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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 



672 Specialia EXPERIENTIA 28/6 

K r e b s - b i c a r b o n a t e  c o n t a i n i n g  10 m M  g l u c o s e  a n d  10 -~ g /  
m l  of  e t h y l e n e  d i a m i n e  t e t r a a c e t i c  a c i d  ( E D T A ) .  A m i x t u r e  
of  95 % o x y g e n  a n d  5 % c a r b o n  d i o x i d e  w a s  b u b b l e d  t h r o u g h  
t h e  s o l u t i o n .  A t r i a  we re  a t t a c h e d  to  f o r c e - d i s p l a c e m e n t  
t r a n s d u c e r s  (Grass ,  m o d .  F T .  03) a n d  s u b j e c t e d  t o  e l e c t r i c a l  
s t i m u l a t i o n  a t  a f r e q u e n c y  of  30 b e a t s / r a i n .  M e c h a n i c a l  
a c t i v i t y  w a s  r e c o r d e d  b y  m e a n s  of  a G r a s s  P o l y g r a p h .  
E a c h  a t r i u m  w a s  s u b j e c t e d  to  a r e s t i n g  t e n s i o n  of  1 g, T h e  
a n i m a l s  w e r e  g i v e n  r e s e r p i n e  (5 m g / k g )  i .p .  18 to  24 h p r i o r  
t o  t h e  e x p e r i m e n t s .  

S e n s i t i v i t y  of  a n  a t r i u m  t o  n o r e p i n e p h r i n e  w a s  e v a l u a t -  
ed  b y  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  of  t h e  d r u g  in  a s t e p -  
w i s e  m a n n e r  (3-fold  i n c r e a s e  b y  s t ep )  u n t i l  a c o n c e n t r a -  
t i o n  w a s  r e a c h e d  w h i c h  p r o d u c e d  m a x i m a l  r e s p o n s e .  R e -  
s p o n s e s  a r e  e x p r e s s e d  as  c h a n g e s  in  p e r  c e n t  of  m a x i m a l  
a m p l i t u d e  of  c o n t r a c t i o n .  T y r a m i n e ,  w h e n  u s e d  as  a p ro -  

t e c t i n g  a g e n t ,  w a s  p r e s e n t  in  t h e  c h a m b e r  5 m i n  b e f o r e  
a n d  d u r i n g  t h e  e x p o s u r e  to  b o t h  p h e n o x y b e n z a m i n e  a n d  
d e s l n e t h y l i m i p r a m i n e .  

T h e  d o s e s  of  d r u g s  u s e d  ( n o r e p i n e p h r i n e  b i t a r t r a t e ,  
t y r a m i n e  h y d r o c h l o r i d e ,  p h e n o x y b e n z a m i n e  h y d r o c h l o -  
r i de  a n d  d e s m e t h y l i m i p r a m i n e  h y d r o c h l o r i d e )  a r e  ex -  
p r e s s e d  i n  t e r m s  of g of  s a l t s  p e r  m l  of  m e d i u m  in  t h e  
m u s c l e  c h a m b e r .  

Results. Al l  e x p e r i m e n t s  r e p o r t e d  in  t h i s  p a p e r  we re  
c a r r i e d  o u t  w i t h  r e s e r p i n i z e d  p r e p a r a t i o n s  in  o r d e r  to  
a v o i d  t h e  i n t e r f e r e n c e  o f  t h e  n o r e p i n e p h r i n e  r e l e a s i n g  ef-  
f e c t  of  t y r a m i n e  a n d  p h e n o x y b e n z a m i n e  in  t h e  e v a l u a t i o n  
of  r e s u l t s .  A f t e r  a 30 m i n  e q u i l i b r a t i o n  pe r iod ,  a l l  p r e p a r a -  
t i o n s  we re  i n i t i a l l y  t e s t e d  for  s e n s i t i v i t y  t o  n o r e p i n e p h r i n e .  
T w o  d o s e - r e s p o n s e  c u r v e s  we re  u s u a l l y  d e t e r m i n e d  be fo r e  
t h e  a t r i a  w e r e  e x p o s e d  t o  t h e  b l o c k i n g  a g e n t s .  
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Fig. I. Ab i l i ty  of tyramine to protect against irreversible potentiation, 
of the norepinephrine (NE) responses, induced by phenoxybenzamine 
(PBZ). A) Control half. I I - - I I ,  responses to cumulative doses of NE 
before treatment.  10 min later the preparation was exposed to phen- 
oxybenzamine (10 -~, for 20 rain) and dose-response curves for NE 
were repeated 20 rain (D---23); 50 rain (@...@); 80 rain (O . . . . .  O); 
and 110 rain ((~ . . . .  (]~) later. B) Experimental half. I I - -  II, responses 
to cumulative doses of NE before treatment.  10 min later the prepa- 
ration was exposed to tyramine (10 -4, for 5 min) and without pre- 
vious washing to PBZ (10-% for 20 min). Dose response curves for NE 
were repeated 20 inin ([]---C3); 50 rain (@..-@); 80 rnin (O . . . . .  O); 
and 110 min ((~-~.-(~) later. The dose-response curves shown in A 
and I3 are from two halves of single left atrium. 

