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v/v) ,  95% ethanol ,  and  5% t r ichloroacet ic  acid 1~ H o m o -  
gena te  samples  were t h e n  hydro lyzed  for 2 h wi th  0.6 N 
K O H  and R N A  was r emoved  b y  p rec ip i t a t ion  wi th  1.2 N 
perchlor ic  acid. D N A  was de t e rmined  by  the  d iphenyl -  
amine  reac t ion  of Bu r ton  n and  spec t ropho tome t r i ca l ly  
e s t ima ted  as the  difference in absorbance  a t  610 and  
650 nm.  Signif icant  differences be tween  contro l  and 
expe r imen ta l  animals  were assessed by  the  S t u d e n t ' s  
t - tes t .  
Results. B o d y  weights  (table) for all m e t h a d o n e - t r e a t e d  
an imals  were s ignif icant ly  less t h a n  controls ,  w i th  
e x p e r i m e n t a l  animals  weighing abou t  80% of saline- 
in jec ted  rats .  Bra in  weigh t  (table) were reduced  in ra t s  
t r e a t e d  dur ing  ges ta t ion  (12%) or lac ta t ion  (30%), bu t  
were comparab le  to contro l  values  in animals  exposed  
dur ing  ges ta t ion  and  lac ta t ion.  Bra in  DNA-va lues  were 
reduced  in all m e t h a d o n e - t r e a t e d  an imals  {table). Drug 
exposure  dur ing  ges ta t ion  decreased D N A  con t en t  by  
50%, while a 34% reduc t ion  was no ted  in offspr ing 
t r ea t ed  only  dur ing  lacta t ion.  Animals  in t he  ges ta t ion-  
l ac ta t ion  group had  reduced  (but  no t  significant)  DNA-  
values.  

Weights and DNA-composition of whole brains from 21-day-old rats 
subjected to different schedules of methadone 

Methadone Body Brain DNA 
treatment weight (g) weight (g) (mg/brain) 

Control 51.25 • 1.18 1.61 i 0.56 2.22 4- 0.03 
Gestation 37.00 i 0.47* 1.41 :[: 0.07* 1.10 • 0.00" 
Lactation 40.58 =k 0.97* 1.12 • 0.03* 1.46 :~ 0.00* 
Gestation- 
lactation 40.11 ~= 3.14" 1.56 =[: 0.02 2.14• 0.05 

Values for weights represent means 4- SE for 10 animals per group. 
DNA-values represent means 4- SE for quadruplicate samples from 
4 assays per group. * Significantly different from controls at p < 0.05. 

Discussion. Per ina ta l  exposure  to  m e t h a d o n e  produces  
decreases  in the  a m o u n t  of D N A  p re s en t  in t he  bra ins  
of d rug-exposed  r a t  pups,  w i th  s ignif icant  r educ t ions  
observed in animals  t r ea t ed  dur ing ges ta t ion  or lac ta t ion.  
Since es t imat ions  of t he  D N A  co n t en t  in b ra in  t issues 
provide  a useful measure  of cell n u m b e r  12, th is  r e t a r d a t i o n  
in bra in  g rowth  in m e t h a d o n e - e x p o s e d  an imals  appears  
to  be accompanied  b y  a reduc t ion  in neura l  ceils. At  th i s  
t ime  i t  is diff icul t  to  de t e rmine  w h i c h  neura l  ceils are  
involved in these cell losses, however  neurogenesis  is 
near ly  comple ted  in the  r a t  bra in  b y  day  211~, so t h a t  
these  decreases  in cell n u m b e r  p ro b ab l y  include neurona l  
deficits.  A l though  i t  is no t  known  w h e t h e r  pe r ina ta l  
exposure  to m e t h a d o n e  in h u m a n s  has  the  same deleter i -  
ous effects  as in rats ,  it  is in te res t ing  to  note  t h a t  in fan t s  
del ivered by  m e t h a d o n e - t r e a t e d  m o t h e r s  have  a r e t a r -  
da t ion  in b o d y  g rowth  s , 4, head  c i rcumference  measure-  
men t s  below normal  4, and behaviora l  abnormal i t i e s  
dur ing  the  f irs t  2 years  of life~. 
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Effects of pa ly tox in  on the  electrical  act ivity of dog  and rabbit  heart  1 

S. W e i d m a n n  ~ 

Department o/ Pharmacology, University o/ Puerto Rico, Medical Sciences Campus, San Juan 
(Puerto Rico 00936, USA), 25 March 1977 

Summary. Revers ib le  effects  of pa ly toxin ,  ex t r ac t ed  f rom colonies of the  soft  coral  Palythoa caribaeorum, are described.  
There  is a decrease of b o t h  m e m b r a n e  res t ing  po ten t i a l  and overshoot  dur ing  ac t iv i ty .  Rise t ime of the  ac t ion  po ten t i a l  
is prolonged,  while repolar izat ion is shor tened .  The electrical even ts  resemble  those  seen wi th  metabol ic  poisons. 

