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J l  VITRO AND _m VIVO STUDY OF THE NEW 

ANT I FUNGAL AGENTS 

CHAPTER I 

INTRODUCTION

C r y p t o c o c c u s  n e o f o r m a n s  i s  a p a t h o g e n i c  f u n g u s  

W H I C H  MAY C A U S E  A P R I M A R Y  P U L M O N A R Y  I N F E C T I O N .  D I S S E M I N A T 

I NG TO O T H E R  P A R T S  OF T H E  B O D Y ,  Ç.  N E O F O R M A N S  H AS  SHOWN A 

S P E C I A L  A F F I N I T Y  FOR T H E  C E N T R A L  N E R V O U S  S Y S T E M  (CNS),

C r Y P T O C O C C U S  N E O F O R M A N S  H I S T O R Y  I S  U N I Q U E  AMONG A L L  

T H E  F U N G I  P A T H O G E N I C  TO M A N ,  I T  WAS D I S C O V E R E D  A L M O S T

S I M U L T A N E O U S L Y  TO E X I S T  AS A H I G H L Y  V I R U L E N T  A G E N T  OF HUMAN 

D I S E A S E  AND AS A S A P R O P H Y T E  I N N A T U R E .  I N 1 8 9 4 ,  B U S S E  ( ? )  

R E P O R T E D  A C A S E  I N V O L V I N G  S K I N  AND BONE L E S I O N S  I N A HUMAN 

C A U S E D  BY A Y E A S T - L I K E  F U N G U S .  D U R I N G  T H E  SAME  Y E A R ,  

S a n F E L I C E  ( 3 4 )  R E C O V E R E D  A Y E A S T - L I K E  O R G A N I S M  FROM P E A C H E S  

T H A T  P R O V E D  TO BE P A T H O G E N I C  FOR L A B O R A T O R Y  A N I M A L S  AND 

W H I C H  HE NAMED S A C C H A R 0 MY CES N E O F O R M A N S . L A T E R  W E I S  ( 5 2 )  

R E P O R T E D  I S O L A T E S  FROM P E A C H E S  AND M I L K  WERE M I C R O S C O P I C A L L Y  

AND C U L T U R A L L Y  I D E N T I C A L  TO T H O S E  R E C O V E R E D  FROM HUMAN C A S E S .

T h e  f i r s t  h u m a n  c a s e  o f  c r y p t o c o c c o s i s  o f  t h e  

N E R V O U S  S Y S T E M  WAS D I A G N O S E D  POST  MORTEM BY V E R S E  ( 4 9 )



S h o r t l y  a f t e r w a r d , S t o d d a r d  ( 4 4 )  r e p o r t e d  t w o  a d d i t i o n a l

HUMAN C A S E S  AND NAMED T H E  O R G A N I S M  T O R U L A  H I S T O L  I T I C A . H e 

a l s o  d e s c r i b e d  t h e  P A T H O L O G I C A L  D I F F E R E N C E S  B E T WE E N  C R Y P T O 

C O C C O S I S  AND N o r t h  A m e r i c a n  b l a s t o m y c o s i s .  I n 1 9 3 5 ,  B e n h a m  

( 2 , 3 )  S Y S T E M A T I C A L L Y  I N V E S T I G A T E D  2 2  I S O L A T E S  OF C R Y P T O C O C C U S  

AND NAMED T HE S P E C I E S  H O M I N I S . F I N A L L Y ,  I N 1 9 5 2  L ODDER ( 2 9 )  

I N  H I S  T A X O N O M I C  S T U D Y  C L A S S I F I E D  T H I S  E N C A P S U L A T E D  Y E A S T  

AS C R Y P T O C O C C U S  N E O F O R M A N S .

S a p r o p h y t i c  v a r i e t i e s  o f  c r y p t o c o c c u s  s p e c i e s  w e r e  

FOUND TO o c c u r  ON T HE  S K I N  AND I N  T H E  I N T E S T I N A L  T R A C T ,  I N 

OVER H A L F  OF T H E  N OR MA L  S U B J E C T S  S T U D I E D  BY B E N H A M ( 4 )  AND

R a v i t s  ( 3 3 ) .  Ma n  a n d  a n i m a l s  f r e q u e n t l y  a c q u i r e  t h i s  f u n g u s

BY I N H A L A T I O N  OF S O I L  AND P I G E O N  M A T E R I A L S .  A j E L L O  ( | ) 

S U G G E S T S  T H A T  A L T H O U G H  H E A V I L Y  E X P O S E D ,  MAN MAY F R E Q U E N T L Y  

H A V E  U N D E T E C T E D  A S Y M P T O M A T I C  I N F E C T I O N S ,  R E S I S T A N C E  TO T H E  

D I S E A S E  MAY BE E X P L A I N E D  ON T H E  B A S I S  OF O N E ’ S A B I L I T Y  TO 

R E S I S T  P R I M A R Y  I N F E C T I O N .  E x C E P T  UND ER  U N U S U A L  C I R C U M S T A N 

C E S ,  SUCH R E S I S T A N C E  MAY R E S U L T  FROM D E V E L O P M E N T  OF A 

S P E C I F I C  I M M U N O L O G I C A L  R E S P O N S E  TO T H E  A G E N T .  T H E R E F O R E ,

I T  A P P E A R S  MORE L I K E L Y  T H A T  N A T U R A L  R E S I S T A N C E  MUST  BE 

A L T E R E D  B E F O R E  A C T U A L  I N F E C T I O N  O C C U R S  ( l l ) .  G e N D E L  ( | 2 )

AND L i t T M A N  ( 2 7 )  R E P O R T E D  T H A T  D I S S E M I N A T E D  C R Y P T O C O C C O S I S  

D E V E L O P E D  MORE F R E Q U E N T L Y  I N P E R S O N S  W I T H  LOW HOST  R E S I S 

T A N C E  OR I N  T H O S E  I N D I V I D U A L S  H A V I N G  R E T I C U L O E N D O T H E L I A L  

D I S E A S E S  SUCH AS L E U K E M I A ,  M A L I G N A N T  L Y M P H O M A ,  OR H o D G K I N ’ S 

D I S E A S E .  I n  a d d i t i o n ,  H u t t e r  ( 1 9 )  AND Z i m m e r m a n  ( 5 5 )  h a v e



R E P O R T E D  T H A T  S Y S T E M I C  C R Y P T O C O C C O S I S  F R E Q U E N T L Y  D E V E L O P S  

I N  P A T I E N T S  WHO R E C E I V E  E X T E N S I V E  S T E R O I D S  AND BROAD S P E C 

TRUM A N T I B I O T I C S  T R E A T M E N T ,  D I S S E M I N A T I O N  OF T E N  OCCUR FROM 

F O C I  I N T H E  L UNG V I A  T H E  BL OOD S T R E A M  TO A L L  ORGA NS I N C L U D 

I NG T H E  CNS.

T h e  f i r s t  t r u l y  a n t i f u n g a l  a n t i b i o t i c  u t i l i z e d  i n  

THE  t r e a t m e n t  OF C R Y P T O C O C C A L  M E N I N G I T I S  WAS C Y C L O H E X I M I D E  

( a c t i d i o n e ) ,  w h i c h  w a s  p r o d u c e d  b y  S t r e p t o m y c e s  g r i s e u s . 

VJa k s m a n  (5 0 )  a n d  V/ h i f f e n  ( 5 4 )  h a v e  s h o w n  t h a t  t h i s  a n t i b i 

o t i c  p o s s e s s e d  h i g h  J_N v i t r o  F U N G I C I D A L  A C T I O N  A G A I N S T  _C. 

ME O F O R MA N S  AND O T H E R  Y E A S T S .  H O W E V E R ,  L i T T M A N  (2 8 )  PROVED 

T H I S  A N T I B I O T I C  WAS I N E F F E C T I V E  C L I N I C A L L Y .

L a t e r  F i s h e r  ( 1 0 )  u s e d  d i a m i d i n e  ( p r o p a m i d i n e ) 

A G A I N S T  £ .  N E O F O R M A N S  I N A C O N C E N T R A T I O N  OF 520 p g /m l  W H I C H  

WAS F U N G I C I D A L  AND 8 0  p g / m l  WH I C H  WAS F U N G I S T A T I C  TO 2  

S T R A I N S .  I n v i t r o  S T U D I E S  BY S o L O T O R O V S K Y  (4 1 )  R E V E A L E D  

P R O P A M I D I N E  AND H Y D R 0 X Y S T I L B A M I D I N E  TO BE T H E  MOST A C T I V E  

D I AM I D I N E S  A G A I N S T  _C. N E O F O R MA N S  .

