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The Mechanism of Tetrodotoxin  on the in situ Acetylchol inesterase  in the Vagal Heart Sys tem of 
Rana pipiens 

T e t r o d o t o x i n  ( T T X )  i s o l a t e d  f r o m  p u f f e r  f i sh  h a s  a 
s t r o n g  e f f ec t  o n  n e u r o m u s c u l a r  t r a n s m i s s i o n  a s  wel l  a s  
m e m b r a n e  p o t e n t i a l s  ~-4. T h e  n e u r o m u s c u l a r  t r a n s m i s s i o n  
h a s  b e e n  p r i m a r i l y  a m e m b r a n e  p h e n o m e n o n  w h i c h  h a s  
b e e n  p r o v e d  to  be  i n t i m a t e l y  r e l a t e d  to  t h e  a c t i v i t y  o f  
a c e t y l c h o l i n e s t e r a s e  (ACHE) ~,e. H o w e v e r ,  t h e r e  s e e m s  t o  
b e  n o  p r o f o u n d  e f f e c t  of  T T X  o n  t h e  i s o l a t e d  in  v i t r o  
A C h E  m a t e r i a l s L  T h e r e  a r e  s e v e r a l  r e p o r t s  o f  in  v i v o  ex-  
p e r i m e n t s  t h a t  T T X  h a s  h y p o t e n s i v e  e f f e c t s  a n d  b r a d y -  
c a r d i a  s,9, w h i c h  c a n  be  r e g a r d e d  as  l o w e r i n g  t h e  in  v i v o  
A C h E  a c t i v i t y .  S ince  t h e  e f f ec t  o f  a t e r m i n a l  d e p o l a r i z a -  
t i o n  in  a c c e l e r a t i n g  t h e  r e l e a se  of  a c e t y l c h o l i n e  (ACh)  is  
n o t  i m p a i r e d  b y  t h i s  t o x i n  *, i t  w o u l d  b e  of i n t e r e s t  to  see  

w h e t h e r  t h i s  p o w e r f u l  t o x i n  h a s  a n y  e f f ec t  on  t h e  in  s i t u  
ACHE.  T h e  m e t h o d  u s e d  for  t h i s  s t u d y  is  d e s c r i b e d  i n  
d e t a i l  s o m e w h e r e  else  z0, n .  

F i g u r e  1 s h o w s  t h e  v a g a l  h e a r t  i n h i b i t i o n  b e f o r e  a n d  
a f t e r  a p p l i c a t i o n  of  2.4 • 10 -1~ g / m l  of  T T X .  T h e  r a t e  o f  
h y d r o l y s i s  of  t h e  i n t r o d u c e d  a c e t y l c h o l i n e  e i t h e r  b y  v a g a l  
s t i m u l a t i o n  o r  b y  i n j e c t i o n  o f  A C h  i n t o  t h e  s i n u s  is  2 t o  3 
t i m e s  l o w e r  in  t h e  T T X  t r e a t e d  h e a r t  t h a n  in  t h e  con t ro l .  
T T X  a t  a c o n c e n t r a t i o n  of  10 -~~ g / m l  i n a c t i v a t e s  t h e  in  
s i t u  A C h E  b y  5 0 - 7 0 %  (Table ) .  F i g u r e  2 s h o w s  a t y p i c a l  
L i n e w e a v e r  a n d  B u r k  p lo t ,  1 /v  v e r s u s  1/(S),  be fo r e  a n d  
a f t e r  t r e a t m e n t  w i t h  2 d i f f e r e n t  c o n c e n t r a t i o n s  of  T T X .  
As  t h e  c o n c e n t r a t i o n  o f  T T X  i n c r e a s e s ,  t h e  s lope  o f  t h e  

Fig. 1. Effect of vagal stimulation on the ces- 
sation of the heart  contraction. The nmnber  
at the top of the tracings indicates the time 
interval during which vagus nerve was sti- 
mulated. Frequency, 30 pulses/see. Duration 
of the pulse, 4 msee. Voltage of the pulse, 4 V. 
The stimulations were spaced 20 rain to allow 
the necessary recovery. The perfusing fluid, 
i.e. the reaction volume, was 2 ml. Tetrodo- 
toxin was added to the perfusion solution 
after the control experimental period. The 
concentrations of TTX of the top, middle 
and bot tom row of tracings are 0, 2.4 • 10 -1~ 
and 4.8 x 10 -1~ g/ml respectively. 
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Fig. 2. Lineweaver and Burk plot. The reciprocal of velocit-~" of 
hydrolysis versus the reciprocal of the substrate concentration. The 
concentrations of TTX in the experiments are indicated in the 
curve. 
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T h e  e f f e c t  of tetrodotoxin on t h e  r a t e  o f  h y d r o l y s i s  of acetylcholine 
in t h e  i s o l a t e d  v a g a l  h e a r t  s y s t e m  

A c e t y l c h o l i n e  Rate  of hydrolysis % of 
(g) Without TTX With TTX control 

(g/see) (g/see) 

