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ABSTRACT 

I n  t h i s  s t u d y  t h e  e f f e c t i v e n e s s  of p r e s e r v a t i v e s  
i n  twelve  c u r r e n t l y  used a n t a c i d  suspens ions  w a s  
e v a l u a t e d .  I n  e i g h t  of t h e  twelve  f o r m u l a t i o n s ,  
hydroxybenzoates  were used as p r e s e r v a t i v e .  Only f o u r  
of  t h e s e  p r o d u c t s  m e t  t h e  e x i s t i n g  USP X X I  

r equ i r emen t s .  One of t h e  d i s c a r d e d  p r o d u c t s  
s y s t e m a t i c a l l y  c o n t a i n e d  a contaminant  be long ing  t o  
t h e  Pseudomonas group.  Of t h e  remaining f o u r  p r o d u c t s  
w i t h  o t h e r  p r e s e r v a t i v e s ,  two f a i l e d  t h e  USP X X I  

c h a l l e n g e  tes ts .  The main c a u s e  of a l l  f a i l u r e s  w a s  
t h e  i n c o m p a t i b i l i t y  of pfl w i t h  t h e  p r e s e r v a t i v e s  
choosen. E s p e c i a l l y  t h e  c h a l l e n g e  test w i t h  t h e  Ps.  - 
ae rug inosa  s t r a i n  posed t h e  g r e a t e s t  d i f f i c u l t i e s .  
However t h e  Pseudomonas r e s u l t s  were n o t  a lways  e a s y  
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1430 VANHAECKE E T  A L .  

t o  i n t e r p r e t e ,  p a r t i a l l y  due t o  t h e  l a c k  of 
i n t e r p r e t a t i o n  c r i t e r i a  a t  t h e  seventh and t h e  
twenty f i r s t  day. Therefore  w e  propose a t h r e e  p e r c e n t  
bacter ia l  concen t r a t ion  l e v e l  as an a d d i t i o n a l  pass-  
f a i l  c r i t e r i o n  f o r  t h e  seventh and twenty f i r s t  day. 

INTRODUCTION 

The importance of p r e s e r v a t i v e s  i n  s t e r i l e  
mult idose p r e p a r a t i o n s  i s  g e n e r a l l y  recognized ( 7 ,  1 3 ,  

1 4 ) .  Thei r  func t ion  i s  t o  main ta in  s t e r i l i t y  i n  o r d e r  
t o  ensure t h e  s a f e t y  of use  of t h e  p repa ra t ion .  

O r a l  a n t a c i d  suspensions belong t o  t h e  so -ca l l ed  
n o n - s t e r i l e  drugs .  They are no t  dispensed a s  s te r i le  
products  b u t  n e v e r t h e l e s s  bac te r ia l  contaminat ion has  
t o  be avoided. This  could indeed l e a d  t o  d e t e r i o r a t i o n  
of t h e  product  and form a p o t e n t i a l  danger f o r  t h e  
p a t i e n t s  h e a l t h  ( 9 ,  1 3 ) .  

Good microbio logica l  q u a l i t y  of t h e  product  i s  
f i r s t  of a l l  achieved by r e s p e c t i n g  t h e  GMP-rules. I n  
a d d i t i o n ,  t h e  inco rpora t ion  of a p r e s e r v a t i v e  should 
prevent  excess ive  p r o l i f e r a t i o n  of b a c t e r i a l  o r  fungal  
contaminants,  in t roduced  dur ing  manipulat ion of t h e  
product by t h e  p a t i e n t .  