In 1956, G o l d  (1 4 )  m a d e  t h e  s i g n i f i c a n t  d i s c o v e r y

OF T H E  P O L Y E N E  A N T I B I O T I C ,  A M P H O T E R I C I N  B ,  P RODUCE D BY

S t r e p t o m y c e s  N o o o s u s  w h i c h  w a s  i s o l a t e d  f r o m  a V e n e z u e l a n  

S O I L  s a m p l e .  A m p h o t e r i c i n  A w a s  d i s t i n g u i s h e d  f r o m  a m p h o 

t e r i c i n  B BY V a n d e p u t t e  ( 4 8 ) .  T h e s e  f i n d i n g s  m a r k e d  t h e  

b e g i n n i n g  o f  a m e w  e r a  i n  t h e  t r e a t m e n t  o f  s y s t e m i c  m y c o s e s , 

p a r t i c u l a r l y  C R Y P T O C O C C A L  M E N I N G I T I S .  j_N V I T R O  AND J_N_ V I VO 

E F F E C T S  OF A M P H O T E R I C I N  B WERE E V A L U A T E D  BY S T E I N B E R G
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( 4 2 , 4 3 ) .  T h e s e  s t u d i e s  p r o v e d  t h a t  t h e  d r u g  w a s  e f f e c t i v e

I N V I T R O  A G A I N S T  9 S T R A I N S  OF DEE P  AND 8  S T R A I N S  OF S U P E R 

F I C I A L  F U N G I .  I n  e x p e r i m e n t a l  c o c c i d i o i d o m y c o s i s  a n d  m o n i 

l i a s i s  I N M I C E ,  I N T R A P E R  I T O N E A L  A D M I N I S T R A T I O N  OF A M P H O T E R 

I C I N  B P R O D U C E D  P R O T E C T I V E  AND T H E R A P E U T I C  E F F E C T S  W I T H  

D O S A G E S  R A N G I N G  B E T WE E N  I TO 2 . 5  m g / k g .  O R A L  A D M I N I S T R A T I O N  

OF A M P H O T E R I C I N  B PROVE D  E F F E C T I V E  O N L Y  A G A I N S T  C O C C I D I O I D O 

M Y C O S I S  I N E X P E R I M E N T A L  M I C E .  N o  T O X I C  E F F E C T S  WERE R E V E A L E D  

I N T H E  M I C E  BY E I T H E R  R OU T E  OF A D M I N I S T R A T I O N .  L a M P E N  

( 2 5 , 2 6 )  SHOWED T H A T  T H E  P R I M A R Y  S I T E  OF DRUG A C T I O N  WAS ON 

T H E  M E M B R A N O U S  S T R U C T U R E  OF THE C E L L .  H i S  S T U D I E S  OF C Y T O 

P L A S M I C  M E M B R A N E S  FROM Y E A S T  C E L L S  T R E A T E D  W I T H  P O L Y E N E  AND 

I S O L A T E D  BY D I F F E R E N T I A L  C E N T I F U G A T I O N  R E V E A L E D  A C L O S E  R E 

L A T I O N S H I P  B E T WE E N  T H E  C O N T E N T  OF S T E R O L S  AND P O L Y E N E  FOUND 

I N T H E  L I P I D  F R A C T I O N  OF T HE  M E M B R A N E S .  G o T T L I E B  ( 1 6 )  D E 

M O N S T R A T E D  T H A T  T H E  A N T I F U N G A L  A C T I V I T Y  OF P O L Y E N E S  WAS 

R E V E R S E D  BY T H E  P R E S E N C E  OF V A R I O U S  S T E R O L S  I N T H E  M E D I U M .  

V / e I S S M A N  ( 5 3 )  A L S O  FOUND T H A T  A M P H O T E R I C I N  B C A U S E D  S I G N I 

F I C A N T  D A M A G E  TO L Y S O S O M E S  D E R I V E D  FROM K I D N E Y .  T H I S  P H E 

NOMENON MAY P A R T I A L L Y  E X P L A I N  T H E  R E N A L  T O X I C I T Y  F R E Q U E N T L Y  

A S S O C I A T E D  W I T H  A M P H O T E R I C I N  B .

T r e a t m e n t  o f  s y s t e m i c  m y c o s e s  w i t h  a m p h o t e r i c i n  B

HAS BEEN R E L A T I V E L Y  S U C C E S S F U L .  I N T H E  R E V I E W  BY H l L D I C K -  

S m I T H  ( I B )  7 2 ^  OF T H E  66 r e p o r t e d  c a s e s  SHOWED A F A V O R A B L E  

R E S P O N S E  TO T H I S  A N T I B I O T I C .  N E V E R T H E L E S S ,  T H E R E  R E M A I N S  

A N EE D  FOR MORE A C T I V E  AND L E S S  T O X I C  DRUGS I N T H E  T R E A T M E N T
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OF C R Y P T O C O C C O S I S  AND OTHER HUMAN S Y S T E M I C  F U N G A L  I N F E C T I O N S .

T h e  a g e n t  5 - f l u o r o c y t o s i n e  ( 5 - F C )  w a s  f i r s t  s y n t h e 

s i z e d  BY D U S C H I N S K Y  ( 8 )  AND U N L I K E  OT H E R  COMPOUNDS  OF T H E  

S E R I E S  I N C L U D I N G  5 - F L U 0 R 0 U R A C I L  ( 5 - F U ) ,  I T  L A C K S  C Y T O T O X I C  

AND A N T I  TUMOR A C T I V I T I E S  I N M A M M A L I A N  C E L L S .  A L T H O U G H  T H I S  

COMPOUND D I D  NOT  SHOW BA G T E R 10 S T A S I S , I T  D I D  P O S S E S S  S E L E C 

T I V E  A N T I F U N G A L  A C T I V I T Y  A G A I N S T  Y E A S T - L I K E  F U N G I  I N V I  TRO 

( 1 7 ) .  I t  E F F E C T S  T HE  N U C L E I C  A C I D  S Y N T H E S I S  BY I N H I B I T I N G  

T H E  P Y R I M I D I N E  B I O S Y N T H E T I C  P A T H W A Y .  S h ADOMY ( 3 7 , 3 8 , 3 9 , 4 0 )  

AND U t z  ( 4 7 )  H A V E  SHOWN T H A T  5-FC WAS E F F E C T I V E  I N T H E  

T R E A T M E N T  OF C R Y P T O C O C C O S I S  I N M A N .  H O W E V E R ,  MANY P A T I E N T S  

T R E A T E D  W I T H  5-FC FOR C R Y P T O C O C C A L  M I N G I T I S  R E L A P S E D  A F T E R  

S H O W I N G  I N I T I A L  I M P R O V E M E N T .  R E S I S T A N C E  TO 5-FC HAS D E V E L 

OPED I N MANY S T R A I N S  OF Y E A S T  C E L L S  C U L T U R E D  FROM P A T I E N T S  

T R E A T E D  W I T H  5-FC. R E S I S T A N C E  MAY R E S U L T  FROM F A I L U R E  OF 

T H E  P Y R I M I D I N E  A N A L O G  TO P E N E T R A T E  T H E  Y E A S T  ( 2 l ) .

O n l y  a  f e w  a n t i f u n g a l  a g e n t s  h a v e  s h o w n  e f f e c t s

A G A I N S T  V A R I O U S  M Y C O T I C  I N F E C T I O N S .  T H E R E F O R E ,  T H E  S E A R C H  

FOR NEW P O T E N T ,  L E S S  T O X I C  DRUGS FOR T H E  T R E A T M E N T  OF S Y S 

T E M I C  M Y C O S E S  S E E ME D  D E S I R A B L E .

T h i s  i n v e s t i g a t i o n  w a s  p r i m a r i l y  c o n c e r n e d  w i t h  n e w

A N T I F U N G A L  A G E N T S  AND T H E I R  E F F E C T S  ON C. N E O F O R M A N S , I N D I 

V I D U A L L Y  AND I N C O M B I N A T I O N  W I T H  A M P H O T E R I C I N  B .  S P E C I F I C  

E F F E C T S  WERE S T U D I E D  AT  T H E  C E L L U L A R  AND M O L E C U L A R  L E V E L S  

AND I N A D D I T I O N  T H E I R  A N T I F U N G A L  A C T I V I T I E S  WERE D E T E R M I N E D  

I N V I VO A G A I N S T  C. N E O F O R M A N S .



CHAPTER I I 

MATERIALS AND METHODS

O r g a n i s m :

S t o c k  c u l t u r e s  o f  Ç. n e o f o r m a n s , s t r a i n  184, o r i g i n 

a l l y  I S O L A T E D  FROM A HUMAN CAS E  3Y D r , L o R R A I N E  F R I E D M A N ,

C h a r i t y  H o s p i t a l , N e w  O r l e a n s , L o u i s i a n a , w e r e  m a i n t a i n e d

ON M O D I F I E D  S a b O U R A U D ’ s D E X T R O S E  A GA R  AND D E F I N E D  AGAR  

S L A N T S  AT  ROOM T E M P E R A T U R E ,  T R A N S F E R S  OF T HE  O R G A N I S M  TO 

F R E S H  S L A N T S  WERE MADE AT TEN DAY I N T E R V A L S ,

M e d i u m ;

T h e  d e f i n e d  m e d i u m  u s e d  i n  o u r  e x p e r i m e n t s  c o n s i s t e d  

o f : 0 , 0 1  m g  b o r i c  a c i d , 0 , 0  1 m g  c o p p e r  s u l f a t e , 0 , 1  m g  

p o t a s s i u m  I O D I N E ,  0 ,0 5  m g  f e r r i c  c h l o r i d e , 0 ,0 7  m g  z i n c  s u l 

f a t e , 0 ,1  m g  MA N GA NOUS  s u l f a t e , 0 , 0  1 m g  s o d i u m  m o l y b d a t e ,

I GRAM a m m o n i u m  S U L F A T E ,  0 ,1 5  GRAM P O T A S S I U M  P H O S P H A T E  D I 

B A S I C ,  0 ,1  GRAM P O T A S S I U M  P H O S P H A T E  M O N O B A S I C ,  0 ,5  GRAM 

M A G N E S I U M  C H L O R I D E ,  0 ,1  GRAM S O D I U M  C H L O R I D E ,  0 ,1  GRAM C A L 

C I U M  C H L O R I D E ,  5 GRAMS C A S A M I N O  A C I D S ,  10 GRAMS G L U C O S E ,

200 u g  T H I A M I N E  H Y D R O C H L O R I D E  I N 1000 m l  OF D I S T I L L E D  W A T E R .  