1 • 10  . 8  8 .3  • 10  -1~  2 .8  • 10 -1~  34  
1 • 10  . 8  7 .9  x 10  -1~ 3.3 x 10  -1~ 4 2  
1 • 10  . 8  8 .1  x 10  -1~ 4 .8  • 10  -1~ 59  
1 x 10  . 8  8 .3  x 10 -1~ 4 . 8  • 10  -1~ 57 
1 • 10  - s  8 .3  • 10  -1~ 3 .9  • 10  -1~  47  
2 • 10  . 0  9 . 4  • 10  -1~ 6 .5  x 10  -1~ 69 
2 • 10 -s 8.9 • 10 -1~ 6.6 x 10 -1~  74 
2 x 10  - s  9 .2  z 10 -1~ 4 . 9  • 10 -1~ 53 
2 • 10 -s 9.3 • 10 -~~ 5.2 • 10 10 56 
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Fig. 4. Model of binding of TTX molecule for active sites of acetyl- 
cholinesterase by dipole-dipole interaction at the esteric site and 
electrostatic forces at the anionic site. 
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Fig. 3. Double reciprocal plot of l/v versus l/(S) a~ various concen- 
trations of physostigmine. 

lines becomes increasingly s teeper  t h a n  the  control .  Tha t  
in te rcepts  at  the  1/v axis of the  control  and expe r imen ta l  
lines mee t  a t  the  same spot  indicates  t h a t  T T X  is a 
specific compet i t ive  inhibi tor  for the  AChE in situ. For  
comparison,  Figure  3 shows a similar  L ineweaver  and 
Burk  plot  a t  var ious  concent ra t ions  of physos t igmine .  
The s t r iking resemblance  be tween  Figure 2 and Figure  3 
infers t h a t  T T X  and  physos t igmine  act  on the  same en- 
zyme.  The a p p a r e n t  K m for T T X  is 2.6 • 10-~AT and  t h a t  
for physos t igmine  is 4 .2•  10-6M. The /s for T T X  is 
1.8 • 1 0  -11  and  t h a t  for physos t igmine  is 1.7 • 10 s. Thus  
it indicates  t h a t  T T X  binds  AChE s t ronger  t h a n  p h y s o -  

st igmine.  Consequent ly ,  T T X  is a ve ry  effect ive blocking 
agent  for AChE a t  ve ry  low concen t ra t ion .  

A plausible exp lana t ion  of th is  r emarkab le  af f in i ty  of 
T T X  for AChE m a y  be due to  the  several  charac ter i s t ic  
fea tures  of T T X  molecule. I t  is general ly  held t h a t  the  
usual biological act ive molecules are bound  to the  act ive  
por t ion  of the  m e m b r a n e  by  3 forces, name ly  van  der  
~Vaals forces, dipole-dipole in te rac t ions  and e lect ros ta t ic  
bindings.  W i t h  a h ighly  reac t ive  carbonyl  group at  C10 in 
the  T T X  molecule (Figure 4), the  e lectron cloud at  oxygen  
a tom is suff icient ly dense to ac t  as an e lectron donor  
capable  of forming hydrogen  bonds  wi th  the  esteric sites 
of AChE molecules of the  membrane .  The quanidyl  group 
is re la t ively posi t ive  in compar i son  wi th  the  rest  of the  
T T X  molecule and fit  into the  anionic site of the  AChE 
molecule. Since T T X  molecule p ro t r ac t s  itself as a bird-  
cage configurat ion,  it  is qui te  conceivable  t h a t  T T X  
blocks the  2 act ive sites more  effect iw,ly t h a n  o ther  AChE 
inhibi tors  12. 

Zusammen/assung. Am isolierten Vagus-Herzen  von 
Ra,na pipiens wird die VVirkung der  Vagusre izung ge- 
messen:  Konzen t r a t i onen  un te r  4 •  10 10 g/ml Tetrodo-  
tox in  erh6hen die vagale Reizungswirkung,  n ich t  aber  die 
Herzkon t rak t ionen .  
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E f f e c t  of  E D T A  o n  t h e  D i s t r i b u t i o n  P a t t e r n  of  A c e t a t e - 1 4 C  in  R a t s  

I t  has  been shown previously  1, ~ t h a t  following in ject ion 
ot 14C-labelled e thy lened iamine te t r aace t i c  and d ie thy lene-  
t r i aminepen taace t i c  acids (EDTA and DTPA)  the  accu- 
mula t ion  of 14C in the  liver and  k idneys  is ma rk ed l y  
higher  wi th  lower dose of the  chelate.  This  migh t  suggest  
a dose -dependen t  deposi t ion of che la t ing  agents  and /o r  
of the i r  me tabo l i t e s  and/or  of low molecular  rad ioac t ive  
c o n t a m i n a n t s  p resen t  in the  laC-stock solut ion 8,4. Since 
E D T A  and D T P A  are b road ly  used for enhanc ing  excre- 
t ion of incorpora ted  metals ,  the  p resen t  inves t iga t ion  was 

unde r t aken  in order  to e lucidate  the  mechan i sms  re- 
sponsible for the  effect  observed.  

Adul t  female albino ra ts  (weighing 185-200 g, 5 per  
group) were in jec ted  i.v. w i th  2 ~zCi of sod ium aceta te-2-  
C-14 (20-50 mCi/mmol)  alone or wi th  vary ing  amo u n t s  of 
d isodium calcium chela te  of EDTA.  The animals  were 
sacrificed 2 h later  and d i s t r ibu t ion  of 14C was deter-  
mined  by  me t h o d s  descr ibed previously  ~. 

As shown in Table I, t he re  are no differences in the  
concen t ra t ions  of 14C in the  plasma.  Fu r the rmore ,  wi th  