The choice of t h e  p r e s e r v a t i v e  depends on s e v e r a l  
f a c t o r s ,  such as c o m p a t i b i l i t y  w i th  o t h e r  i n g r e d i e n t s  
and pH, t h e  l a t t e r  poss ib ly  being of s u b s t a n t i a l  
importance i n  a n t a c i d  suspens ions .  I t  i s  a l s o  be ing  
described t h a t  c e r t a i n  subs tances  such as magnesium 
t r i s i l i ca t e  and b e n t o n i t e ,  p r e s e n t  i n  a n t a c i d  
formula t ions ,  a r e  coun te rac t ing  t h e  a c t i v i t y  of c e r t a i n  
p r e s e r v a t i v e s  ( 1 0 ,  1 2 ) .  Therefore ,  once a s u i t a b l e  
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1431 PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 

p r e s e r v a t i v e  i s  found,  a c h a l l e n g e  tes t  shou ld  
de te rmine  whether t h e  added subs t ance  i s  r e a l l y  a c t i v e  
i n  t h e  g iven  fo rmula t ion .  However, l e g a l  European 
d i r e c t i o n s  on t h e  t e s t i n g  of t h e  e f f e c t i v e n e s s  of 
a n t i m i c r o b i a l  p r e s e r v a t i v e s  are a b s e n t .  T h i s  mot iva t ed  
u s  t o  examine twelve  c u r r e n t l y  used oral  a n t a c i d  
suspens ions  f o r  t h e  e f f e c t i v e n e s s  of  t h e i r  
p r e s e r v a t i v e s ,  u s i n g  t h e  c h a l l e n g e  tes t  as d e s c r i b e d  by 
t h e  USP X X I .  

MATERIALS AND METHODS 

1 .  T e s t  Organisms. 

The fo l lowing  microorganisms were used for  t h e  
c h a l l e n g e  t e s t  a s  recommended by t h e  USP X X I  : Candida 
a l b i c a n s  ATCC 10231 , A s p e r g i l l u s  n i g e r  ATCC 1 6 4 0 4 ,  

E s c h e r i c h i a  c o l i  ATCC 8739, Pseudomonas a e r u g i n o s a  
ATCC 9 0 2 7  and Staphylococcus a u r e u s  ATCC 6538. 

2 .  Media. 

Tryptone soya b r o t h  (TSB, Oxoid, Bas ings toke ,  
Eng land) ,  t r y p t o n e  soya a g a r  (TSA, Oxoid, Bas ings toke ,  
Eng land) ,  bacto-peptone (Di fco ,  Det ro i t ,  U S A ) ,  

sabouraud d e x t r o s e  a g a r  (Gibco, P a i s l e y ,  S c o t l a n d ) ,  
sabouraud chloramphenicol  a g a r  ( I n s t i t u t  P a s t e u r ,  
Marnes l a  Coquet te ,  F r a n c e ) ,  MacConkey a g a r  (Gibco, 

P a i s l e y ,  S c o t l a n d ) .  

3 .  Inoculum P r e p a r a t i o n .  

The f r e e z e - d r i e d  c u l t u r e s  were r e h y d r a t e d  
acco rd ing  t o  t h e  i n s t r u c t i o n s  of t h e  s u p p l i e r  (ATCC, 

R o c k v i l l e ,  USA) and  s u b c u l t u r e d  on TSA or  on sabouraud 
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1432 VANHAECKE ET AL. 

s l a n t s .  For t h e  i n i t i a l  c u l t i v a t i o n ,  b a c t e r i a  w e r e  
grown ove rn igh t  i n  TSB a t  32OC, Candida a l b i c a n s  w a s  
grown dur ing  4 8  h r s  i n  l i q u i d  sabouraud medium a t  25OC 

and A s p e r g i l l u s  n i g e r  w a s  grown f o r  1 week a t  25OC on a 
sabouraud wi th  chloramphenicol  s l a n t .  Bacteria and 
Candida a l b i c a n s  were h a r v e s t e d  from t h e i r  l i q u i d  media 
by c e n t r i f u g a t i o n  a t  3000 rpm and washed twice wi th  
s te r i le  s a l i n e .  Stock suspens ions  of t h e  b a c t e r i a  were 
ob ta ined  by making a one-by-f i f ty  d i l u t i o n  of t h e  
washed suspension.  I n  t h e  case of Candida a l b i c a n s ,  a 
t e n t h f o l d  d i l u t i o n  served  a s  s t o c k  suspens ion .  

