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Figure  B indicates  t h a t  the  a t t ack ing  fish d isp layed  
in terva ls  (modes:  9 and 15 msec = 1 l l  and 67 Hz) 
shor te r  t h a n  the  shor tes t  in terva l  observed  dur ing  
control .  

The remain ing  seven G. petersii displayed a similar  
p a t t e r n  of 'h igh  f requency '  burs t  ac t iv i ty  dur ing aggres- 
sive behav iour  : the  burs t  f requency (75 to  140 Hz) a lways 
surpassed  the  h ighes t  value of i n t an t aneous  f requency  
observed in the  res t ing  fish (50 to 66 Hz). 

These  'h igh f requency '  burs t s  appea red  only when  
Gnathonemus peterssi a t t acked  the  in t ruder .  If  a paral lel  
or ant i -paral le l  la teral  d isplay  followed this  a t tack ,  
burs t ing  of discharges cont inued  and  the  bursts ,  now, 
were of longer durat ion.  Burs t ing  ended  when  G. petersii 
re t rea ted .  

In  the  l i t e ra ture  the  only 'h igh f requency '  burs t s  
(130 Hz) in mormyr id s  were indica ted  by  LlSSMANN 1 
for a mechanica l ly  s t imula ted  Gnathonemus senegalensis. 
In  contras t ,  in our expe r imen t s  cont inuous  'h igh fre- 
quency '  burs t s  (up to  140 Hz) of f ight ing G. petersii were 
recorded dur ing  long periods of a t tack ,  whereas  in 14 h of 
cont ro l  the  same res t ing fish never  e m i t t e d  in s t an t aneous  
f requencies  h igher  t h a n  71 Hz. Also, swimming  G. petersii 
never  d ischarged frequencies  exceeding 30 Hz ~. 

The significance of th is  par t icu lar  discharge pa t t e rn ,  
descr ibed for t he  first  t ime  for G. petersii, will be the  
subjec t  of fu r the r  observat ions .  

Zusammen/assung. Der elektr ische Fisch Gnathonemus 
petersii sender  be im Angrif f  auf einen anderen  Mormy-  
riden, Mormyrus rume, und w~ihrend des Bre i t se i t impo-  
nierens (~burst,-artige e lektr ische E n t l a d u n g e n  von  Fre-  
quenzen  bis zu 140 Hz aus. 
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A Method for Dist inguishing Tetrodotoxin from Saxitoxin,  by Comparing Their Relative Stabilities 
when Heated in Acid Solution 

Te t rodo tox in  (TTX) occurs na tu ra l ly  in puffer  f ish of 
the  order  Te t r aodon t idea  and  in newts  wi th in  the  genus 
Taricha. Saxi tox in  (STX) is p roduced  by  mar ine  dino- 
f lagellates ot the  genus Gonyaulax, and  is also found in 
m a n y  species of bivalve molluscs af ter  t h e y  have  been 
feeding on these  dinoflagel lates  1-3. The newts  and  puffer  
f ish are unaf fec ted  by  T T X ;  bivalves  are not  po isoned  
by  T T X  or STX.  Most  ver tebra tes ,  however ,  are pa ra lysed  
by  e i ther  tox in  in doses of 5-20 ~zg/kg i.v. or i.p. Since 
these  tox ins  have  v i r tua l ly  the  same mode  of act ion t h e y  
are ve ry  diff icult  to  d is t inguish  by  means  of the i r  pha rma-  
cological effects  2,3. As no specific chemical  tes ts  have  
been  d i s c o v e r e d  for e i ther  poison, ident i f ica t ion  of an 
u n k n o w n  poison hav ing  these  pharmacolbgica l  effects  is 
no t  easy 4. The nerves  of Taricha newts  resis t  T T X  bu t  
are blocked by  S T X  5. T T X  is no t  found  in E u r o p e a n  
newts  and the i r  nerves  are not  r es i s t an t  6, ~. 

Several  r emarks  in t he  l i t e ra ture  imp ly  t h a t  S T X  is 
s table  in s t rong acids, whereas  T T X  is mos t  s table  near  
p H  4 to 5 ~,s-14. The poisons  were there fore  t e s t ed  for 
s tab i l i ty  a t  var ious  p H  values, di lut ing solut ions of pure  
T T X  and  S T X  to concen t ra t ions  equal  to 8 mouse  
uni ts /ml .  The mouse  LDs0 (1 mouse  unit ,  MU) for T T X  
was found to be 0.24 [zg/20 g body  weight ,  so t he  T T X  
solut ion was made  up to 1.92 [zg/ml. The cor responding  
figures for S T X  were 0,206 [xg/20 g and 1.65 [zg/ml. The 
d i luen t  was e i ther  HC1 or 0.025 M sodium acetate/HC1 
buffer,  depend ing  upon the  desired pH.  The abi l i ty  of the  
poisons  to  w i t h s t a n d  hea t ing  to 100~ for various t imes  
be tween  2.5 and  60 min,  was t e s t ed  at  p H  0.64, 1.0, 1.28, 
2.0, 3.0, 4.0 and  5.0. Por t ions  of 4 to 5 ml  were p ipe t t ed  
in to  conical  centr i fuge tubes.  One tube  was lef t  unhea ted  
as a cont ro l  and  the  o thers  were placed in a boil ing wa te r  
b a t h  for 2.5, 5, 7.5, 10, 20, 40 or 60 rain, t h e n  r emoved  and 
quickly cooled. The samples  were b rough t  to p H  2.5-3.5 
w i th  HC1 or N a O H  before b io-assay on mice, and loss of 
wa te r  by  evapora t ion  was corrected.  

