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Effects  of s t r e p t o z o t o c i n  on  ear ly  rat  e m b r y o s  g r o w n  in cu l ture  
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Summary. A d d i t i o n  of 1 m g / m l  s t r ep tozo toc in  to  s e rum in which  10-day r a t  e m b r y o s  are cu l tu red  reduces  t he i r  g r o w t h  
a n d  v iab i l i ty .  The re  is the re fo re  a r isk t h a t  a d m i n i s t r a t i o n  of t h i s  d rug  to p r e g n a n t  an ima l s  to  i n d u c e  d iabe tes  could 
also h a v e  direct ,  de le ter ious  effects on t he  embryos .  

A l t h o u g h  s t rep tozo toc in ,  t h e  d rug  used to induce  d iabe tes  
in  l a b o r a t o r y  an ima l s  1, 2, appea r s  to  ac t  se lec t ively  on  
p a n c r e a t i c  E-cells and  is e l i m i n a t e d  f rom the  b o d y  v e r y  
r ap id ly  3, i t  is u n c e r t a i n  to  w h a t  e x t e n t  i t  m a y  d a m a g e  
o t h e r  t issues,  or t he  e m b r y o s  of a p r e g n a n t  m a m m a l .  
R e d u c e d  size a n d  increased  m o r t a l i t y  have ,  however ,  
been  obse rved  in fe tuses  of s t r ep tozo toc in -d i abe t i c  
female  r a t s  4-s as well  as low incidences  of b ra in ,  v iscera l  
and  ske le ta l  a b n o r m a l i t i e s  ~. I n  order  to  f ind out ,  t he re -  
fore, w h e t h e r  these  a b n o r m a l i t i e s  could  h a v e  been  
caused  b y  t he  s t rep tozo toc in ,  r a t h e r  t h a n  b y  t he  m a t e r -  
na l  d iabe tes ,  we h a v e  cu l t u r ed  e m b r y o s  in s e rum con-  
t a i n i n g  c o n c e n t r a t i o n s  of s t r ep tozo toc in  e q u i v a l e n t  to  
those  w i t h  which  t he  r a t s  were dosed to induce  d iabe tes .  
The  d e v e l o p m e n t  of the  e m b r y o s  over  a 24-h-per iod wh ich  
includes  m a j o r  s teps  in  organogenes i s  ha s  been  c o m p a r e d  
w i t h  t h a t  of cont ro l s  cu l t u r ed  in n o r m a l  serum.  
Material and methods. 10-day W i s t a r  r a t  e m b r y o s  (day 0 = 
d a y  of f ind ing  vag ina l  plug) were r e m o v e d  f rom t h e  
u t e rus  and  cu l tu red  in t h e i r  m e m b r a n e s  in w a t c h -  
glasses as descr ibed  b y  New *. For  each  embryo ,  0.3 ml  
of m a t e r n a l  s e rum (ob ta ined  b y  h e a r t  p u n c t u r e  immedi -  
a t e ly  before  dea th )  was  used. 1 m g / m l  of s t r ep tozo toc in  
(Up john  Ltd) ,  f reshly  dissolved in ice-cold 0.01 M 
c i t r a t e  buffer ,  p H  4.7, was  a d d e d  to  t h e  e x p e r i m e n t a l  
serum,  and  a n  e q u i v a l e n t  v o l u m e  of c i t r a t e  buf fe r  a lone  to  
the  controls .  Cul tures  were gassed w i t h  95% 02/5 % CO 2 

