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INTRODUCTION.

An o rg a n is m  i s  an  i n s e p a r a b l e  p a r t  o f  a n d  i s  a t  t h e  m ercy  o f  

17
i t s  e n v i ro n m e n t . A l i v i n g  o rg a n is m  g r a d u a l l y  consum es t h e  b e n e ­

f i c i a l  p e r n s  o f  i t s  s u r r o u n d in g s  a n d ,  t h e r e b y ,  s lo w ly  ch a n g e s  i t s  

s u r r o u n d in g s  t o  a  m ore h o s t i l e  e n v iro n m e n t.  S in c e  t h i s  p r o c e s s  

n o rm a l ly  o c c u r s  a t  a  s lo w  r a t e ,  t h e  s p e c i e s ,  b e c a u s e  o f  i t s  g e n e t i c  

endow m ent, i s  a b l e  t o  co m p en sa te  f o r  t h e  e n v iro n m e n ta l  c h a n g e . A 

s t e a d y  s t a t e  i s  m a in ta in e d  b y  t h e  p r o c e s s  o f  n a t u r a l  s e l e c t i o n .  

H o w ev er, t h e  g e n e t i c  c h a n g e s  o f  a  s p e c ie s  a r e  f i n i t e ,  w h i l e  t h e  

p o s s i b l e  e n v i r o n m e n ta l  ch a n g e s  a r e  i n f i n i t e .  I f  th e  c h a n g e s  a r e  to o

r a p i d  o r  e x t e n s i v e ,  t h e  s p e c ie s  e i t h e r  e v o lv e s  i n t o  a  new s p e c i e s  o r

17 31 
-b eco m es e x t i n c t . ’

Man f o l lo w s  t h i s  sam e p a t t e r n .  H o w ev er, s i n c e  t h e  b e g in n in g  o f

t h e  I n d u s t r i a l  R e v o lu t io n ,  mar. h a s  b e e n  i n j e c t i n g  a  g r e a t e r  am ount

o f  f o r e i g n  m a t e r i a l s  a t  a  h i g h e r  r a t e  i n t o  h i s  e n v iro n m e n t t h a n  e v e r

p r e v i o u s l y .  Some o f  t h e s e  m a t e r i a l s ,  w h e th e r  t h e y  a r e  c h e m ic a l  o r

h ig h  e n e r g y ,  i n c r e a s e  t h e  f r e q u e n c y  o f  t h e  d e l e t e r i o u s  m u ta t io n s  i n

t h e  human g e n e  p o o l .  A t t h e  sam e t i m e ,  man h a s  b e e n  d e c r e a s in g

s e l e c t i o n  fro m  h i s  e n v iro n m e n t b y  s u c h  m eans a s  im p ro v e d  m e d ic a l

c a r e  a n d  s a n i t a t i o n .  As man d e c r e a s e s  s e l e c t i o n ,  h e  a l s o ,  th o u g h

u n i n t e n t i o n a l l y , m a in t a in s  an d  a c c u m u la te s  d e l e t e r i o u s  m u ta -  

13,26
t i o n s .  T h is  i s  b e c a u s e  t h e  f r e q u e n c y  o f  m u ta n t  g e n e s  i n  a

p o p u l a t i o n  i s  p r i m a r i l y  d e te r m in e d  b y :  a )  m u ta t io n  r a t e  an d  b )

v
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d e g re e  c f  s e l e c t i o n  e x e r t e d  on new n u t a t i o n s  . ^ > ° 3

S in c e  m o st s o c i e t i e s ,  i n c l u d i n g  o u r s ,  a r e  c o m m itte d  t o  t h e  

m a in te n a n c e  o f  a  h ig h  s t a n d a r d  o f  l i v i n g ,  t h e  t r e n d  t o  u s e  m a t e r i a l s  

i n  l a r g e  q u a n t i t i e s  i n  t h e  a b s e n c e  o f  s e l e c t i o n  w i l l  c o n t i n u e .  To 

h e l p  p r e s e r v e  t h e  human s p e c i e s  a s  we know i t ,  we m u s t i d e n t i f y  th o s e  

c h e m ic a ls  t h a t  c a u s e  m u ta t io n s  b e f o r e  th e y  becom e w id e s p r e a d .  The 

d e t e c t i o n  o f  c h e m ic a l  m u ta g e n s  among many n o n -m u ta g e n s  i s  a  d i f f i c u l t  

t a s k  s i n c e  t h e  e f f e c t  o f  a  c h e m ic a l  may b e  v e r y  s l i g h t  q u a n t i t a ­

t i v e l y  when o b s e r v e d  f o r  a  g e n e r a t i o n  an d  i n  an  e x p e r im e n ta l  sam ple  

o f  l i m i t e d  s i z e ,  n e v e r t h e l e s s ,  ev en  a  s l i g h t  i n c r e a s e  i n  m u ta t io n  

r a t e  c a n  ch a n g e  a  s p e c i e s  i r r e v e r s i b l y  e v e r  t h e  g e n e r a t i o n s .  T h is  

t h e s i s  d e a l s  w i t h  t h e  m u ta g e n ic  a s p e c t s  o f  one o f  t h e s e  c h e m ic a l  

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

Two c a t e g o r i e s  c f  t e s t  s y s te m s  t o  d e t e c t  c h e m ic a l  m u tag en s  

h a v e  b e e n  d e v i s e d :  a )  t h o s e  t h a t  em ploy  mammals a n d , b )  t h o s e  t h a t

em ploy  n o n -m am m alian s . In a sm u c h  a s  o u r  c o n c e rn  i s  p r i m a r i l y  w i th  

t h e  e f f e c t s  o f  m u ta g e n s  on h u m an s , a  t e s t  s y s te m  u t i l i z i n g  mammals 

i s  t h e  m o st d e s i r a b l e .

The l a r g e  p o p u l a t i o n ,  t h e  i n h e r e n t  v a r i a b i l i t y  fro m  i n d i v i d u a l  

t o  i n d i v i d u a l ,  a n d  t h e  f a c t s  t h a t  m u ta t io n s  a r e  r a r e  e v e n ts  an d  

d e t e c t i o n  d ep en d s  on a  l a r g e  num ber o f  o rg a n is m s  (1 0 ,0 0 0  a n d  u p ) ,  

m ake i t  d e s i r a b l e  t o  u s e  l a r g e  num bers c f  o rg a n is m s  i n  a  t e s t  sy s tem . 

Mammals a r e  e x p e n s iv e  an d  d i f f i c u l t  t o  r a i s e  an d  t e s t  on  s u c h  a  

l a r g e  s c a l e .  The non-m am m alian  ( e s p e c i a l l y  m ic ro o rg a n is m )  s y s te m

v i
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o f f e r s  an  adv an tag e  "because o f  th e  e a se  o f  r a i s in g  and h a n d lin g

la r g e  numbers o f  o rg an ism s. However, th e  r e s u l t s  o b ta in e d  by th e

h 1 6non-mammalian system  may n o t be r e le v a n t  to  man. 9

R e c e n tly , a t e s t  system  was developed  t h a t  em ployed th e  two 

system s to g e th e r  -  th e  h o s t-m e d ia te d  a ssa y ^ 1-  so t h a t  th e  ad v an tag es 

o f  th e  two system s co u ld  be com bined. T h is m ethod employs th e  u se  cf 

s e v e ra l  m i l l io n  b a c t e r i a  i n  which th e  m u ta tio n  f re q u e n c ie s  co u ld  be 

m easured. These a r e  in tro d u c e d  in to  th e  p e r i to n e a l  c a v i ty  o f  mammals, 

which in  tu r n  a re  i n j e c t e d  o r  fe d  w ith  a  t e s t  compound, w ith  t h i s  

m ethod, t h e  a b i l i t y  c f  th e  mammal's sy stem  to  p o t e n t i a t e ,  d e to x i fy ,  

e x c re te  o r  o th e rw ise  n e u t r a l iz e  a  compound i s  ta k e n  in to  a c c o u n t. A 

sm all number o f  an im als  i s  needed f o r  t h i s  t e s t .  The l i m i t a t i o n  o f  

th e  h o s t-m e d ia te d  a ssa y  i s  t h a t  i t  i s  ca p ab le  o f  m easu rin g  g e n e tic  

re sp o n se  in  o n ly  one a r e a  o f  th e  a n im a l 's  body , th e  p e r i t o n e a l  

c a v i ty ,  an  a re a  t h a t  i s  n o t d i r e c t l y  in v o lv e d  w ith  h e r e d i ty .  T hus, 

a chem ical t h a t  i s  m utagen ic  in  th e  p e r i t o n e a l  c a v ity  may o r  may n o t 

b e  m utagen ic  ir. th e  gonads.

In  t h i s  t h e s i s  a  s u c c e s s fu l  m o d if ic a t io n  c f  th e  h o s t-m e d ia te d  

a ssa y  i s  p re s e n te d  in  w hich th e  b a c t e r i a ,  p la c e d  i n  d i f f u s io n  b a g s , 

w ere im p la n te d  i n  th e  t e s t e s  o f  mammals. These mammals w ere th a n  

i n je c te d  w ith  a known m u ta g e n ,^ >2^,3^ s t r e p to z o to c in .  S t r e p to s c to -  

c in  was found  to  in c r e a s e  th e  freq u en cy  o f  m u ta tio n s  in  b a c t e r i a  

lo c a te d  i n  th e  t e s t e s .
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REVTEw OF LITERATURE

S t r e p t o z o t o c i n

H i s t o r y  o f  s t r e p t o z o t o c i n

T'ne a n t i b i o t i c  s t r e p t o z o t o c i n ^ ’^ , ^ ' , 0 ^ ,0 ^ ( F ig u r e  i )  w as f i r s t

i s o l a t e d  an d  p u r i f i e d  from  a  S t r e p to n y c e s  ach ro m o g en es  f e r m e n t a t i o n

26broth by Herr et al in 1959, and its antibiotic properties were
6!id e s c r i b e d  by  V av ra  e t  a l .  ’  S t r e p t o z o t o c i n  i s  p ro d u c e d  b y  S t r e p t o  

m yces ach rom oger.es v a r i a n t  1 2 3 , w h ic h  w as i s o l a t e d  fro m  a  s o i l  sam ­

p l e  t a k e n  a t  3 1 u e  R a p id s ,  K a n sa s . The o rg a n is m  was d e p o s i t e d  w i th

t h e  n o r t h e r n  U t i l i z a t i o n  R e s e a rc h  3 ra n c h  o f  t h e  U n i te d  S t a t e s  D e p a r t -

6b
m en t o f  A g r i c u l t u r e  a s  c u l t u r e  URRL 2697- 

P h y s i c a l  a n d  c h e m ic a l  p r o p e r t i e s

s  29m  19o7, Jahnke and Argondelis were the fi: :o syntnesize

s t r e p t o z o t o c i n .  T h is  p r o c e s s  was l a t e r  m o d i f ie d  b y  H e s s l e r  an d  