S o l u t i o n s  o f  b u f f e r e d  s a l t s , c a s a m i n o  a c i d s , t r a c e  s a l t s  a n d  

G L U C O S E  WERE A U T O C L A V E D  S E P A R A T E L Y  AND M I X E D  A F T E R  C O O L I N G ,
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T h i a m i n e  s o l u t i o n s  w e r e  s t e r i l i z e d  b y  f i l t e r a t i o n  a n d  a d d e d

TO E N T I R E  m e d i u m .

S a B O U R A U D ’ S d e x t r o s e  AGAR M E D I U M  C O N T A I N I N G  20 U T l l T S  

P E N I C I L L I N  AND 40 U N I T S  S T R E P T O M Y C I N  PER ml WAS USE D TO D E 

T E R M I N E  V I A B L E  C OL ON Y  F O R M I N G  U N I T S .

E x p e r i m e n t a l  A n i m a l ;

An i n b r e d  s t r a i n  o f  m a l e  m i c e , t h e  B A L B /c j  ( o r i g i n a l

S T O C K  O B T A I N E D  FROM J A C K S O N  L A B O R A T O R Y ,  B a R H A R B O R ,  M A I N E ,  

AND M A I N T A I N E D  T HR OU GH  I 10 G E N E R A T I O N S  I N OUR L A B O R A T O R I E S )  

WERE U S E D  T H R O U G H O U T  T H E  I N VI  VO E X P E R I M E N T S .

A n t i b i o t i c s  a n d  C h e m i c a l s :

A m p h o t e r i c i n  B (Amb) w a s  p u r c h a s e d  f r o m  E. R. S q u i b b  

a n d  S o n s ; n a l i / ) i x i c  a c i d  (NA) w a s  d o n a t e d  b y  S t e r l i n g -  

W i n t h r o p  R e s e a r c h  I n s . ,  R e n s s e l a e r , N e w  Y o r k  1 2 1 4 4 ;  m i c o n a 

z o l e  n i t r a t e  (Mn) ( I - { 2 - ( 2 , 4 - d i c h l o r o p h e n y l ) - 2 - [ ( 2 , 4 -  

D I C H L O R O P H E N Y L )  M E T H O X Y ] E T H Y L } I M I D A Z O L E  M O N O N I T R A T E ,  WAS

S U P P L I E D  BY J a n s s e n  Pha r m a c e u t i c a , 2340 B e e r s e , B e l g i u m ;

AND Q U I N A Z O L I N E  D E R I V A T I V E  ( Qu )  ( 2 , 4 - D I  AM I N 0 - 6 - [ 2 - ( 3 , 4 -  

D I C H L O R O P H E N Y L )  A C D T A M I D O ]  Q U I N A Z O L I N E  WAS O B T A I N E D  FROM T H E

D e p a r t m e n t  o f  M i c r o b i o l o g y  a n d  C o l l e g e  o f  P h a r m a c y  a t  t h e  

M e d i c a l  U n i v e r s i t y  o f  S o u t h  Ca r o l i n a , C h a r l e s t o n , S o u t h  

C a r o l i n a  2940 1.

[ ^ H ]  U r i d i n e  ( s p e c i f i c  a c t i v i t y : 4 6 . 2  C i /m m o le ) ,

[ ^ H ]  T h y m i d i n e  ( s p e c i f i c  a c t i v i t y : 6 . 7  C i /m m o le )  a n d  [ ^ H ]

L - L e u c i n e  ( s p e c i f i c  a c t i v i t y : 3 1 . 9  C i /m m o le )  w a s  p u r c h a s e d
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FROM N e w  E n g l a n d  N u c l e a r , 5 7 5  A l b a n y  S t r e e t , B o s t o n , 

Ma s s a c h u s e t t s  0 2 1 1 8 .

D e t e r m i n a t i o n  o f  t h e  M i n i m a l  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 ) :  

T h e  t u b e  d i l u t i o n  s e n s i t i v i t y  m e t h o d  w a s  u t i l i z e d  t o

D E T E R M I N E  T H E  MIC OF T H E  D R U G S .

£ .  N E O F O R M A N S  C E L L S  WERE GROWN I N 5 0 0  m l  E r l E N M E Y E R  

F L A S K S  C O N T A I N I N G  1 0 0  m l  OF T H E  D E F I N E D  M E D I U M  FOR 2 4  H O U R S .  

C e l l s  w e r e  h a r v e s t e d  b y  c e n t r i f u g a t i o n  ( 1 2 0 0  x G f o r  10 

M I N U T E S  A T  2 5  C I N 5 0  m l  p l a s t i c  c e n t r i f u g e  t u b e s  i n  i n t e r 

n a t i o n a l  c e n t r i f u g e  Mo d e l  HN). T h i s  w a s  f o l l o w e d  b y  t w o  

w a s h i n g s  w i t h  t h e  s a m e  m e d i u m  a n d  t h e  s u p e r n a t a n t s  w e r e  d i s 

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

5
A D J U S T E D  TO A C O N C E N T R A T I O N  OF I X 10 C E L L S  PER m l  D E T E R 

M I N E D  BY H E M O C Y T O M E T E R  C O U N T S  AND C O N F I R M E D  BY C O L O N Y  C O U N T S .  

O n e  m l OF T H I S  c e l l  s u s p e n s i o n  w a s  d i s p e n s e d  t o  S T E R I L E ,  

C OT T ON  P L U G G E D  T U B E S  ( s i Z E  16  X 150 B e L L C O  G L A S S  I N C . ) .  

V a r i o u s  c o n c e n t r a t i o n s  o f  t h e  t e s t  a n t i b i o t i c s  i n  o n e  m l

V O L U M E S  WERE A D D E D  TO EACH T U B E .  D E F I N E D  M E D I U M  WAS A D D E D  

TO T H E  T U B E S  TO T H E  F I N A L  V O L U ME  OF TEN m l .  T U B E S  WERE 

P L A C E D  A T  A 30°  A N G L E  I N  A G Y R O T O R Y  S H A K E R  A T  I 20 RPM AT  

37 C.

T u RB I D I M E T R I  C M E A S U R E M E N T S  (500 n m , B a U SCH L o MB 

S p e C T R O N I C  20) A L O N G  W I T H  V I A B L E  P A R T I C L E  C O U N T S  WERE D E T E R 

M I N E D  A T  T I M E D  I N T E R V A L S  TO E S T A B L I S H  T H E  R E L A T I V E  I N C R E A S E  

I N  P O P U L A T I O N  OF T H E  Y E A S T .  T h E M I C  WAS D E F I N E D  AS T H E  

L O WE S T  C O N C E N T R A T I O N  OF EACH DRUG T H A T  C O M P L E T E L Y  I N H I B I T E D



T H E  F U N G U S  AS D E T E R M I N E D  BY COL ON Y  C O U N T S ,

S y n e r g i s m  S t u d i e s ;

C e l l s  w e r e  g r o w n , w a s h e d  a n d  r e s u s p e n d e d  a s  p r e v i o u s l y  

D E S C R I B E D .  A C O N C E N T R A T I O N  OF 0 .1  p g / m l  Amb WH I C H  WAS l / 4  

OF MIC, w a s  u s e d  A L O N E  OR I N  C O M B I N A T I O N  W I T H  D I F F E R E N T  C ON 

C E N T R A T I O N S  OF ONE OF T H E  E X P E R I M E N T A L  D RUGS (Qu, Mn, AND

MA). D r u g s  w e r e  a d d e d  s i m u l t a n e o u s l y  t o  e a c h  t u b e  i n  o n e  

m l P O R T I O N S  b e g i n n i n g  b e l o w  t h e i r  r e s p e c t i v e  M I C 's .  A d d i 

t i o n a l  T E S T S  WERE P ERF OR ME D  A P P L Y I N G  D I F F E R E N T  C O N C E N T R A T I O N S  

OF T H E  T H R E E  DRUGS I N T HE  A B S E N C E  OF Amb. T h E D E F I N E D  M E D I U M  

WAS A D D E D  TO A L L  T U B E S  TO A F I N A L  V O L U ME  OF 10 m l  A F T E R  W H I C H  

T H E  T U B E S  WERE P L A C E D  ON T H E  S H A K E R .