A s p e r g i l l u s  n i g e r  w a s  h a r v e s t e d  by washing t h e  
ce l l s  from t h e  s l a n t  w i th  1 0  m l  of steri le s a l i n e  
con ta in ing  0 . 0 5  % po lyso rba te  8 0 .  Subsequent washing 
of t h e  suspension and r e c o n s t i t u t i o n  t o  t h e  o r i g i n a l  
volume y i e l d e d  t h e  A s p e r g i l l u s  . n ige r  s t o c k  suspens ion .  

4 .  T e s t  Products .  

Twelve c u r r e n t l y  used o ra l  a n t a c i d  suspens ions  
were checked on e f f e c t i v e n e s s  of t h e i r  p r e s e r v a t i v e s  
( tables  1 and 2 ) .  

5.  T e s t  Procedure.  

F i f t e e n  gram a l i q u o t s  of t h e  t e s t  suspens ions  were 
a s e p t i c a l l y  d ispensed  i n  s ter i le  20  m l  t u b e s  wi th  screw 
caps.  For t h e  bacteria and Candida a l b i c a n s ,  1 0 0  p l  of 
t h e  stock suspens ion  was added t o  each s e p a r a t e  t e s t  
tube .  A s  f o r  A s p e r g i l l u s  n i g e r ,  200 ~1 of t h e  s tock  
suspension w a s  used. 

Immediately a f t e r  i n o c u l a t i o n ,  t h e  t e s t  t u b e s  were 
mixed on a Vortex mixer f o r  1 0  sec. and t h e  number of 
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PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 1435 

v i a b l e  microorganisms p r e s e n t  a t  t i m e  ze ro  w a s  
determined by the p l a t e -coun t  procedure .  

For one p roduc t  however, due t o  i t s  h igh  v i s c o s i t y ,  
it w a s  necessa ry  t o  mix t h e  microorganisms w i t h  t h e  t e s t  
product  i n  a mortar. H e r e a f t e r ,  t h e  i n o c u l a t e d  p r o d u c t  
w a s  t r a n s f e r r e d  i n  a 20 m l  t e s t  t u b e  w i t h  screw cap .  

The t e s t  t u b e s  were t h e n  incuba ted  a t  room 
tempera ture  ( abou t  21OC) f o r  f o u r  c o n s e c u t i v e  weeks. 
A t  each  one-week i n t e r v a l ,  t h e  number of s u r v i v i n g  
microorganisms was de termined  by t h e  p l a t e - c o u n t  
procedure .  

For t h e  i n t e r p r e t a t i o n  of  t h e  r e s u l t s ,  t h e  
c r i t e r i a  of  t h e  USP X X I  ( 1 5 )  were fo l lowed.  However 
i n t e r p r e t a t i o n  c r i t e r i a  a t  t h e  seven th  and twenty f i r s t  
day are l a c k i n g  i n  t h e  USP X X I .  The re fo re ,  based  on 
t h e  g iven  v a l u e s  a t  t h e  f o u r t e e n t h  and twenty e i g h t  day ,  
w e  propose a t h r e e  p e r c e n t  b a c t e r i a l  c o n c e n t r a t i o n  
l e v e l  as p a s s - f a i l  c r i t e r i o n  a t  t h e  seven th  and 
twenty f i r s t  day ( f i g .  1 ) .  

6 .  I d e n t i f i c a t i o n  of  t h e  Contaminants.  

For t h e  i d e n t i f i c a t i o n  of t h e  con tamina t ing  germs 
a n  API-NE i d e n t i f i c a t i o n  system ( A P I  System S.A., 
Montalieu-Vercieu,  France)  w a s  u t i l i z e d .  

7 .  p H  Measurement. 

The pH of t h e  t e s t  p r o d u c t s  w a s  measured w i t h  a 

D I G 1  5 2 0  (W.T.W., F . R . G . ) ,  r e s p e c t i n g  a f i f t e e n  minutes  
e q u i l i b r a t i o n  t i m e  under  magnet ic  s t i r r i n g .  
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1436 VANHAECKE ET AL. 

