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AN, decreased  s ign i f i can t ly  the  NCCR a c t i v i t y  of l iver  
m i t o c h o n d r i a .  The  so lven t  D h a d  no effect  on t h e  n~Ato- 
chondr i a l  enzymes .  

Discussion. E v i d e n c e  is now a c c u m u l a t i n g  t h a t  t he re  
is a n  increase  in t h e  r a t e  of ene rgy  m e t a b o l i s m  of t h e  
l iver  cell u p o n  s t i m u l a t i o n  b y  and rogen  steroids,  a n d  t h a t  
th i s  is ref lec ted  in c o n c o m i t a n t  increase  in t he  b i o s yn the t i c  
ac t iv i t i e s  of l iver  s, 7. A b o u t  t h e  ac t ion  of and rogens  u p o n  
t h e  m i t o c h o n d r i a l  e lec t ron  tro~nsport sys tems ,  we k n o w  
v e r y  l i t t le .  Our  ea r ly  e x p e r i m e n t s  revea led  a t e s tos t e rone-  
i nduced  increase  of oxygen  c o n s u m p t i o n  a n d  of succ ina te  
ox idase  a c t i v i t y  of r a t  l iver  ceils, wh ich  is ev idence  of a n  
increased  r a t e  of ene rgy  m e t a b o l i s m  s. 

ER~EI. a n d  ScoT'r 9, s t u d y i n g  t h e  effects  of s tero id  
h o r m o n e s  u p o n  t he  r a t e s  of r eac t ions  m e d i a t e d  b y  NA1)H,  
showed  t h a t  t e s t o s t e r o n e  a d d e d  to  a r eac t i on  s y s t e m  
c o n t a i n i n g  co r t i cos te rone  b locked  t h e  cor t icos te rone-  
i n h i b i t o r y  effect  on  g l u t a m a t e  d e h y d r o g e n a s e  in beef  
l iver.  JE.wsJ~x a n d  NEUIIARD 10-12 o b t a i n e d  e v i d e n t  inh ib i -  
t o r y  effect  of cor t icos te ro ids  u p o n  t h e  N A D H - c y t o c h r o m e  
c r educ t a se  sys t ems  of h e a r t  sarcosomes.  

W e  h a v e  o b t a i n e d  a s t i m u l a t o r y  ac t ion  of t e s tos te rone ,  
in  low concen t r a t i ons ,  u p o n  t h e  a c t i v i t y  of i so la ted  l iver  
i n i t ochondr i a l  ox ida t i ve  e n z y m e  sys tems.  Th i s  ac t ion  
depends  on  t he  s t r u c t u r e  of a n d r o g e n  used, because  
t e s t o s t e rone  a n d  5 c+andros tane-17  fl-ol-3-one showed  s t im-  
u l a t o r y  effects, b u t  t h e i r  n i t r a t e  es ters  h a d  a n  inverse  
effect. I t  can  be  m e n t i o n e d  t h a t  in  E n z y m e  Nomenc l a -  
t u r e  is we did no t  found  enzym es  w i t h  t he  capac i t y  to  
h y d r o l a s e  a s tero id  n i t r a t e  group.  We be l ieve  t h a t  t h e  
s tero id  n i t r a t e  es ters  ac ted  b y  a m e c h a n i s m  s imi la r  to  

t h e  ac t ion  of cor t icos teroids .  Fo r  t he  s t i m u l a t o r y  ac t ion  
of s te ro id  molecules  a 17 fl-OH a n d  a 3 -ke tone  g roup  is 
necessary.  A double  b o n d  a t  4 5 pos i t ion  d id  no t  in- 
f luence it. B y  i n t r o d u c i n g  a n i t r a t e - g r o u p  in to  17fi- 
posi t ion,  t he  s t i m u l a t o r y  effect  of s te ro id  molecule  de-  
creased s igni f icant ly .  