A n t i f u n g a l  d r u g  s y n e r g y  w a s  d e f i n e d  a s  a  d e c r e a s e  

OF A h u n d r e d  f o l d s  OR MORE I N  T H E  C O L O N Y  COU NT S  WHEN D RUGS  

WERE U S E D  I N C O M B I N A T I O N  W I T H  Amb A 3  C OMP A R E D  TO C O L O N Y  

C O U N T S  WHEN A S I N G L E  DRUG WAS USED ( 3 2 ) .

E f f e c t  o n  S y n t h e s i s  o f  Ma c r o m o l e c u l e s :

N u c l e i c  a c i d  a n d  p r o t e i n  s y n t i E S I s  w e r e  s t u d i e d  i n  

Ç .  n e o f o r m a n s  b y  f o l l o w i n g  t h e  i n c o r p o r a t i o n  o f  a p p r o p r i a t e l y  

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

(TCA) i n s o l u b l e  m a t e r i a l .  C e l l s  w e r e  g r o w n  o n  d e f i n e d

M E D I U M  FOR S I X  HOURS AND H A R V E S T E D  I N  T H E  MANNER P R E V I O U S L Y

d e s c r i b e d . C e l l  s u s p e n s i o n s  w e r e  a d j u s t e d  t o  o p t i c a l  d e n s i t y  

OF 0 . 1 5 ,  A P P R O X I M A T E L Y  5 X 10^ C E L L S  PER m l .  T h E E X P E R I M E N 

T A L  DRUG AND RAD I O A C T I  V E L Y  L A B E L E D  M A T E R I A L  WERE A D D E D  AND
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ONE ml A L I Q U O T S  WERE W I T H D R A W N  FROM T H E  C U L T U R E S  A T  V A R I O U S  

T I M E  I N T E R V A L S .  F U R T H E R  R E A C T I O N S  WERE A R R E S T E D  BY T H E  A D 

D I T I O N  OF AN EQU AL  V O L U ME  OF 1 0 $  COLD T C A  AND T H E  A C I D  I N 

S O L U B L E  M A T E R I A L S  WERE C O L L E C T E D  ON 0 .4 5  y i n  M E M B R A N E  F I L T E R S  

( M I L L  I P O R E ) .  P r e c i p i t a t e s  w e r e  w a s h e d  t h r e e  t i m e s  w i t h  20 

m l  OF 5$ COLD T C A ,  d r i e d  a n d  d i s s o l v e d  i n  10 m l  s o l u t i o n  

c o n t a i n i n g  t w o  p a r t s  T O L U E N E ,  ONE P A R T  T R I T O N  X 100 AND 

0 . 8 $  2 , 4 - D I P H E N Y L O X A Z O L E  (PRO). C OU N T S  WERE MADE W I T H  T H E  

B e c k m a n  L-S 100 l i q u i d  s c i n t i l l a t i o n  c o u n t e r .

S y n e r g i s t i c  E f f e c t s  o n  S y n t h e s i s  o f  M a c r o m o l e c u l e s :

T h e  s a m e  p r o c e d u r e s  a s  d e s c r i b e d  p r e v i o u s l y  f o r  

S I N G L E  a n t i b i o t i c  WERE U S E D ;  H O WE V E R ,  BOTH A N T I B I O T I C S  WERE  

A D D E D  S I M U L T A N E O U S L Y .  ThE C O N C E N T R A T I O N  OF O . I  y g / m l  A m b  

WAS USED I N C O M B I N A T I O N  W I T H  EACH ONE OF T H E  OT H E R  DRUGS

( Q u ,  M n ,  AND NA). A w i d e  r a n g e  o f  c o n c e n t r a t i o n s  o f  t h e  

O T H E R  D R U G S ,  S T A R T I N G  W E L L  UNDER EACH M IC ’ S, WERE I N V E S T I 

G A T E D .

M i c e  E x p e r i m e n t s ;

A 24 HOUR C U L T U R E  OF £ .  N E O F O R M A N S  GROWN I N M O D I F I E D  

S a B O U R A U D ^ S  D E X T R O S E  B RO T H  M E D I U M  WAS H A R V E S T E D  BY C E N T R I F U 

G A T I O N  (1200 X G FOR 10 M I N U T E S  AT  25 C I N 50 m l  P L A S T I C  

C E N T R I F U G E  T U B E s )  F O L L O W E D  BY TWO W A S H I N G S  W I T H  P H Y S I O L O G I C A L  

S A L I N E .  T h e  S U P E R N A T A N T S  WERE D I S C A R D E D  AND T H E  C E L L S  WERE  

R E S U S P E N D E D  I N P H Y S I O L O G I C A L  S A L I N E .  Ml CE W E I G H I N G  18-22 

GRAMS WERE I N F E C T E D  BY I N J E C T I O N  OF O . I  m l  C O N T A I N I N G



5 X 1 0 ^  V I A B L E  Y E A S T  C E L L S ,  I N T O  A L A T E R A L  T A I L  V E I N .  T H E Y  

WERE H OU S E D  I N GROUPS OF T E N ,  G I V E N  FOOD AND WATER AD L I B I T U M ,  

AND O B S E R V E D  D A I L Y .  T H E R A P Y  WAS BEGUN 7 2  H OU RS  POST I N F E C 

T I O N .  T e n  m i c e  w e r e  i n c l u d e d  i n  e a c h  c o n t r o l  a n d  t e s t  g r o u p . 

E a c h  m o u s e  r e c e i v e d  14  i n t r a p e r i t o n e a l  i n j e c t i o n s  o r  o r a l

D O S A G E S  OF DRUG I N C O R P O R A T E D  I N T HE  D A I L Y  D I E T ,  ONE E V E R Y  

4 8  H O U R S .  C o n t r o l s  c o n s i s t e d  o f  g r o u p s  o f  u n i n f e c t e d  m i c e  

T R E A T E D  W I T H  H I G H  C O N C E N T R A T I O N  ( s )  OF D R U G ,  U N I N F E C T E D  M I C E  

T R E A T E D  W I T H  I P  I N J E C T I O N S  OF P H Y S I O L O G I C A L  S A L I N E ,  AND I N 

F E C T E D  U N T R E A T E D  M I C E .  ONE ADDED GROUP WAS I N C O R P O R A T E D  AS 

A SHAM O P E R A T I N G  C O N T R O L  FOR ^ E X P E R I M E N T S .  A F T E R  A D M I N I S 

T R A T I N G  7  D O S A G E S  OF D R U G S ,  EACH MOUSE WAS W E I G H E D  AND D O S 

AGE PER k g  WAS A D J U S T E D .  D U R I N G  D A I L Y  O B S E R V A T I O N ,  DEAD 

M I C E  WERE A U T O P S I E D  AND T H E I R  ORGANS ( B R A I N ,  B L O O D ,  AND 

s p l e e n )  C U L T U R E D  ON M O D I F I E D  S a B O U R A U D ’ s D E X T R O S E  AGAR P L A T E S  

W I T H  P E N I C I L L I N  AND S T R E P T O M Y C I N .  ÜN DAY 3 1  POST  I N F E C T I O N ,  

T H E  S U R V I V I N G  M I C E  WERE S A C R I F I C E D  AND O R G A N S  WERE C U L T U R E D ,



CHAPTER 1 I I 

RESULTS

T h e  d a t a  i n  F i g u r e  I s h o w  t h e  MIC v a l u e s  o f  t h e  

E X P E R I M E N T A L  DRUGS (Amb, Q u ,  Mn , AND NA ) FOR _C, N E O F O R M A N S . 

T h e  MIC v a l u e s  o f  Q u  a n d  NA d i f f e r e d  a t  e a c h  t i m e  i n t e r v a l

AND I N C R E A S E D  A S  T H E  I N C U B A T I O N  T I M E  WAS P R O L O N G E D ;  W H E R E A S ,  

T H E S E  V A L U E S  WERE R E L A T I V E L Y  C O N S T A N T  FOR Amb AND Mn.

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

t i o n s  OF O u ,  Mn, OR NA i n  c o m b i n a t i o n  w i t h  Amb, i s  i l l u s 

t r a t e d  i n  F i g u r e s  2 - 4 .  T h e  c o n c e n t r a t i o n  o f  Amb e m p l o y e d  

I N  e a c h  o f  t h e  s y n e r g y  s t u d i e s  w a s  1/4  OF M I N I M U M  I N H I B I 

T ORY C O N C E N T R A T I O N  FOR _C. N E O F O R M A N S . A t  T H I S  C O N C E N T R A 

T I O N ,  Amb H A S  NO I N H I B I T O R Y  E F F E C T  ON GROWTH OF THE Y E A S T 

L I K E  O R G A N I S M .  S e v e r a l  c o n c e n t r a t i o n s  o f  Q u ,  Mn, a n d  N A , 

S T A R T I N G  W E L L  BEL OW T H E  R E S P E C T I V E  MIC V A L U E S  WERE U S E D .

S y n e r g y  w a s  d e m o n s t r a t e d  w i t h  t h e  c o m b i n e d  u s e  o f  Qu o r  NA

AND Amb BY A D E C R E A S E  OF 100 F O L D  OR MORE I N  T H E  COLONY 

C O U N T S ,  AS COMPA RED TO U S I N G  E I T H E R  DRUG A L O N E .  H O WE V E R ,  

S Y N E R G I S M  WAS NOT O B S E R V E D  U S I N G  V A R I O U S  C O N C E N T R A T I O N S  OF 

M n  W I T H  Amb.

