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show neurones  of a cu l tu re  of r a t  sp ina l  cord and  cere- 
b e l l u m  respect ive ly ,  c o n t a i n i n g  a h i g h  a m o u n t  of S D H  in 
t he i r  cell bodies  a nd  processes.  48 h a f te r  exposure  to  
MMC (10 -* M), t h e  e n z y m a t i c  a c t i v i t y  was m a r k e d l y  
reduced  (Figures 2 D a n d  F). I n  c o n t r a s t  to  th i s  r educ t i on  
of S D H - a c t i v i t y ,  i t  appea red  t h a t  t he  c o n t e n t  of A C h E  
in cu l tu red  neu rones  is una f fec ted  48 h a f te r  exposure  to  
MMC a t  a c o n c e n t r a t i o n  of 10 -e M.  F igure  2 B i l lus t ra tes  
an  example  of a group of A C h E - c o n t a i n i n g  neurones  of a 
sp ina l  cord  cu l tu re  wh ich  was i n c u b a t e d  w i t h  MMC 
(10-6 M for 48 h). A C h E - a c t i v i t y  was on ly  reduced  
a f te r  96 h of exposure ,  w h e n  ex tens ive  neu rona l  d a m a g e  
was observed.  

Our  h i s tochemica l  s tudies ,  wh ich  are cons i s t en t  w i t h  
b iochemica l  i nves t iga t ions  b y  YOSHI~O et  a l )  s and  
TUXlCLIFF a n d  W o o l )  ~6, revea led  t h a t  SDH,  a n  e n z y m e  
invo lved  in me tabo l i c  processes, is more  affected b y  MMC 
t h a n  ACHE. There  is a t  p r e s en t  no  e x p l a n a t i o n  for t he  
d i f fe ren t  effects of MMC on these  two  enzymes.  

Zusammen/assung. An N e r v e n g e w e b s k u l t u r e n  mensch-  
l icher  F o e t e n  u n d  neugeborene r  R a t t e n  w u r d e n  U n t e r -  
s u c h u n g e n  t iber  die tox i sche  W i r k u n g  v o n  Methy l -  
quecks i lber  (MMC) auf  Neu rone  u n d  Gliazel len im 
R t i c k e n m a r k  u n d  Cerebel lum durchgef t ihr t .  Die d u r c h  
MMC erzeugte  Degene ra t i on  zeigte eine deu t l i che  Ab-  
h~ng igke i t  yon  der  K o n z e n t r a t i o n  (10-6-10 -* M) sowie 
v o n d e r  Expos i t ionsze i t .  Die  h i s t ochemischen  Befunde  
zeigen, dass  MMC den  G e h a l t  yon  S u c c i n a t d e h y d r o g e n a s e  
s t a r k  v e r m i n d e r t ,  die Acetylchol inesterase-Aktivi t~Lt  
j edoch  k a u m  beeinf luss t .  
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Effect of Scorpion Venom from Tityus serrulatus (Tityustoxin)  on the 
Acetylcholine Release and Fine Structure of the Nerve Terminals  

The  f ind ing  t h a t  t he  v e n o m  of the  S o u t h  A m e r i c a n  
scorpion,  Tityus serrulatus, and  a p ro t e in  pur i f ied  f rom 
it, T i t y u s t o x i n  (TsTx),  is able  to  l ibe ra te  ace ty lcho l ine  
f rom several  o rgans  a n d  t issues  1-~, suggests  t h a t  T s T x  
m a y  be  a useful  e x p e r i m e n t a l  tool  to  s t u d y  m e c h a n i s m s  
of ace ty lcho l ine  release a n d  s torage.  

Th i s  r epo r t  descr ibes  effects of T s T x  on t he  l ong i t ud ina l  
s t r ip  of t he  guinea-p ig  i leum, a p r e p a r a t i o n  v e r y  su i t ab le  
for in  v i t ro  b iochemica l  s tud ies  because  of t he  r e l a t ive ly  
large p r o d u c t i o n  of ace ty lcho l ine  conf ined  exclus ively  to  
t h e  n e r v o u s  s t ruc tu re s  of t he  A u e r b a c h ' s  p lexus  5, and  on  
t he  mouse  d i a p h r a g m ,  wh ich  is wide ly  used in m orpho -  
logical s tud ies  of the  n e u r o m u s c u l a r  junc t ion .  I t  has  
been  found  t h a t  T s T x  increase  t he  o u t p u t  of acetyl -  
chol ine  f rom the  l ong i t ud i na l  s t r ips  of t he  s m o o t h  
muscle.  I n  t h e  n e u r o m u s c u l a r  j u n c t i o n  Of t h e  s t r i a t ed  
muscle,  T s T x  changes  t he  s t r u c t u r e  of t he  ne rve  te rmina ls ,  
m a i n l y  t he  p r e s y n a p t i c  vesicles a n d  mi tochondr i a .  