30•jannxe i n t o  a  tw o - s te p  s y n t h e s i s .  F i r s t ,  IT—m e th y l  i s o c y a n a t e  i s  

r e a c t e d  w i th  an  a q u e o u s  s o l u t i o n  o f  D -g lu c o s a m in e  a t  -2 °C  t o  y i e l d  

D -g lu c o s s m in e  " - m e th y lu r e a  w h ic h  i s  i n  t u r n  r e a c t e d  w i th  l i q u i d  

n i t r o g e n  t r i o x i d e  t o  a f f o r d  s t r e p t o z o t o c i n  ( F ig u r e  2 ) .  T h is  r e a c t i o n  

p r o d u c e s  an  80 p e r c e n t  y i e l d  c f  s t r e p t o z o t o c i n  i n  y e l lo w  c r y s t a l l i n e  

fo rm  w h ic h  h a s  a  m e l t in g  p o i n t  o f  1 15—1 1 5 -5°C  w i t h  d e c o m p o s i t io n  a n d  

e v o l u t i o n  o f  g a s .  S t r e p t o z o t o c i n  i s  f r e e l y  s o l u b l e  i n  w a te r  a n d
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2

CH2 0H

c = o

N

( %  N=0

F ig u r e  i .  S t r e o t o z o t o c i n  (C JL -IT  0 _ ) ,  l i - c a r b a o v i - N - m e th v l - N - n i t r o -
o J-p 3 T

s o -D -g lu c  o s  ami n e ,  h a s  a  m o le c u la r  v e i g h t  c f  265  w i t h  1 1 5 -1 1 5 -5°C  mp 

a s s o c i a t e d  w i t h  d e c o m p o s i t io n  an d  e v o l u t i o n  o f  g a s .
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^-glucosamine :.-r.ezny_ is o c y a n a te C=0 L iq u id  
n i t ro g e n  
t r i o x i d e  

NH

i
CK„

C=0

K-N=0

CH

D -giucosam ine-
N -z :e thy lu rea

s t r e o to z o to c in

F ig u re  2 . S y n th e s is  o f  s t r e p to z o to c in .
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shovs nutarotatior. to an equilibrium value of [a]^ 39 degrees. The 

solid is u s u a l l y  a  mixture of a- and 0- isomers with regard to CL in
4 1

be
t h e  g lu c o s e  m o ie ty  o f  t h e  m o le c u le .

The s t a b i l i t y  o f  s t r e p t o z o t o c i n  i n  s o l u t i o n  was s t u d i e d  b y  

23
G a r r e t t  i n  I 9 6 0 .  He fo u n d  t h a t  s t r e p t o z o t o c i n  r e a d i l y  d e g ra d e s  i n  

an  a q u e o u s  s o l u t i o n  a s  a f u n c t i o n  o f  h y d ro g e n  an d  h y d ro x y l  c o n c e n ­

t r a t i o n s  ( F ig u r e  3) w i th  a  maximum s t a b i l i t y  a t  pH b .O , w h e re  t h e  

a n t i b i o t i c  h a s  a  h a l f  l i f e  o f  90 h o u rs  a t  30°C . He f u r t h e r  fo u n d  

t h a t  a t  pH 1 .0  t h e  h a l f  l i f e  i s  l b  h o u r s  an d  a t  pH 7 . 0 ,  3 .8 b  h o u rs  

a t  30°C . G a r r e t t ' s  p r e d i c t i o n  o f  t h e  i n  v iv o  s t a b i l i t y  o f  s t r e p t o z o ­

t o c i n  i n d i c a t e s  t h a t  a l th o u g h  g a s t r i c  d e g r a d a t io n  w o u ld  b e  o f  l i t t l e  

im p o r ta n c e  on o r a l  a d m i n i s t r a t i o n ,  d e g r a d a t i o n  i n  t h e  i n t e s t i n e s  an d  

b lo o d  w o u ld  b e  im p o r ta n t  b e c a u s e  t h e  h a l f  l i f e  o f  th e  a n t i b i o t i c  a t  

pH 7 -0  a t  3 7 ° C i s  c a l c u l a t e d  t o  b e  one h o u r .  T h u s , t h e  h a l f  l i f e  

c f  s t r e p t o z o t o c i n  i n  t h e  b lo o d  w o u ld  b e  one h o u r  o r  l e s s  r e g a r d l e s s  

o f  t h e  m e ta b o l i c  o r  e x c r e t o r y  r a t e s  o f  t h e  o rg a n is m  g iv e n  t h e  d ru g .  

The s o l i d  s t a t e  o f  s t r e p t o z o t o c i n  i s  a l s o  u n s t a b l e  a t  room  te m p e r a -

o - 6t u r e  and  m u s t b e  s t o r e d  b e lo w  20 C.

S p e c t r o p h o to m e t r i c  d e te r m in a t io n

A s p e c t r o p h o to m e t r i c  d e t e r m in a t io n  o f  s t r e p t o z o t o c i n  w as a e v e l -  

18
o p ed  b y  F o r i s t  i n  1 9 6 b .“ The m e th o d  i n v o lv e s  a c i d  c le a v a g e  o f  t h e  

IT -n itro s o m e th y la m id e  t o  y i e l d  n i t r o u s  a c i d ,  d i a z o t i z a t i o n  o f  s u l f a n -  

i l i c  a c id  w i t h  t h e  r e s u l t i n g  n i t r o u s  a c i d ,  an d  c o u p l in g  o f  t h e  d ia z o -  

n ium  s a l t  w i t h  IT( 1 - n a p h th y l ) e th y le n e d ia m in e  d i h y d r o c h lo r id e  t o  p r o ­

d u c e  an  a z o  com pound w i th  maximum a b s o r p t i o n  a t  550 mp, w h ich  i s

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



5

(a )  Acid d e g ra d a tio n  c f  s t r e p to z o to c in

H 0 N° H+ «  0 H ? Q  +
R-N-C-N-CH3 hoh^  KN02 + R-N-C-N-CH^ -*■ R-N-C-OH + CH NH3

(b ) A lk a lin e  d ig e s t io n  o f  a c id  deg raded  s t r e p to z o to c in

H 0 H
R-N-C-OH 0H +  R-N-H + C(T

c k .n h :  oh ch im 
3 3 3 2

(c ) A lk a l in e  d e g ra d a tio n  o f  s t r e p to z o to c in

Hr 0. NO H 0 H
R-N-C-N-CH3 R-tf-C-OE Uh -*R-N-H +  CO

Oil-
ch 2 n ?  -*■ nh 3  +  ch 3 oh  +

(a ) A cid d ig e s t io n  c f  a lk a l in e  degraded  s t r e p to z o to c in  

K TT Hf H+
R-N-H R-N±H

!
K

H H
! H+ ' +

H-N-H -*• H-N-H 
I

H

co= p-+-k:o t 
3 2

F ig u re  3- Mechanism f o r  th e  d e g ra d a tio n  o f  s t r e p to z o to c in .

R i s

H
The Js-r.itro so m e th y lu rea  group  i s  a t ta c h e d  to  th e  seco n d  p o s i t io n  carbon  

on th e  2 -deoxy-D -g lucose  m o lecu le .
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r e a d  on a  s p e c t r o p h o to m e te r . T h is  m e th o d  v a s  fo u n d  t o  h e  a b l e  t o  

r e c o v e r  9 7 .8  ± 3 .0  p e r c e n t  o f  s t r e p t o z o t o c i n  i n  a  s o l u t i o n  (3 0  t o  

120 p g / m l ) •

A n t i b a c t e r i a l  a c t i v i t y

S t r e p t o z o t o c i n  i s  a c t i v e  i r i  v i t r o  a g a i n s t  b o th  g r a m - p o s i t i v e  

an d  g ra m - n e g a t iv e  b a c t e r i a  an d  d e m o n s t r a te s  in_ v iv o  a c t i v i t y  a g a i n s t
Ar aQ a»? /T

m o st o f  t h e s e  o rg a n is m s  i n  m ic e . * * ,D T h is  a c t i v i t y  i s

th o u g h t  t o  b e  due t o  s t r e p t o z o t o c i n ' s  a b i l i t y  t o  i n h i b i t  d e o x y r ib c -

. .  , . , h8 ,^9
n u c l e i c  a c i d  (DRA) s y n t n e s i s .  S t r e o to z o z o c i r .  a l s o  i n h i b i t s

6 • '

t h i s  s y n t h e s i s  i n  m am m alian  c e l l s .

D ia b e to g e n ic  a c t i v i t y

O f t h e  v a s t  am ount o f  l i t e r a t u r e  p e r t a i n i n g  t o  s t r e p t o z o t o c i n ,

t h e  m a j o r i t y  c o n c e rn s  i t s  d i a b e t o g e n e s i s .  In  1 9 6 3 , R a k ie t e n ,  R a k ie -  

L5t e n  a n a  H a ck .a m i r e p o r t e d  t h a t  t h e  a n t i b i o t i c  s t r e p t o z o t o c i n  w as 

d i a b e to g e n ic  b e c a u s e  in t r a v e n o u s  a d m i n i s t r a t i o n  p ro d u c e d  f r a n k  d i a ­

b e t e s  i n  dogs an d  r a t s .  I n  a d d i t i o n  t o  t h e  r a t  an d  t h e  d o g , s t r e p ­

t o z o t o c i n  h a s  b e e n  fo u n d  t o  in d u c e  d i a b e t e s  i n  a  num ber o f  s p e c i e s

7 38 U5 5^
i n c l u d i n g  th e  h a m s t e r ,  m onkey , m ouse a n d  g u in e a  p i g .  ’ ’ The

r a b b i t  an d  man h a v e  b e e n  fo u n d  t o  b e  r e s i s t a n t  t o  s t r e p t o z o t o c i n ' s  

3 5 ,5 'd i a b e t o g e n e s i s .  The t o x i c i t y  an d  d i a b e t o g e n ic  d o s e s  a r e

s p e c ie s  d e p e n d e n t .  A s i n g l e  i n t r a v e n o u s  d o s e  o f  50 mg p e r  k g  i s  

n e e d e d  t o  in d u c e  d i a b e t e s  i n  t h e  d o g , b u t  t h i s  d o s a g e  c a u s e s  a b o u t  

50 p e r c e n t  o f  t h e  a n im a ls  t o  d i e .  D ia b e te s  c a n  b e  c o n v e n ie n t ly  

p ro d u c e d  i n  t h e  dog w i t h  no d e a th s  b y  r e p e a t e d  d a i l y  i n j e c t i o n s  o f
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low er d o s e s ;  th e  minimum. n e c e s s a ry  was r e p o r te d  r.o h e  15 mg p e r  kg
1+5

p e r  day f o r  t h r e e  d ay s . In  th e  r a t ,  d ia b e te s  i s  p ro d u ced  100 p e r ­

c e n t o f  th e  n in e  w ith  a  s in g le  i n j e c t i o n  o f  50 mg p e r  kg . The 

i n  th e  r a t  t o  s t r e p to z o to c in  was found  to  be ab o u t l lC  mg p e r  k g . 0

The n o u s e , how ever, r e q u ir e s  a  dose o f  175 -c  200 mg p e r  kg f o r  i n -
1+7 5 3  5 !

a u c tio n  o f  d ia b e te s .  ’ ’ The in  th e  mouse i s  e s t im a te d  to

16be ab o u t 275-100 mg p e r  k g . The o v erd o ses  o f  th e  d rug  ap p ea r to

a f f e c t ,  a p a r t  from  th e  i s l e t  B - c e l l s ,  th e  k id n ey  tu b u le s ,  th e  l i v e r
2 ,3 2

and th e  e x o c r in e  p o r t io n  o f  th e  p a n c re a s .  C a ta ra c ts  ana eye

le s io n s  w ere a ls o  found i n  r a t s  re n d e re d  d i a b e t i c  by  s t r e p t c z o t o -

. 2 ,5 2
c m .