A "~100 
E 

g0 
E 

"S 80 

70 g 
~  

N 
30 

g 1c 

_ r  

B "lO0 

f ,  / '  -* 
�9 / . . . . i  / ?,.-.;r 

/? / 
' ../..-r 

,,//r 
r 

i I i 

10 -8 340 -6 104 3"3(] -7 lO '-6 3-10 ,6 10 s 

N0rspinephrino concentration (g/ml) 

t ,,,'/"/:7 / 

,',.,A'.2' 
, i r i i 

0 10 4 3,]0_ 8 10_ 7 3"10 -7 10 -s 3,10 6 104 

N0repinephrine concentration (g/ml) 

Fig. 2. Lack of abi l i ty of tyramine to protect against irreversible 
potentiation, of the norepinephrine (NE) responses, induced by des- 
methylimipramine (DMI). A) Control half. i - - i i  responses to cu- 
mulative doses of NE before t reatment .  10 rain later the preparation 
was exposed to DMI (10 -6, for 20 min) and dose-response curves for 
NE were repeated 20 rain ([]---D) ; 50 rain (@...@); 80 rain (O . . . . .  (3) ; 
and 110 rain ((~ . . . .  (]~) later. B) Experimental half. I I - -m,  responses 
to cumulative doses of NE before treatment.  10 rain later the prepa- 
ration Was exposed to tyramine (10 -4, for 5 min) and without previous 
washing to DMI (1076, for 20 min). Dose-response curves for NE were 
repeated 20 min (D---O); 50 rain (@...@); 80 rain (O . . . . .  �9 and 
110 min ((~=..-(~) later. The dose -response curves shown in A and B 
are from two halves of Single left atrium, 
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I n  a g roup  of 7 expe r i m en t s ,  10 mil l  a f t e r  t he  l a s t  dose- 
response  cu rve  for no rep inephr ine ,  one ha l f  of t h e  a t r i u m  
rece ived  a dose of t y r a m i n e  (10 -4) a n d  5 ra in  l a t e r  (with-  
ou t  p rev ious  washing)  b o t h  were exposed to  p h e n o x y b e n z a -  
m i n e  (10 -s, for 20 min) .  Dose- response  curves  for nore-  
p i n e p h r i n e  were r epea t ed  20, 50, 80 a n d  110 ra in  l a t e r  in  
b o t h  halves.  F igure  1 i l l u s t r a t e s  t h e  resu l t s  of a t yp i ca l  ex- 
pe r imen t .  I t  can  be  seen t h a t  t h e  i r revers ib le  increase  in 
s ens i t i v i t y  to  n o r e p i n e p h r i n e  (Figure l-A) wh ich  appea r s  
a f t e r  p h e n o x y b e n z a m i n e  t r e a t m e n t ,  is i n h i b i t e d  (Figure 
l -B)  w h e n  t he  a t r i u m  was  f i rs t  exposed  to  t y r a m i n e .  I n  
a n o t h e r  set  of 8 s imi la r  e x p e r i m e n t s  d e s m e t h y l i m i p r a m i n e  
was used in s t ead  of p h e n o x y b e n z a m i n e .  Af te r  in i t ia l  dose- 
response  curves  for  n o r e p i n e p h r i n e  were de t e rmined ,  one 
ha l f  of t he  a t r i u m  rece ived  t y r a m i n e  (10 -4) a n d  5 m i n  
l a t e r  b o t h  were exposed  to  d e s m e t h y l i m i p r a m i n e  (10 -6, 
for  20 min) .  S e n s i t i v i t y  to  n o r e p i n e p h f i n e  was aga in  t e s t ed  
20, 50, 80 a n d  110 ra in  later .  F igure  2 shows t he  resu l t s  of a 
t yp i ca l  expe r imen t .  I t  is i n t e r e s t i ng  to  observe  t h a t ,  in  
th i s  p a r t i c u l a r  case, no  di f ference in s ens i t i v i t y  to  nore-  
p i n e p h r i n e  was found  b e t w e e n  t h e  con t ro l  (Figure  2 A) a n d  
t y r a m i n e - t r e a t e d  p r e p a r a t i o n  (Figure  2B),  w h e n  t h e y  
were exposed to  d e s m e t h y l i m i p r a m i n e .  