1 
I 
I 0 L 

0 ? 2 3 L 
T I  ME ( W E E K S )  

FIGURE 1 

E x t r a p o l a t i o n  of t h e  i n t e r p r e t a t i o n  c r i t e r i a  f o r  t h e  
seven th  and twenty f i r s t  day. 

RESULTS 

As can be  seen  from tab le  1 ,  mult i -dose as w e l l  as 
s ingle-dose  p r e p a r a t i o n s  were inc luded  i n  t h e  s t u d y .  

The most common a c t i v e  s u b s t a n c e s  were aluminium 
hydroxide and magnesium hydroxide : t h e y  were p r e s e n t  
i n  e i g h t  of t h e  twelve  p roduc t s .  I n  o n l y  f o u r  of  t h e  
twelve p roduc t s  o t h e r  p r e s e r v a t i v e s  t h a n  
hydroxybenzoates were used .  Ten of t h e  twelve  
p r e p a r a t i o n s  had a pH h i g h e r  t h a n  7 .5 .  Only p roduc t  
e l even  and twelve showed a pH lower t h a n  6 .  

F i g u r e s  2 and 3 show r e p r e s e n t a t i v e  s u r v i v a l  
cu rves  of t h e  microorganisms i n  f o u r  of t h e  twelve  
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FIGURE 2 

Survival curves of the  microorganisms i n  product 2 and 

Aspergi l lus  n iger;  ~ ~ C O C C ~ S  aureus ; 

a lb icans .  
the  number of v i a b l e  microorganisms. 

8.--- i-'- I 0 :  

, 0 : Escherichia co l i ;  .. ... * , 4f : Candida 
Log N represents  the logarithmic -of 
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6 
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2 

- 1  3 
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(a) 

m u c r  x 

3 

s e 1 2 3 4 

TIME (WEEKS) 

8 

0 - i  2 3 4 

TIME (WEEKS) 
(b) 

FIGURE 3 
Surv iva l  curves  of t h e  microorganisms i n  product  10 and 
1 2 .  -- -, X : Pseudomonas aeruginosa;--. -, 0 : 
Asperg i l lu s  niger:- -,A : Staphylococcus au reus ;  

a l b i c a n s .  Lo-he loga r i thmic  va lue  of 
t h e  number of v i a b l e  microorganisms. 

, o : Esche r i ch ia  c o l i ;  - .  , . . . . .  , * : Candida 
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PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 1439 

products .  Each va lue  r e p r e s e n t s  t h e  mean of f o u r  
independent obse rva t ions .  Product  s i x  could  n o t  be  
eva lua ted  on t h e  e f f e c t i v e n e s s  of i t s  p r e s e r v a t i v e s  
towards b a c t e r i a  and Candida a l b i c a n s  due t o  t h e  
sys t ema t i c  presence  of a contaminant  ( t h r e e  d i f f e r e n t  
ba t ches  tes ted) .  An e x a c t  i d e n t i f i c a t i o n  of t h e  germ 
could  n o t  be achieved n e i t h e r  by t h e  API-NE system, nor  
by c l a s s i c a l  biochemical  r e a c t i o n s .  However, it can  be  
desc r ibed  a s  a non-fermenting s p e c i e s  be longing  t o  t h e  
Pseudomonas group. 

The s u r v i v a l  p a t t e r n  of Staphylococcus au reus  w a s  
i d e n t i c a l  f o r  a l l  ( o t h e r )  p roduc t s .  A f t e r  a l r e a d y  one 
week, no v i a b l e  bacteria could  be observed.  

A l l  p roduc t s  m e t  t h e  requi rements  of t h e  USP X X I  

concerning t h e  cha l l enge  t e s t  wi th  A s p e r g i l l u s  n i g e r .  

The t e s t  wi th  E .  c o l i  w a s  n o t  s u c c e s s f u l  f o r  t h e  
product  number two and seven. 