S tr e p to z o to c in  c a u se s  d e g ra n u la t io n  and f r a n k  n e c ro s is  o f  th e

8 - c e l l s  and d is r u p t io n  o f  th e  i s l e t s  o f  L an g erh an s. The a - c e l l s

16
ap p ear norm al d u rin g  th e  c o u rse  o f  th e  d ia b e te s  in d u c t io n .  A

t r i p h a s i c  p a t t e r n  o f  th e  b lo o d  g lu c o s e ,  d e p le t io n  o f  l i v e r  g lycogen

a t  ab o u t th e  tim e c f  th e  peak  c f  th e  i n i t i a l  h y p e rg ly c e m ia , and th e

e le v a te d  p lasm a i n s u l i n  l e v e l s  d u r in g  th e  hypog lycem ia a re  a ls o

16
cau sed  by s t r e p to z o to c in .

The g lu c o se  m o ie ty  i n  th e  s t r e p to z o to c in  m o lecu le  i s  n e c e s s a ry

f o r  s t r e p t o z o t o c in 's  d ia b e to g e n ic  a c t i v i t y ,  b u t  n o t i t s  a n ti tu m o r

16
a c t i v i t y .  The g lu c o se  m o ie ty  o f  s t r e p to z o to c in  i s  th o u g h t t o  

have a p o t e n t i a l  ' 'c a r r i e r  fu n c tio n "  t o  b r in g  ab o u t c o n ta c t  w ith  o r  

th e  t r a n s p o r t  a c ro s s  th e  8 - c e l l  m em b ran e .^

S e v e ra l  g e n e ra l  c o n c lu s io n s  can b e  made ab o u t th e  p o o r ly  u n d er­

s to o d  mechanism  o f  th e  d ia b e to g e n ic  a c t io n  c f  s t r e p to z o to c in :  th e

s i t e  o f  d ia b e to g e n ic  a c t io n  i s  th e  i s l e t - c e l l ,  t h e  b in d in g  o f  th e
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8

d ra g  t o  i t s  s i t e  o f  a c t i o n  i s  c o m p le te d  w i t h i n  a  v e r y  s h o r t  t i m e ,

an d  t h e  h i s t o l o g i c a l  an d  b io c h e m ic a l  c h a n g e s  o b s e r v e d  l a t e r  th a n

a b o u t  15 m in u te s  a f t e r  i n t r a v e n o u s  i n j e c t i o n  a r e  s e c o n d a ry  c h a n g e s

2c
a n d  a r e  n o t  due t o  a  d i r e c t  s t r e p t o z o t o c i n  e f f e c t .

n ic o t in a m id e  h a s  b e e n  f o u n d ,  when g iv e n  i n t r a p e r i t o n e a l l y  10

m in u te s  b e f o r e  s t r e p t o z o t o c i n  i n  a  500 mg p e r  kg  d o s e ,  t o  c o m p le te ly

p r o t e c t  a g a i n s t  d i a b e t o g e n e s i s  i n  m ice  an d  r a t s . " " 0 ’ ^ ^ ^  P y r a z in -

am id e  a n d  2 -d e o x y g lu c o s e  w e re  a l s o  fo u n d  t o  b e  p r o t e c t i v e  a g a i n s t

10
s t r e p t o z o t o c i n  d i a b e t e s .  I n  m ic e ,  a  s i n g l e  d i a b e to g e n ic  c o s e  o f  

s t r e p t o z o t o c i n  d e p l e t e s  HAD an d  NATH f o r  a b o u t  2 l  h o u r s . I n i t i a l l y  

NAD i s  rem o v ed  fro m  t h e  l i v e r  f o l lo w e d  b y  a  d e c r e a s e  i n  NAD fo rm a­

t i o n  p r o b a b ly  r e s u l t i n g  fro m  a  r e d u c t i o n  i n  t i s s u e  u p ta k e  o f  t h e  

c
p r e c u r s o r s .  N i c o t in a m id e 's  d i a b e t i c  p r o t e c t i o n  i s  due t o  i t s

9
s t i m u l a t i o n  o f  l i v e r  NAD an d  NADH s y n t h e s i s  d e  n o v o . T h is  p r e -

t r e a t m e n t ,  w h ic h  p r o t e c t s  c o m p le te ly  a g a i n s t  s t r e p t o z o t o c i n  d i a b e t e s ,

16d o es  n o t  a b o l i s h  s t r e p t o z o t o c i n ' s  a n t i t u m o r  a c t i v i t y .

C a rc in o g e n ic  a c t i v i t y

3
I n  1 9 6 7 , A r is o n  an d  F e u d a le  d e m o n s t r a te d  t h a t  s t r e p t o z o t o c i n  

c o u ld  in d u c e  r e n a l  tu m o rs  i n  r a t s  an d  w as t h u s  c a r c i n o g e n i c .  The 

m a le  r a t s  w e re  fo u n d  t o  b e  m ore s u s c e p t i b l e  t o  tu m o r ig e n ic  a c t i o n  

th a n  fe m a le  r a t s ,  an d  E a k ie ta n  e t  a l  s u g g e s te d  t h a t  t h i s  d i f f e r ­

e n c e  may b e  d u e  t o  s e x  d i f f e r e n c e  i n  d ru g  m e ta b o l is m  an d  e x c r e t i o n

58
o r  t o  some h o rm o n a l f a c t o r s .  S ib a y  an d  H ayes w e re  a l s o  a b l e  t o  

d e m o n s t r a te  t h a t  s t r e p t o z o t o c i n  c a n  in d u c e  tu m o rs  a n d  o t h e r  l e s i o n s  

i n  t h e  l i v e r  o f  t h e  C h in e s e  h a m s te r .  P a n c r e a t i c  i s l e t - c e l l  tu m o rs
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w ere a l s o  found to  b e  in d u ced  in  th e  r a t , a c c o rd in g  t o  P .ak ie tan  

e t  a l . ^ 3

C a r c in o s ta t ic  a c t i v i t y

27 !»'As p r e d ic te d  from  i t s  phage in d u c t io n  a b i l i t y .  5 * s t r e p to z o ­

to c in  h as b een  found to  have c a r c i n o s t a t i c  a c t i v i t y  in  a  v a r i e ty  o f

an im al sy s tem s . Phage in d u c tio n  h as been  c o r r e la te d  w ith  a n ti tu m o r  

27 ,^1
a c t i v i t y .  S tr e p to z o to c in  i s  e f f e c t i v e  i n  i n h i b i t i n g  grow th o f :

W alker 256 ca rc in o sa rco m a , sarcom a 18 0 , E h r l ic h  ca rc in o m a, and  m urine

leu k em ias  L1210, P388 and L5178Y. These r e s u l t s  w ere a ls o  con firm ed

by  th e  C ancer Chemotherapy N a tio n a l  S e rv ic e  C en te r s c re e n in g  t e s t s  

11 5 b
(liSC -37917)- ’ I t  was b ecau se  o f  s t r e p to z o to c in ’ s a c t i v i t y

a g a in s t  mouse leukem ia  L1210 t h a t  th e  d rug  was s e le c te d  f o r  c l i n i c a l

8 hOt r i a l .  M urray-Lycn e t  a l  was th e  f i r s t  to  u se  s t r e p to z o to c in  t o

c o n t r o l  i n t r a c t a b l e  hypoglycem ia in  a  human w ith  a  m e ta s ta t i c  c a r ­

cinom a c f  th e  p a n c re a t ic  i s l e t s .  T h is  t re a tm e n t  was found t o  p re ­

v e n t hypoglycem ia and to  red u ce  th e  tum or s i z e .  S in c e  th e n ,  a

number o f  p a t i e n t s  have been t r e a t e d  f o r  t h e  i s l e t - c e l l  carc inom a

- . . 5 0 ,5 6 ,5 9 ,6 2
w itn  v a ry in g  d eg rees  o f  s u c c e s s .  In  a d d i t io n ,  th e

s t r e p to z o to c in  t r e a tm e n t o f  advanced  g a s t r o - i n t e s t i n a l  c a n c e r  was

s tu d ie d  and th e  c a n c e r  was found  to  re sp o n d  o n ly  s l i g h t l y  to  th e  

3°tr e a tm e n t .  " s t r e p to z o to c in  cau ses  v a ry in g  s id e  e f f e c t s ,  in c lu d in g  

n a u se a , v o m itin g , and t r a n s i e n t  and r e v e r s ib l e  r e n a l ,  h e p a tic  and
g

p a n c r e a t ic  6 - c e l l  t o x i c i t y .  S e v e ra l  d e a th s  due to  r e n a l  f a i l u r e

have b een  a t t r i b u t e d  t o  s t r e t  •.o z o to c in  t r e a t m e n t . S i n c e  th e s e  

d e a th s ,  th e  dosage o f  s t r e p to z o to c in  h as  b een  recommended as  an
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intravenous dose of 1 to 2 grams of streptozotocin per square meter 

of body surface area per week for a period of five to six weeks.

In none of the reported cases did any patient develop insulin- 

dependent diabetes nor was there any marrow damage observed.