The a m o u n t  of poison remain ing  in each tube  af ter  
hea t ing  was e s t ima ted  b y  a mouse dea th  t ime  technique  
similar  to t h a t  descr ibed by  SCHANTZ, MCFARREN and 
the i r  colleagues 15-1s. The samples  were assayed on groups 
of 3-14 mice. Almos t  all the  poin ts  shown in the  Figure 
were e s t ima ted  using groups  of 12-14 mice. The vo lume of 
solut ion in jec ted  i.p. was  0.5 ml/20 g body  weight .  There-  
fore, if no des t ruc t ion  of poison had  occurred in the  sample,  
each mouse received 4 MU of poison. This  a m o u n t  of 
T T X  would be expec ted  to kill mice af ter  a med ian  t ime  
to  d e a t h  of 4 rain;  4 MU of STX would produce  a med ian  
t ime  of abou t  3 rain 17. The u n h ea t ed  controls  gave med ian  
t imes  to dea th  t h a t  did no t  differ s ignif icant ly  f rom these 
figures, when  correc ted  for the  presence of sod ium 
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chlor ide  fo rmed  w h e n  the  samples  were b r o u g h t  to  p H  
2.5-3.5. Sal t  t e n d s  to  p ro long  t he  d e a t h  t i m e s  in t h i s  
a s say  15, ~s, 10. Smal l e r  doses of poison  resu l t  in longer  d e a t h  
t imes ,  so t he  t o x i c i t y  r e m a i n i n g  a f te r  h e a t i n g  could be  
e s t i m a t e d  f rom p u b l i s h e d  tables17 or f rom g raphs  of t h e  
d o s e / d e a t h  t i m e  p rev ious ly  d e t e r m i n e d  b y  us. Doses of 
less t h a n  i MU c a n n o t  be assayed  b y  t h i s  t echn ique ,  
the re fo re  t h e  pe rcen t age  of poison  t h a t  r e m a i n e d  a f t e r  
h e a t i n g  could be m e a s u r e d  on ly  if i t  was no t  less t h a n  25% 
of t h e  in i t i a l  concen t r a t i on .  

V i r t u a l l y  eve ry  sample  of S T X  showed b e t t e r  s t ab i l i t y  
t h a n  t he  co r r e spond ing  sample  of T T X ,  h e a t e d  a t  t h e  
same  p H  for t h e  same  l eng th  of t ime.  I n  s t rong ly  acid 
so lu t ions  T T X  r ap id ly  lost  t ox i c i ty  a t  100~ while  S T X  
r e m a i n e d  s table ,  b u t  above  p H  2 t h e r e  was less difference.  
The  F igure  shows t he  resu l t s  of h e a t i n g  t he  poisons  a t  
p H  1.0 for t i m e s  up  to  60 min .  There  was no s ign i f ican t  
change  in t h e  t o x i c i t y  of t h e  S T X  even  a f t e r  60 m i n  a t  
100~ b u t  t h e  T T X  lost  more  t h a n  ha l f  i ts  t ox i c i t y  
w i t h i n  t he  f i rs t  few minutes .  A t  p H  0.64 T T X  lost  
t ox i c i t y  even  more  rapid ly ,  whi le  S T X  was as s t ab le  a t  
p H  0.64 as a t  1.0. 
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Amounts of saxitoxin (O) and tetrodotoxin (�9 found remaining in 
solutions which had been heated to 100~ for 2.5-60 min at pH 1.0 
expressed as a percentage of the amount of poison initially present. 