Product  t w o  d e f i n i t e l y  f a i l e d  t h e  Candida a l b i c a n s  
t e s t  a t  t h e  f o u r t e e n t h  day. A clear d e c i s i o n  a t  t h e  
28th day however could  no t  be made. A f t e r  t h r e e  weeks,  
t h e  t o t a l  number of v i a b l e  microorganisms w a s  h i g h e r  
t han  t h e  i n i t i a l  number i n  t h r e e  of t h e  f o u r  cases. 
However i n  two of t h e s e  cases t h e  o b s e r v a t i o n  a t  t h e  
28th day was l a c k i n g ,  whereas one of t h e  avai lable  
o b s e r v a t i o n s  a t  t h e  28th day m e t  t h e  requi rements  of 
t h e  USP X X I  and t h e  o t h e r  d i d  n o t .  

A s  can be seen from t a b l e  3 ,  f i v e  of t h e  remaining 
e l even  p roduc t s  d e f i n i t e l y  f a i l e d  t h e  P s .  ae ruq inosa  
cha l l enge  tes t .  I n  t w o  cases, product  e i g h t  and n i n e ,  
no c lear  d e c i s i o n  could  be made a t  t h e  28th  day. 
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TABLE 3 
Evdluation of the Challenge Tes t  

m c t  Stawylo- E. coli Ps. aerug. Candida Asperg. Final 
COCCUS albicans niger evaluaticm 
aureus 

A B  A B A  B A B A b  

1 

2 

3 
4 

5 

6 
7 
8 
9 

10 

11 

12 

+ +  
+ +  
+ +  
+ +  
+ +  
b b  
+ +  
+ +  
+ +  
+ +  
+ +  
+ +  

+ + -  - 
- a -  

+ + ' +  
+ + -  
+ + -  
b b b  

+ + +  
+ + +  
+ + +  
+ + +  
+ + +  

- + + + +  
- - c + +  
+ + + + +  
- + + + +  
- + + + +  
b b b + +  
- + + + +  
a +  + + +  
a +  + + +  
+ + + + +  
+ + + + +  
+ + + + +  

A : evaluation af ter  fourteen days 
B : evaluation af ter  twenty eight days 
+ : maets the requirenrents of the U S  %XI - : f a i l s  the requirements of the USP XXI 
b : the test product systemtically appeared to be contaminated 

with a Pseudamnas species 
a (c) : after three weeks the total n m b r  of viable organisns 

was equal to  (higher than) the initial nurr&r i n  tw (three) 
of the faur cases. However in two of those cases the 
&servation a t  the 28th day was lacking, &ereas the one 
knmm observation a t  the 28th day mt the  requFrements of 
the USP XXI (and the other did not). 
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PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 1441 

DISCUSSION 

I n  seven of t h e  twelve p roduc t s ,  parabens were t h e  
only  p r e s e r v a t i v e s  included i n  t h e  formula t ion .  Three 
of t h e s e  products ,  product  one,  f i v e  and seven, 
d e f i n i t e l y  f a i l e d  t h e  P s .  ae ruginosa  cha l l enge  tes t .  

Product seven a l s o  f a i l e d  t h e  cha l l enge  t e s t  wi th  
E. c o l i .  The pH of these  products  w a s  8 . 0  o r  h ighe r .  
A t  t h i s  pH, besides a p o s s i b l e  ester h y d r o l y s i s ,  t h e  
parabens are p a r t i a l l y  appearing i n  t h e i r  unac t ive  
ion ized  form, imp l i ca t ing  a loss of p r e s e r v a t i v e  
a c t i v i t y  ( 2 ) .  Therefore ,  as it is  being desc r ibed  t h a t  
parabens are no t  very a c t i v e  a g a i n s t  gram-negative 
microorganisms, t h e i r  f a i l u r e  i n  t h e s e  tests i s  no t  
unexpected ( 4 ,  1 1 ,  1 3 ,  1 6 ,  1 7 ) .  