Rdsumd. Le t e s to s t e rone  e t  la 5a -andros tane-17f l -o l -  
3-one s t i m u l e n t  l ' a e t iv i t6  de la  succ inoxydase  des mi to -  
chondr ies  i n t ac t e s  et  l ' a c t iv i t6  de la  N A D H - c y t o c h r o m e -  
c - r6ductase  des m i t o c h o n d r i e s  ~ m e m b r a n e s  ldsdes, ex-  
t r a i t e s  du  foie du  r a t  b lanc .  Les n i t r a t e s -es t e r s  des m6mes  
st6roi 'des r6du i sen t  l ' a c t iv i td  des deux  enzymes .  
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C h o l i n e  E s t e r a s e  A c t i v i t y  i n  t h e  N e r v o u s  S y s t e m  a n d  t h e  I n n e r v a t e d  O r g a n s  of  t h e  S c o r p i o n ,  Hetero- 
metrus fulvipes 

Var ious  t ypes  of s y n a p t i c  t r a n s m i t t e r s  occur  in  t he  
n e r v o u s  s y s t e m  of a r th ropods ,  especia l ly  t h e  c r u s t aceans  
a n d  insects ,  b u t  too  l i t t le  is k n o w n  a b o u t  t h e m  in a r ach -  
n ids  1, 2. Ace ty l cho l ine  was de t ec t ed  in t h e  n e r v o u s  s y s t e m  
of L imulus  polyphemus 1, 3 a n d  t h e  gangl ia  of t he  spider ,  
Heteropoda regis a n d  2 species of scorpions ,  Buthus euro- 
paeus a n d  Heterometrus maurus 4. Ace ty tcho l ine  es terase  
a c t i v i t y  was d e t e r m i n e d  in t h e  ne r vous  sys tem a n d  t h e  
i n n e r v a t e d  o rgans  of Limulus  polyphemus s. Smal l  
a m o u n t s  of 5 - h y d r o x y t r y p t a m i n e  Were also found  in t he  
ne rvous  t i ssue  of Limulus  s and  t h e  v e n o m  a p p a r a t u s  of 
arachnidsV, s. E x c e p t / o r  these  few s tudies ,  no t  m u c h  is 
k n o w n  a b o u t  t h e  t ranSm;i t ters  in  a rachn ids .  

Ea r l i e r  i nves t i ga t i ons  on  t h e  cen t ra l  ne r vous  sys t em 
of t h e  scorp ion  9 showed  t he  occur rence  of chol ine  es terasc  
(ChE) in t he  v e n t r a l  n e r v e  cord a n d  a d i u r na l  r h y t h m  
in i t s  ac t iv i ty .  Th i s  p r o m p t e d  us to  be l ieve  t h a t  A C h -  
A C h E  s y s t e m  m i g h t  be  p r e v a l e n t  in  t h e  scorp ion  as a 
t r a n s m i t t e r  sys tem.  T he  p r e s e n t  i n v e s t i g a t i o n  was unde r -  
t a k e n  to  t e s t  t he  v a l i d i t y  of t h e  s t a t e m e n t .  

Material and methods. T h e  c o m m o n l y  ava i l ab le  S o u t h  
I n d i a n  scorpion,  Heterometrus /ulvipes, was used d u r i n g  
the  e x p e r i m e n t a t i o n .  T he  chol ine  es te rase  a c t i v i t y  was 
d e t e r m i n e d  us ing  t he  m e t h o d  of Metca l f  1~ w i t h  due  
mod i f i ca t ions  to  su i t  t h e  p r e s en t  mate r ia l .  T he  i n c u b a t i o n  
m i x t u r e  c o n t a i n e d  0.1 ml  of 1% h o m o g e n a t e  (~,V/V) in 
0 . 2 5 M  sucrose  so lu t ion  a n d  1.0 ml  of b u f f e r - s u b s t r a t e  
so lu t ion  (9 vol. of buf fe r  l -  ] vol. of 0 . 0 4 M  ace ty l cho l ine  
chlor ide  solut ion) .  0 :008~V/acetylchol ine  chlor ide  so lu t ion  
was p r e p a r e d  b y  m i x i n g  0.04~V/ ace ty lcho l ine  chlor ide  
a n d  t h e  buf fe r  in  1 : 4  ra t io .  T he  m i x t u r e  was  i n c u b a t e d  
a t  37 ~ for  ~/2 h a n d  t h e  r eac t ion  was  s t opped  b y  a d d i n g  

