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M e c h a n i s m  o f  T e r a t o g e n i c  A c t i o n  o f  H y p o g l y c i n - A  

H y p o g l y c i n - A  z is a toxic  n o n - p r o t e i n o g e n i c  a m i n o  
acid of cons ide rab le  b i ochem i ca l  i n t e r e s t  ~,8. I t  h a s  been  
sugges ted  t h a t  t h e  t o x i c i t y  of h y p o g l y c i n - A  is due  to  
t h e  f o r m a t i o n  of a d e g r a d a t i o n  p roduc t ,  m e t h y l e n e c y c l o -  
p r o p a n e  ace ta te ,  wh ich  i n h i b i t s  t h e  o x i d a t i o n  of long- 
c h a i n  f a t t y  acids  4. ENTMAN a n d  BRESSLER 5 r e p o r t e d  
t h a t  L-carni t ine ,  wh ich  p r o m o t e s  t h e  i n t r a m i t o c h o n d r i a l  
o x i d a t i o n  of l ong-cha in  f a t t y  acids  6,7, a n t a g o n i z e d  t h e  
h y p o g l y c a e m i c  effects  of hypog lyc in -A.  H y p o g l y c i n - A  
i n h i b i t e d  t h e  g r o w t h  of s a rcoma-180  cells in  mice,  b u t  
a s i m u l t a n e o u s  in j ec t ion  of leucine,  a s t r u c t u r a l  ana logue  
of hypoglyc in -A,  p r e v e n t e d  t h i s  i n h i b i t i o n  of t u m o u r  
g r o w t h  s. 

I n  t he  p r e g n a n t  ra t ,  h y p o g l y c i n - A  is h i g h l y  t e r a t o -  
genic 8. T h e  p r e s e n t  c o m m u n i c a t i o n  descr ibes  t h e  effects  
on  e m b r y o n i c  d e v e l o p m e n t ,  in  p r e g n a n t  ra ts ,  of a d m i n -  
i s te r ing  h y p o g l y c i n - A  s i m u l t a n e o u s l y  w i t h  r i b o f l a v i n  
p h o s p h a t e ,  L-leucine, or  DL-carni t ine.  

Materials and methods. T h e  m e t h o d s  used in  t h e  p r e s e n t  
s tud ies  were  p r e v i o u s l y  desc r ibed  8. P r e g n a n t  W i s t a r -  
de r ived  r a t s  (160-180 g) were  d iv ided  i n to  4 groups .  
L-leucine (15 mg]kg)  a n d  h y p o g l y c i n - A  (30 mg/kg)  were  
a d m i n i s t e r e d  to  a n i m a l s  of  G r o u p  I. G r o u p  I I  rece ived  
r i b o f l a v i n  p h o s p h a t e  (3 mg/kg)  a n d  h y p o g l y c i n - A  (30 
mg/kg) ,  G r o u p  I I I  DL-carni t ine  (200 mg/kg)  a n d  h y p o -  
g lyc in-A (30 mg/kg) ,  a n d  G r o u p  I V  a n i m a l s  rece ived  
on ly  h y p o g l y c i n - A  (30 mg/kg)  a n d  se rved  as  a cont ro l .  
Hypog lyc in -A ,  L-leucine, r i b o f l a v i n  p h o s p h a t e ,  a n d  DL- 
c a r n i t i n e  were  d isso lved  in i so tonic  sal ine,  t h e  p H  be ing  
a d j u s t e d  to  7.4 w i t h  p h o s p h a t e  buffer ,  a n d  a d m i n i s t e r e d  
i.p. f rom t h e  f i rs t  t h r o u g h  t h e  s i x t h  d a y  of ges ta t ion .  

Results and discussion. T h e  resu l t s  are  s u m m a r i z e d  in 
t h e  Table .  S i m u l t a n e o u s  a d m i n i s t r a t i o n  of leucine  a n d  
h y p o g l y c i n - A  to  t h e  p r e g n a n t  r a t s  d id  n o t  c o u n t e r a c t  
t h e  t e r a togen i c  effect  of hypog lyc in -A ,  b u t  r e su l t ed  in a 
s ign i f i can t  increase  in t h e  inc idence  of foe ta l  r e sorp t ion ,  
c o m p a r e d  w i t h  a n i m a l s  t r e a t e d  w i t h  on ly  h y p o g l y c i n - A  

Influence of leucine, riboflavin phosphate and carnitine on hypo- 
glycin-A induced teratogenicity 

Groups Treat- Total Resorptions Malformed 
(No. of ment implan- foetuses 
animals) tations 

I (6) H +  L 52 17 (32.7%) 35 (100%) 
II (6) H + R 51 3 (5.9%) 21 (43.7%) 
III  (6) H + C  48 3 (6.3%) 36 (80%) 
IV (6) H 53 4 (7.5%) 40 (81.6%) 

H, hypoglycin-A; L, leueine; C, carnitine; R, riboflavin phosphate. 