Mutagenic activity

OhIn 1968, Gichner, Veleminsky and Krepinsky and Kolbye and 
31negator reported tnat streptozotocin was mutagenic. Gichner's

group detected streptozotocin's mutagenic activity in plants, while

K o lb y e 's  g ro u p  d e t e c t e d  i t s  m u ta g e n ic  a c t i v i t y  i n  b a c t e r i a .  K o lb y e

and Legator found that streptozotocin and K-nitrcscguanidine had
21comparaole activity in vitro. C-abridge and Legator and Gabridge,

20Denunzic and Legator in 19°9 were able to demonstrate streptczcto- 

cin's mutagenic activity in an ir. vivo system (the host-mediated 

microbial assay). Since then streptozotocin has been found to be

mutagenic in other systems, including mammalian cell cultures and
i i i  15 33 tissue homogenates.- ’

H o s t-m e d ia te d  M ic r o b ia l  A ssay

The h o s t - m e d ia t e d  m i c r o b i a l  a s s a y  w as d e v e lo p e d  b y  G a b r id g e  an d  

, 21Legator, m  1969, to determine the ability cf laboratory animals 

either to potentiate or to detoxify compounds in regard to their 

mutagenic activity.- ’ This assay incorporates the advantages 

of bacterial test systems (observation of large numbers and several

generations over a short period of time) with those of a mammalian
21system, which is more representative of man. In the host-mediated
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a s s a y ,  a s  o r i g i n a l l y  d e v e lo p e d ,  t h e  i n d i c a t o r  m ic ro o rg a n is m  i s  i n ­

j e c t e d  i n t o  t h e  p e r i t o n e a l  c a v i t y ,  w h i le  t h e  com pound t o  h e  t e s t e d  

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

( e . g .  o r a l l y ,  i n t r a v e n o u s l y  o r  i n t r a m u s c u l a r l y ) .  S u b s e q u e n t ly ,  t h e  

g e n e t i c  i n d i c a t o r  o rg a n is m  i s  r e c o v e r e d  a n d  p l a t e d  on  a p p r o p r i a t e  

s e l e c t i v e  m e d ia  f o r  t h e  d e t e r m in a t io n  o f  m u ta t io n  f r e q u e n c i e s .  A 

s i g n i f i c a n t  i n c r e a s e  i n  m u ta t io n  f r e q u e n c y  o v e r  c o n t r o l  l e v e l s  f o l ­

lo w in g  t r e a t m e n t  w i th  a  t e s t  com pound i n d i c a t e s  t h a t  t h e  com pound was 

p r e s e n t  i n  t h e  mammal i n  a  m u ta g e n ic a l ly  a c t i v e  fo rm .

The h i s t i d i n e  a u x c tr o p h s  o f  S a lm o n e l la  ty n h im u r iu m , t h e  fo r w a rd  

m u ta t io n  s y s z e n  i n  IT e u rc sp o ra  c r a s s a  a n d  a u x o tro p h s  o f  t h e  y e a s t  

S a c c a h a rp a y e e s  c e r e v i s i a e  h av e  b e e n  t h e  m a jo r  i n d i c a t o r  o rg a n is m s  

u t i l i z e d  i n  t h i s  t e c h n i q u e .  The h i s t i d i n e  o p e rc n  o f  S a l v o n e l l a  i s  

o n e  o f  t h e  b e s t  c h a r a c t e r i z e d  o p e r o n s ,  a n d  o v e r  a  th o u s a n d  h i s t i d i n e -  

r e q u i r i n g  m u ta n ts  h a v e  b e e n  l o c a t e d  i n  a  f i n e  s t r u c t u r e  map o f  t h i s ,  

o p e r o n .  The s t r u c t u r a l  g e n e s  f o r  t h e  enzym es o f  t h e  h i s t i d i n e  

o p e ro n  (10  enzym es t h a t  c o n v e r t  t h e  5 - c a rb o n  c h a in  o f  p h c s p h o r ib o s y l  

p y ro p h o s p h a te  t o  h i s t i d i n e )  a r e  l o c a t e d  i n  a  c l u s t e r  on t h e  S alm on­

e l l a  ch ro m o so m e.0 ^

A d e t a i l e d  p r o t o c o l  f o r  t h e  h o s t - m e d i a t e d  a s s a y  w as r e c e n t l y

66
p u b l i s h e d  b y  Z e ig e r  an d  B r u s ic k .

S in c e  i t s  d e v e lo p m e n t,  th e  h o s t - m e d ia t e d  a s s a y  h a s  b e e n  u s e d  

b y  a  num ber o f  i n v e s t i g a t o r s , -^ > 1 9 ,^ -2 ,6 ?  ^ h e i r  r e s u l t s  h a v e

s u p p o r t e d  t h e  o r i g i n a l  f i n d i n g  t h a t  t h e  a s s a y  w o u ld  d e t e c t  w h e th e r  

t h e  h o s t  o rg a n is m  p o t e n t i a t e d  o r  d e t o x i f i e d  t h e  t e s t  com pound.
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Among th e  ch em ica ls  t h a t  have "been t e s t e d  i n  th e  a ssa y  u s in g

S a lm o n e lla  h i s  C— ko a r e :  s t r e p to z o to c in ,  w hich  was found  to  h e

p o s i t iv e  in  h o th  th e  i n  v i t r o  and th e  i n  v iv o  t e s t s ;  2-sm ino  p u r in e

n i t r a t e ,  w hich  was found to  he p o s i t i v e  o n ly  i n  th e  i n  v i t r o  t e s t ;

d im e th y ln i tro s a m in e , w hich was found  to  h e  p o s i t iv e  o n ly  in  t h e  in

v iv o  a s s a y ;  and c a f f e in e  and LSD, h o th  found  t o  he n e g a tiv e  i n  th e

20 21m  v iv o  and in_ v i t r o  a ssa y s . *
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METHODS AND MATERIALS

B a c t e r i a l  s t r a i n

S a lm o n e l la  t y n h i n u r i u n  t e s t e r  s t r a i n  Git-6, w h ic h  i s  a  s p o n ta n ­

eo u s  h i s t i d i n e  r e q u i r i n g  n i s s e n s e  n u t a t i o n ,  was u s e d  th r o u g h o u t  

t h e s e  e x p e r im e n ts .  The h i s  G -o s t r a i n  h a s  a  c a s e  s u b s t i t u t i o n  w h ich  

a l t e r s  one cod o n  i n  t h e  mRNA f r o n  t h e  g e n e  c o d in g  f o r  t h e  f i r s t  en ­

zyme o f  h i s t i d i n e  b i o s y n t h e s i s  m ak in g  i t  i n e f f e c t i v e  i n  t h e  c o n v e r ­

s i o n  o f  5 - p h c s p h o r ib o s y l - l - p y r o p h o s p h a te  t o  N -( 5 1- p h c s p h o r i b c s y i ) -  

AT? i n  t h e  h i s t i d i n e  b i o s y n t h e t i c  p a th w a y "  ( a l s o  s e e  REVTH* Or LITER­

ATURE). 3 a c t e r i a  c a r r y i n g  t h e  h i s  G-o n u t a t i o n  a r e  u n a b le  t o  grow  

on m in im a l n e d i a  ( s e e  M e d ia ) w h i l e  i t s  s p o n ta n e o u s  c-r in d u c e d  r e v e r -  

t a n t s  t o  h i s t i d i n e  in d e p e n d e n c e  c a n .  The s t r a i n  was o b t a i n e d  f r o n  

D r .  B ru c e  A n e s , D e p a r tn e n t  o f  B i o c h e n i s t r y ,  U n i v e r s i t y  o f  C a l i f o r n i a  

a t  B e rk e le y .

M edia

O v e rn ig h t  c u l t u r e s  o f  S a lm o n e l la  t y n h i n u r i u n  h i s  GU6 w e re  grow n 

i n  n u t r i e n t  b r o t h  ( 8 g r a n s  D ifc o  N u t r i e n t  B ro th  p e r  l i t e r  o f  d i s ­

t i l l e d  w a t e r ) .  The n i n i n a l  n e d i a  (MM) u s e d  c o n ta in e d  1 5 g S a c t o  A g ar 

( D i f c o ) ,  20 g  g l u c o s e ,  9 -8 5  g  KgHPO^, 4 .2 2  g KEgPO^, 0 .9 ^  g  (KH^) S 0K, 

O .U i g Na^CgH^O^. a n d  0 .0 5  g MgSCj, p e r  l i t e r  o f  d i s t i l l e d  w a te r .

13
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l i t

To d e te rm in e  th e  m u ta g e n ic ity  o f  a  compound, b a c t e r i a  v e re  

s p re a d  on MM p la t e s  e n r ic h e d  w ith  a  t r a c e  (0 .1  u m ole p e r  p l a t e )  o f  

h i s t i d i n e .  The p u rp o se  o f  th e  sm a ll amount o f  h i s t i d i n e  in  th e  MM 

was to  a s s u re  a  few c e l l  d iv is io n s  on th e  MM p l a t e s  fo llo w in g  m uta­

g e n ic  tr e a tm e n t  so t h a t  m u ta tio n s  p r e s e n t  in  a  p re m u ta tio n a l  form 

(su c h  a s  an a lk y la t io n )  o r  in  o n ly  or.e s t r a n d  o f  DNA c o u ld  be ex­

p r e s s e d .  A f te r  a  few rounds o f  c e l l  r e p l i c a t i o n ,  th e  h i s t i d i n e  en­

rich m en t i s  ex h a u s te d  and o n ly  th e  h is t id in e - in d e p e n d e n t  r e v e r ta n ts  

co u ld  form c o lo n ie s  w hich th e n  v e re  co u n ted  t o  d e te rm in e  th e  m uta­

g e n ic i ty  o f  th e  compound ( f o r  com putation  o f  m u ta tio n  freq u en cy  see  

S u r g ic a l  te c h n iq u e  and b a c t e r i a l  p l a t e  a s s a y ) . N u tr ie n t  a g a r  (D ifco ) 

p l a t e s  and a p p r o p r ia te  d i l u t i o n s  o f  b a c t e r i a  i n  g lu c o s e le s s  MM w ere 

u sed  f o r  v ia b le  c o u n ts .

• A

Anim als

The an im als  u sed  w ere Upjohn s t r a i n  m ale a lb in o  r a t s ,  w eigh ing  

betw een  300 and 350 gram s. They w ere o b ta in e d  from  th e  Upjohn Com­

p an y , K alam azoo, M ichigan .

D if fu s io n  bag c o n s t ru c tio n  and in o c u la t io n

The d i f f u s io n  b ag s w ere c o n s tru c te d  from  M il l ip o re  f i l t e r s  p u r­

ch ased  from  th e  M il l ip o re  Company, B ed fo rd , M a ssa c h u se tts . A lthough 

s e v e r a l  d i f f e r e n t  s i z e  bags w ere ex p e rim en ted  w i th ,  th e  bags con­

s t r u c t e d  from  th e  9 a  i t  mm re c ta n g le s  t h a t  w ere c u t  from  s h e e ts  o f  

25-U t h i c k  f i l t e r s  (0 .t5 -V  p o re  s iz e )  w ere found t o  b e  th e  b e s t
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com prom ise  "betw een t h e  am ount o f  " b a c te r ia  t h a t  th e y  c o u ld  h o l d  an d  

p r a c t i c a l  s i z e  f o r  i m p l a n t a t i o n .

I n  o r d e r  t o  p r e v e n t  dam age d u r in g  s u b s e q u e n t  h a n d l i n g ,  t h e  r e c ­

t a n g l e s  w e re  w e t t e d  w i t h  w a te r  an d  h a n d le d  w i t h  " b lu n t-n o s e d  f o r c e p s .  