I n  c o n t r a s t  herewi th ,  p roducts  t h r e e ,  e i g h t ,  n ine  
and t e n  p a s s  t h e  cha l l enge  tests,  d e s p i t e  t h e  no t  
opt imal  pH f o r  t h e  parabens.  However, assuming a pKa 
of about 8 . 3  ( 1 ,  2 ,  l o ) ,  t h e  i o n i z a t i o n  l e v e l  i s  no t  a s  
pronounced a s  i n  t h e  above mentioned products .  
Furthermore i n  t h e s e  products ,  b u t y l  hydroxybenzoate is 
rep laced  by t h e  more water s o l u b l e  methyl d e r i v a t e .  
T h i s  permi ts  t h e  u s e  of a h ighe r  p r e s e r v a t i v e  concen- 
t r a t i o n  i n  s o l u t i o n ,  imp l i ca t ing  a h ighe r  p r e s e r v a t i v e  
a c t i v i t y ,  being more e f f e c t i v e  a g a i n s t  gram-negative 
microorganisms. 

Never the less ,  t h e  b a c t e r i c i d a l  a c t i v i t y  a g a i n s t  
Pseudomonas aeruginosa  i s  n o t  very convincing.  As can 
be seen from f i g u r e s  2 and 3 ,  v i a b l e  organisms could  
s y s t e m a t i c a l l y  be observed a f t e r  a p rev ious  nega t ive  
r e s u l t  ( 1  1 )  . Bad sampling should be excluded as 

p o s s i b l e  e r r o r  source  as t h i s  appeared with a l l  f o u r  
ind iv idua l  experiments.  G r a m  s t a i n  and c o l o n i a l  
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1442 VANHAECKE ET AL. 

morphology on TSA and MacConkey medium also exc luded  
t h e  p o s s i b i l i t y  of contaminat ion .  W e  b e l i e v e  t h a t  t h e  
nega t ive  r e s u l t s  w e r e  ob ta ined  due t o  t h e  l a c k  of 
recovery of s t r e s s e d  microorganisms w i t h i n  t h e  media 

used. The long  lag-phase of t h e s e  microorganisms cou ld  
w e l l  s u r p a s s  t h e  48-72 hour s  incuba t ion  p e r i o d  ( 1 1 ,  1 2 ) .  

Typ ica l ly  t h i s  phenomenon on ly  appeared w i t h  - P s .  

aeruginosa  and t h i s  w i th  s i x  of t h e  twelve  p roduc t s  
tested.  I t  i s  g e n e r a l l y  recognized  t h a t  P s .  a e rug inosa  
e x h i b i t s  an a d a p t i v e  or  r e s i s t a n t  mechanism towards 
chemical a g e n t s  (5 ,  8 ,  9 ,  1 1 ) .  

For i n s t a n c e  t h e  a b i l i t y  of c e r t a i n  P s .  ae rug inosa  
s t r a i n s  t o  metabol ize  hydroxybenzoate esters h a s  been 
desc r ibed  by Beveridge and H a r t  ( 3 ) .  There fo re ,  as t h e  
t o t a l  number of bacteria c o n t i n u a l l y  i n c r e a s e s  a f t e r  a 
p rev ious  nega t ive  r e s u l t ,  an a d a p t a b i l i t y  of t h e  s t r a i n  
towards t h e  p r e s e r v a t i v e s  could  w e l l  be t h e  cause  of 
t h i s  phenomenon. 

A s  t h e  r a t e  of a d a p t a b i l i t y  should  n o t  be 

cons idered  a s  ve ry  p r e d i c t a b l e  o r  h i g h l y  r e p r o d u c i b l e ,  
t h e  e x t e n t  of t h e  s t a n d a r d  error of t h e  mean should  n o t  
be i n t e r p r e t e d  as a l a c k  of accuracy  i n  performing t h e  
tests. On t h e  c o n t r a r y ,  it u n d e r l i n e s  t h e  need of 
performing t h e  P s .  aeruginosa  c h a l l e n g e  tes t  a number 
of t i m e s .  