The  m e t h o d s  descr ibed  b y  PATOI~ and  ZAR 5 were used 
for t he  p r e p a r a t i o n  and  m o u n t i n g  of l ong i t ud i na l  muscle  
s t r ips  of gu inea-p ig  i l eum a n d  for t he  assay  of acetyl -  
choline.  E x t r a c t i o n  of ace ty lcho l ine  was car r ied  ou t  as 
descr ibed  p rev ious ly  4. Calc iumfree  med ia  were m a d e  b y  

o m i t t i n g  CaCI~ a n d  sod ium-def ic ien t  Krebs  so lu t ions  
were p r e p a r e d  b y  s u b s t i t u t i o n  of sod ium b y  equ imo la r  
so lu t ion  of sucrose. The  o u t p u t  of ace ty lcho l ine  was 
ca lcu la ted  in nmoles  of ace ty lcho l ine  base /g  wet  t i s sue /  
rain.  Tityus serrulatus v e n o m  (LDs0 i.p. rou te  62 ~g/20 g 
mice) was k i n d l y  suppl ied  b y  t he  I n s t i t u t o  13utantan.  
T s T x  was pur i f ied  b y  t he  m e t h o d  descr ibed  b y  GOMEZ 
a n d  DINIZ 6. This  m e t h o d  a l lowed p r e p a r a t i o n  of a ma te r i a l  
w h i c h  is h o m o g e n e o u s  to  p o l y a c r y l a m i d e  gel electro-  
phoresis ,  and  has  an  es t in la t ed  LDs0 of 1,6-2,7 vg/20 g 
mice. 
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Fig. 1. Effect of Titytlstoxin ou aeetylcholine (Aeh) output from 
eserinized longitudinal muscle strip of guinea-pig ileum. Initial rate 
of Aeh output in presence of normal Krebs solution, 0.23 :~: 0.03 
nmoles/g/min taken as 100%. TsTx added as iudicated in the text to 
reach a concentration of 12 ~.g/ml. Q--O, Aeh release of a strip 
exposed continuously to TsTx in normal Krebs solution; A--A, 
rate of Ach release in a strip treated with TsTx in a Na-free solution, 
sucrose substitution; El--[], output of Ach produced by TsTx in 
strips bathed in a Ca-free Krebs solution; m--R, TTx and TsTx 
added simultaneously to the normal bathing Krebs solution; 
O--�9 output of Aeh of control strips suspended in normal Krebs 
solution, in absence of TsTx. Output of control strips in Na- and Ca- 
free solutions or exposed to TTx in absence of TsTx are not shown as 
they did not differ significantly from the TsTx exposed strips in 
these conditions. Each point represents the acetylcholine output 
during the preceding period and was the mean of 2 experiments on the 
same aehedule. 
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Fig. 2. Diaphragm motor end- 
plates of a mouse 60 mill after 
injection with 8.0 ~xg of TsTx 
(upper figures) and of a normal 
mouse (lower figures). The mito- 
chondria (m) are greatly swollen 
and the distribution of the syn- 
aptic vesicles is irregular in the 
treated animal. In the upper left 
figure the vesicles are pushed 
against the presynaptic membrane 
and in the upper right illustration 
there is an area (star) without 
vesicles. The normal mitochondria 
and the fairly uniform distribution 
of the synaptic vesicles may be 
appreciated in the lower figures. 