A w e t t e d  f i l t e r  w as w ra p p e d  a ro u n d  t h e  p lu n g e r  o f  a  0 .2 5  m l g l a s s  

s y r i n g e  w h ich  w as m o u n ted  on a  s t a n d  a b o u t  10 mm ab o v e  t h e  t a b l e  

s u r f a c e .  The o v e r la p p in g  ed g e s  w e re  s e a l e d  w i t h  M i l l i p o r e  MF Cem ent 

Ho. 2 ,  a p p l i e d  w i th  a  s y r i n g e  f i t t e d  w i th  a  27G n e e d le .

The r e s u l t i n g  f i l t e r  t u b e  w as p u l l e d  h a lfw a y  o f f  t h e  p lu n g e r  

an d  s e a l e d  b y  a p p ly in g  Mr Cem ent t o  t h e  i n n e r  s u r f a c e  o f  t h e  tu b e  

an d  b y  c o m p re s s in g  i t  b e tw e e n  tw c T e f lo n  b l o c k s .  The p a r t l y  s e a l e d  

t u b e  w as rem oved  fro m  t h e  p l u n g e r .  Cement was th e n  a p p l i e d  t o  t h e  

r e m a in in g  open  e n d ,  an d  t h e  en d  was s e a l e d  on a  p la n e  p e r p e n d i c u l a r  

t o  t h e  f i r s t  s e a l .  T h is  r e s u l t e d  i n  a  c lo s e d  b a g  ( a b o u t  7 nm l o n g ,  

3 .5  zsn i n  d ia m e te r )  h a v in g  a  t r i a n g u l a r  sh a p e  on a l l  s i d e s  an d  a  

vo lum e o f  a b o u t  30 y l .

T he d i f f u s i o n  b a g s ,  p l a c e d  i n d i v i d u a l l y  i n  s m a l l  v i a l  c a p s ,  w ere 

a r r a n g e d  i n  p e t r i  d i s h e s  i n  g ro u p s  o f  f i v e  an d  w e re  s t e r i l i z e d  w i th  

e t h y l e n e  o x id e  ( s te a m  s t e r i l i z a t i o n  d i s t o r t s  th e m ) .  The s t e r i l i z e d  

d i f f u s i o n  b a g s  w e re  s t o r e d  i n  t h e  r e f r i g e r a t o r  u n t i l  n e e d e d .

On t h e  d ay  o f  t h e  e x p e r im e n t , a  c u l t u r e  o f  S a lm o n e l la  ty p h im u r -  

ium  h i s  GU6 grow n o v e r n ig h t  i n  n u t r i e n t  b r o t h  (D if c o )  was c e n t r i f u g ­

e d  an d  r e s u s p e n d e d  i n  o n e - f i f t h  o f  i t s  o r i g i n a l  vo lum e i n  n u t r i e n t  

b r o t h .  20 y l  o f  t h e  r e s u l t i n g  5 - f o l d  c o n c e n t r a t e d  c u l t u r e  w e re  

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

w i th  a  27G n e e d le  f i t t e d  on a  100 y l  s y r i n g e .  F o llo w in g  t h e  i n o c u l ­
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a t i o n ,  t h e  p u n c tu r e  h o le s  w e re  s e a l e d  w i th  MF Cem ent IvTo .  2 .  The 

b a g s  w e re  e x a m in e d  f o r  p r o p e r  s e a l i n g  b y  m eans o f  a  s t e r e o s c o p i c  

m ic ro s c o p e .  T hey w e re  th e n  f lo o d e d  w i t h  0 .2  m l MM t o  p r e v e n t  d r y in g  

o u t  an d  w e re  s t o r e d  a t  ^°C f o r  o n e  t o  t h r e e  h o u r s  u n t i l  i m p la n t a t i o n .

S u r g i c a l  t e c h n iq u e  an d  b a c t e r i a l  p l a t e  a s s a y

J u s t  p r i o r  t o  s u r g e r y ,  a l l  t h e  a n im a ls  w e re  s h a v e d  o f  t h e i r  

h a i r  from  t h e  a r e a s  i n  w h ich  i n c i s i o n s  w o u ld  b e  m ade. T h ese  a r e a s  

w e re  s c r u b b e d  w i th  p H is o h e x . The d i f f u s i o n  b a g s  c o n t a i n i n g  t h e  ■' 

t e s t e r  b a c t e r i a  w e re  im p la n te d  u n d e r  a s e p t i c  c o n d i t i o n  i n t o  th e  

t e s t e s  an d  p e r i t o n e a l  c a v i t i e s  o f  t h e  r a t s ,  w h ic h  h a d  b e e n  a n e s t h e t ­

i z e d  w i th  e t h e r .  The t e s t i c u l a r  i m p l a n t a t i o n  w as a lw a y s  d one f i r s t  

b e c a u s e  o f  t h e  g r e a t e r  t im e  n e e d e d .

An i n c i s i o n  l a r g e  enough t o  a l lo w  t h e  t e s t i s  t o  p a s s  th ro u g h  

w as made i n  t h e  s c r o tu m  j u s t  ab o v e  t h e  l e f t  t e s t i s  w i t h  a  s c a l p e l .

A s i m i l a r  i n c i s i o n  w as made i n  t h e  t u n i c a  v a g i n a l i s  u s in g  s c i s s o r s .  

T he t e s t i s  w as e x p o s e d  th ro u g h  t h e  i n c i s i o n s  b y  m eans o f  a  c r i l e  r e ­

t r a c t o r .  T h ro u g h o u t t h e  p r o c e d u r e ,  t h e  t e s t i s  w as k e p t  m o is t  w i th  

norm al, s a l i n e .  A p u n c tu r e  w as t h e n  m ade i n  t h e  e x p o s e d  t e s t i c u l a r  

c a p s u l e ,  an d  e x t r a  f i n e  p o i n t  d i s s e c t i n g  m i c r o s c i s s o r s  w e re  u s e d  t o  

make an  i n c i s i o n  fro m  t h e  p u n c tu r e  w ound a p p r o x im a te ly  k am i n  le n g th .  

C a re  was t a k e n  t o  a v o id  dam age t o  t h e  v a s c u l a t u r e  an d  s e m in i f e r o u s  

t u b u l e s .  T he d i f f u s i o n  b a g  w as e a s e d  th r o u g h  t h e  i n c i s i o n  an d  p la c e d  

among t h e  s e m in i f e r o u s  t u b u l e s  w i th  a  s l i g h t  r o c k in g  m o t io n .  S u b se ­

q u e n t l y ,  t h e  i n c i s i o n  w as t i g h t l y  s u t u r e d  w i t h  C u t i c u l a s  668 G 5 -0  

E t h i l o n  n y lo n .  The t e s t i s  w as r e t u r n e d  t o  t h e  s c r o tu m ,  an d  t h e
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s c r o t a l  i n c i s i o n  was c lo s e d  w ith  wound c l i p s .

The p e r i t o n e a l  im p la n ta t io n  was acco m p lish ed  hy making an i n ­

c i s io n  in  th e  lo w er r i g h t  s e c t io n  o f  th e  abdom inal w a ll w i th  a  s c a l ­

p e l .  A d i f f u s io n  bag  i n s e r t e d  -through th e  i n c i s io n  in to  th e  p e r i ­

to n e a l  c a v i ty  was p la c e d  n e a r  th e  s p le e n .  T h is  in c i s io n  was c lo se d  

w ith  wound c l i p s .

The an im als  w ere a llo w ed  t o  come o u t o f  th e  e t h e r ;  and one hour 

fo llo w in g  th e  p lacem en t o f  th e  d i f f u s io n  b a g s ,  th e  an im als w ere i n ­

j e c t e d  in t r a m u s c u la r ly  i n  th e  r i g h t  th ig h  w ith  one o f  th r e e  s o lu ­

t i o n s :  s a l i n e ,  o r  1 , o r  10 mg/kg body w e ig h t s t r e p to z o to c in  s u s ­

pended  in  s a l i n e .  T hree h o u rs  l a t e r ,  t h e  an im als  w ere k i l l e d  by  

c e r v i c a l  d i s l o c a t i o n ,  and  th e  d i f f u s io n  bags w ere re c o v e re d  a s e p -  

t i c a l l y .  F i r s t  th e  wound c l i p s  in  th e  s c r o t a l  i n c i s io n  w ere removed 

and th e  t e s t i s  was r e -e x p o s e d .  S c is s o r s  w ere u sed  to  expand th e  

t e s t i c u l a r  c a p su le  i n c i s i o n  u n t i l  t h e  d i f f u s io n  bag  was ex p o sed .

The bag  was th e n  removed w ith  b lu n t  fo rc e p s  and was p la c e d  in  5 t i l  

MK to  remove a d h e r in g  f l u i d s  and  t i s s u e s .  The p e r i t o n e a l  d i f f u s io n  

bags w ere removed in  a  s i m i l a r  m anner and w ere a l s o  p la c e d  i n  s e p ­

a r a t e  v i a l s  c o n ta in in g  5 ml MM.

Each bag was t r a n s f e r r e d  to  a n o th e r  v i a l  c o n ta in in g  5 ial MM s rd  

was c u t  i n to  v e ry  sm a ll p ie c e s  w i th  two sh a rp en ed  s p a tu la  b e f o r e  b e in g  

shaken  v ig o ro u s ly  f o r  2 m in u te s  w ith  a  V o rtex  m ix er t o  r e l e a s e  th e  

b a c t e r i a  in to  th e  m edia . A f te r  t h e  f i l t e r  frag m en ts  s e t t l e d  t o  th e  

bo tto m  o f  th e  tu b e ,  th e  b a c t e r i a l  su s p e n s io n  was d ecan ted  and was 

washed tw ic e  i n  5 ml p o r t io n s  o f  MM by  means o f  c e n t r i f u g a t io n  a t
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oOOO rpm  f o r  15 m in u te s .  A t t h e  end  c f  t h e  s e c o n d  w a s h in g ,  t h e

c e l l s  w e re  r e s u s p e n d e d  i n  2 m l MM. T he r e s u s p e n d e d  " b a c te r ia  w e re

th e n  p l a t e d  on b o th  h i s t i d i n e - e n r i c h e d  MM an d  n u t r i e n t  a g a r  t o  d e t e r -

l l  66
n i n e  n u t a t i o n  f r e q u e n c y  an d  s u r v i v a l .  5 The p l a t e s  w e re  i n c u b a te d  

a t  37°C ; t h e  n u t r i e n t  a g a r  p l a t e s  w e re  i n c u b a t e d  f o r  a b o u t  2k  h o u r s  

a n d  s c o r e d ,  an d  t h e  h i s t i d i n e - e n r i c h e d  m in im a l a g a r  p l a t e s  w e re  

s c o r e d  up t o  72 h o u rs  a t  2k h o u r  i n t e r v a l s .  T he b a c t e r i a  was s c o r e d  

an d  m u ta t io n  f r e q u e n c y  t o  h i s t i d i n e  in d e p e n d e n c e  w as d e te r m in e d  by  

d i v i d i n g  t h e  num ber o f  h i s t i d i n e - e n r i c h e d  c o l o n i e s  ( a p p e a r in g  on 

h i s t i d i n e - e n r i c h e d  m in im a l m ed ia  p l a t e s  d u r in g  18 h o u r s  o f  in c u b a ­

t i o n )  b y  t h e  num ber o f  s u r v i v o r s  p l a t e d .  M u ta t io n  f r e q u e n c y  t o  

s m a l l  o r  m edium  c o lo n y  ty p e s  was d e te r m in e d  b y  d iv i d in g  t h e  num ber 

o f  s m a l l  o r  m edium  c o lo n ie s  ( a p p e a r in g  on n u t r i e n t  a g a r  p l a t e s  d u r in g  