I n  some p roduc t s ,  t h e  parabens  are combined w i t h  
o t h e r  p r e s e r v a t i v e s .  I n  p roduc t  e l e v e n  p ropy l  
hydroxybenzoate i s  a s s o c i a t e d  wi th  s o r b i c  a c i d .  
E s p e c i a l l y  due t o  t h e  low pH (5.8)  and t h e  absence of 
major i n t e r f e r i n g  subs t ances ,  t h e  p r e p a r a t i o n  meets t h e  
requirements  of t h e  USP XXI. The d a t a  of t h e  
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PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 1443 

A s p e r g i l l u s  tes t  u n d e r l i n e s  t h e  more f u n g i s t a t i c  
a c t i v i t y  of  s o r b i c  a c i d .  

Product  s i x  a l so  h a s  potass ium s o r b a t e  as  
p r e s e r v a t i v e ,  nex t  t o  methyl and p ropy l  hydroxybenzoate.  
However t h e s e  p r e s e r v a t i v e s  are bad ly  choosen a s  a t  t h e  
pH of  8 .8  t h e  a c t i v i t y  of  t h e  pa rabens  and t h e  sorbic 
a c i d  s a l t  i s  s t r o n g l y  reduced (16,  1 7 ) .  Due t o  t h i s  
h i g h  pH, t h e  n e g a t i v e  e f f e c t  of t h e  magnesium 
t r i s i l i c a t e  compound i s  probably  of minor importance.  
Therefore  t h e  absence  of e x c e s s i v e  growth of  
A s p e r q i l l u s  n i g e r  i s  probably  due t o  t h e  u n s u i t a b l e  pH 
of  t h e  p r e p a r a t i o n .  Apar t  from t h e  bad c h o i c e  of t h e  
p r e s e r v a t i v e s ,  p roduc t  s i x  w a s  a l so  found t o  be 

s y s t e m a t i c a l l y  contaminated w i t h  a Pseudomonas s p e c i e s ,  
i n d i c a t i n g  a n e g l e c t i n g  of  t h e  GMP-rules. 

A s  i n  product  s i x ,  e f f e c t i v e  p r e s e r v a t i v e s  are a l s o  
l a c k i n g  i n  product  two. Sodium benzoa te ,  which h a s  
b a c t e r i o s t a t i c  p r o p e r t i e s  below pH 5 ,  i s  most l i k e l y  
u n a c t i v e  a t  t h e  pH of  7 .6  (13 ,  1 6 ,  1 7 ) .  The f a i l u r e  i n  
t h e  E .  c o l i ,  P s .  ae rug inosa  and Candida a l b i c a n s  t e s t  
i s  t h e r e f o r e  t o  be expec ted .  N e v e r t h e l e s s  t h e  
S taphy lococcus ' au reus  and A s p e r g i l l u s  n i g e r  c h a l l e n g e  

tests were s u c c e s s f u l ,  i n  agreement w i t h  a l l  o t h e r  
c h a l l e n g e  r e s u l t s  w i th  t h e s e  microorganisms. T h i s  
s u g g e s t s  t h e  i n f l u e n c e  of  o t h e r  f a c t o r s ,  such as pH of 
t h e  medium and n u t r i e n t  f a c i l i t i e s ,  on t h e  v i a b i l i t y  of 
t h o s e  t w o  microorganisms i n  t h e s e  pha rmaceu t i ca l  
p r e p a r a t i o n s .  

I n  p roduc t  f o u r ,  t h e  a c t i v i t y  of sodium benzoate  
i s  s t r o n g l y  reduced due t o  t h e  pH of  7 . 8 .  Because of 
t h e  p re sence  of c h l o r h e x i d i n e ,  p o s i t i v e  r e s u l t s  are 
ob ta ined  w i t h  E .  c o l i ,  Candida a l b i c a n s  and 
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1444 VANHAECKE ET AL. 