Discussion. I t  is well  e s t ab l i shed  t h a t  p h e n o x y b e n z a -  
mine  and  d e s m e t h y l i m i p r a m i n e  p o t e n t i a t e  t he  responses  
to  no rep inephr ine .  Th i s  p o t e n t i a t i n g  effect  is be l ieved  to  
be  due  to  t h e  ab i l i t y  of bo th ,  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 ,  to  i n h i b i t  t he  u p t a k e  of norep ine-  
p h r i n e  in to  t h e  ne rve  t e rmina l s .  

The  resu l t s  of t h e  p r e s en t  i nves t i ga t i on  show t h a t  t he  
p o t e n t i a t i o n  of t he  responses  to  no r ep i neph r i ne  induced  b y  
p h e n o x y b e n z a m i n e ,  can  be p r e v e n t e d  b y  t he  presence  of 
t y r a m i n e  d u r i n g  t he  pe r iod  of exposure  to  p h e n o x y b e n z a -  
mine.  These  f ind ings  p rov ides  f u r t h e r  ev idence  for a com- 
m o n  u p t a k e  s i te  for n o r e p i n e p h r i n e  a n d  t y r a m i n e  on  ad-  
renerg ic  n e r v e  t e rmina l s .  On t h e  o the r  hand ,  our  resul ts  
show t h a t  t y r a m i n e ,  w h e n  p re sen t  d u r i n g  exposure  to  des- 
m e t h y l i m i p r a m i n e ,  was n o t  capab le  of p r e v e n t i n g  t h e  po- 
t e n t i a t i o n  of no rep ineph r i ne  responses  induced  b y  th is  
b lock ing  agen t  

P r o v i d e d  t h a t  bo th ,  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 imip ramine ,  share  t h e  c a p a c i t y  to  b lock  t he  u p t a k e  of 
n o r e p i n e p h r i n e  b y  adrenerg ic  neurones ,  t he  fac t  t h a t  
t y r a m i n e  was able  to  p r e v e n t  t he  u p t a k e  b lock ing  ac t ion  
of p h e n o x y b e n z a m i n e  b u t  n o t  t h a t  of d e s m e t h y l i m i p r a -  
mine ,  can  be  t a k e n  as a n  ev idence  for  a d i f fe ren t  s i te  of ac- 
t i o n  on  c a t e c h o l a m i n e  u p t a k e  sys tem.  

Resumen. E1 t r a t a m i e n t o  con f e n o x i b e n z a m i n a  o des- 
m e t i l i m i p r a m i n a  da  l uga r  a u n a  po tenc iac i6n  i r revers ib le  
de las respues tas  a no rad rena l i na ,  en  la aurfcula  a i s lada  de 
cobayo.  La  presenc ia  de t i r a m i n a  d u r a n t e  el t r a t a m i e n t o  
p rev iene  d icha  po tenc iac i6n  c u a n d o  se u t i l iza  fenox iben-  
zamina ,  m i e n t r a s  que no  la modi f i ca  en  el caso de la des- 
m e t i l i m i p r a m i n a .  
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Effect of Constant Lighting on the Morphine Susceptibil ity Rhythm 