Palythoa caribaeorum, a soft  c o r a l  (coelenterate) found 
in shal low waters  on the  shores  of t he  Car ibbean Is lands,  
con ta ins  a h igh ly  toxic  subs tance  which  has  been  ex- 
t r ac ted ,  purif ied,  a n d  par t i a l ly  charac te r ized  a,4. These 
carn ivorous  animals  hold  the i r  p rey  b y  p ro t rud ing  cell 
organelles  (nematocysts)  and b y  releasing the i r  powerful  
tox in  to pa ra lyze  the i r  prey.  Tox ic i ty  of var ious  f rac t ions  
of the  crude  ex t r ac t  is usual ly  measu red  by  no t ing  the  
surviva l  t ime  of m a m m a l s  5, 6 or smal l  f ishes 7. Thus,  the  
i. v. LDs0 of a h igh ly  puri f ied tox in  is 0.025 ~xg/kg for 
r abb i t  e. The par t i a l ly  pur i f ied ma te r i a l  avai lable to  us 
killed a dog when  in jec ted  i. v. a t  a dose of 5 ~xg/kg s. My 
own in te res t  in pa ly tox in  s t a r t ed  when  i t  had  become 
ev iden t  t h a t  ven t r icu la r  t rabeculae  f rom poisoned dog 
hea r t s  could be used for in v i t ro  expe r imen t s  of a d i f ferent  
kind.  The a p p a r e n t  p h e n o m e n o n  of revers ibi l i ty  of 
pa ly tox in  effects p r o m p t e d  me to  lo0k for possible modes  
of act ion,  
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Methods. Pa ly tox in  had  been  par t ia l ly  purif ied according 
to  procedures  of Garcia Castifieiras 7. The 70% acetone  
prec ip i tab le  f rac t ion was used. R a b b i t  pap i l l a ry  muscles  
or dog ven t r icu la r  t rabeculae  hav ing  a d iamete r  of 0.8-1.0 
m m  were superfused  in a 5 ml  b a t h  by  Tyrode  solut ion 
at  r o o m  t e m p e r a t u r e  (26-28~ The flow ra te  was in- 
creased t o - 1 0  ml /min  when  solut ions were changed.  
St imul i  were  appl ied  a t  a ra te  of 0.5/sec t h rou g h  a 
concentr ic  needle e lectrode (Disa, Copenhagen) .  Conven-  
t ional  microe lec t rode  recording was used. 
Results. The figure is t aken  f rom a sequence of records  
ob ta ined  wi th  a r abb i t  papi l la ry  muscle. A concen t ra t ion  
of the  tox in -con ta in ing  f rac t ion was used (28 ~zg/1) t h a t  
resul ted  in ma rked  effects  on the  m e m b r a n e  po ten t i a l  
and  on the  o the r  h a n d  did no t  damage  the  p repa ra t ion  
in an irreversible way.  Assuming  a mol. w t  of the  tox in  
of 3300 (3), th i s  concen t ra t ion  would cor respond to less 
t h a n  4 • 10-~ moles/l .  For  15 min there  was prac t ica l ly  
no change  (not shown in figure), af ter  which  t ime  
a) th resho ld  for exc i ta t ion  rose cont inuously ,  b) res t ing  
po ten t i a l  decreased considerably,  c) ' ove rshoo t '  decreased 
less p ronounced ly ,  d) rise t ime lengthened,  while e) to ta l  
du ra t ion  of ac t ion po ten t i a l s  shor tened.  30 min af ter  
s t a r t ing  the  superfus ion wi th  pa ly tox in -con ta in ing  solu- 
t ion,  a l l -or -noth ing  exc i ta t ion  failed, a t  a res t ing  po ten t i a l  
of 45 mV. Wash ing  wi th  toxin-f ree  solut ion resul ted  in 
recovery.  The first  conduc ted  act ion po ten t i a l  appeared  
7 min  following the  change  to  toxin-f ree  solution.  Values 
close to  the  init ial  ones were re-es tabl i shed a t  the  end of 
a to ta l  wash ing  t ime of 30 min.  The. only  pa ramete r ,  
which  cons i s ten t ly  did no t  recover  its p re -pa ly tox in  value,  
was the  th resho ld  for exci ta t ion.  This m a y  be expla ined 
b y  damage  infl icted to  the  fibres closest  to  t he  e lect rode 
by  the  ve ry  s t rong pulses  appl ied dur ing  the  t ime  of con- 
duc t ion  failure. 
A 4fold lower concen t ra t ion  of t he  tox in  h a d  prac t ica l ly  
no effect  when  appl ied for 30 min.  A 4fold higher  con- 
cen t r a t i on  lead to changes  t h a t  were irreversible over  
an 9bserva t ion  per iod of 55 min in toxin-f ree  Tyrode  
solution. 1 ou t  of 6 p repa ra t ions  t r ea t ed  by  the  typ ica l  
concen t ra t ion  of 28 ~tg/1 was left in con tac t  w i th  the  
tox in  for an addi t iona l  10 min  af ter  hav ing  become 