( P <  0.01). T h e  s i m u l t a n e o u s  i n j ec t i on  of c a r n i t i n e  did  
n o t  p r e v e n t  t h e  t e r a t o g e n i c  efects  of hypog lyc in -A,  b u t  
t h e  c o m b i n e d  t r e a t m e n t  caused  m a r k e d  e m b r y o t o x i c  a n d  
t e r a t o g e n i c  effects  w h i c h  showed  no  s ign i f i can t  differ-  
ence  c o m p a r e d  w i t h  t h e  h y p o g l y c i n - A  t r e a t e d  an imal s .  
T h e  inc idence  of foe ta l  a b n o r m a l i t i e s  was  s ign i f i can t ly  
r educed  ( P  < 0.001) in  t h e  p r e g n a n t  a n i m a l s  t r e a t e d  w i t h  
b o t h  h y p o g l y c i n - A  a n d  r i b o f l a v i n  p h o s p h a t e  c o m p a r e d  
w i t h  t h e  cont ro ls .  However ,  t h e  n u m b e r  of foe ta l  resorp-  
t ions  was  n o t  s ign i f i can t ly  affected.  

I n h i b i t i o n  of l ong-cha in  f a t t y  acid o x i d a t i o n  is con-  
s idered  to  be  t h e  p r i m a r y  effect  of h y p o g l y c i n - A  on  
i n t e r m e d i a r y  m e t a b o l i s m  ~-4. A c c u m u l a t i o n  of f a t t y  acids,  
u n c o u p l i n g  of o x i d a t i v e  p h o s p h o r y l a t i o n ,  a n d  t h e  resul t -  
ing  b lock  in t h e  a v a i l a b i l i t y  of ene rgy  for  A T P  syn thes i s  
m a y  a c c o u n t  for  t h e  t e r a t o g e n i c i t y  of hypog lyc in -A,  
s ince A T P  is essen t ia l  for  n o r m a l  e m b r y o n i c  g r o w t h  a n d  
d i f f e r e n t i a t i o n  10. R e v e r s a l  of h y p o g l y c i n - A  induced  t e r a t o -  
genic  effects  b y  r i b o f l a v i n  p h o s p h a t e  l ends  s u p p o r t  to  
t h e  sugges t ion  of YON HOLT et  al. 4 t h a t  t h e  a c t u a l  s i te  
of ac t ion  of h y p o g l y c i n - A  is i n h i b i t i o n  of t h e  acy l  de-  
h y d r o g e n a s e  f l a v i n - d e p e n d e n t - o x i d a t i o n  reac t ion .  

Zusammenfassung. S i m u l t a n e  V e r a b r e i c h u n g  yon  R ibo -  
f l av in  u n d  H y p o g l y c i n - A  r eduz i e r t e  das  A u f t r e t e n  v o n  
foe ta l en  Mis sb i l dungen  in  R a t t e n .  D a g e g e n  h a b e n  Car-  
n i t i n  u n d  Leuc in  k e i n e n  E in f luss  au f  die t e r a t o g e n e  Wi r -  
k u n g  des  Hypog lyc ins .  
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U p t a k e  o f  A f l a t o x i n  B 1 b y  P l a s t i c  M a t e r i a l s  z 

Afla tox ins  are  a g roup  of m y c o t o x i n s  t h a t  h a v e  ga ined  
inc reas ing  i n t e r e s t  as food c o n t a m i n a n t s  d u r i n g  t h e  p a s t  
8 years .  T h e i r  h e p a t o t o x i c  p rope r t i e s  h a v e  led to  e x t e n -  
s ive r e sea rch  on  t h e  c h e m i c a l  a n d  phys i ca l  cha rac t e r i s t i c s  
of a f l a t o x i n s  in  a n  ef for t  t o  d e t e r m i n e  t h e i r  m o d e  of 
ac t ion  2. Since t h e  carc inogenic  p rope r t i e s  of a f l a t o x i n s  

in  an imal s ,  i nc lud ing  d i f f e ren t  species of m o n k e y s ,  h a v e  
been  wel l  d o c u m e n t e d  3-6, these  m y c o t o x i n s  are  suspec ted  
as b e i n g  re spons ib le  for  t h e  h i g h  inc idence  of l iver  c a n c e r  
in  c e r t a i n  areas  ~. 

