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Catecholamine-Deplet ing Effect of Brazilian Scorpion (Tityus serrulatus) Venom on Adrenergic 
Nerves of the Rat Atrioventricular Valves 

Phys io -pharmacolog ica l  s tudies  have  shown t h a t  
scorpion v e n o m  is a po t en t  au tonomic  s t imulan t ,  and  the  
nerve  endings  of both  s y m p a t h e t i c  and p a r a s y m p a t h e t i c  
au tonomic  nervous  sys tems  are the  possible s i tes  of the  
act ion of the  venom~-% The  mechan i sm of th is  ac t iv i ty ,  
however,  remains  unclear.  I t  m i g h t  ac t  d i rec t ly  on the  
target ,  as m a n y  ho rmona l  and  vasoac t ive  subs tances  are 
known to do, or indi rec t ly  t h rough  the  release of neuro- 
t r a n s m i t t e r  f rom the  postgangl ionic  nerve  endings.  

The presence of noradrena l ine  and o ther  amines  in t he  
adrenergic  nerves  can be d e m o n s t r a t e d  by  means  of the  
h ighly  specific and  sensi t ive f luorescence h is tochemiea l  
m e t h o d  of FALCK and  HILLARP, see s ~a. The semi-  
q u a n t i t a t i o n  of ca techo lamines  b y  subjec t ive  e s t ima t ion  
of the  ca techolamine  con ten t  by  eye has p roved  fair ly 
t r u s t w o r t h y  ~4. 

To our knowledge the  effect  of scorpion venom on the  
ca techolamine  con t en t  in the  adrenergic  nerves  has  no t  
been inves t iga ted .  Such a s t u d y  is r epor ted  in th is  paper ,  
which presen ts  h i s tochemica l  evidence of deple t ion  of 
ca techolamines  in the  s y m p a t h e t i c  nerve  endings  of ra t  
a t r iovent r icu la r  valves  following admin i s t r a t i on  of 
scorpion venom.  

Mater ia l s  and methods. Adul t  albino ra ts  (Wistar,  
150-200 g) were used for the  p resen t  s tudy.  They  were 
d iv ided  into 4 groups  of 8 animals  each. The 1st group 
(control) was t r ea t ed  w i t h  an i.v. in jec t ion  of normal  
saline, in a volume of 1 ml/kg,  60 rain pr ior  to  sacrifice. 
The 2nd, 3rd and 4th groups  were in jec ted  wi th  a single 
i.v. dose of crude v e n o m  of the  scorpion T i t y u s  serrulalus ~5 
dissolved in saline, 0.5 mg/kg  of body  wt.,  respec t ive ly  30, 
60, and 120 min pr ior  to sacrifice. I t  was known f rom 
previous  exper imen t s  ~ t h a t  this  dose, when  admin i s t e red  
i.v., gave s t rong au tonomic  responses and did not  usual ly 
kill the  ra t  before the  2rid h. 

Tissues f rom bo th  control  and  exper imen ta l  groups  were 
processed in exac t ly  tile same fashion.  All animals  were 
killed by exsanguina t ion  under  l ight  e ther  anesthesia .  The 
hear t s  were quickly removed,  and as soon as the  ven t r i cu la r  
chambers  had  been opened,  the  a t r iovent r icu la r  valves  
were dissected wi th  the  help of a s tereomicroscope.  To 
obta in  cons is ten t  and dupl icable  results,  the  hea r t  valves  
were excised 10 to 15 rain af ter  sacrifice. 

In  accordance wi th  FALCK-HILLARP'S method ,  the  
excised valves were r insed in cold calcium-free Tyrode  
solut ion for 2 min, s t re tched  and m o u n t e d  whole on glass 
slides and  al lowed t;o d ry  in the  air  a t  room t e m p e r a t u r e  
for 15 min.  In  our labora tory ,  the  re la t ive  h u m i d i t y  of the  
air was ma in t a ined  a t  app rox ima te ly  50%, and  th is  p roved  
sa t i s fac tory  for d ry ing  the  valves  and  did no t  produce  
any  serious changes  in the  morhpo logy  of the  adrenergic  
nerves  as revealed by  the  f luorescence me thod .  This  
agrees wi th  o the r  observa t ions  s ,n .  The t issue was t h e n  
t r ea ted  wi th  fo rma ldehyde  gas of op t imal  h u m i d i t y  
(70~ genera ted  f rom pa ra fo rma ldehyde  at  80~ for 1 h, 
m o u n t e d  wi th  non-f luorescent  immers ion  oil and examined  
wi th  a Zeiss f luorescence microscope.  