inexci table .  In  th is  case, there  was bu t  par t ia l  recovery.  
Clearly, b o t h  exposure  t imes  and  concen t ra t ions  were 
h ighly  cri t ical  if reversible  effects  were to  be obta ined.  
Discussion. Pa ly tox in  is known  to cause con t rac tu re  of 
b o t h  smoo th  and skeletal  musc leL Cardiac failure has  
t e n t a t i v e l y  been  ascr ibed to a p ronounced  vasoconst r ic-  
t ion  of the  co ronary  vessels 10. W h e t h e r  ischemic cardiac 
t issue or t issue poisoned by  pa ly tox in  has originally been  
r ean ima ted  for in v i t ro  exper iments ,  m u s t  remain  an 
ope n quest ion.  Never theless ,  the  p resen t  expe r imen t s  
provide  some clue as to the  possible mode of act ion of 
pa ly tox in  on exci table  cells. I t  is n o t e w o r t h y  t h a t  the  
effects  take  a c o m p a r a t i v e l y  long t ime to deve lop  and 
to d i sappear ;  th is  m a y  mean  e i ther  t h a t  the  subs tance  
has  to cross the  cell m e m b r a n e  and ac t  a t  an intracel lular  
site, or t h a t  the  subs tance  has  a m e m b r a n e  effect  which  
does no t  become a p p a r e n t  unt i l  in t racel lular  concent ra-  
t ions  of ions have  had  t ime to change.  There  seems to  be 
no specific effect  on Na  + channels  (as e.g. wi th  t e t rodo-  
toxin) ,  since the  decrease of the  ra te  of rise of the  act ion 
po ten t i a l  (depending on Na influx) can be looked upon  
as a consequence  of Na + channe l  inac t iva t ion  by  pro-  
gressing m e m b r a n e  depolar izat ion.  
A specific increase of K + cur ren t  leading to repolariza-  
tion11, or a specific decrease of the  slow inward  cu r ren t  
carr ied by  Ca ++1~, would account  for the  shor ten ing  of 
the  act ion potent ia ls ,  ye t  addi t iona l  a s sumpt ions  would 
be required to  expla in  the  decrease of res t ing potent ia l .  
In  an a t t e m p t  to  t h i n k  of o ther  agen ts  leading to a similar 
combina t ion  of f indings,  one is r eminded  of subs tances  
in terfer ing wi th  metabo l i sm,  e.g. dinitropheno113, 
cyanide  14, or oxygen  lack in a glucose-free med ium lL 
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Action potentials of a rabbit 
papillary muscle, a Control in 
Tyrode solution, b with palytoxin, 
29 min, immediately preceding 
conduction block, c control record 
and 22 min palytoxin record 
superimposed, both taken at 
higher speed, d after a washing 
period of 30 rain in palytoxin-free 
solution. Voltage calibration: from 
zero reference level to 70 mV, 
inside negative. Time calibrations : 
100 msee for a, b and d; 25 msec 
for c. 
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I n  th i s  c o n n e c t i o n  i t  is of i n t e r e s t  t h a t  O~-uptake b y  
Eh r l i ch  asci tes  t u m o r  ceils is n o t  a f fec ted  b y  p a l y t o x i n  
a t  a c o n c e n t r a t i o n  of 2 mg/lX". An  i n h i b i t i o n  of m e m b r a n e  
A T P a s e  as a mode  of ac t ion  of t he  t ox in  seems un l ike ly  ~. 
Whi le  t he  crude  a lcohol  e x t r a c t  con t a in s  an  i nh ib i t o r  of 