18 h o u rs  o f  i n c u b a t i o n )  b y  t h e  num ber o f  c o l o n i e s  p e r  p l a t e .
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RESULTS

M ice w e re  o r i g i n a l l y  u s e d  a s  t h e  t e s t  a n i m a l s ,  b u t  t h e i r  t e s t e s  

w e re  to o  s m a l l  t o  im p la n t  d i f f u s i o n  b a g s  o f  a  s i z e  t o  h o l d  s u f f i c i e n t  

n um bers o f  b a c t e r i a .  R a ts  w e re  t h e n  u s e d ,  an d  t h e i r  t e s t e s  w e re  

fo u n d  t o  b e  o f  a d e q u a te  s i z e .  The t e s t e s  w e re  e a s i l y  l i f t e d  fro m  

an d  r e t u r n e d  t o  t h e  s c r o tu m . The a r ra n g e m e n t an d  c o n s i s t e n c y  o f  th e  

s e m in i f e r o u s  t u b u l e s  a l lo w e d  t h e  i n s e r t i o n  o f  t h e  d i f f u s i o n  b a g  w i th  

s. s l i g h t  r o c k in g  m o t io n .  T h is  q u a l i t y  i s  s p e c i e s  d e p e n d e n t ,  f o r  i n  

t h e  dog t h e  t e s t i s  c o u ld  n o t  b e  r e t u r n e d  t o  t h e  s c r o tu m , o n c e  r e ­

m oved fro m  i t ,  w i th o u t  g r e a t  d i f f i c u l t y .  The s e m in i f e r o u s  t u b u l e s  

o f  t h e  dog a r e  so  d e n s e ly  p a c k e d  t h a t  t h e  t u b u l e s  h a d  t o  b e  c u t  

b e f o r e  t h e  b a g  c o u ld  b e  e a s e d  i n t o  t h e  t e s t i s . ^  W ith  e x p e r i e n c e ,  

t h e  t e s t i s  i m p la n t a t i o n  o f  t h e  d i f f u s i o n  b a g  i r .  t h e  r a t  c o u ld  b e  

done i n  10  m in u te s  w i t h  one a s s i s t a n t .

C o n t r o l  e x p e r im e n ts  ( T a b le  l )  show ed t h a t  S6£ o f  t h e  c e l l s  c o u ld  

b e  r e c o v e r e d  fro m  t h e  d i f f u s i o n  b a g s .  I n c u b a t io n  o f  e q u i v a l e n t - s i z e  

in o c u lu m  i n  n u t r i e n t  b r o t h  i n  o r  o u t  o f  d i f f u s i o n  b a g s  r e s u l t e d  i n  

a b o u t  a  t r i p l i n g  o r  q u a d r u p l in g  o f  t h e  c e i l  c o u n t  d u r in g  f o u r  h o u rs  

o f  i n c u b a t i o n  a t  3 7 ° C. When d i f f u s i o n  b a g s  c o n t a i n i n g  b a c t e r i a  w ere  

im p la n te d  i n  e i t h e r  t h e  p e r i t o n e a l ,  c a v i t y  o r  t e s t i s  f o r  f o u r  h o u r s ,  

t h e  num ber o f  c e l l s  r e c o v e r e d  re m a in e d  a b o u t  t h e  sam e a s  a t  t h e  

b e g in n in g  o f  i m p l a n t a t i o n .  T he f r e q u e n c y  o f  m u ta t io n  t o  h i s t i d i n e  

in d e p e n d e n c e  w as s i m i l a r  u n d e r  t h e  v a r io u s  c o n t r o l  c o n d i t i o n s . The
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TABLE 1

The e f f e c t  o f  d i f f u s i o n  b ag  on S_. ty p h im u r iu m  i n  v i t r o  an d  i n  v i v o .

H a n d lin g  o f  Number o f  S u r v i v a l 0 H i s t i d in e - in d e p e n d e n t
in o c u lu m 8, sa m p le s  {%) r e v e r t a n t s  p e r  10°

t e s t e d 0 c e l l s  p l a t e d

P l a t e d  im m e d ia te ly  5 100 0 .5 3

P la c e d  i n  d i f f u s i o n  
b a g ,  im m e d ia te ly
r e c o v e r e d  an d  p l a t e d  7 86 0 .7 3

S u sp en d ed  d i r e c t l y  
i n  5 t i l  n u t r i e n t  b r o t h ,  
i n c u b a te d  a t  37° f o r  
k h ,  r e c o v e r e d  an d
p l a t e d  2 280  0 .1 3

P la c e d  i n  d i f f u s i o n  
b a g ,  s u s p e n d e d  i n  
5 m l n u t r i e n t  b r o t h ,  
i n c u b a te d  a t  37° f o r  
-  h ,  r e c o v e r e d  an d
p l a t e d  2 HLq 0 .1 0

P la c e d  i n  d i f f u s i o n  
b a g ,  im p la n te d  i n  t h e  
p e r i to n e u m  o f  r a t s  f o r
L h ,  r e c o v e r e d  an d  p l a t e d  2 129  0 . - 7

P la c e d  i n  d i f f u s i o n  b a g ,  
im p la n te d  i n  t h e  t e s t e s  
o f  r a t s  f o r  k h ,  r e c o v ­
e r e d  an d  p l a t e d  2 88 Q .lL

a I n o c u lu n  i s  p r e p a r e d  by  r e s u s p e n d in g  a n  o v e r n ig h t  c u l t u r e  i n  o n e -  
f i f t h  i t s  o r i g i n a l  vo lum e o f  f r e s h  n u t r i e n t  b r o t h  (5  t im e s  co n c en ­
t r a t e d  c u l t u r e )  o f  w h ic h  20 y l  a r e  u s e d  e i t h e r  f o r  im m e d ia te  p l a ­
t i n g  o r  t o  f i l l  d i f f u s i o n  b a g s .

°E ach  sam p le  w as p l a t e d  i n  t r i p l i c a t e .

C100J5 s u r v i v a l  r e p r e s e n t s  a p p r o x im a te ly  6 .6  x  10° c e l l s  p e r  p l a t e .
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s u r v i v a l  o f  t h e  b a c t e r i a  show ed l a r g e  s a m p le - to - s a m p le  v a r i a t i o n  

u n d e r  c o m p a ra b le  c o n t r o l  o r  t r e a t m e n t  c o n d i t i o n s  (T a b le  2 ) .  S e v e r a l  

o f  t h e  b a g s  i n  t h e  p e r i t o n e a l  c a v i t y  w e re  o b s e r v e d  t o  h a v e  b e e n  

s u r ro u n d e d  w i th  f a t t y  t i s s u e .

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

t e s t i s  o f  t h e  sam e a n im a l h a d  s i m i l a r  f r e q u e n c ie s  o f  m u ta t io n  t o  

h i s t i d i n e  in d e p e n d e n c e  a t  b o th  c o n c e n t r a t i o n s  o f  s t r e p t o z o t o c i n  i n  

e a c h  o f  t h e  tw o t r i a l s  (T a b le  2 ) .  At 10 yg s t r e p t o z e t o c i n / k g  b o c y  

w e ig h t ,  t h e  m u ta t io n  f r e q u e n c y  t o  h i s t i d i n e  in d e p e n d e n c e  i n c r e a s e d  

a b o u t  1 0 - f o l d  a s  co m p ared  t o  a  t r e a t m e n t  o f  1 y g  s t r e p t o z o t o c i n / k g  

b o d y  w e ig h t .  '.-Then s t r e p t o z o t o c i n - t r e a t e d  c e l l s  w e re  p l a t e d  f o r  v i a ­

b l e  c o u n t  on n u t r i e n t  a g a r  p l a t e s  an d  i n c u b a te d  f o r  1*8 h o u r s  a t  37°C, 

some s m a l l  ( b a r e l y  v i s i b l e  w i th  t h e  n a k e d  e y e )  a n d  m e d iu m -s iz e d  

( a b o u t  a  t h i r d  t o  a  h a l f  o f  t h e  n o rm a l s i z e )  c o l o n i e s  w e re  o b s e r v e d  

i n  a d d i t i o n  t o  o n e  e x p e c te d  n o r m a l - s i z e d  c o l o n i e s .  S m a ll a n d  m edium  

c o l o n i e s ,  l i k e  h i s t i d i n e - i n d e p e n d e n t  r e v e r t a n t s ,  w e re  in d u c e d  i n  

a p p r o x im a te ly  t h e  sam e f r e q u e n c y  i n  b o th  t h e  p e r i t o n e a l  c a v i t i e s  an d  

t h e  t e s t e s .  H o w ev er, t h e y  w e re  in d u c e d  fro m  100 t o  1000 t im e s  m ore 

f r e q u e n t l y  t h a n  h i s t i d i n e - i n d e p e n d e n t  r e v e r t a n t s .  The i n d u c t i o n  o f  

s m a l l  an d  m edium  c o lo n y  t y p e s ,  l i k e  t h e  i n d u c t i o n  o f  t h e  h i s t i d i n e -  

in d e p e n d e n t  r e v e r t a n t s ,  w as d o s e - d e p e n d e n t  (T a b le  2 ) .  S m a ll  an d  

m e d iu m -s iz e d  c o l o n i e s  w e re  in d u c e d  i n  a p p r o x im a te ly  e q u a l  f r e q u e n ­

c i e s  .
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The f r e q u e n c y  o f  n u t a t i o n s  in d u c e d  i n  S_. ty p h jn u r iu m  d u r in g  
3 h  e x p o s u r e  t o  s t r e p t o z o t o c i n  i n  •vivo p e r  1 0 °  s u r v i v o r s .