Results .  Dense ne tworks  of adrenergic  f ibres could be 
d e m o n s t r a t e d  in the  a t r ioven t r icu la r  valves  of control  
hear ts .  The fibres run in all d i rec t ions  t h r o u g h o u t  the  
ent i re  ex t en t  of t he  valves,  crossing one another ,  in a 
w a v y  course, and seem to  pene t r a t e  deep in to  the  valves.  
The appearance  of the  adrenergic  nerves  in control  
valves  were ve ry  similar  and can be compared  to  those  
descr ibed by  o ther  inves t iga tors  12, iv, is 

A) Atrioventricular valve of a control rat. Whole-mounted stretch 
preparation. • B) Atrioventricular valve of a rat injected 
with scorpion venom (0.5 mg/kg of body wt., 60 rain before death). 
Very weakly fiuorescent nerve endings and barely seen varieosities. 
Whole-mounted stretch preparation. • 
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I n  F igure  A) t yp i ca l  a n a s t o m o s i n g  f luorescent  ne rve  
f ibres  w i t h  t he i r  in tense ly  f luorescen t  var icos i t ies  can  be  
seen in a con t ro l  a t r i o v e n t r i c u l a r  va lve .  

A m a r k e d  decrease  in  t he  specific f luorescence of t h e  
v a l v u l a r  n e r v e  p lexuses  could be  d e m o n s t r a t e d  fol lowing 
t he  i,v. a d m i n i s t r a t i o n  of scorp ion  v e n o m  to  t he  ra ts .  The  
degree of r e d u c t i o n  was d e p e n d e n t  on  t he  i n t e rva l  
be tween  a d m i n i s t r a t i o n  and  dea th .  A genera l  r educ t ion  was 
seen w i t h i n  30 rain,  a n d  a f te r  60-120 ra in  t he re  were 
a lmos t  no ne rves  c lear ly  v is ib le  in  a b o u t  70% of cases. 
Only  a few weak ly  f luorescen t  f ibres  r e m a i n e d  visible.  
The  decrease  in f luorescence was loca ted  m a i n l y  to  t he  
var icosi t ies .  

F igure  B) shows v e r y  weak ly  f luorescen t  ne rve  f ibres  
and  ba re ly  vis ible  var icos i t ies  in  a n  a t r i o v e n t r i c u l a r  
va lve  f rom a r a t  w h i c h  h a d  been  in jec ted  w i t h  scorpion  
v e n o m  60 ra in  before  dea th .  

Discussion. The resu l t s  of t he  p re sen t  i nves t i ga t i on  
c lear ly  d e m o n s t r a t e  t h a t  a d m i n i s t r a t i o n  of Braz i l i an  
scorpion  v e n o m  (Tityus serrulatus) to  a d u l t  r a t s  causes  a 
dep le t ion  of c a t echo l amines  in  t he  s y m p a t h e t i c  ne rves  
f rom the  a t r i o v e n t r i c u l a r  valves .  Some of t h e  s y m p t o m s  
of scorp ion i sm in v e r t e b r a t e s  are ascr ibed  to a s y m p a t h o -  
m i m e t i c  ove rac t iv i ty .  E l e v a t i o n  of p l a s m a  ad rena l ine  
c o n t e n t  a n d  of ca t echo lamines  and  t h e i r  m e t abo l i t e s  in 
t he  u r ine  in p a t i e n t s  a f te r  scorpion  s t ing  has  been  re- 
p o r t e d  ~9, 20. More r ecen t ly  i t  was  shown t h a t  scorp ion  
v e n o m  produces  a n  increase  in b lood pressure  accom- 
p a n i e d  by  a mass ive  d ischarge  of c a t echo l am i nes  in to  t he  
b lood  ~. The  card iac  s t i m u l a t i o n  wh ich  follows adm i n i s t r a -  
t i on  of scorpion  v e n o m  has  been  shown  to  be  a pe r iphe ra l  
p h e n o m e n o n ,  p r o b a b l e  t h r o u g h  t h e  release of t i ssue  
ca t echo lamines  ~. These  and  o the r  m a n i f e s t a t i o n s  of 
scorpion  e n v e n o m a t i o n ,  such  as m y o c a r d i a l  lesions ~2, 
p u l m o n a r y  e d e m a  ~6, t a c h y c a r d i a  5, p i loerec t ion  23, a n d  
mydr i a s i s  2~, could be due to t he  release of n o r a d r e n a l i n e  

a n d  o the r  amines  f rom the  adrenerg ie  ne rve  endings .  
Scorpion  v e n o m s  m a r k e d l y  inf luence  exc i t ab le  m e m b r a n e s ,  
a l t e r ing  t he  p e r m e a b i l i t y  to  var ious  ions w i t h  r e su l t ing  
e lec t rophys io logica l  and  phys i cochemica l  changes  2~,2~. 
P r o b a b l y  scorpion  v e n o m  releases ca t echo lamines  b y  
a c t i v a t i n g  t h e  f u n d a m e n t a l  phys io logica l  m e c h a n i s m .  

F u r t h e r  expe r imen t s ,  to  i nves t i ga t e  t he  n e u r o t r a n s -  
m i t t e r - d e p l e t i n g  ac t ion  of Braz i l i an  scorpion  v e n o m  on 
s y m p a t h e t i c  ne rve  endings,  are in progress.  