�9 N a - K - a c t i v a t e d  ATPase ,  t he  b u l k  of th i s  subs tance ,  wh ich  
has  been  ident i f ied  as s e ro ton in  17, is e x t r a c t e d  in to  ace tone  
in a fol lowing isola t ion  s tep,  whi le  t he  p rec ip i t a t e  (con- 
t a i n i n g  t he  toxin)  has  no  i n h i b i t o r y  ac t ion  on N a - K -  
a c t i v a t e d  A T P a s e  7. 
Clearly,  o the r  m e t h o d s  t h a n  microe lec t rode  record ing  of 
e lectr ical  even t s  would  now be  requi red .  T he  ques t ion  

of e n t r a n c e  of t he  t o x i n  in to  t he  cells m i g h t  be solved,  
especia l ly  since a pass ive  d i s t r i b u t i o n  of t h e  pos i t ive ly  
cha rged  molecule  a, 6 would  h a v e  to r e su l t  in a c c u m u l a t i o n  
w i t h i n  t he  cells. M e a s u r e m e n t s  of ionic f luxes  and  ionic 
c o n c e n t r a t i o n s  m i g h t  e v e n t u a l l y  lead closer to  an  u n d e r -  
s t a n d i n g  of t he  mode  of ac t ion  of th i s  and  o the r  t ox ins  
found  in coelentera tes .  
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D i r e c t  t o x i c  effect  of  i s o p r o t e r e n o l  on  c u l t u r e d  c a r d i a c  m u s c l e  c e l l s  1 

E. Sever in ,  S. Sar to re  a n d  S. Schiaf f ino  

National Research Council Unit [or Muscle Biology and Physiopathology, Institute o[ General Pathology, University 
o[ Padova (Italy), 18 Apri l  1977 

Summary. I sop ro t e reno l  a t  r e l a t ive ly  h igh  doses (2.5 mg/ml)  ha s  a m a r k e d  toxic  effect  on  r a t  h e a r t  musc le  cells cul t i -  
v a t e d  in v i t ro .  This  effect  is no t  p r e v e n t e d  b y  p roprano lo l  a n d  the re fo re  is n o t  m e d i a t e d  b y  b e t a  adrenerg ic  receptors .  

Ca techo lamines  a d m i n i s t e r e d  in large doses can  induce  
m y o c a r d i a l  damage .  A m a r k e d  ca rd io tox ic  effect  is shown  
b y  isoproterenol ,  a s y n t h e t i c  c a t e c h o l a m i n e  w i t h  a selec- 
t ive  ac t ion  on  b e t a  r ecep to r s  2. I sop ro t e r eno l - i nduced  myo-  
card ia l  necrosis  r esembles  t he  i schemic  necrosis  induced  
b y  vascu la r  occlusion a n d  ha s  been  widely  used as a model  
of ' in fa rc t - l ike '  lesion 3-e. However ,  t he re  is no d i rec t  evi-  
dence  for a n  i schemic  pa t hogenes i s  of t he  i sopro te reno l  
effect.  R e p o r t s  on  c o r o n a r y  va scu l a r  changes  and  t h r o m -  
bosis a f te r  in j ec t ion  of i sopro te reno l  v h a v e  n o t  been  con-  
f i rmed  s. The  c u r r e n t  i n t e r p r e t a t i o n  is t h a t  m y o c a r d i a l  
d a m a g e  b y  i sopro te reno l  is due  to i ts  s t rong  ino t rop ic  a n d  
ch rono t rop i c  ac t ion  w h i c h  causes  a n  increased  oxygen  de- 
m a n d  b y  t he  h e a r t  muscle .  Th i s  c a n n o t  be  m e t  b y  im- 
p r o v e d  b lood supp ly  because  t he  d rug  reduces  sys temic  
b lood  pressure  b y  m e a n s  of pe r iphe ra l  v a s o d i l a t a t i o n  s. An  
a l t e r n a t i v e  i n t e r p r e t a t i o n  is t h a t  c a t echo l amines  exe r t  a 
d i r ec t  toxic  effect  on  myocy tes .  The  r ecen t  d e m o n s t r a t i o n  
of m y o c a r d i a l  necrosis  i nduced  b y  i sopro te reno l  in  t h e  iso- 
l a t ed  pe r fused  r a t  h e a r t  gives s u p p o r t  to  t h i s  viewg. W e  
h a v e  used ca rd iac  muscle  cells in  cu l tu re  for s t u d y i n g  t he  
d i rec t  ca rd io tox ic  effect  of i soproterenol ,  
E x p l a n t s  of n e w b o r n  r a t  h e a r t  were g rown in ge la t in -  
coa ted  p las t ic  d ishes  c o n t a i n i n g  Dulbecco  m e d i u m  w i t h  
20% horse  s e rum u n d e r  a c o n t i n u o u s  flow of 90% a i r -  
10% CO S. Cells d i ssoc ia ted  b y  t r y p s i n i z a t i o n  f rom new- 
b o r n  r a t  h e a r t  were also cu l tu red  u n d e r  t h e  same  con-  
di t ions .  1 week  a f te r  p l a t ing ,  s p o n t a n e o u s  r h y t h m i c  con- 
t r a c t i o n s  could  be  obse rved  in d i f fe ren t  a reas  of t he  cul- 
tures .  I sop ro t e reno l  a t  a c o n c e n t r a t i o n  of 0.01 mg/ml ,  or 
h igher ,  increased  t he  f r e q u e n c y  of bea t ing .  However ,  a t  
doses of 2.5 mg/ml ,  or h igher ,  c o n t r a c t i o n s  soon b e c a m e  
i r regu la r  and  s t opped  c o m p l e t e l y  a n d  i r revers ib ly  a f t e r  a 
few rain.  I n  t he  fol lowing h, ca rd iac  cells u n d e r w e n t  cell 
dea th ,  as shown b y  t r y p a n  blue  exclusion tes t ,  and  de-  
t a c h e d  f rom the  b o t t o m  of t he  dishes.  Smal l  pieces of new- 
b o r n  r a t  h e a r t  i n c u b a t e d  for 2 h in  cu l tu re  m e d i u m  in t he  
presence  of 2.5 m g / m l  of i sopro te reno l  d id  n o t  show a n y  
sign of g rowth  w h e n  t r a n s f e r r e d  to  n o r m a l  m e d i u m  in 
cu l tu re  dishes.  
The  toxic  effect  of i sopro te reno l  on  m y o c a r d i a l  cu l tu res  
was  n o t  p r e v e n t e d  b y  p roprano lo l ,  a b e t a  b lock ing  agent .  
I n  fact ,  pieces of n e w b o r n  r a t  h e a r t  p r e i n c u b a t e d  w i t h  