T re a tm e n t o f  S t r e p t o z o t o c i n  
in o c u lu m  i n  ’ (m g /k g  bod y  
d i f f u s i o n  b a g a  w e ig h t)

S u r v i v a l
(%)

H i s t i d i n e -
in d e p e n d e n t
r e v e r t a n t s

S m a l l -  and  
m ed iu m -size  
c o lo n ie s

E x p e r im e n t  1

U n m c u b a te d  c o n t r o l 1 0 0 c 0 .0 0
Im p la n te d  i n  p e r i to n e u m 0 29 1 .3 0
I m p la n te d  i n  t e s t i s 0 38 0 .2 0
I m p la n te d  i n  p e r i to n e u m I -0 1 0 .5 3 ,0 0 0
I m p la n te d  i n  t e s t i s 1 T £ 1 0 .9 9 ,0 0 0
I m p la n te d  i n  p e r i to n e u m 10 22 1 1 1 .0 1 2 8 ,0 0 0
Im p la n te d  i n  t e s t i s 10 15 9 3 .3 2 7 1 ,0 0 0

E x p e r im e n t 2

U n in c u b a te d  c o n t r o l 0 10Ca 0 .5 0
Im p la n te d  i n  p e r i to n e u m  C 1 3 - 0 .5 0
Im p la n te d  i n  t e s t i s  0 1 . 8 e 0
I m p la n te d  i n  p e r ito n e u m -1- 1 119 - 5 - 9 1 3 ,0 0 0
Im p la n te d  i n  t e s t i s ^  1 61 5 2 .1 1 0 ,0 0 0

a Inoculum . p r e p a r e d  t h e  s a n e  way a s  i n  c o n t r o l  e x p e r i n e n t s  (T a b le  l ) .

° I n o c u lu n  r e c o v e r e d  f r c n  d i f f u s i o n  b a g  im m e d ia te ly  a f t e r  i n o c u l a t i o n  
a n d  p l a t e d .

C* 100% s u r v i v a l  r e p r e s e n t s  a p p r o x im a te ly  1 . 6  a n d  1 .7  x  10  c e l l s  p e r  
p l a t e ,  r e s p e c t i v e l y .

eThe r e l a t i v e l y  h ig h  s p o n ta n e o u s  f r e q u e n c y  n o te d  h e r e  i s  p ro b a b ly  
due t o  t h e  lo w  n um ber o f  c e l l s  p l a t e d .

" A v e ra g e  o f  tw o s a m p le s .
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DISCUSSION

T h is  t h e s i s  p r e s e n t s  e v id e n c e  t h a t  t h e  CSKKA. n o t  o n ly  p o s s e s s e s  

t h e  a d v a n ta g e s  o f  t h e  h o s t - m e d i a t e d  a s s a y ,  b u t  a l s o  im p ro v e s  upon  

t h i s  s y s te m . B o th  t h e  h o s t - m e d ia t e d  a s s a y  an d  t h e  OSKMA a r e  a d v a n ­

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

s y s te m s  ( o b s e r v a t i o n  o f  l a r g e  num bers an d  s e v e r a l  g e n e r a t i o n s  o v e r

a  s h o r t  p e r i o d  o f  t im e )  w i th  t h o s e  o f  a  m am m alian s y s te m ,  w h ic h  i s

2 '

m ore r e p r e s e n t a t i v e  o f  m a n .’ B o th  a s s a y s  a r e  u s e d  t o  d e te r m in e  t h e  

a b i l i t y  o f  l a b o r a t o r y  a n im a ls  e i t h e r  t o  p o t e n t i a t e  o r  t o  d e t o x i f y  

com pounds i r .  r e g a r d  t o  m u ta g e n ic  a c t i v i t y .

The 0SHI14. h a s  a t  l e a s t  t h r e e  a d v a n ta g e s  o v e r  t h e  h o s t - m e d ia t e d  

a s s a y .  The f i r s t  i s  t h a t  t h e  h o s t - m e d ia t e d  a s s a y  m o n i to r s

m u ta g e n ic i t y  i n  an  a r e a  o f  t h e  t e s t  a n im a l ,  t h e  p e r i t o n e a l  c a v i t y ,  

w h ic h  i s  n o t  in v o lv e d  i n  t h e  t r a n s m i s s i o n  o f  t h e  h e r e d i t a r y  m a te r ­

i a l .  I n  c o n t r a s t ,  t h e  OSEMA. a s  a p p l i e d  i n  t h e  e x p e r im e n ts  r e p o r t e d  

h e r e  i s  a b l e  t o  d e t e c t  m u ta g e n ic  a c t i v i t y  i n  t h e  a r e a  o f  g o n ad s  an d  

i n  t h e  c l o s e  v i c i n i t y  o f  t h e  s e m in i f e r o u s  t u b u l e s  w i t h i n  w h ich  

m e io s i s  an d  s p e r m a to g e n e s is  t a k e  p l a c e .  W h ile  m u ta t io n s  c a n  t a k e  

p l a c e  i n  b o th  s o m a tic  ( e . g .  p e r i t o n e a l  c a v i t y )  an d  g o n a d a l  ( e . g .  

t e s t e s )  c e l l s ,  i n  t h e  fo r m e r  m u ta t io n s  a r e  c o n f in e d  t o  t h e  i n d i v i ­

d u a l  c a r r y i n g  th e m , w h i le  i n  t h e  l a t t e r  in d u c e d  m u ta t io n s  s t a n d  a  

c h a n c e  o f  b e in g  t r a n s m i t t e d  t o  f u t u r e  g e n e r a t i o n s  an d  may i n c r e a s e  

i n  num ber an d  f r e q u e n c y  th r o u g h  s e x u a l  r e p r o d u c t i o n  an d  g e n e t i c

d r i f t .  3 e f o r e  t h e  i n i t i a t i o n  o f  t h e  p r e s e n t  w o rk , i t  h a s  n o t  b e e n
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c l e a r  w h e th e r  o r  n o t  s t r e p t o z o t o c i n  c a n  h e  d e t e c t e d  i n  t h e  t e s t i s  

th r o u g h  t h e  u s e  o f  im p la n te d  b a c t e r i a ,  a l th o u g h  t h i s  p o s s i b i l i t y  

w as s t r o n g l y  im p l ie d  b y  t h e  work, o f  l i c s o r  an d  M u th ia n i* ^  w i th  

t e s t e s  h o m o g en a te s  fro m  s t r e p t o z o t o c i n  i n  t r e a t e d  a n im a ls .  The 

p r e s e n t  d a t a  (T a b le  2) i n d i c a t e s  t h a t  t h e  p r e s e n c e  o f  s t r e p t o z o t o c i n  

i n  a  m u ta g e n ic a l ly  a c t i v e  fo rm  c a n  b e  d e m o n s t r a te d  i n  t h e  t e s t e s  

w i th  im p la n te d  i n d i c a t o r  b a c t e r i a .  3 a s e d  on  t h i s  o b s e r v a t i o n ,  i t  

may b e  p r e d i c t e d  t h a t  o t h e r  i n d i c a t o r  c e l l s ,  su ch  a s  human le u c o c y te s ,  

m am m alian b o n e  m arro w , b l a s t c c y t e s , y e a s t ,  U e u ro s p o ra  o r  o t h e r  v a r i ­

e t i e s  o f  i n d i c a t o r  c e l l s  c o u ld  b e  im p la n te d  i n  t h e  t e s t e s  o f  t h e  r a t .

T he s e c o n d  a d v a n ta g e  o f  t h e  OSKMA o v e r  t h e  h o s t - m e d ia te d  a s s a y  

i s  t h a t  w i th  t h e  fo rm e r  m eth o d  v a r io u s  o rg a n s  o f  t h e  t e s t  a n i m a l 's  

bod y  c o u ld  b e  s u rv e y e d  ikr? t h e  p r e s e n c e  o f  a  m u tag en  o r  i t s  m u tag en ­

i c a l l y  a c t i v e  m e t a b o l i t e .  T h is  ty p e  o f  in f o r m a t io n  may b e  u s e f u l  i n  

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

t e s t  com pound i n  t h e  a n im a l .

The t h i r d  a d v a n ta g e  o f  t h e  OSEMA. i s  t h a t  a  h ig h e r  p e r c e n ta g e  o f  

t h e  im p la n te d  b a c t e r i a  c a n  b e  r e c o v e r e d  t h a n  i n  t h e  h o s t - m e d ia te d  

a s s a y .  The r e p o r t e d  e f f i c i e n c y  o f  r e c o v e r y  o f  b a c t e r i a  w i th  t h e  

h o s t - m e d ia te d  a s s a y  i s  o n ly  1 0 p , w h i le  t h e  r e c o v e r y  o f  b a c t e r i a  

w i th  t h e  CSEMA w as fo u n d  t o  b e  Q6% (T a b le  l ) .  I t  s h o u ld  b e  n o t e d ,  

h o w e v e r, t h a t  w i t h  t h e  h o s t - m e d ia t e d  a s s a y ,  a  l a r g e r  num ber o f  b a c ­

t e r i a l  c e l l s  c a n  b e  t r e a t e d  an d  r e c o v e r e d  p e r  a n im a l ,  s i n c e  many 

m ore c e l l s  c a n  b e  im p la n te d  i n  t h e  p e r i t o n e a l  c a v i t y  ( c a .  10 ) th a n  

i n  t h e  d i f f u s i o n  b a g  ( c a .  1 0^) due t o  t h e  s m a l l  v o l u t e  o f  t h e  l a t t e r
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(30 y l ) .  T h is  volume l i m i t a t i o n  i s  im posed by “h e  s i z e  o f  th e  r a t  

t e s t i s .

T ab le  2 shows t h a t  th e  r e s u l t s  o f  th e  OSEMA, l i k e  th e  h o s t -  

m ed ia ted  a s s a y ,  a r e  r e p ro d u c ib le .  Some sam p le -to -sam p le  v a r i a t io n  

u n d er com parable c o n tro l  o r  tre a tm e n t  c o n d itio n s  was fo u n d . T h is 

may be due to  e i t h e r  p a r t i a l  lo s s  o f  some sam ples d u rin g  h a n d lin g  

o r  to  d i f f e re n c e s  in  t h e i r  i n t e r a c t io n  w ith  th e  in  v iv o  en v iro n m en t.

A te c h n ic a l  im provem ent c f  th e  051314 would be th e  u se  o f  ny lon  

r e in f o r c e d  0 .b5  y p o re  s i z e  M il l ip o re  f i l t e r  tu b e s  o f  a p p r o p r ia te  

le n g th  s e a le d  on b o th  ends i n  p la c e  o f  M il l ip o re  f i l t e r  s h e e ts  

(M a te r ia ls  and M ethods) t h a t  w ere u sed  in  th e  p re s e n t  ex p e rim en ts  to  

c o n s t ru c t  d i f f u s io n  b a g s . To d a te  o n ly  one d i f f u s io n  bag  has been  

c o n s tru c te d  from n y lo n  r e in f o rc e d  M il l ip o re  f i l t e r  tu b e .  T h is tu b e  

was f i l l e d  w ith  b a c te r i a  and  was im p la n te d  in  th e  t e s t i s  o f  a  s t r e p -  

t c z o to c in - t r e a t e d  dog (10 m g/kg body w e ig h t) .  A p o s i t iv e  m utagenic 

re sp o n se  was o b ta in e d . 5 The d i f f u s io n  bag  c o n s tru c te d  from  t h i s  

ny lo n  r e in f o r c e d  f i l t e r  tu b e  i s  s t u r d i e r  and e a s i e r  to  c o n s t ru c t  

th a n  th e  d i f f u s io n  bag  c o n s tru c te d  from  u l t r a - t h i n  M il l ip o re  f i l t e r  

s h e e t s . The r.ew ty p e  o f  d i f f u s io n  bag  h as  n o t y e t  been  t e s t e d  in  

th e  r a t .