12
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F i g u r e  I .  M i n i m a l  i n h i b i t o r y  c o n c e n t r a t i o n s  o f  a m p h o t e r i c i n  B ( a ) ,  o u i n a z o l i n e

D E R I V A T I V E  ( El ) , M I C O N A Z O L E  N I T R A T E  ( c ) ,  AND N A L I D I X I C  A C I D  ( o )  FOR  
_Ç. N E O F O R M A N S  A T  D E S I G N A T E D  P E R I O D S  OF  I N C U B A T I O N ,  C O L O N Y  C O U N T S  OF  
T H E  Y E A S T S  WERE P E R F O R M E D  A F T E R  T R E A T M E N T  W I T H  S E V E R A L  C O N C E N T R A T I O N S  
OF E A C H  C H E M I C A L  C O M P O U N D ,
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F i g u r e  2 ,  D o s e  r e s p o n s e  o f  t h e  v i a b i l i t y  o f  C_. n e o f o r m a n s

TO D I F F E R E N T  C O N C E N T R A T I O N S  OF Qu ALoTTi ( O —  o )  

AND I N C O M B I N A T I O N  W I T H  O . I  w g /m l  Amb ( • - - • ) ,  
C o l o n y  c o u n t s  w e r e  d e t e r m i n e d  a f t e r  3  d a y s  o f
I N C U B A T I O N ,

F i g u r e  3 .  D o s e  r e s p o n s e  o f  t h e  v i a b i l i t y  o f  _C. n e o f o r m a n s  
TO d i f f e r e n t  c o n c e n t r a t i o n s  o f  Mn a l o n e  ( o — o )  
AND I N C O M B I N A T I O N  W I T H  O . I  y g / m l  Amb ( • - - • ) .  
I n c u b a t i o n s  w e r e  3  d a y s .  C o l o n y  c o u n t s  w e r e  
d e t e r m i n e d  a t  t h e  e n d  o f  T H I R D  D A Y .

F i g u r e  4 .  D o s e  r e s p o n s e  o f  t h e  v i a b i l i t y  o f  _C. n e o f o r m a n s  
TO d i f f e r e n t  c o n c e n t r a t i o n s  o f  NA A L o Ï Ï i  ( o — o )  
a n d  i n  c o m b i n a t i o n  w i t h  O . I  y g / m l  Amb ( • — o ) . 
V i a b i l i t y  s t u d i e s  w e r e  p e r f o r m e d  a f t e r  3  d a y s
OF I N C U B A T I O N .
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A m p h o t e r i c i n  B ,  a t  c o n c e n t r a t i o n s  u n d e r  t h e  MIC 

V A L U E  a p p e a r e d  TO BE I N E F F E C T I V E  I N P R E V E N T I N G  T H E  U P T A K E  

OF L A B E L E D  P R E C U R S O R S  BY T H E  M A C R O M O L E C U L E S  OF C_. N E O F O R M A N S

( F i g u r e  5 ) .  H o w e v e r , Qu a n d  NA i n h i b i t e d  l a b e l e d  u r i d i n e

I N C O R P O R A T I O N  I N T O RNA AND L A B E L E D  L E U C I N E  I N C O R P O R A T I O N  

i n t o  P R O T E I N  I N _C. N E O F O R M A N S . I N A D D I T I O N ,  NA I N H I B I T E D  

T H Y M I D I N E  I N C O R P O R A T I O N  I N T O  T H E  DNA OF T H E  Y E A S T  C E L L S

( F i g u r e s  6 , 7 ) .  T h e  p r e s e n c e  o f  O . I  y g / m l  Amb, w e l l  b e l o w  

T H E  c o n c e n t r a t i o n s  W H I C H  D E P R E S S  M A C R O M O L E C U L A R  B I O S Y N T H E S I S ,  

P O T E N T I A T E D  T H E  E F F E C T I V E N E S S  OF O u  UP TO 5 0 ^  AND NA UP TO 

3 5 ^ .  In C O N T R A S T ,  T H E  D A T A  I N F I G U R E  8 I N D I C A T E  T H A T  M A C R O -  

M O L E C U L A R  S Y N T H E S I S  WAS NOT I N H I B I T E D  BY M n  A L O N E  OR I N 

C O M B I N A T I O N  W I T H  O . I  y g / m l  Amb.

I N V I VO S T U D I E S :

T h e  C U R I N G  d o s e  50 ( CD-50) w a s  t h e  d o s a g e  r e q u i r e d  

TO CURE A P P R O X I M A T E L Y  5 0 ^  OF T HE  I N F E C T E D  M I C E  AND WAS CON

F I R M E D  BY T H E  A B S E N C E  OF C_. N E O F O R M A N S  Y E A S T  C E L L S  I N T H E I R  

C U L T U R E D  O R G A N S .

I n o u r  E X P E R I M E N T A L  MODE L  S Y S T E M ,  U S I N G  I V  I N J E C 

T I O N S  OF £ .  N E O F O R M A N S  Y E A S T  C E L L S  I N T O T H E  T A I L  V E I N  OF 

M I C E ,  R E S U L T S  WERE R E P R O D U C I B L E .  I N A L L  C A S E S ,  C O N T R O L  M I C E  

W H I C H  R E C E I V E D  NO DRUG T R E A T M E N T  D I E D  B E T WE E N  12 AND 30 DAYS 

POST  I N F E C T I O N .  S U R V I V I N G  C ON T R OL  GROUPS I N C L U D E D ,  U N I N F E C 

T E D  M I C E  R E C E I V I N G  T H E  H I G H E S T  DRUG D O S A G E S  R E P O R T E D ,  M I C E  

U N I N F E C T E D  AND T R E A T E D  W I T H  P H Y S I O L O G I C A L  S A L I N E  AND THE 

SHAM O P E R A T I N G  U N I N F E C T E D  M I C E .
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100%

5 0 %

0-2 0.4 0 8

« 9 / m l

F i g u r e  5 .  D o s e  r e s p o n s e  t o  A m b  o f  [ ^ H ]  t h y m i d i n e  ( • — • ) ,
t ^ H ]  U R I D I N E  ( o - - o ) ,  AND ]  L E U C I N E  ( * - - * )
I N C O R P O R A T I O N  I N T O  T C A  P R E C I P 1 T A 3 L E  F R A C T I O N  
OF C. N E O F O R M A N S .  T h E Y E A S T S  WERE GROWN I N
( 3 h ]  t h y m i d i n e  {30  u c i / m l ) , [ 3 h 1 u r i d i n e  ( I
p c i / m l )  AND (3 H  ] L E U C I N E  ( 5  p c i / l T l l )  A T  I N D I C A T E D  
C O N C E N T R A T I O N S  OF A m b  FOR 4  H O U R S .  O n E H U N D R E D  
P E R C E N T  V A L U E  FOR [ 3 H  ] T H Y M I D I N E  WERE 4 . 4  X 1 0 ^  
C O U N T S  PER M I N  PER m l ,  FOR ( ^ H ] U R I D I N E  WERE
1 6 . 2  X ( q 3  c p m / m l ,  a n d  f o r  [ 3 h ]  l e u c i n e  w e r e  
7 , 4  X I 0 3  c p m / m l .
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F i g u r e  6 ,  D o s e  r e s p o n s e  t o  O u  o f  [ ^ H ]  t h y m i d i n e
( A ) ,  [3H] u r i d i n e  ( !  u c i / m l )  ( E ) ,  a n d  [
L E U C I N E  (5  y C i / m l )  (C) I N C O R P O R A T I O N  A F T E R  4 
H O U R S  OF I N C U B A T I O N  OF Ç.  M E O F O R M A M S  I N T H E  
P R E S E N C E  ( 0 - - 0 ) AND A B S E N C E  ( 0 - - 0") OF 0 , 1  
v g / m l  Amb. O n e  h u n d r e d  p e r c e n t  v a l u e  f o r  [ ^ H ]
T H Y M I D I N E  I N C O R P O R A T I O N  I N T O  TCA P R E C I P I T A B L E  
M A T E R I A L S  v / A s  3 . 1  X ! 0 3  c p m / m l ,  F OR  [ 3 H ]  u r i d i n e  
WAS 1 3 . 9  X 1 0 ^  c p m / m l  a n d  f o r  ]  l e u c i n e  w a s  
6 . 6  X 1 0 ^  c p m / m l .
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F i g u r e  7 ,  D o s e  r e s p o n s e  t o  NA o f  [ ^ H ]  t h y m i d i n e  ( 3 0  y c i / m l )  
( A ) ,  [ 3 h ]  u r i d i n e  ( I  l i c i / n i l )  (B )  a n d  [ 3 h ]  l e u c i n e  
( 5  p c i / m l )  (C )  i n c o r p o r a t i o n  a f t e r  4  h o u r s  o f  i n 
c u b a t i o n  OF C. N E O F O R M A N S  I N  T H E  P R E S E N C E  ( ® — ®)  
A N D  A B S E N C E  T 0 - - 0 )  OF 0 . i p g / m l  A m b . O n e  h u n d r e d  
P E R C E N T  V A L U E  F OR [ ^ H ]  T H Y M I D I N E  I N C O R P O R A T I O N  
I N T O  TCA P R E C I P I T A B L E  M A T E R I A L S  WAS 3 . 9  X l O ^  
c p m / m l ,  FOR 3 h  u r i d i n e  w a s  16 x I 0 3  c p m /m l  a n d  
F OR  [ J H ]  L E U C I N E  WAS 7 . 5  X I 0 3  c p m / m l .
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F i g u r e  8 ,  D o s e  r e s p o n s e  t o  M n  o f  [ ^ H ]  t h y m i d i n e  ( 3 0  u c i / m l ) 
( A ) ,  [3 h ]  U R I D I N E  ( I  y c i / m l )  (B )  a n d  [3H] l e u c i n e  
( 5  u c i / m l )  (C) i n c o r p o r a t i o n  a f t e r  4  h o u r s  o f  i n 
c u b a t i o n  OF C. N E O F O R M A N S  I N  T H E  P R E S E N C E  ( ® — • )  
AND A B S E N C E  ^ o - o ]  OF 0 . 1  u g / m l  Amb. O n e  h u n d r e d  
P E R C E N T  V A L U E  FOR [ 3 H ]  T H Y M I D I N E  I N C O R P O R A T I O N  
I N T O  TCA P R E C I P I T A B L E  M A T E R I A L S  WAS 3 . 3  X 1 0 ^  