Zusammen/assung. Mit te l s  F luo re szenz t echn ik  wurde  
ein m i k r o c h e m i s c h e r  Nachweis  der  F re i se t zung  yon  
K a t e e h o l a m i n  an  ad rene rg i schen  S t r u k t u r e n  in den  
Ar ter iovent r ikulark laIz lzen  des R a t t e n h e r z e n s  n a c h  Ver-  
a b r e i c h u n g  yon  Skorp iongi f t  (Tityus serrulatus) e rb rach t .  
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The Effect of Appl ied Tens ion  on the Length of Striped Muscle  

The  effect of appl ied  t en s i on  on  ske le ta l  muscle  has  
cons iderab le  re levance  to o r t hopaed i c  surgery.  Forceful  
s t r e t c h i n g  of c o n t r a c t e d  musc les  forms a n  i m p o r t a n t  p a r t  
of t r e a t m e n t  in m a n y  p a t i e n t s  w i t h  muscu lo-ske le ta l  
deformit ies .  I n  add i t ion ,  l i m b  t r a c t i o n  is f r equen t ly  used 
to  m a i n t a i n  t he  pos i t ion  of a f r ac tu r ed  bone  a f te r  reduc-  
t ion,  or to  ove rcome  pa infu l  muscle  spasm.  

A l t h o u g h  m a n y  workers  h a v e  descr ibed  t he  r e l a t ionsh ip  
be tween  t ens ion  and  l e n g t h  in i so la ted  muscle  fibres,  or in  
ac t ive ly  c o n t r a c t i n g  muscles ,  m u c h  less ha s  been  w r i t t e n  
on t h e  effects of appl ied  t ens ion  on i n d i v i d u a l  muscles.  
I n  v iew of t he  i m p o r t a n c e  of t h i s  aspec t  of muscle  phys -  
iology in o r t hopaed i c  pract ice ,  a s t u d y  of t he  effect  of 
app l ied  t ens ion  on t h e  l e n g t h  of i n t a c t  ske le ta l  muscles  
was  u n d e r t a k e n .  

Materials and methods. 30 male  W i s t a r  a lb ino  r a t s  
weighing  285-400 g were used to  assess t h e  effect  on  
muscle  l e n g t h  of increas ing,  fol lowed b y  decreas ing ten-  
sions. The  an ima l s  were d iv ided  in to  3 groups  of 10. E a c h  
group was used to  s t u d y  1 of 3 selected muscles,  n a m e l y  
t h e  t ib ia l i s  anter ior ,  t h e  t ib ia l i s  pos te r io r  and  t he  perone i  
t a k e n  as a s ingle en t i ty .  The  t e n d o n s  of t h e  4 r a t  pe ronea l  
muscles  t o g e t h e r  p rov ide  a t e n d i n o u s  cord  above  t he  
ank le  joint ,  j u s t  large enough  to  be  hand led .  

A n  a p p a r a t u s  was cons t r uc t ed  wh ich  Mlowed k n o w n  
t ens ions  to  be  appl ied  to  t he  l iv ing  muscles  and  p e r m i t t e d  
t he i r  l e n g t h  to  be  measured .  I t  cons i s ted  of a wooden  base,  
a t  one end  of w h i c h  a h e a v y  wooden  b lock  was  screwed 

down. The anaesthetised rat was laid upon this block and 
was prevented from sliding off it during application of 
tension by two small posts. The rat's tail lay between the 
posts and its hind limbs on either side. 

A length of No. 36 gauge stainless steel wire was tied 
firmly to the distal part of the tendon of the muscle under 
investigation. The other end of the wire was fixed to the 
cantilever incorporated in a Pye TSI strain gauge. This 
was rigidly mounted on a movable brass block whose 
movement was controlled by turning a finely threaded 
screw. The strain gauge and movable brass block were 
fixed to the wooden base of the apparatus opposite the 
anaesthetized rat (Figure i). By moving the strain gauge 
in the longitudinal axis of the rat's hind limb, the tension 
in the muscle under investigation was varied as required. 

The tension applied to a muscle was measured elec- 
trically by incorporating the strain gauge as one of the 
res i s tances  of a W h e a t s t o n e  Bridge.  B y  app ly ing  t ens ion  
to  the  s t r a in  gauge i ts  r es i s t ance  was a l tered.  A ga lvano-  
m e t e r  connec ted  across t he  two  ends  of t he  b r idge  ind ica t ed  
a n y  a l t e r a t ions  ill t h e  ba l ance  of t h e  circuit .  The  ga lvano-  
m e t e r  was  ca l i b r a t ed  before  each  e x p e r i m e n t  b y  a t t a c h i n g  
k n o w n  we igh t s  to  t he  s t r a i n  gauge.  The  r ange  of t ens ions  
used va r i ed  f rom 0-200 g. 

M e a s u r e m e n t s  of muscle  l e n g t h  unde r  d i f fe ren t  t ens ions  
were m a d e  w i t h  a t r a v e l l i n g  microscope  p laced  be tween  
t he  r a t  a n d  t he  s t r a i n  gauge (Figure  1). The  r a t s  were 
a n a e s t h e t i z e d  b y  an  i.p. i n i ec t ion  of 6--12 m g  N e m b u t a l ,  