S T X  is no t  indef in i t e ly  s t ab le  w h e n  h e a t e d  w i t h  con- 
c e n t r a t e d  H C L  2~ 21, b u t  in  3N acid t h e r e  is on ly  a s l ight  
loss of t ox i c i t y  a f t e r  24 h a t  100~ I~ One would no t  
expec t  s ign i f ican t  loss of t o x i c i t y  a f t e r  h e a t i n g  for 1 h or 
less a t  p H  1.0 and  t he  resu l t s  r epo r t ed  here  h a v e  cont i r -  
med  this .  On t he  o the r  hand ,  t h e y  show t h a t  T T X  loses 
a c t i v i t y  r ap id ly  a t  p H  1.0 a n d  100~ a n d  can  easi ly be  
d i s t ingu i shed  f rom S T X  b y  th i s  p rope r ty .  In  more  
s t rong ly  acid solut ions  t he  de s t ruc t i on  of T T X  is even  
greater ,  b u t  diff icul t ies  m i g h t  arise if weak ly  toxic  solu- 
t ions  were t e s t ed  be low p H  1.0 because  of t he  la rger  
a m o u n t s  of sa l t  t h a t  would  be  fo rmed  w h e n  the  more  
c o n c e n t r a t e d  acid was neu t r a l i zed  before  bioassay.  The  
effect  t h a t  sa l t  has  in p ro long ing  su rv iva l  t imes  in t h i s  
assay  m a k e s  t he  e s t i m a t i o n  of n e a r - t h r e s h o l d  a m o u n t s  of 
po i son  unre l i ab le  or even  imposs ib le  i n  c o n c e n t r a t i o n s  of 
NaC1 grea te r  t h a n  a b o u t  0 . 1 M  15, is, 1~. 

I t  is the re fore  sugges ted  t h a t  b io-assay  of su i t ab le  
d i lu t ions ,  before  and  a f t e r  h e a t i n g  to  100~ a t  p H  1.0 for 
20-30 min,  is a s imple  a n d  re l iable  way  for d i s t i ngu i sh ing  
b e t w e e n  so lu t ions  of T T X  a n d  STX.  

Resumen. L a  t e t r o d o t o x i n a  p ierde  tox ic idad  rap ida -  
m e n t e  c u a n d o  se ca l i en t a  en soluci6n ac ida  po r  deba jo  de 
p H  2, m i e n t r a s  que la s a x i t o x i n a  es es table .  Se puede  
d i s t ingu i r  f ac i lmen te  e n t r e  estos  venenos  calentAndolos  a 
100~ en so lu t ion  p H  1.0 d u r a n t e  20-30 min.  
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Evidence for a Different Site of Act ion of P h e n o x y b e n z a m i n e  and D e s m e t h y l i m i p r a m i n e  on the Cate-  
cho lamine  Uptake  S y s t e m  

I t  is well  k n o w n  t h a t  b o t h  p h e n o x y b e n z a m i n e  a n d  des- 
m e t h y l i m i p r a m i n e  b e h a v e  as v e r y  p o t e n t  b lockers  of t h e  
c a t e c h o l a m i n e  u p t a k e  sys t em (AXELROD et  al.1; SIGGS e t  
a l ) ;  FURCHGOTT a n d  KIRPEKAR3; TITUS et  al.4; IVERSEN 
a n d  LANGER 5). The  b lock ing  effect  i nduced  b y  these  agen t s  
could be  cons idered  essen t ia l ly  i r revers ible .  

The  purpose  of t he  p r e s en t  e x p e r i m e n t s  was  to  de te r -  
m ine  w h e t h e r  t he  s i te  of ac t ion  of P h e n o x y b e n z a m i n e  a n d  
d e s m e t h y l i m i p r a m i n e ,  on adrenerg ic  n e r v e  t e rmina l s ,  is 
or is no t  t h e  same.  The  changes  in s ens i t i v i t y  of a n  a t r i u m  
to n o r e p i n e p h r i n e  was used as i n d i c a t i o n  of t he  ca techol -  
a m i n e  u p t a k e  b lockade  induced  b y  e i the r  p h e n o x y b e n z -  
a m i n e  or d e s m e t h y l i m i p r a m i n e  in t he  presence  or in t h e  

absence  of a p r o t e c t i n g  a g e n t  (FURCHGOTT6.) Prov ided  
t h a t  n o r e p i n e p h r i n e  and  t y r a m i n e  are t a k e n  up  b y  a com- 
m o n  u p t a k e  sys t em (COMMARATO et  al.7; FURCHGOTT et  
alY ; S~INCHZZ GARClA et  a12), t y r a m i n e  was used in these  
e x p e r i m e n t s  in  order  to  p r o t e c t  t he  u p t a k e  sys t em for ca- 
t echo lamines ,  du r ing  exposure  of a t r i a  to  t he  b lock ing  
agents .  

�9 Iethods. Guinea-p igs  we igh ing  f rom 300-500 g were 
used. The  an ima l s  were k i l led  b y  a b low on t he  head.  The  
h e a r t s  were r e m o v e d  a n d  t h e  lef t  a t r i a  were p r epa red  for 
m o u n t i n g  as p rev ious ly  descr ibed  b y  FURCHGOTT a n d  
Ss GARClA 1~ In  each  e x p e r i m e n t  one ha l f  of t h e  
a t r i u m  se rved  as a control .  The  b a t h i n g  so lu t ion  was 