Table I. Acetylcholine esterase activity in the nervous system of 
the scorpion 

No. Tissue Molar concentration 
of the substrate 
0.004 

1 Brain 992.00 - 1292.00 
(1143.0o =' 121.s0) 

2 Suboesophageal m a s s  1072.00 - 1332.00 
(1222.00 -_' 131.90) 

3 Anterior part of the cord 872.00 - 972.00 
(914.5 r!= 38.00) 

4 Posterior part of the cord 532.00 -- 852.00 
(759.5 ~ 129.oo) 

5 Segmental nerve 752.00 - 972.00 
(889.5:1: 65.20) 

Activity expressed as [xg of ACh hydrolysed/mg wet wt./h. Values 
in parentheses are the average of 8 values :2 S.D. 
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2.0 ml  of alkaline h y d r o x y l a m i n e  hydrochlor ide  solut ion 
and  1.0 ml  of 1 : 1 hydrochlor ic  acid. The colour developed 
by  the  add i t ion  of 1.0 ml  of 10% ferric chloride solut ion 
was read  at  540 n m  in Hilger  and  W a t t s  (England) UV- 
Spec t rometer .  The a m o u n t  of un reac ted  acety lchol ine  
was de t e rmined  f rom the  s t anda rd  g raph  and  the  enzyme  
ac t iv i ty  was calculated.  Inh ib i t ion  by  eserine was 
s tudied  by  adding  0.05 ml  of t he  drug to  t he  incuba t ion  
mix tu r e  besides the  o ther  reagents .  

Results and discussion. Table  I shows the  levels of 
enzyme ac t iv i ty  in var ious  regions of t he  cent ra l  nervous  
sys tem.  The ac t iv i ty  was ve ry  h igh  in the  in tegra t ing  
centres  like the  bra in  and  the  suboesophageal  mass  where  
there  is a complex  ne twork  of synapses ,  while  it  was ve ry  
low in the  segmenta l  nerves  where  there  are no synapses .  
The ac t iv i ty  in t he  cord was in te rmedia te .  Here  again 
the  ac t iv i ty  in t he  an te r ior  mesosomat i c  p a r t  of the  cord 
was higher  t han  in the  pos ter ior  me ta soma t i c  par t .  The 
high choline es terase  ac t iv i ty  in t he  nervous  sys tem,  
especially the  neuropi lar  regions, suggests  the  possibi l i ty  
t h a t  ACh is involved in conduc t ion  and  t ransmiss ion  of 
impulses  and  th is  m a y  be a po ten t i a l  t r a n s m i t t e r  in t he  
scorpion. 

The fact  t h a t  ACh m a y  be a synap t i c  t r a n s m i t t e r  led 
to  t he  s t u d y  of AChE in t he  d i f fe rent  i nne rva t ed  organs. 
The ac t iv i ty  levels in these  t issues are shown in Table  II .  
The ac t iv i ty  was ve ry  high in t he  ped ipa lp  and  t a i l  
muscles  which  control  the  m o v e m e n t s  of t he  ped ipa lp  
and  the  tai l  respect ively ,  The ac t iv i ty  was low in blood 
and in t e rmed ia t e  in the  hea r t  t issue. In  general,  t he  act iv-  
i ty  in these  t issues was low compared  to  the  nervous  
tissue. The presence  of choline es terase  in the  i nne rva t ed  
organs suggests  its impor t ance  in t he  t ransmiss ion  of 
impulses.  AChE m a y  be p resen t  in blood to  hydro lyse  
excess ACh p resen t  in the  d i f ferent  regions of the  animal.  

I t  is of in te res t  to  note  t h a t  the  level of enzyme  ac t iv i ty  
depended  upon  the  molar  concen t ra t ion  of the  subs t r a t e  
used. There  was a two-fold increase in t he  enzyme ac t iv i ty  
in all t he  t issues s tudied  when  the  subs t r a t e  concent ra-  
t ion was raised f rom 0.004-0.008M. The accumula t ion  
or l ibera t ion of ACh in grea ter  a m o u n t s  migh t  be respon-  
sible for the  ac t iva t ion  of the  enzyme  act iv i ty .  