c p m / m l ,  FOR [ 3 H ]  u r i d i n e  w a s  1 7 . 3  x 1 0 ^  c p m / m l  
AND  FOR [ 3 H ]  l e u c i n e  WAS 8 . 1  X I 0 3  c p m / m l .
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To E S T A B L I S H  T H E  CD-50 FOR Amb, Qu, Mn, AND NA, A 

M I N I M U M  OF TWO D I F F E R E N T  E X P E R I M E N T S  FOR EACH DRUG WERE P E R 

FORMED AND A C C U M U L A T E D  D A T A  ARE SHOWN I N F I G U R E S  9 - 1 3 ,

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

I N C R E A S E D  P R O G R E S S I V E L Y  W I T H  I N C R E A S I N G  D R U G  D O S A G E .

T h e  d o s e  r e s p o n s e  t o  Amb t h e r a p y  i s  p r e s e n t e d  i n  

F i g u r e  9 .  Mo r t a l i t y  w a s  p r e v e n t e d  c o m p l e t e l y  a n d  c u l t u r e s

o f  V A R I O U S  ORGANS ( B L O O D ,  S P L E E N ,  AND B R A I N )  WERE N E G A T I V E  

A F T E R  A C O M P L E T E  COURSE OF T R E A T M E N T  W I T H  1 , 5  m c j / k g / d o s e .

V / i T H  T H E  U S E  OF 1.0 m g / k g / d o s e , a l t h o u g h  a l l  m i c e  s u r v i v e d ,

_C. N E O F O R M A N S  WAS I S O L A T E D  FROM T H E  S P L E E N  OF TWO AND T H E  

B R A I N  OF ONE M O U S E .  T h e  CD-50 WAS 0 . 5  m g / k g / d o s e .

T h e  s u r v i v a l  r a t e s  o f  i n f e c t e d  m i c e , t r e a t e d  w i t h

O R A L  OR I P  Q u  AT  D I F F E R E N T  C O N C E N T R A T I O N S ,  A RE  P R E S E N T E D

I N F i g u r e s  10 a n d  I I .  A f t e r  t e r m i n a t i n g  t h e r a p y  w i T u  a t

L E A S T  AN 800 M g / k g / d o s e  I P ,  A L L  M I C E  S U R V I V E D  AND T H E  C U L 

T U R E S  WERE N E G A T I V E  FOR _C. N E O F O R M A N S . T H E  CD-50 OF Qu FOR 

I P  T H E R A P Y  WAS A P P R O X I M A T E L Y  200 y g / k g / d o s e .  A N I M A L S  F A I L E D

TO R ES POND TO ORAL  T R E A T M E N T  I N T H A T  9 5 ^  D I E D  DUE TO Ç.

N E O F O R M A N S  I N F E C T I O N .

T h e  r e s u l t s  o b t a i n e d  f r o m  o r a l  a d m i n i s t r a t i o n s  o f  

V A R I O U S  c o n c e n t r a t i o n s  OF M n  TO M I C E  I N F E C T E D  W I T H  C_. N E O 

F OR MA N S  ARE SHOWN I N F I G U R E  I 2 .  D A T A  I N D I C A T E  T O T A L  S U R V I V A L  

OF T H E  M I C E  WHEN ONE m g / k g /d o s e  WAS U S E D .  T H E  CD-50 FOR Mn 

WAS A P P R O X I M A T E L Y  500 p g / k g / d o s e .

O r a l  t r e a t m e n t  o f  i n f e c t e d  m i c e  w i t h  a  400 p g / k g / d o s e
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F i g u r e  9 .  P e r c e n t a g e  o f  s u r v i v o r s  o f  m i c e  i n f e c t e d  w i t h

Ç .  N E O F O R M A N S  A ND T R E A T E D  I P  W I T H  D I F F E R E N T  
C O N C E N T R A T I O N S  OF Amb O V E R  31 D A Y S  T E S T I N G  
P E R I O D .  C o n t r o l s ;  ( o )  S h a m  o p e r a t i n g ,  u n 
i n f e c t e d  T R E A T E D  W I T H  PBS OR 1 .5  m g / k g / d o s e ,  
( o )  I N F E C T E D  U N T R E A T E D .  T E S T S :  I N F E C T E D  AND
T R E A T E D  W I T H :  ( o )  0 . 2 5  m g / k g / d o s e ,  ( * )  0 , 5
m g / k g / d o s e ,  (□ )  0 . 7 5  m g / k g / d o s e ,  { * )  1 .0  
m g / k g / d o s e  a n d  ( o ) 1.5  m g / k g / d o s e .
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OF NA , R E S U L T E D  I N C O M P L E T E  S U R V I V A L .  _C. N E O F O R M A N S  WAS 

NOT C U L T U R E D  FROM ANY ORGAN ( F I G U R E  1 3 ) ,  T h E C D - 5 0  OF T H I S  

DRUG WAS 10 0  p g / k g / d o s e .
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F tC U fie  10 . PCRCEMTACE OF SURVIVORS OF MICE INFECTED WITH 
£• NEOFORMANS AND TREATED ORALLY WITH.DIFFER
ENT CONCENTRATIONS OF Ou OVER PERIOD OF 31
DAYS. Controls: («) uninfected treated with
10 mg/kg/dose, (o) , infected untreated. Tests: 
I nfected and treated with ( o )  5 0 0  w g /k g /d o a e ,  
( * )  I m g /k g /d o s e  and ( ♦ )  10 m g /k g / d o s e .

F(DURE I I .  Percentage of survivors of mice infected with
Ç, N E O F O R M A N S  AND TREATED IP WIT- DIFFERENT 
CONCENTRAT I0N3 OF QU OVER PERIOD OF 31 DAYS.
Controls: ( • )  a- sham operating, b- umnfected

TREATED with PBS, AND C-UNI SFECTEO TREATED 
WITH 800 mg/kg/dose,( o )  infected UNTREATED. 
Tests: I nfected and treated wit- :  ( e j  1 00
ug/kg/dose, (») 200 ug/kg/dose, ( • )  400 
p g / k g / d o s e  and ( • )  8 0 0  p g / k g / d o s e .
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FIOURC 12. PERCEHTAtE -OF SURVIVORS OF H it t  INFECTED WITH
C. Nr0F0RMA>j3 AMD TREATED ORALLY -ITH 0 I ' FERENT 
FonCENTHAT I oris OF t'.n OVER PERIOD OF 31 CAYS. 
Controls: ( • )  uninfected treated with I
ng/kg/dose, (o) INFECTED untreated. Tests: 
Infected and treated with ( « I  1 2 5  p g / k g / d o s e ,  
( * )  2 5 0  p g / k g / d o s e ,  ( » J  5 0 0  p g / k g / d o s e  and 
( • }  I m g /k g / d o s e .

- A * .  T n i i M i .m  r i r m m n i in im l  

21  2 6  31  
DAYS

l\3

F ic u r c  13, Percentage of survivors of mice infected with
Ç . N E O F O R M A N S  AND TREATED ORALLY WITH DIFFERENT 
concentrations OF flA OVER PERIOD OF 31 DAYS. 
Controls: ( • )  uninfected treated witmAOO
pg/kg/dose, (<») infected untreated. Tests: 
I nfected and treated with ( o ) 5 0  p g / k g / d o s e .
( * )  1 00  p g / k g / d o s e ,  ( ♦ )  2 0 0  p g /k g /d o s e  and ( • )  
4 0 0  p g / k g / d o s e .



CHAPTER IV 

DISCUSSION

I n o u r  i n v e s t i g a t i o n s , w h i c h  i n c l u d e d  s e v e r a l

S C R E E N I N G  P R O C E D U R E S ,  T H R E E  C H E M I C A L S  SHOWED P R O M I S E  AS 

NEW A N T  I F U N G A L  A G E N T S ,  P A R T I C U L A R L Y  A G A I N S T  C_. N E O F O R M A N S .