In  com parison to  o th e r  t e s t  sy s te m s , such as th e  dom inant l e th a l  

t e s t ,  i n  v ivo  c y to g e n e tic s  t e s t  and th e  s p e c i f i c  lo cu s  t e s t ,  b o th  

th e  OSEMA and th e  h o s t-m e d ia te d  a ssa y  o f f e r  some a d v a n ta g e s : th e y

a re  l e s s  e x p e n s iv e , l e s s  tim e-co n su m in g , r e q u ir e  few er m a n ip u la tio n s  

and a r e  more s e n s i t i v e  in  d e te c t in g  p o in t  m u ta tio n s .
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Some d i s a d v a n ta g e s  w e re  fo u n d  i n  t h e  OSEMA. a n d  w e re  n o t  u n l i k e  

t h o s e  o f  t h e  h o s t - m e d ia t e d  a s s a y .  As w i t h  t h i s  l a t t e r  n e th o d ,  " a  

n e g a t i v e  r e s u l t  i s  n o s t  p r o b a b ly  due t o  d e t o x i f i c a t i o n ,  b u t  a  n o n -  

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

A n e g a t i v e  r e s u l t  w o u ld  a l s o  b e  o b t a in e d  f o l lo w in g  a  p o i n t  n u t a t i o n

a t  a  lo c u s  d i f f e r e n t  u s e d  i n  d e f in i n g  t h e  a u x o t r c p h ;  i . e . ,  a  n e g a ­

t i v e  r e s u l t  o n ly  i n d i c a t e s  t h e  a b s e n c e  o f  a  n u t a t i o n  a t  t h e  lo c u s  

b e in g  ex am in ed  an d  d o es  n o t  p r e c lu d e  o t h e r  n u t a t i o n s . The p ro b a b ­

i l i t y  o f  d e t e c t i n g  n u ta g e n ic  a c t i v i t y  c o u ld  t h u s  b e  i n c r e a s e d  by

, 21
u s in g  an  o r g a n i s n ( s )  w i th  n o r e  th a n  one m a r k e r ."

E ven th o u g h  t h e  p r e s e n c e  o f  a  c h e m ic a l  m u tag en  i n  t h e  t e s t e s

o f  r a t s  i n  t h e  c l o s e  p r o x im i ty  o f  t h e  s e m in i f e r o u s  t u b u l e s  was

d e m o n s t r a te d ,  i t  i s  n o t  known i f  t h e  m u tag en  w as a l s o  p r e s e n t  i n -

q-7
s i d e  t h e  s e m in i f e r o u s  t u b u l e s  a n d  i n  t h e  g e r m in a l  c e l l s . ' 1 A m eth o d  

t o  d e t e c t  c h e m ic a l  m u tag en s  i n s i d e  t h e  s e m in i f e r o u s  t u b u l e s  i s  u n d e r  

d e v e lo p m e n t . ' M ost i m p o r t a n t l y ,  i t  i s  n o t  known w h e th e r  a  m u ta t io n  

o f  b a c t e r i a  im p la n te d  i n  t h e  t e s t i s  o r  t h e  p e r i t o n e a l  c a v i t y  i s  a  

m e a su re  o f  m u ta g e n i c i t y  i n  t h e  h o s t .  O nly  p a r a l l e l  OSHMAs an d  a n i ­

m al b r e e d in g  e x p e r im e n ts  c o u ld  a n sw e r t h i s  q u e s t i o n .  S h o u ld  t h e r e  

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

t o  d e te r m in e  i f  a  t r e a t e d  a n im a l ( t o  b e  u s e d  a s  a  s i r e  i n  b r e e d in g  

e x p e r im e n ts ) r e c e i v e d  t h e  d e s i r e d  m u tag en  e x p o s u r e  i n  t h e  t e s t e s .

The OSEMA c o u ld  b e  u s e d  t o  t e s t  m an -co n su m ed  d r u g s  f o r  m u ta ­

g e n i c i t y  i n  man i n  v i v o . S uch  t e s t i n g  c o u ld  e i t h e r  b e  done w i t h i n  

i n t a c t  human s u b j e c t s  o r  w i th  rem oved  o r g a n s . ^  The t e s t i n g  o f  

human b lo o d  f o r  t h e  p r e s e n c e  o f  a  m u tag en  s h o u ld  r a i s e  no d i f f i c u l t y
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2 7

s i n c e  s u c h  t e s t s  h a v e  a l r e a d y  b e e n  p e r fo rm e d  w i th  m am m alian

b lo o d .

The s m a l l  c o l o n i e s  m u ta t io n s  in d u c e d  b y  t h e  s t r e p t o z o t o c i n  

t r e a t m e n t  i n  t h e  OSHMA w e re  s u b s e q u e n t ly  i n v e s t i g a t e d  b y  D a v id  

Z im m er, a n o th e r  s t u d e n t  i n  D r . G y u la  F i c s o r ' s  l a b o r a t o r y .  H is  s tu d y  

r e v e a l e d  t h a t  t h e  s m a l l  c o l o n i e s  re m a in e d  s m a l l  ev e n  a f t e r  6 d a y s  

o f  i n c u b a t i o n  a t  3 7 °C , an d  t h e y  p ro d u c e d  s m a l l - c o lo r .y  p ro g e n y  

th r o u g h  r e p e a t e d  s i n g l e - c o l o n y  i s o l a t i o n s .  Some o f  t h e  s m a l l - c o lo n y  

i s o l a t e s  r e v e r t  t o  n o rm a l c o lo n y  s i z e  a t  a  lo w  f r e q u e n c y .  L ig h t  

m ic r o s c o p ic  e x a m in a tio n  show ed t h a t  c e i l s  t a k e n  fro m  t h e  s m a l l  c o lo ­

n i e s  w e re  s m a l l e r  th a n  t h e i r  u n t r e a t e d  p a r e n t s .  N orm al c o l o n i e s  

t h a t  h a v e  b e e n  d e r iv e d  fro m  s t r e p t c z o t o c i n - t r e a t e d  c e i l s  c o n ta in e d  

n o r m a l - s i z e d  c e i l s .  C e i l s  fro m  s m a l l  c o l o n i e s  a r e  n o n - m c t i i e ,  a s  

shown b y  t h e  h a n g in g -d r o p  m o t i l i t y  t e s t  an d  l a c k  f l a g e i i a ,  a s  shown
m ) ,

b y  e l e c t r o n  m ic r o s c o p ic  e x a m i n a t i o n . - "* The a d v a n ta g e  o f  s c o r i n g  

t h e  s m a l l - c o lo n y  p h e n o t y p e s  (T a b le  2) was t h a t  t h e y  i n c r e a s e d  t h e  

g e n e t i c  r e s o l u t i o n  o f  t h e  s y s te m  s i n c e  th e y  o c c u re d  i n  uncom m only 

h ig h  f r e q u e n c i e s .  I n  some t r e a t m e n t s  27£ o f  t h e  t r e a t e d  c e i l s  a c ­

q u i r e d  t h i s  p h e n o ty p e  (T a b le  2 ) .  A n o th e r  a d v a n ta g e  o f  s c o r in g  t h e s e  

s m a l l - c o lo n y  p h e n o ty p e s  i s  t h a t  th e y  r e p r e s e n t  g e n e t i c  c h a n g e s  t h a t  

a r e  in d e p e n d e n t  o f  t h e  m u t a t io n a l  e v e n ts  a t  t h e  h i s t i d i n e  C-^6 l o c u s .
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CONCLUSION

T h is  t h e s i s  r e s u l t e d  i n  a  num ber o f  c o n c lu s io n s  r e g a r d i n g  t h e  

OSHMA an d  i t s  a b i l i t y  t o  d e t e c t  m u ta g e n ic  a c t i v i t y .  T h re e  a d v a n ­

ta g e s  o f  t h e  CSHMA o v e r  t h e  h o s t - m e d i a t e d  a s s a y  w e re  fo u n d . T h ese  

in c lu d e d :

l )  t h e  a b i l i t y  t o  m o n i to r  m u t a g e n i c i t y  i n  an  a r e a  o f  t h e  t e s t  

a n im a l in v o lv e d  i n  t h e  t r a n s m i s s i o n  o f  h e r e d i t a r y  m a t e r i a l  a s  w e l l  

a s  i n  t h e  p e r i t o n e a l  c a v i t y .

2} t h e  a b i l i t y  t o  s u rv e y  t h e  t e s t  a n i m a l 's  o rg a n s  f o r  t h e  

p r e s e n c e  o f  a  m u tag en  o r  i t s  n u t a g e n i c a l l y  a c t i v e  m e t a b o l i t e .

3) t h e  a b i l i t y  t o  r e c o v e r  a  h i g h e r  p e r c e n ta g e  o f  t h e  im p la n te d  

b a c t e r i a  t h a n  i n  t h e  h o s t - m e d ia t e d  a s s a y  ( 86£ a s  co m p ared  t o  IC p ) .

A num ber o f  a d d i t i o n a l  c o n c lu s io n s  w e re  d e m o n s t r a te d  b y  t h i s  

t h e s i s .  T h ese  i n c lu d e d :

1 ) d i f f u s i o n  b a g s  w e re  fo u n d  t o  h a v e  l i t t l e  e f f e c t  on  s u r v i v a l  

an d  m u ta g e n ic i t y  o f  t h e  b a c t e r i a .

2 ) s t r e p t o z o t o c i n  was fo u n d  t o  b e  m u ta g e n ic  i n  t h e  t e s t i s  a s  

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

3) t h e  m u ta t io n  f r e q u e n c y  in d u c e d  b y  s t r e p t o z o t o c i n  i n  t h e  

t e s t i s  w as fo u n d  t o  b e  a b o u t  t h e  sam e a s  i n  t h e  p e r i t o n e a l  c a v i t y .

h)  a  1 0 - f o l d  i n c r e a s e  i n  t h e  m u t a t io n  f r e q u e n c y  w as fo u n d  t o  

e x i s t  w hen 1 yg  s t r e p t o z c t o c i n / k g  b o d y  w e ig h t  was co m p ared  t o  1C y g  

s t r e p t c z c t o c i n / k g  b o d y  w e ig h t .

28
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5) s n a i l -  and m edium -sized  c o lo n ie s  w ere in d u ced  'ey th e  

s t r e p to z o to c in .
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