A t ime  course of t he  effects of T i t yus tox in  on tile 
o u t p u t  of acetylchol ine  of longi tudina l  s t r ips  of the  
guinea-pig  i leum unde r  several  condi t ions  is i l lus t ra ted  
in Figure  1. W h e n  a s t r ip  suspended  in normal  Krebs  
solut ion was exposed  to TsTx  in concen t ra t ions  of 
1 5 - 2 0 •  ~ g/ml, the  ou tpu t  of acetylchol ine  rose 
ab rup t l y  6-12-fold over  the  res t ing  or control  levels. In  
mos t  of the  expe r imen t s  ,af ter  abou t  1 h the  o u t p u t  
r e tu rned  to  a s t eady  release of 2 or 3-fold above the  
controls ,  and  was sus ta ined  for ano the r  1 or 2 h. Was h i n g  
of the  p repa ra t ion  af ter  a per iod of 5 or 10 min  of exposure  
to  TsTx  did  no t  change  the  p a t t e r n  of release. This  resul t  
suggests  a s t rong  b ind ing  of the  t o x i n  to  the  nervous  
s t ructures .  Omission of calcium or sodium f rom the  
incuba t ion  media  p reven t s  t he  effect  of TsTx on acetyl-  
choline release. Te t rodo tox in  (TTx) (5 •  -7 g/ml), a 
subs tance  known  to  in terfere  w i th  t he  inward  f lux of 
Na ions 7,s blocks the  effect  of TsTx  when  b o t h  toxins  
are s imul taneous ly  added  to  the  organ ba th ,  or af ter  5 or 
10 min  of exposure  of the  s t r ip  to  TsTx. 

For  u l t r a s t ruc tu ra l  s tudies,  5 mice were in jec ted  i.p. 
wi th  a solut ion of pur i f ied TsTx (4-14 ~g per  mouse) and 
3 in tac t  animals  were used as controls.  The  animals  were 
sacrified 30 to  190 min  af ter  the  admin i s t r a t i on  of t he  
tox in  and  the  d i aph ragms  immed ia t e ly  r emoved  and fixed. 
Rou t i ne  double  f ixa t ion  (g lu ta ra ldehyde  followed b y  
osmium te t roxide)  and  Pa lade ' s  f ixa t ive  were used. The 
mater ia l  was e m b e d d e d  in Araldi te ,  sect ioned and  
s ta ined  wi th  uranyl  ace ta te  and  lead ci trate.  An A E I -  
EM6B electron microscope was employed.  

Tile axons  and  neuromuscu la r  junc t ions  of the  dia- 
p h r a g m  of mice t r ea t ed  wi th  TsTx d isp lay  s t r ik ing  
pa thologica l  changes.  The axons  s i tua ted  close to  the  
nerve  t e rmina l s  show degenera t ions  consis t ing of shrink-  
age and  gross vacuol iza t ions  of t he  axoplasm.  The 
mi tochondr i a  of the  nerve  ending  are grea t ly  swollen and  
fill mos t  of the  p re synap t i c  appara tus .  The synap t i c  
vesicles are irregular  in size and  dens i ty  and have  an 
abnorma l  d is t r ibut ion .  The synap t i c  cleft  and the  
p o s t s y n a p t i c  p a r t  of t he  m o t o r  end-p la tes  are normal  
(Figure 2). 

I t  is in te res t ing  to note  t h a t  the  v e n o m  of ano the r  
arachnid ,  the  black widow spider,  also depletes  the  nerve  
te rmina ls  of the i r  vesicles 9,10 and changes  the  morpho logy  
of the  axons  in a similar  way. 

Al though  the  synap t ic  vesicles are bel ieved to  be 
re la ted d i rec t ly  to  acetylchol ine  release 9-1a, it  is no t  
easy to  es tabl ish  a clear connect ion  be tween  our  morpho-  
logical f indings and the  release process.  I t  can only be 
said t h a t  the  u l t r a s t ruc tu ra l  a l te ra t ions  of tile m o t o r  
end-p la te  of the  d i aph ragm of mice in jec ted  wi th  TsTx 
lend suppor t  to the  idea t h a t  th is  tox in  changes  the  
pe rmeab i l i t y  proper t ies  of p re synap t i c  membranes .  

Zusammen/assung. Nachweis ,  dass  ein Gif ts toff  des 
s i idamer ikanischen Skorpions Tityus serrulalws auch in 
vi t ro  am isolierten Meerschweinchendarm zu s ta rk  er- 
h 6 h t e m  Acety lchol inauss toss  f i ihrt  der  bei Ka tz iumen t -  
zug und  Blockade des N a t r i u me i n s t ro ms  durch  Tet rodo-  
tox in  blockier t  werden  kann.  E l ek t ronenop t i s ch  s ind im 
M~tusezwerchfellpr~parat nur  im pr / i synapt i schen  Gebiet  
pa thologisehe  Ver~tnderungen zu sehen. 
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