A n  i n v e s t i g a t i o n  on  a f l a t o x i n  B z was  i n i t i a t e d  in  ou r  
l a b o r a t o r y :  i t  i nc luded  m e t a b o l i s m  in  pe r fused  r a t  l i ve r  
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Uptake of aflatoxin B 1 by plastic materials (301zM aflatoxin B 1 in phosphate buffer 10 mM, pH 7.3) 

415  

Material Shape Size (cm) Initial Mtatoxin adsorbed (%) 
amount of 
aflatoxin in 15" 30" 
solution ([zg) 

45' l h  2 h  6 h  

Silicone Tube 0.40 × 100 117.6 9 15 22 32 40 53 
Silicone Tube 0.20 × 100 29.4 11 19 24 37 44 70 

Tygon Tube 0.40 × 100 117.6 31 42 52 59 70 75 
Tygon Tube 0.24 × 100 42.3 33 56 59 68 75 85 
Tygon Tube 0.16 × 100 23.5 60 73 76 77 80 88 

PVC Tube 0.40 × 100 117.6 22 28 36 42 62 70 
PVC Tube 0.10 × 100 7.4 34 40 43 53 67 75 
Polyethylene Tube 0.40 x 100 117.6 7 10 13 16 22 33 
Plexiglass Tube 0.80 x 36 169.2 0 0 0 0 1 1 
Cellulose ester ~ Filter ~ 2.8 93.6 20 28 31 34 38 44 
Cellulose ester • Filter O 2.4 93.6 14 22 26 28 32 36 

Cellotate ~ Filter ~ 2.8 93.6 20 33 39 44 52 54 
Ceilotate • Filter O 2.4 93.6 13 24 30 35 44 47 

Nylon Filter ~ 2.4 93.6 3 5 5 6 6 7 
Regenerated cellulose * Membrane 2.5 ×2.5 93.6 0 0 1 1 1 1 
Teflon Sheet 6.25 × 1.0 93.6 0 1 2 2 2 3 
Parafilm c Sheet 6.25 x 1.0 93.6 5 6 6 6 6 6 

* Millipore Filter Corporation, Bedford (Mass., USA). b Bel-Art Products, Pequannock (N.Y., USA). e American Can Co., Neenah (Wisc., USA). 

a n d  in h e p a t i c  m i c r o s o m a l  p r e p a r a t i o n s ,  i n t e r a c t i o n s  
w i t h  D N A  a n d  s e r u m  p r o t e i n s ,  i n h i b i t i o n  of D N A -  
d i r ec ted  R N A  s y n t h e s i s  a n d  D N A  s y n t h e s i s .  

P r e l i m i n a r y  e x p e r i m e n t s  s h o w e d  t h a t  a f l a t o x i n  B 1 
could  be  r a p i d l y  t a k e n  u p  b y  sof t  p las t i c  m a t e r i a l s  used  
in s eve ra l  a n a l y t i c a l  p rocedures .  R e s e a r c h  w a s  s t a r t e d  
to  a s c e r t a i n  t h e  m a t e r i a l s  m o s t  s u i t a b l e  for  c i r c u l a t i n g  
a n d  f i l t e r ing  a q u e o u s  s o l u t i o n s  of a f l a t o x i n  B v 

T h e  resu l t s ,  s u m m a r i z e d  i n  t h e  Tab le ,  s h o w  t h a t  u p t a k e  
of a f l a t o x i n  b y  sof t  p l a s t i c  m a t e r i a l s  is a r a p i d  a n d  
e x t e n s i v e  p h e n o m e n o n .  I t  c a n  be  a v e r y  i m p o r t a n t  
source  of er ror  in  m o s t  of  t h e  e x p e r i m e n t a l  w o r k  ca r r ied  
o u t  w i t h  t h e s e  l ipophi l ic  m y c o t o x i n s .  