an d  i n c u b a t e d  a t  37.5 ~ for 24 h. Af te r  e x a m i n i n g  t h e m  
alive,  e m b r y o s  were f ixed in Bo u i n ' s  fluid, d e h y d r a t e d  
in a lcohols  a n d  c leared in m e t h y l  benzoa te .  Cleared  
spec imens  were m e a s u r e d  w i t h  an  eyepiece mic romete r ,  
an d  h is to logica l  s tud ies  were m a d e  on  8 ~m sect ions  
s t a ined  w i th  h a e m a t o x y l i n  an d  eosin. 
Results. a) O b s e r v a t i o n s  on  whole  embryos .  34 exper i -  
m e n t a l  a n d  34 con t ro l  e m b r y o s  were compared .  20 of the  
e x p e r i m e n t a l s  deve loped  well  (classed as ' v e r y  good '  or 
'good '  in the  t ab l e ) :  i.e. t h e  m e m b r a n e s  h a d  e x p a n d e d  
to  a large, t r a n s p a r e n t  vesicle, t he  e m b r y o  h a d  grown,  
d i f f e ren t i a t ed  a n d  r o t a t e d  n o r m a l l y  9 a n d  i ts  h e a r t  was 
b e a t i n g  rapid ly ,  c i r cu la t ing  red  blood. In  on ly  5 of these  
e m b r y o s  ( ' ve ry  good '  in t h e  table)  was  b lood c i rcu la t ing  
in t h e  yo lk  sac, however ,  whereas  24 of the  con t ro l s  h a d  
a r ap id  yolk-sac  c i rcu la t ion :  these  also h a d  a more  
v igorous  h e a r t - b e a t  t h a n  t h e  'good '  embryos .  B y  a z2-test, 
t h e  n u m b e r s  of ' v e r y  good '  an d  'good '  con t ro l s  are 
s ign i f i can t ly  h ighe r  t h a n  in t h e  e x p e r i m e n t a l s  (p < 0.01). 
There  was also on ly  1 r e t a r d e d  e m b r y o  an d  3 d e a t h s  in  
t h e  controls ,  as c o m p a r e d  w i t h  5 r e t a r d e d  an d  9 dead  
e x p e r i m e n t a l  embryos .  E m b r y o n i c  size was assessed 
b y  m e a s u r i n g  t h e  wides t  d i a m e t e r  of t h e  yolk  sac vesicle, 
t he  t r u n k  l e n g t h  an d  t h e  ta i l  l eng th  of each  embryo .  As 
t h e  t a b l e  shows, t h e  m e a n  va lues  of all these  d imens ions  
were s ign i f i can t ly  h ighe r  in t h e  cont ro l s  t h a n  in the  
s t r e p t o z o t o c i n - t r e a t e d  e m b r y o s  (p < 0.01, on a t - tes t ) .  
b) His to logica l  obse rva t ions .  His togenes is  of o rgans  is 
n o t  fa r  a d v a n c e d  in l l : d a y  r a t  embryos ,  so m o s t  a t t e n -  
t ion  was pa id  to  t h e  m o r p h o l o g y  of ax ia l  s t ruc tu res ,  
n e r v o u s  sys tem,  h e a r t  an d  liver.  The  t a b l e  lists t h e  m a i n  
f ea tu res  observed .  N e i t h e r  t h e  n e rv o u s  s y s t e m  n o r  the  
h e a r t  appea red  to  be  a f fec ted  b y  t h e  s t r ep tozo toc in  
t r e a t m e n t  (differences in inc idence  of a b n o r m a l i t i e s  are 
n o t  s ignif icant ,  b e t w e e n  e x p e r i m e n t a l  an d  controls) ,  
b u t  t h e  l iver  a p p e a r e d  to  be  r e t a rded .  No l iver  was 
e v i d e n t  a t  all  in  6 embryos ,  a n d  i t  was  ba re ly  de t ec t ab l e  
in  12, of t h e  e x p e r i m e n t a l  group,  whereas  on ly  2 of tile 
con t ro l s  h a d  a less t h a n  n o r m a l l y  deve loped  l iver  (figure 
a, b). Th i s  di f ference be tween  e x p e r i m e n t a l  a n d  con t ro l  
e m b r y o s  is s t a t i s t i ca l ly  s ign i f ican t  (p < 0.01, on  a Z 2- 
test) .  
Discussion and conclusions. The  smal le r  size an d  t h e  less 
f r e q u e n t  d e v e l o p m e n t  of a yo lk  s a c  c i rcu la t ion  in exper i -  
m e n t a l  embryos ,  as c o m p a r e d  w i t h  controls ,  sugges t  t h a t  

Fig. a. Transverse section of liver region in control embryo, • 45. 
Note fairly dense mass of liver cells (arrowed). 

Fig. b. Transverse section of liver region in experimental embryo, 
• 45. Note very small liver rudiment (arrowed). 
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External features (34 experimental and 34 control embryos) Histological observations (26 experimentals and 26 controls) 
Very Good Re- Dead Vesicle Body Tail CNS Heart Liver 
good tarried diameter length length abnormal abnormal normal small absent 

Experi- 5 15 5 9 2.97 4- 1.97 4- 1.75 4- 12 5 .... 8 12 6 
mentals 0.067 0.079 0.077 

Controls 24 6 1 3 3.44 4- 2.49 4- 2.32 4- 9 4 24 1 1 
0.079 0.070 0.088 

Vesicle, body and tail measurements are in mm, 4- SE; other figures represent numbers of embryos in each category. 

s t r ep tozo toc in  has deleter ious effects on the  g rowth  and 
v iabi l i ty  of embryos  a t  th is  stage. The a p p a r e n t l y  
delayed d e v e l o p m e n t  of the  l iver m a y  be l inked wi th  
the  failures in yolk sac circulat ion,  since the  liver develops  
f rom the  p rox imal  an te r ior  wall  of the  yolk  sac and  is 
also a site of haemopoiesis .  None of these  effects,  however ,  
paral lels  the  abnormal i t i es  t h a t  have  so far been  observed  
in embryos  of s t rep tozo toc in -d iabe t i c  ra t s  (i.e. mal-  
fo rma t ions  of t he  nervous  sys t em and  hear t ,  skeletal  
deficiencies and  exomphalosT).  So it seems likely t h a t  