Morph ine  su l fa te  d i sp lays  q u a n t i t a t i v e  v a r i a t i o n s  of 
suscep t ib i l i ty  a long  a 24-hour  t i m e  scale cha rac t e r i zed  b y  
p e a k  ana lges ia  (i.e. crest)  d u r i n g  t he  d a r k  a n d  a t r o u g h  in 
t he  l igh t  pe r iod  1. Reve r sa l  of t h e  l i gh t ing  r eg imen  p roduc-  
ed a n  inve r s ion  of t he  m o r p h i n e  suscep t ib i l i ty  p a t t e r n  
sugges t ing  a p r e v a l e n t  pho tope r iod ic  effect  on  m o r p h i n e  
suscep t ib i l i ty  2. I n v e s t i g a t o r s  h a v e  r epo r t ed  t h a t  pen to -  
b a r b i t o l  suscep t ib i l i ty  was  suppressed  by  p r o g r a m m i n g  
mice in c o n t i n u o u s  da rknes s  3. Similar ly ,  p inea l  epine-  
ph r ine  r h y t h m s  h a v e  been  abo l i shed  in r a t s  m a i n t a i n e d  in 
c o n t i n u o u s  da rkness  or b l inded  b y  b i l a t e ra l  o r b i t a l  
enuc lea t ion  a. Some 24-hour  r h y t h m s  h a v e  been  suppressed  
or abo l i shed  b y  c o n s t a n t  l i gh t ing  5, 6. A c o n t i n u o u s  l i gh t ing  
schedule  effect  is r epo r t ed  he re in  as f u r t h e r  ev idence  of t he  
d o m i n a n t  role of p h o t o p e r i o d i c i t y  on t he  suscep t ib i l i ty  
p a t t e r n  of m o r p h i n e  analges ia .  

A d u l t  female  a lb ino  CF-1 mice  (25.44-0.4 g body  wt.) 
were housed  a n d  tes ted  w i t h  condi t ions ,  p rocedures  and  
m o r p h i n e  dosage as p rev ious ly  r epo r t ed  1, 2 excep t  for  t he  
c o n s t a n t  l i gh t i ng  schedule  a n d  incrased  b o d y  w e i g h t  of 
a b o u t  2 g due  to  aging  over  t he  4 week  t e s t  period.  An 
in i t ia l  s t a n d a r d  l igh t  per iod  (I) h a d  l ights  on 06.05-18 05 h 
a n d  t o t a l  da rknes s  f rom 18.05-06.05 h i ;  a second exper i -  
m e n t  (II)  had  t h e  l igh t ing  reg imen  reversed  2 a n d  in t h i s  

study (III) t h e  mice were exposed  to c o n t i n u o u s  l igh t  for 
a per iod  of 14 days  p r io r  to  t he  m o r p h i n e  admin i s t r a t i on .  
A s t a n d a r d i z a t i o n  t i m e  of 14 days  is cons idered  a d e q u a t e  
to  fac i l i ta te  r e s y n c h r o n i z a t i o n  7. 

Beg inn ing  a t  12.00 h a n d  a t  3 -hour  in t e rva l s  ove r  t he  
succeeding 24-hour  per iod,  groups  of 20 mice  were pre-  
tes ted ,  weighed and  in j ec t ed  i.p. w i t h  m o r p h i n e  sulfate,  
8 mg/kg.  E x a c t l y  20 ra in  a f t e r  t he  m o r p h i n e  in jec t ion  
each  mouse  was r e t e s t ed  for t he  presence  of pa in  as 
d e t e r m i n e d  by  a modi f ied  H a f f n e r  ta i l  p i n c h  c l amp  
m e t h o d  s. All  mice fai l ing to  d i sp lay  a pos i t ive  pa in  re- 
sponse  (i.e. b i t i ng  clip) w i t h i n  30 sec were cons idered  to  
be  analgesic  s . E a c h  analgesic  response  was c o n v e r t e d  to 
pe r  cen t  analges ia  re la t ive  to t he  t o t a l  n u m b e r  of mice 
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