O U I N A Z O L I N E  D E R I V A T I V E S  H A V E  BEE N  USED E X T E N S I V E L Y  

A G A I N S T  E U C A R Y O T I C  P A R A S I T E S  E S P E C I A L L Y  P l A S M O D I U M  S P E C I E S

( 4 5 , 4 6 ) ,  H o w e v e r , t h i s  p a r t i c u l a r  d e r i v a t i v e  w a s  f o u n d  t o

L A C K  ANY A C T I V I T Y  A G A I N S T  P L A S M O D I U M  S P E C I E S ,  S U B S E Q U E N T  

I N v i t r o  A N T I M I C R O B I A L  S C R E E N I N G  A G A I N S T  S E V E R A L  Y E A S T S ,  

R E V E A L E D  T H A T  T H I S  COMPOUND D I S P L A Y E D  A N T  I F U N G A L  P R O P E R T I E S ,  

T h e  MIC w a s  i n  t h e  r a n g e  o f  6 - 8 . 2 5  y g / m l  a g a i n s t  C_. n e o f o r -  

MANS BUT  F U N G I S T A T I C  DOSE V A R I E D  S L I G H T L Y  AS T H E  T I M E  OF  

I N C U B A T I O N  I N C R E A S E S .

M n  d e r i v a t i v e  o f  I - p h e n e t h y l i m i d a z o l e , e x h i b i t e d

I N H I B I T O R Y  A C T I V I T Y  A G A I N S T  B A C T E R I A  AND F U N GI  ( i S )  AND 

ORAL  A D M I N I S T R A T I O N  R ED UC E D  T E T R A C Y C L I N E - I N D U C E D  F U N G A L  

OVERGROWT H I N T H E  F E C E S .  Mn WAS A B S O R B E D  R E A D I L Y  FROM T H E  

G A S T R O - I N T E S T  I N A L  T R A C T  ( 6 ) .  I N OUR I N V E S T I G A T I O N S ,  Mn 

D E M O N S T R A T E D  I N H I B I T O R Y  A C T I V I T I E S  A G A I N S T  S E V E R A L  Y E A S T  

C E L L S  I N C L U D I N G  Ç .  N E O F O R M A N S  W I T H  AN MIC V A L U E  OF A P P R O X  I -

2 6
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M A T E L Y  0 . 5  y g / m l .  D o S A G E S  UP TO T H I S  C O N C E N T R A T I O N  PROVED 

N OT  TO BE I N H I B I T O R Y  T O M A C R O M O L E C U L E S  B I O S Y N T H E S I S .

NA H A S  B E E N  S HOWN TO B E  E F F E C T I V E  A G A I N S T  P R O C A R Y O 

T I C  C E L L S  ( 2 0 ) ,  I N  T H A T  I T  I N H I B I T S  DNA S Y N T H E S I S  I N  B A C 

T E R I A  ( 1 5 ) .  T h e  e f f e c t s  o f  NA o n  e u k a r y o t i c  o r g a n i s m s  h a v e  

B E E N  S T U D I E D  A N D  I N  TWO I N V E S T I G A T I O N S  T H I S  A G E N T  I N H I B I T E D  

T H E  G R O WT H  OF  E u G L E N A  G R A C I L I S  BY  B L O C K I N G  C H L O R O P L A S T S  R E 

P L I C A T I O N  ( 9 , 3 0 ) .  In o u r  i n v e s t i g a t i o n , w e  f o u n d  t h a t  p a r 

t i a l  I N H I B I T I O N  OF  T O T A L  C E L L  DNA, RNA A N D  P R O T E I N  S Y N T H E S I S  

WA S  A C H I E V E D ,  U S I N G  C O N C E N T R A T I O N S  B E L O W  T H E  MIC. C r Y P T O -  

C O C C U S  N E O F O R M A N  S WA S  I N H I B I T E D  B Y  NA A T  5 0  y g / m l  ON T H E  

F I R S T  D A Y  I N C R E A S I N G  TO 1 4 0  y g / m l  B Y  T H E  S E V E N T H  D A Y .

T h e  A B O V E  d a t a  i n d i c a t e s  t h a t  t h e  M iG ’ s w e r e  d i r e c t l y  

P R O P O R T I O N A L  TO T H E  P E R I O D  OF  E X P O S U R E  TO Qu A N D  NA , W H I L E  

T H E  M iG ’ s OF Amb a n d  Mn w e r e  i n d e p e n d e n t  o f  t i m e .  T h i s  

S U G G E S T S  T H A T  Qu A N D  NA WE R E  P R O B A B L Y  F U N G I S T A T I C  A N D  T H A T

Amb a n d  Mn w e r e  p r o b a b l y  f u n g i c i d a l .  T h e  v i t r o  f u n g i s 

t a t i c  OR F U N G I C I D A L  P R O P E R T I E S  OF  M O S T  D R U G S  D E P E N D  ON M A N Y  

F A C T O R S  S U C H  A S  T I M E ,  T E M P E R A T U R E ,  O R G A N I S M ,  A N D  D O S A G E .

An I N C R E A S E  I N  D O S E  OF  Qu OR NA A B O V E  T H E I R  M IC ’ S, E V t i ' j ,  U A L L Y  

L E A D S  TO F U N G I C I D A L  L E V E L S .

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

D R U G  t h e r a p e u t i c a l l y  I N  T H E  M A M M A L I A N  S Y S T E M  W H I C H  MA Y  L I M I T  

T H E  U T I L  I Z A B L E  D O S E .  T H E S E  L I M I T A T I O N S  I N C L U D E  A D V E R S E  

E F F E C T S  ON T H E  M A M M A L I A N  S Y S T E M  I N  R E S P O N S E  T O I N C R E A S E D  

D O S A G E S ,  A L T H O U G H  T H E R A P E U T I C  A C T I V I T Y  M A Y  B E  E N H A N C E D .
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A n e x a m p l e  o f  t h i s  p h e n o m e n o n  c a n  b e  s e e n  w i t h  A m b  w h i c h

E X H I B I T S  DOS E  D E P E N D E N T  T O X I C I T Y  TO T H E  H O S T ,  L O W E R I N G  T H E  

D O S A G E  E L I M I N A T E S  OR D I M I N I S H E S  S I D E  E F F E C T S  OF T H I S  D R U G ,

A S  W E L L  A S  I T S  A N T  I F U N G A L  P R O P E R T I E S .

Amb AND OT H E R  P O L Y E N E  A N T I B I O T I C S  ( 5 , 3 1 , 3 5 )  B I N D  

W I T H  S T E R O L S  WH I C H  A R E  P R E S E N T  I N T H E  C E L L  M E M B R A N E ,  C A U S I N G  

A L T E R A T I O N S  I N T H E I R  P E R M E A B I L I T Y  AND I M P A I R M E N T  OF T H E  

T R A N S P O R T  S Y S T E M  OF S E N S I T I V E  O R G A N I S M S  ( 2 2 , 2 3 ) .  I N D I V I D U A L  

P O L Y E N E  A N T I B I O T I C S  D I F F E R  I N  T H E I R  A F F I N I T Y  TO C E R T A I N  

L I P I D S ,  FOR E X A M P L E ,  F I L I P I N  B I N D S  TO E R G O S T E R O L  AND C H O L E S 

T E R O L ,  W H I L E  Amb H AS  M A I N L Y  AN A F F I N I T Y  TO E R G O S T E R O L  ( 5 l ) .  

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

m i c r o b i a l  S P E C T R U M  AND T O X I C I T Y  OF I N D I V I D U A L  P O L Y E N E S .  

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

H A V E  P R O V E D  T H E  M O S T  T O X I C  T O M A M M A L I A N  C E L L S .

T h e  M E C H A N I S M  OF Amb a c t i o n  o n  m o d e l  m e m b r a n e s  ( 2 4 )  

p r o b a b l y  f a c i l i t a t e s  T H E  P A S S A G E  OF  O T H E R  D R U G S  T H R O U G H  T H E  

C E L L S  M E M B R A N E  A ND I N C R E A S E S  T H E I R  A V A I L A B I L I T Y  I N  T H E  

C Y T O S O L .

E x p e r i m e n t a l  e v i d e n c e  i n d i c a t e s  t h a t  t h i s  p h e n o m e n o n

C A N  B E  U S E D  TO M A N I P U L A T E  T H E  P E R M E A B I L I T Y  OF  T H E  Y E A S T

C E L L .  L o w e r , l e s s  t o x i c  d o s e s  o f  Amb c a n  b e  u s e d  i n  c o m 

b i n a t i o n  W I T H  A N O T H E R  A NT  I F U N G A L  A G E N T S  H A V I N G  A D I F F E R E N T  

MODE OF A C T I O N  T H A N  Amb. T H I S  HAS P R O V E D  F E A S I B L E  AND AN 

E X A M P L E  WAS SHOWN I N OUR S T U D I E S  U S I N G  E I T H E R  Q u  OR NA A L ON G 

W I T H  Amb. A c t u a l l y , c o m b i n a t i o n s  l e d  t o  p o t e n t i a t e d  a n t i -
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F U N G A L  E F F E C T S  ON T H E  Y E A S T  C E L L S  WHE N C O M P A R E D  TO T H E  U S E  

OF  E I T H E R  D R U G  A L O N E .  P O T E N T I A T I O N  WAS N O T  O B S E R V E D  U S I N G  

Mn I N  C O M B I N A T I O N  W I T H  Amb a t  e i t h e r  t h e  C E L L U L A R  OR M O L E 

C U L A R  L E V E L .  Mn A L O N E  D O E S  N O T  E X H I B I T  A N Y  I N H I B I T O R Y  

E F F E C T S  ON M A C R O M O L E C U L A R  B I O S Y N T H E S I S  W H I L E  Qu OR NA DO 

I N H I B I T  M A C R O M O L E C U L A R  B I O S Y N T H E S I S .