these l a t t e r  abnormal i t i es  were a t t r i bu t ab l e  to the  
ma t e rn a l  d iabetes  r a the r  t h a n  to any  di rect  effects  of 
s t rep tozotoc in .  Moreover,  since the  female ra t s  were 
in jec ted  wi th  s t rep tozo toc in  e i ther  before ma t ing  or on 
day  0, and i t  is e l imina ted  f rom the  body  wi th in  4-6 h 3, 
only  early cleavage s tages of embryos  could be a t  m u c h  
risk of exposure  to the  drug. The p resen t  work shows,  
however ,  t h a t  admin i s t r a t ion  of s t r ep tozo toc in  to ra t s  
a t  p o s t - i mp l an t a t i o n  s tages of p r e g n a n c y  could have  
severe effects on the  fu r the r  d e v e l o p m e n t  of the  embryos .  

M o d i f i c a t i o n  of  h e p a t o t o x i c  e f fec ts  of a f l a t o x i n  B 1 in  r a b b i t s  b y  i m m u n i z a t i o n  1 
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Food Research Institute and Department o/ Food Microbiology and Toxicology, University o/ Wisconsin, Madison 
(Wisconsin 53706, USA), 6 June 7977 

Summary. Reduc t ion  of acute  toxic effect  of af la toxin  B 1 was achieved by  immuniz ing  the  r abb i t s  w i th  small  amo un t s  
of bovine  se rum a lbumin-a f l a tox in  B~ conjugate .  R a b b i t s  af ter  immun iza t i on  showed lower mor ta l i ty ,  near  no rma l  
se rum isocitric dehydrogenase  act iv i ty ,  no abno rma l i t y  in livers when  chal lenged wi th  a single dose of a f la toxin  B1. 
The resul ts  suggest  t h a t  immuniza t ion  migh t  be used p rophy lac t i ca l ly  agains t  aflatoxicosis .  

Af la tox in  B 1 (aria B1) is one of the  mos t  p o t e n t  envi ron-  
men ta l  carc inogens  and hepa to tox in s  p roduced  by  
Aspergillua parasiticus and A. /lavus. Because of the  
po ten t i a l  hazard  of th is  tox in  to h u m a n  and  an imal  
hea l th ,  the  chemis t ry  and the  biochemical  and  pa thologi -  
cal effects  of afla B 1 have  been s tudied  ex tens ive ly  in 
the  last  decade  4,5. Unlike mos t  bacter ia l  toxins ,  afla B~ 
and o the r  myco tox ins  are small  molecular  weight  fungal  
me tabo l i t e s  with diverse chemical  s t ruc tures .  Whi le  
these  toxins  are devo id  of any  ant igenic i ty ,  an aria 
B l - l - (0 - ca rboxyme thy l ) -ox ime  can be p repa red  t h ro u g h  
de r iva t ion  s,7. The new der iva t ive  has a ca rboxyl  group 
which  is readi ly coupled to a p ro te in  for immuniza t ion .  
Us ing  th is  approach ,  inves t iga tors  in th is  and o the r  
laborator ies  7, 8 have  p roduced  an t i body  in rabb i t s  sbowing 
high af f in i ty  to  afla B~ af ter  the  animals  were immunized  
wi th  e i ther  bovine  serum a lbumin  (BSA)-alIa B 1 con- 
juga te  or w i th  polylys ine-af la  B 1 conjugate .  The a n t i b o d y  
was also found to be useful in the  r ad io immunoas s ay  for 
afla B,. The p re sen t  s t u d y  was carried ou t  in order  to 
f ind w h e t h e r  or no t  immuniza t ion  migh t  be used pro-  
phy lac t i ca l ly  agains t  afiatoxicosis.  
Material and methods. Since rabb i t s  are among  the  mos t  
sensi t ive  animals  w i th  regard to afla B~ toxic i ty ,  th is  
species was selected for s tudy.  Albino female r abb i t s  
weighing 3.5 kg were d iv ided into 6 groups of 3 7 r abb i t s  
each. 3 groups of r abb i t s  were immunized  wi th  BSA-af la  
B 1 conjuga te  (210 ~xg per  rabbi t)  which con ta ined  13 moles 
of aria B~/mole of BSA,  according to the  m e t h o d  previous ly  

descr ibed 8. R a b b i t s  in t he  o the r  3 groups  were raised 
under  the  same condi t ions  b u t  were no t  immunized .  
A n t i b o d y  t i te rs  of the  immunized  rabb i t s  were de t e rmined  
by  a b ind ing  method9  every  week s ta r t ing  f rom the  4 th  
week af ter  immuniza t ion .  6 weeks af ter  immuniza t ion ,  
all the  animals  were chal lenged with a single dose of 
pure  alfa B 1 by  i.p. inject ion.  Mor ta l i ty  and  serum 
isocitric dehydrogenase  ac t iv i ty  (ICDH, Sigma m e t h o d  1~ 
were moni tored .  L imi ted  his tological  examina t ions  on 
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