Zusammen[assung. A f l a t o x i n  wi rd  v o n  e in igen  ge- 
b r i i uch l i chen  K u n s t s t o f f e n  i n n e r h a l b  k u r z e r  Zei t  in  ver-  
hii.ltnismi~ssig grosser  Menge  absorb ie r t .  Die v o r l i e g e n d e n  
E r g e b n i s s e  e r l a u b e n  es, a n a l y t i s c h e  Feh le r  bei  Verwen-  

d u n g  u n g e e i g n e t e n  Mate r i a l s  zur  Z i r k u l a t i o n  oder  F i l t r a -  
t i on  y o n  A f l a t o x i n l 6 s u n g e n  zu v e r m e i d e n ,  
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Relat ionsh ip  B e t w e e n  the  Potent ia t ion  of  P o t a s s i u m - I n d u c e d  Contracture  of Cardiac Musc l e  by  Four  
Cardenol ides  and their  Inhib i tory  Effects on the S o d i u m  P o t a s s i u m  Activated A d e n o s i n e  T r i p h o s -  
phatase  of Brain  

I n  v iew of t h e  c u r r e n t  d i s c u s s i o n  of a close r e l a t i o n s h i p  
b e t w e e n  t h e  p o s i t i v e  i no t rop i c  a c t i o n  of ca rd io ton i c  
s t e ro ids  a n d  t h e i r  i n h i b i t o r y  a c t i o n  on  t h e  Na,  K - a c t i v a t e d  
ATP-aseX,  t h e s e  t w o  a c t i o n s  were  m e a s u r e d  a n d  co m-  
p a r e d  w i t h  d i g i t o x i g e n i n  a n d  3 de r iva t i ve s .  A c lear  cor- 
r e l a t ion  w a s  f o u n d  as  s t a t e d  below. 

I n  a p r e v i o u s  paper ,  we r e p o r t e d  t h a t  t h e  ca rd io ton ic  
a c t i v i t y  of  d i g i t o x i g e n i n  w a s  p r o f o u n d l y  a f fec ted  b y  
i n t r o d u c i n g  a h y d r o x y  g r o u p  or a n  oxo g r o u p  in posi-  
t i o n  15. T h e  o rder  of t h e  p o t e n c y  w a s :  d ig i t ox igen in  
(I) > 15 f l - h y d r o x y d i g i t o x i g e n i n  (II) > 15-oxodig i toxige-  
n i n  ( I I I ) >  1 5 x - h y d r o x y d i g i t o x i g e n i n  (IV), t h e  l a s t  be ing  
p r a c t i c a l l y  i n a c t i v e  ~. T h e s e  4 c o m p o u n d s  were  u s ed  in  
t h e  p r e s e n t  s t u d y .  T h e  c o m p o u n d s  were  k i n d l y  supp l ied  

b y  Dr. M. OKADA Of T o k y o  B i o c h e m i c a l  R e s e a r c h  Ins t i -  
t u t e ,  T o k y o .  

Potentiation o/ potassium contracture o/ the cardiac muscle. 
T h e  ca rd io ton ic  a c t i v i t y  w a s  m e a s u r e d  b y  a n e w  a s s a y  
m e t h o d  which  h a s  b e e n  d e v e l o p e d  b y  TAKEDA et  al. s. 
T h e  m e t h o d  m a k e s  use  of t h e  p o t e n t i a t i o n  of p o t a s s i u m  
c o n t r a c t u r e  of t h e  f rog v e n t r i c u l a r  m u s c l e  b y  ca rd io ton ic  
s teroids .  

Frogs ,  Rana nigromaculata, were  used.  A s t r ip  of t he  
v e n t r i c u l a r  m u s c l e  w a s  d i s sec t ed  a n d  m o u n t e d  in a b a t h  
w h i c h  c o n t a i n e d  3 m l  of R i n g e r ' s  so lu t ion  (NaC1 111 m M ,  
KCI 2.7 m M ,  CaC1, 0.9 m M ,  N a H C O s  1.2 m M ,  g lucose  
2.7 m M ) ,  w h i c h  was  a e r a t e d  b y  o x y g e n .  T h e  m u s c l e  w as  
s t i m u l a t e d  e lec t r ica l ly  a t  a r a t e  of 0.2 cps  t h r o u g h o u t  


