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At  the  level  of t h e  t h a l a m u s ,  i t  h a s  been  shown t h a t  SI 
ce rebra l  co r t ex  i nh ib i t s  t he  progress  of p r i m a r y  impulses  
b e y o n d  t he  V P L  nuc leus  2~ I t  is possible  t h a t  P G M  
s t i m u l a t i o n  i nh ib i t s  th i s  t h a l a m i c  nuc leus  t h r o u g h  cor t ica l  
a c t i v a t i o n ;  such  cor t ica l  a c t i v a t i o n  m a y  be  p roduced  
t h r o u g h  t he  a scend ing  a c t i v a t i n g  sys t em of t he  b r a i n  
s tem.  F ina l ly ,  a d i r ec t ly  i n h i b i t o r y  ac t ion  on  p r i m a r y  
co r t ex  is also possible  t h r o u g h  t he  diffuse p ro j ec t i ng  sys- 
t e m  or t h e  specific p ro j ec t i on  of V P L  t h r o u g h  a lem- 
n i sca l - ex t r a l emnisca l  convergence  2~,23. Of the  3 possi-  
b i l i t ies  ana lyzed  here,  t he  f i rs t  can  be excluded,  since th i s  
i n h i b i t o r y  effect  was  obse rved  in b o t h  a n a e s t h e t i z e d  a n d  
conscious  an imals .  
I t  is i m p o r t a n t  to  emphas ize  t h a t  t he  i nh ib i t i on  of t he  
nega t i ve  c o m p o n e n t  on  ti le cor t ica l  evoked  p o t e n t i a l  was 
g rea t e r  t h a n  t h a t  of the  pos i t ive  c o m p o n e n t .  Th i s  obse rva -  
t ion  does n o t  s u p p o r t  t he  idea  of subcor t i ca l  i nh ib i t i on ,  
since u n d e r  these  c i r c u m s t a n c e s  b o t h  c o m p o n e n t s  shou ld  
h a v e  been  s imi la r ly  affected.  I t  is also i m p o r t a n t  t h a t  
i n h i b i t i o n  is more  e v i d e n t  w h e n  longer  per iods  of s t imu la -  

t i on  are appl ied.  This  f ind ing  agrees w i t h  obse rva t i ons  b y  
Melzaek  and  Melinkoff  ~4 t h a t  e lectr ical  s t i m u l a t i o n  of 
c en t r a l  g ray  m a t t e r  ha s  fo be  app l ied  for a b o u t  5 m in  for 
m a x i m u m  analgesia .  I n  add i t ion ,  t h e  i n h i b i t o r y  ac t ion  
we obse rved  pers i s ted  for 2 or 3 m i n  a f t e r  s t i m u l a t i o n  was 
i n t e r r u p t e d ,  w i t h  full  r ecove ry  in 5 min.  Th i s  pers i s tence  
of t he  i n h i b i t o r y  ac t ion  u p o n  cor t ica l  evoked  p o t e n t i a l s  is 
c o m p a r a b l e  to  t he  o b s e r v a t i o n s  on e lect r ica l  ana lges ia  in  
ra ts ,  pe r fo rmed  b y  o t h e r  i nves t iga to r s  2-4. 
The  i n h i b i t o r y  effects r epo r t ed  here  m a y  p a r t i c i p a t e  in 
t he  analgesic  m e c h a n i s m  elici ted b y  s t i m u l a t i o n  of PGM. 
U n f o r t u n a t e l y  we do n o t  h a v e  c o n f i r m a t o r y  d a t a  t h a t  
s u p p o r t  such  a hypo thes i s .  
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Summary .  The  a c t i v i t y  of i soc i t ra te  dehyd rogenase  was a s sayed  in the  ped ipa lpa l  muscle  a n d  h e p a t o p a n c r e a s  of 
scorpion,  H e t e r o m e t r u s  fulvipes.  The  e n z y m e  a c t i v i t y  showed a c i rcad ian  r h y t h m i c i t y  w i th  a p e a k  va lue  a t  20.00 h in 
b o t h  t he  t issues.  