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

T O p o t e n t i a t e  t h e  e f f e c t s  o f  A N T  I F U N G A L  A G E N T S  I N  V I T R O  

( 3 6 ) .  T h i s  c a n  n o t  b e  p r a c t i c a l l y  a p p l i e d  t o  f u n g a l  i n f e c 

t i o n s  I N  M A M M A L I A N  S Y S T E M  A S  I T  L A C K S  T H E R A P E U T I C  V A L U E  F O R  

S E V E R A L  R E A S O N S .  L O N G  T E R M  B R O A D  S P E C T R U M  A N T I B A C T E R I A L  

T H E R A P Y  U P S E T S  T H E  B A L A N C E  B E T W E E N  B A C T E R I A L  A N D  F U N G A L  

F L O R A ,  D E P L E T I N G  T H E  B A C T E R I A L  P O P U L A T I O N  T H U S  F A C I L I T A T I N G  

T H E  E S T A B L I S H M E N T  OF A F U N G A L  I N F E C T I O N  ( 1 9 , 5 5 ) ,  T H E R E F O R E ,  

E A C H  D R U G  S H O U L D  BE E S T A B L I S H E D  A S  AN A N T  I F U N G A L  A G E N T  P R I O R  

TO I T S  U S E  I N  C O M B I N A T I O N  W I T H  O T H E R  A G E N T S .

In v i t r o  i n v e s t i g a t i o n  o f  Qu, Mn, a n d  NA i n d i c a t e d

T H A T  T H E Y  WE R E  P R O M I S I N G  A N T  I F U N G A L  A G E N T S  A N D  TO OUR K N O W 

L E D G E ,  T H E I R  U S E  I N  T H E  T R E A T M E N T  OF  E X P E R I M E N T A L  C R Y P T O C O C 

C O S I S  I N  M I C E  H A S  N O T  B E E N  P R E V I O U S L Y  R E P O R T E D .  O U R  R E S U L T S  

W I T H  T H I S  V I VO M O U S E  M O D E L  I N D I C A T E D  A S T A T I S T I C A L L Y  S I G 

N I F I C A N T  D O S E  R E L A T E D  T H E R A P E U T I C  E F F E C T  OF  A L L  F O U R  D R U G S .

I t  w a s  E N C O U R A G I N G  T O O B S E R V E  T H A T  NO A P P A R E N T  D E A T H S  O C C U R R E D  

D U E  TO DR U G  T O X I C I T Y  A T  T H E S E  E X P E R I M E N T A L  D O S A G E S .

E x p e r i m e n t a l l y  i n f e c t e d  m i c e  d i d  n o t  r e s p o n d  t o  o r a l

A D M I N I S T R A T I O N  OF Ou A S  A T H E R A P E U T I C  A G E N T .  T H I S  WAS
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P R O B A B L Y  D U E  TO L A C K  OF  P R O P E R  A B S O R P T I O N  OR D E N A T U R A T I O N  OF 

T H E  D R U G  I N  T H E  G A S T R O - I N T E S T I N A L  T R A C T .  I N T E R A P E R I  T O N E A L  

I N J E C T I O N S  O F  I N F E C T E D  M I C E  W I T H  Qu R E S U L T E D  I N  C O M P L E T E  

R E C O V E R Y  F R O M  T H E  D I S E A S E ,

F u r t h e r  e v a l u a t i o n s  a n d  i n v e s t i g a t i o n s  o f  t h e s e

C H E M I C A L  C O M P O U N D S  A R E  N E E D E D  TO P R O V I D E  S U F F I C I E N T  I N F O R M 

A T I O N  R E Q U I R E D  T O A L L O W  S A F E  A P P L I C A T I O N  OF T H E S E  A G E N T S  

A G A I N S T  M Y C O T I C  I N F E C T I O N S .  A R E A S  OF  I N V E S T I G A T I O N S  M U S T  

I N C L U D E  C Y T O L O G I C A L  A N D  P A T H O L O G I C A L  E F F E C T S  OF  T H E  A G E N T S  

ON M A M M A L I A N  T I S S U E ,  T H E  R O U T E  OF E L I M I N A T I O N  OR E X C R E T I O N  

F R O M  T H E  B O D Y  A N D  T A R G E T  O R G A N S  OR T I S S U E S  OF  DRUG A C T I V I T Y .

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

A N S W E R S  TO T H E  A B O V E  A N D  O T H E R  Q U E S T I O N S  A N D  R E S U L T  I N  T H E  

F I N D I N G  OF A G E N T S  TO M O R E  S U C C E S S F U L L Y  T R E A T  M Y C O T I C  I N F E C 

T I O N S .



CHAPTER V 

SUMMARY

T h e  m i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n s  o f  q u i n a z o l i n e  

D E R I V A T I V E ,  M I C O N A Z O L  N I T R A T E ,  N A L I D I X I C  A C I D ,  AND A M P H O T E R 

I C I N  B WERE D E T E R M I N E D  BY T HE  T U B E  D I L U T I O N  ME T H O D  FOR

C r y p t o c o c c u s  n e o f o r m a n s , s t r a i n  1 8 4 .

T h e  e f f i c i e n c y  o f  Q u ,  M n ,  o r  NA a l o n e  a n d  i n  c o m 

b i n a t i o n  W I T H  Amb WAS i n v e s t i g a t e d  i n  V I T R O . A m p h o t e r i c i n

B WAS FOUND TO P O T E N T I A T E  T H E  A N T I  F U N G A L  E F F E C T S  OF Qu AND 

NA, BY A L T E R A T I O N  OF T H E  F U N G A L  C Y T O P L A S M I C  M E M B R A N E  P E R M E 

A B I L I T Y  P E R M I T T I N G  I N C R E A S E D  P E N E T R A T I O N  OF T H E S E  C H E M I C A L  

C OMP O U N D S ,  On t h e  O T H E R  H A N D ,  C O M B I N A T I O N  OF A m b  AND M n  

D I D  NOT R E S U L T  I N S Y N E R G I S M .

T h e  e f f e c t s  o f  c h e m i c a l  a g e n t s  o n  m a c r o m o l e c u l a r

M E T A B O L I S M  ON C_. N E O F O R M A N S  WERE S T U D I E D .  I T WAS FOUND T H A T  

Amb AND Mn a t  c o n c e n t r a t i o n s  u n d e r  t h e  MIC v a l u e s  d o  n o t  

E F F E C T  t h e  S Y N T H E S I S  OF M A C R O M O L E C U L E S .  H O W E V E R ,  Qu AND NA 

I N H I B I T E D  T HE I N C O R P O R A T I O N S  OF L A B E L E D  P R E C U R S O R S  I N T O  RNA 

AND P R O T E I N  OF £ .  N E O F O R M A N S . I N A D D I T I O N  T H E R E  WAS A D E 

C L I N E  I N R A T E  OF T H Y M I D I N E  U P T A K E  I N T H E  C E L L S  T R E A T E D  W I T H  

NA. WHEN Qu OR NA WAS USED I N C O M B I N A T I O N  W I T H  A m b  T H I S

31
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I N H I B I T O R Y  E F F E C T  OF C H E M I C A L  COMPOUNDS ON M A C R O M O L E C U L A R  

B I O S Y N T H E S I S  WAS E N H A N C E D .

A MOUS E  MO D E L  I N F E C T I O N  W I T H  _C. N E O F O R M A N S  WAS E S 

T A B L I S H E D ,  A F T E R  W H I C H  T H E  A N I M A L S  WERE G I V E N  I P  OR OR A L  

A D M I N I S T R A T I O N  OF V A R I O U S  C O N C E N T R A T I O N S  OF E X P E R I M E N T A L  

D R U G S .  T h e  c u r i n g  d o s e  50 (CD-50)  w a s  d e t e r m i n e d  o n  t h e  

B A S I S  OF I S O L A T I O N  OF _C. N E O F O R M A N S  FROM T H E  OR GA N S  OF 

A N I M A L S  D U R I N G  OR AT T HE  T E R M I N A T I O N  OF T H E  E X P E R I M E N T S .

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

t i o n  OF O R A L  A D M I N I S T R A T I O N  OF Ou AND T H E  P E R C E N T A G E  OF 

S U R V I V I N G  M I C E  I N C R E A S E D  P R O G R E S S I V E L Y  W I T H  I N C R E A S I N G  DRUG 
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