p roprano lo l  a t  0.5, 1.5 or 2.5 m g / m l  for 15 m i n  before  ad-  
d i t ion  of i sopro te reno l  showed  no g r o w t h  in cul ture .  B y  
con t ras t ,  p ropano lo l  a lone d id  no t  in te r fe re  s ign i f i can t ly  
w i t h  card iac  cell pro l i fe ra t ion .  These  f ind ings  i nd ica t e  
t h a t  t he  ca rd io tox i c i t y  of i sopro te reno l  in th i s  in v i t ro  
s y s t e m  is n o t  m e d i a t e d  b y  b e t a  ad rene rg ic  receptors .  I t  is 
possible  t h a t  ox ida t ion  p r o d u c t s  s imi la r  to  a d r e n o c h r o m e  
are respons ib le  for t he  d i rec t  toxic  effect  of i soproterenol ,  
as sugges ted  b y  Y a t e s  a n d  D h a l l a  ~ W e  h a v e  obse rved  a 
r ap id  sh i f t  in t he  a b s o r p t i o n  s p e c t r u m  of i sopro te reno l  
a f t e r  i n c u b a t i o n  a t  37~ in t he  o x y g e n a t e d  cu l t u r e  
med ium,  w i th  a decrease  of the  205 n m  p e a k  and  a n  in- 
crease of t he  225 n m  p e a k  w i t h i n  10 ra in  of i ncuba t ion .  
These  resu l t s  on  in v i t ro  sys t ems  s u p p o r t  t he  view t h a t  a 
d i r ec t  ca rd io tox ic  effect  m a y  c o n t r i b u t e  to  t he  p a t h o -  
genesis of m y o c a r d i a l  necrosis  induced  b y  i sopro te reno l  in  
vivo.  Indeed ,  i t  h a s  been  r epo r t ed  t h a t  t h e  i sopro te reno l  
effect  in  v ivo  is on ly  p a r t i a l l y  p r e v e n t e d  b y  p rop rano lo l  1~ 
The  d e m o n s t r a t i o n  of e x t r e m e l y  r ap id  p e r m e a b i l i t y  al- 
t e r a t i o n s  of t he  s a r co l emmal  m e m b r a n e  in card iac  muscle  
ceils a f t e r  infus ion  of n o r e p i n e p h r i n e  or i sopro te reno l  n is 
also cons i s t en t  w i t h  th i s  i n t e r p r e t a t i o n .  
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