W h e n  compared  wi th  t he  choline es terase  ac t iv i ty  in 
the  nervous  sys t em and  the  inne rva t ed  organs  of Limu- 
lus 5, the  ac t iv i ty  found  in the  scorpion is m a n y  t imes  
higher.  

Table II. Acetylcholine esterase activity in different innervated 
organs of the scorpion in comparison with that in the ventral nerve 
cord 

No. Tissue Molar concentration 
of Aeetylcholine 
0.004 

1 Ventral nerve cord 872.00 - 1152.00 
(957.00 :.!: 109.10) 

2 Pedipalp muscle 452.00 - 872.00 
(732.00 ~_ 135.60) 

3 Tail muscle 612.00 - 992.00 
(749.50 ~ 1t5.30) 

4 Heart 332.00 - 792.00 
(559.50 ~_ 159.20) 

5 Blood 272.00 - 550.00 
(364.00 :t: 109.60) 

Activity expressed as [xg of ACh hydrolysed/mg wet wt./h. In ease 
of blood the activity is per 0.1 ml. Values in parentheses are the 
average of 8 values • S.1). 
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Percentage inhibition of ChE in ditferent tissues of the scorpion at 
various molar concentrations of the drug. �9 --@, heart; O---O, ventral 
nerve cord; O--O, pedipalp muscle; ~ - - ~ ,  tail muscle. 

Inh ib i t ion  of choline esterase by  eserine was also t e s t ed  
and  the  resul ts  are p resen ted  in the  accompany ing  Figure.  
Eser ine  inh ib i ted  the  enzyme  ac t iv i ty  in all the  t issues 
and  at  all concent ra t ions .  The choline es terase  of the  
hea r t  was inh ib i t ed  to the  grea tes t  e x t e n t  (30%) and  its 
inhib i t ion  was  also h igher  t h a n  in o ther  t issues a t  all 
concen t ra t ions  of the  drug. The m a x i m u m  inhib i t ion  of 
ChE in the  ven t ra l  nerve  cord was only  20% while in the  
muscle  t issue i t  var ied f rom 15-18%.  I t  is of in te res t  to  
note  t h a t  eserine inh ib i t ion  was the  h ighes t  in all the  
t issues when its molar  concen t ra t ion  was 1 • 10 -5, which  
is a typ ica l  charac ter i s t ic  of t rue  choline esterases  10. 

To summarize ,  t he  presence  of choline esterase in t he  
nervous  sys t em and  the  inne rva t ed  organs of scorpion 
showing very  high ac t iv i ty  suggests  the  possibi l i ty  t h a t  
i t  m igh t  ac t  as a t r a n s m i t t e r  sys tem.  The ac t ion  of eserine 
shows the  specific na tu re  of the  enzyme.  High  eserine 
sens i t iv i ty  of this  enzyme in the  hea r t  muscle  shows t h a t  
ACh m a y  p lay  a p r o m i n e n t  ro le  in t he  no rma l  h e a r t  
funct ion.  The presence  of cardiac gangl ion on the  hea r t  
of the  scorpion and  the  avai lable pharmacolog ica l  evi- 
dence 11 suggest  the  neurogenic  na tu re  of the  h e a r t  and  
hence  the  presence  of ChE in the  hea r t  is of grea t  impor-  
tance.  In  view of th is  i t  is a s sumed  t h a t  the  A C h - A C h E  
sys t em migh t  be opera t ing  in t he  scorpion as an efficient  
t r a n s m i t t e r  mechan i sm 1,. 

Zusammen/assung. Die Chol ines te raseakt iv i t~ t  im Zen- 
t r a l n e rv en s y s t em und  in anderen  Geweben  des Skorpions  
Heterometrus [ulvipes wurde  gemessen,  und  ein verschieden 
hoher  Gehal t  wurde  gefunden.  Eser in  h e m m t e  die E n z y m -  
aktivit~it um 15-30%.  
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