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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 

TetrodoToxin 
OH 

H O H z C ' ~ N  H 
"rT 

~-- Enzyme 

Dipole-dipole interaction 
[steric site Anionic site 

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. 

Physoatigmine on AChE Kinetics 
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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 .  

W. YOUNG 

Bio-31edical Division, Lawrence Radiation Laboralory, 
Universil), o/ Cali/ornia, 
Livermore (California 94550, USA), 29 December 1969. 
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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  
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Table I. Distribution of radioactivity 2 h after i.v. injection of sodium acetate-14C with varying amounts of EDTA 

EXPERIENTIA 26/6 

Na2Ca-EDTA Percentage of injected l~C-dose 
([xmol) Plasma Liver Kidneys Muscles b 

(1 ml) 
Skeleton ~ Labile skeletal 

fraction a 

0 0.22 -t- 0.01 3.63 4. 0.97 0.70 :L 0.07 9.65 -b 1.96 3.14 -b 0.32 1.12 -b 0.10 
1 0.21 :l= 0.03 4.57 -t- 2.17 0.82 • 0.06 9.87 ! 0.59 2.99 i 0.18 1.02 =E 0.07 

100 0.22 -4- 0.02 3.09 ~ 1.09 0.71 ~ 0.11 8.66 • 1.99 3.19 ~ 0.12 1.02 :~ 0.11 
400 0.19 -4- 0.02 2.28 ~ 0.59 0.69 -I- 0.15 7.62 4- 1.02 2.60 4- 0.37 0.91 -4- 0.19 

Arithmetic means and 95%-fiducial limits. 5 rats per group, b Total muscle mass was assumed to equal 40% of body wt. c t4 C in one femur 
times 20. a Radioactivity released as 14COz after treatment of femur with hydrochloric acid 2. 

excep t ion  of the  kidneys,  the re  is no s ta t is t ica l ly  signifi- 
can t  influence of the  lowest  dose of E D T A  on the  accumu-  
la t ion of 14C. W i t h  higher  doses of EDTA,  however ,  the  
r e t en t ion  of 14C in the  liver, k idneys  and  muscles decreases 
and  regression lines m a y  be calcula ted when  p lo t t ing  the  
expe r imen ta l  values  agains t  log E D T A  dose. The esti-  
m a t e d  slopes of regression lines (Table II) in l iver and  
muscles are v i r tua l ly  identical ,  while the  14C con t en t  of 
the  k idneys  decreases  more  slowly. The l inear t e rms  of t he  
regressions are significant.  However ,  th is  correla t ion does 
no t  exist  for the  skeletal  r e t en t ion  of 14C, a l though  this  is 
s ignif icant ly  lower when  400 vmol ins tead  of 100 amol  
E D T A  are added.  Approx ima te ly  one- th i rd  of the  skeletal  
1~C can be released by  t r e a t m e n t  wi th  hydrochlor ic  acid 
(Table I), i r respect ive  of the  a m o u n t  of E D T A  injected.  

Our d a t a  are in favour  of the  above -men t ioned  hypo-  
thesis,  i.e. t h e y  d e m o n s t r a t e  a def ini te  influence of E D T A  
on the  d i s t r ibu t ion  p a t t e r n  of rad ioac t iv i ty  af ter  the  in- 
ject ion of 14C-labelled acetate .  This migh t  suggest  the  
effect  of E D T A  on the  metabol ic  t u rnove r  of ace ta te  in 
soft  t issues r a the r  t h a n  the  dose -dependen t  depos i t ion  of 
E D T A  itself. The accumula t ion  of 14C in the  skele ton is 

m u c h  less affected,  and the  loss of r ad ioac t iv i ty  in the  
bone af ter  acid t r e a t m e n t  indica t ing  incorpora t ion  of 14C 
into t he  labile ca rbona te  pool  in bone 5 is i ndependen t  of 
EDTA.  Since our knowledge of o ther  t h a n  morphological  
effects of the  chela t ing  agents  is ex t remely  poor, fu r ther  
s tudies  are required to  show w h e t h e r  our  observa t ion  on 
the  effect  of E D T A  migh t  be useful in evalua t ing  the  
physiological  and /or  toxic  ac t ion  of the  chelates e. 

Zusammen/assung. Die 14C-Ablagerung nach i.v. In jek-  
t ion von R a t t e n  mi t  14C-markiertem N a t r i u m a c e t a t  
n i m m t  in Leber ,  Nieren und  Muskeln m i t  s te igender  Zu- 
gabe (1-400 ~mol) von gleichzeit ig in j iz ier tem Na2ECa- 
ADTA] ab. H ie rmi t  wird  ein bisher  noch nicht  beschrie-  
bener  Ef fek t  v o m  Chela tb i ldner  nachgewiesen.  

V. VOLF 

Institut /i~r Strahlenbiologie, 
Kern/orsehungszentrum, Post/ach 3640, 
D-75 Karlsruhe 7 (Germany), 9 January 1970. 

Table 11. Accumulation of 1~C in relation to log dose of stable EDTA 

Regression coefficient 4- S.E. Significance (P) 

Liver --0.844 • 0.262 0.01 
Kidneys --0.053 ! 0.006 0.025 
Muscles --0.795 4- 0.247 0.01 
Skeleton --0.088 -t= 0.071 0.30 
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Effect of Erythropoietin on the Activity of RNA Polymerase 

The f irs t  molecular  ac t ion of e ry th ropo ie t in  k n o w n  
unt i l  t o d a y  is the  early s t imula t ion  of the  metabol ic  
ac t iv i ty  of a nuclear  R N A  of d i f ferent  characterist ics1,2.  
These f indings have  suggested the  idea t h a t  the  p r i m a r y  
site of ac t ion of the  ho rmone  m a y  be a t  some level in the  
t r ansc r ip t ion  stage 3. To explore this  poss ibi l i ty  i t  seemed 
reasonable  to  s t u d y  the  ac t iv i ty  of R N A  polymerase  under  
the  inf luence of the  hormone.  Unde r  these  condi t ions  the  
s t imula t ion  of the  enzyme could be in te rp re ted  as t he  
resul t  of a d i rect  cont ro l  of the  hormone  on the  R N A  
metabol i sm.  This pape r  describes expe r imen t s  t h a t  show 
the  modif ica t ions  p roduced  in the  ac t iv i ty  of R N A  
polymerase  in isolated nuclei  f rom ra t  bone -mar row 
t rea ted  wi th  ery thropoie t in .  

Material and methods. Male ra t s  of the  s t ra in A • C, 
weighing 150-170 g, were used.  The cell nuclei  were  ob- 
t a ined  f rom bone-mar row cells of normal  and e ry thro-  
poie t in  t r ea t ed  rats.  The la t t e r  were collected from ra ts  
t h a t  received an i.v. in ject ion of 5 uni ts  of e ry thropoie t in .  
Bone -mar row cells were ex t r ac t ed  f rom the  femur  and  
t ib ia  and t h e n  homogenized  in 10 vol. of cold 0 .25M 
sucrose t h a t  con ta ined  10-3M MgCI~. The homogena te  

1 M. GROSS and E. GOLDWASSER, Biochemistry 8, 1795 (1969). 
2 W. RUDOLPH and M. PERRETTA, Proc. Soc. exp. Biol. Med. 124, 
1041 (1967). 

3 M. PERRETTA and CARMEN TIRAPEGUI, Experientia 2"J, 680 (1968). 