R h y t h m i c i t y  in a r a c h n i d  m e t a b o l i s m  has  received on ly  
l imi ted  a t t e n t i o n .  D i u r n a l  r h y t h m s  in va r ious  ac t iv i t i es  
l ike locomot ion ,  poison  secre t ion  1, neurosec re t ion  ~, r a t e  
of h e a r t  bea t ,  chol ine  es terase  a c t i v i t y  in h e a r t  muscle~, 
p h o s p h o r y l a s e  a c t i v i t y  in  t he  h e p a t o p a n c r e a s  and  muscle  4, 
s p o n t a n e o u s  e lect r ica l  a c t i v i t y  in  t he  v e n t r a l  ne rve  cord  
a n d  s egmen ta l  ne rves  ~, in t he  levels of m e t abo l i t e s  like 
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Isocitrate dehydrogenase activity in the scorpion, Heterometrus ful- 
vipes, as a function of the time of day. Each point represents the 
mean of 6 estimations. The vertical bars above and betow the points 
indicate the SD limits. The animals were maintained in the labora- 
tory under normal (12 h light/12 h darkness) conditions. The day and 
night temperatures during the experiment were 36 J= 1 ~ and 28 
1 ~ respectively. 

b lood glucose and  h e p a t o p a n c r e a t i c  g lycogen 6, h a v e  been  
r epo r t ed  in t he  scorpion,  H e t e r o m e t r u s  fulvipes.  The  ab-  
ove inves t iga t ions  sugges t  t h a t  the  biological  c o n s t i t u e n t s  
(me tabo l i t e s  and  enzymes)  v a r y  in a r h y t h m i c  m a n n e r  
d u r i n g  24 h. This  p r o m p t e d  us to  s t u d y  t he  i soc i t ra te  de-  
h y d r o g e n a s e  a c t i v i t y  in  t he  ped ipa lpa l  muscle  and  hepa-  
t o p a n c r e a s  of t he  scorpion,  H e t e r o m e t r u s  fulvipes,  as a 
f unc t i on  of the  t ime  of day.  The  p a t t e r n  of a c t i v i t y  of th i s  
e n z y m e  wh ich  p lays  a v i t a l  role in  c i t r ic  acid cycle should  
revea l  t he  p a t t e r n  of u t i l i za t ion  of ene rgy  sources for 
va r ious  ac t iv i t i e s  d u r i n g  t h e  course of 24 h per iod.  
Material and methods. The  deta i l s  of col lec t ion and  ma in -  
t e n a n c e  of scorpions,  a n d  s amp l ing  of t i ssues  were de- 
scr ibed earlier6, L 10% (w/v) h o m o g e n a t e s  of t issues 
were p r e p a r e d  in 0.25 M ice-cold sucrose and  cen t r i fuged  
a t  2,500 r p m  for 15 m i n ;  0.5 ml  of e ach  s u p e r n a t a n t  (con- 
t a i n ing  50 mg  of t issue) was  assayed  for t he  i soc i t ra te  de-  
h y d r o g e n a s e  (EC. 1.1.1.41) a c t i v i t y  level  b y  t he  m e t h o d  of 
K o r n b e r g  a n d  Pr icer  8 w i t h  t he  fol lowing modif ica t ions .  
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The  r eac t ion  m i x t u r e  of 2 ml  c o n t a i n e d  20 ~xmoles of DL-  
i soc i t ra te ;  100 ~xmoles of p h o s p h a t e  buf fe r  (pH 7.4); 
4 ~moles  of I N T  (2 -p - iodopheny l -3 -n i t ropheny l  t e t r a -  
zol ium chlor ide) ;  10 ~moles  of MgCI~; 0.2 b~moles of A D P  
and  0.2 ~xmoles of N A D  +. The  r eac t ion  was i n i t i a t ed  b y  
the  a d d i t i o n  of 0.5 ml  of s u p e r n a t a n t .  The  con t ro l  r eac t ion  
m i x t u r e  rece ived  0.5 ml  of sucrose in t he  place of super-  
n a t a n t  solut ion.  Af te r  an  i n c u b a t i o n  of 30 m i n  a t  37 ~ 
the  r eac t ion  was s topped  b y  t he  add i t i on  of 5 ml  of glacial  
acet ic  acid and  t he  f o r m a z a n  fo rmed  due to r educ t i on  of 
the  dye  was e x t r a c t e d  in to  5 ml  of to luene  for o v e r n i g h t  in 
cold, and  colour  was read  in U V  s p e c t r o p h o t o m e t e r  (Hil- 
ger  & W a t t s ,  Eng land )  a t  495 n m  us ing  silica c u v e t t e  of 
10 m m  p a t h  length .  I n d i v i d u a l  zero t ime  cont ro l s  were 
m a i n t a i n e d  for all  t h e  samples  b y  t he  add i t i on  of glacial  
acet ic  acid to  t he  r eac t ion  m i x t u r e  p r io r  to  t he  a d d i t i o n  
of t he  e n z y m e  a n d  incuba t ion .  The  e n z y m e  a c t i v i t y  was 
expressed  as ~xmoles of f o r m a z a n / m g  p ro te in /h .  P r o t e i n  
levels were d e t e r m i n e d  b y  t he  m e t h o d  of L o w r y  e t  a l ) .  