Staphylococcus aureus .  However t h e  p r e p a r a t i o n  f a i l s  
t h e  Ps. aeruginosa t e s t ,  d e s p i t e  t h e  opt imal  pH f o r  
ch lorhexid ine .  This  should no t  be t o t a l l y  unexpected 
a s  r e s i s t a n c e  towards ch lo rhex id ine  i s  being desc r ibed  

( 8 ) .  

I n  product  twelve,  t h e  combination of bronopol and 
s o r b i c  a c i d  a t  pH 5.6 proves t o  be e f f i c i e n t  as 
p rese rva t ive .  A remarkable f a c t  should however be 
s t r e s s e d  : al though no r e s i s t a n c e  towards bronopol i s  

descr ibed  i n  t h e  l i t e r a t u r e  (111, v i a b l e  microorganisms 
could be observed a f t e r  a nega t ive  r e s u l t  w a s  ob ta ined  
with Ps. aeruginosa.  However t h i s  does no t  i n t e r f e r e  
with t h e  requirements  of t h e  USP XXI. 

A s  can  be seen f r o m  t ab le  1 and 3 ,  t h e  ma jo r i ty  of 
p o s i t i v e  r e s u l t s  ( fou r  of t h e  s i x  s u c c e s s f u l  products )  
were obta ined  wi th  p r e p a r a t i o n s  i n  s ingle-dose package- 
form. However, bear ing  t h e  o t h e r  f a c t o r s  i n  mind, w e  
do no t  b e l i e v e  t h i s  was a major advantage f o r  
succeeding t h e  cha l l enge  tests.  

F i n a l l y  throughout t h i s  s tudy  two c r i t e r i a  were 
lacking .  Although v i a b l e  counts  have t o  be performed 
a t  each one-week i n t e r v a l ,  no c r i te r ia  are set up i n  
t h e  USP X X I  f o r  t h e  7 t h  and t h e  2 1 s t  day. A s  t h e  
f r a c t i o n  of s u r v i v o r s  dec reases  e x p o n e n t i a l l y  wi th  t i m e  
(6), t h e  t h r e e  pe rcen t  b a c t e r i a l  concen t r a t ion  l e v e l  
could here  w e l l  be adopted ( f i g u r e  1 ) .  For t h e  v i a b l e  
y e a s t s  and molds t h e  a l r e a d y  e x i s t i n g  c r i t e r i o n  a t  t h e  
14th and 28th day can be used. Adopting t h e s e  c r i te r ia ,  
products  t h r e e ,  e i g h t  and n ine  would a d d i t i o n a l l y  f a i l  
t h e  cha l lenge  t e s t .  As t h e i r  p r e s e r v a t i v e  a c t i v i t y  
towards Ps. aeruginosa i s  no t  convincing,  t h i s  would 
c r e a t e  a more clear s i t u a t i o n .  
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1445 PRESERVATIVES IN TWELVE ANTACID SUSPENSIONS 

I n  conc lus ion ,  t h i s  s t u d y  stresses t h e  need f o r  an 
adequate  p r e s e r v a t i v e  p o l i c y  towards o ra l  a n t a c i d  
suspens ions .  S i x  of  t h e  twelve p r o d u c t s  d e f i n i t e l y  do 
n o t  meet t h e  USP X X I  requi rements .  T h e r e f o r e  t h e  
cho ice  of t h e  p r e s e r v a t i v e s  should  b e  made a s  a 
f u n c t i o n  of  pEI and c o m p t a b i l i t y  wi th  o t h e r  s u b s t a n c e s .  
S p e c i a l  a t t e n t i o n  should be made t o  t h e  p r e s e r v a t i v e  
a c t i v i t y  towards P s .  ae rug inosa .  T h i s  microorganism 
caused major problems. The i n c o r p o r a t i o n  of  an  
i n t e r p r e t a t i o n  c r i t e r i o n  f o r  t h e  7 t h  and t h e  2 1 s t  day 
would be a s u b s t a n t i a l  improvement. 
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