l y  added s u b s t r a t e s  by c e l l  suspens ions  w a s  markedly s e n s i t i v e  t o  
phenoxyethanol, 0.5% w/v caus ing  almost  complete i n h i b i t i o n .  
i n h i b i t i o n s  v a r i e d  s l i g h t l y  i n  t h e  o r d e r  g lucose  < s u c c i n a t e  < l a c t a t e  < 
o x a l o a c e t a t e  < pyruvate  < malate. 

Complete, i r r e v e r s i b l e ,  o x i d a t i o n  of  t h e  t e r m i n a l  r e s p i r a t o r y  cytochrome c h a i n  
w a s  induced by b a c t e r i c i d a l  drug  l e v e l s  (1% W/V and above) .  
c o n c e n t r a t i o n s  induced a s i m i l a r  b u t  i n c r e a s i n g l y  t r a n s i e n t  and l e s s  e x t e n s i v e  
o x i d a t i o n  with no observable  e f f e c t  at  t h e  M I C .  

These f i n d i n g s  s u g g e s t  d i f f e r e n c e s  i n  t h e  mode(s) of  a c t i o n  o f  phenoxyethanol 
upon Ps.  aeruginosa  and E s c h e r i c h i a  coli 
a,  b ,  c r  Both organisms demonstrated s i m i l a r  h igh  s e n s i t i v i t e s  t o  potassium i o n  
e f f l u x ,  pro ton  t r a n s l o c a t i o n  and i n h i b i t i o n  of exogenous s u b s t r a t e  r e s p i r a t i o n ,  
However, g e n e r a l i s e d  gross damage t o  t h e  cytoplasmic membrane w a s  a s s o c i a t e d  with 
b a c t e r i c i d a l  a c t i v i t y  i n  g. 
a t t a c k e d .  
(E. - c o l i ,  "I = 6.3) may r e f l e c t  i ts greater r e s i s t a n c e  t o  p e n e t r a t i o n  of  
phenoxyethanol and,  o r ,  p o s s i b l e  d i f f e r e n t  s i tes  o f  a c t i o n  i n  both  organisms. 
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