The  d a t a  was sub jec t ed  to  s t a t i s t i ca l  process ing  accord ing  
to  s t a n d a r d  p rocedures  (Pillai  and  Sinha)  7 
Results and discussion. The a c t i v i t y  levels of i soc i t ra te  de- 
hyd rogenase  were found  to  r ange  f rom 0.120 4- 0.014 to  
0.158 • 0.020 b~moles of f o r m a z a n / m g  p r o t e i n / h  in t he  
ped ipa lpa l  muscle  a n d  0.071 • 0.013 to  0.111 4 -0 .026  
b~moles of f o r m a z a n / m g  p r o t e i n / h  in h e p a t o p a n c r e a s  
(figure). I n  b o t h  t he  t issues,  t he  m a x i m a l  a c t i v i t y  was re- 
corded  a t  20.00 h a nd  m i n i m a l  a c t i v i t y  was recorded  a t  
08.00 h. I n  b o t h  t i ssues  the  difference b e t w e e n  t he  max i -  
ma l  (20.00 h) and  m i n i m a l  (08.00 h) was  s ign i f ican t  
(p < 0.001 for muscle  ; p < 0.001 for h e p a t o p a n c r e a s ) .  B u t  
the  p a t t e r n  of rise a n d  fall  in i soc i t ra te  d e h y d r o g e n a s e  
a c t i v i t y  in  b e t w e e n  these  t imes  was d i f fe ren t  in  t h e  2 
t issues s tudied.  I n  b o t h  t he  t issues,  e v e n t h o u g h  the  p e a k  
e n z y m e  a c t i v i t y  is found  a t  20.00 h, t he  e n z y m e  a c t i v i t y  
r e m a i n s  r e l a t ive ly  h igh  be t w een  16.00 h a n d  04.00 h. 
The  h ighe r  i soc i t ra te  dehyd rogenase  a c t i v i t y  in  t he  muscle  
p e r h a p s  reflects  increased  c h a n n e l i n g  of t he  s u b s t r a t e s  to  

t he  ci t r ic  acid cycle for ene rgy  r e q u i r e m e n t s  du r ing  musc le  
con t r ac t i on .  H e p a t o p a n c r e a s  is k n o w n  to be  the  m a i n  
o rgan  for s torage  of nu t r i en t s .  Syn thes i s  and  b r e a k  d o w n  
of me t abo l i t e s  are r e l a t ed  to t he  m e t a b o l i c  needs  of t h e  
an imal .  The  scorp ion  is a n o c t u r n a l  a n i m a l  and  shows a 
s ign i f i can t  increase  in locomotor  a c t i v i t y  a t  night1.  The  
m e t a b o l i c  r a t e  is also h i g h  be tween  16.00 h and  m i d n i g h t  
(24.00 h) w i t h  a peak  a r o u n d  20.00 h 1. The  necessa ry  
ene rgy  is p e r h a p s  m a d e  ava i l ab le  t h r o u g h  increased m e t a -  
bol ic  d e g r a d a t i o n  of glycogen,  as ev idenced  b y  increased  
phospho ry l a se  a c t i v i t y  4 a n d  b lood glucose ~. The  n o c t u r n a l  
p e a k  of t he  i soc i t ra te  d e h y d r o g e n a s e  a c t i v i t y  a t  20.00 h 
m a y  s ignify  inc reased  c h a n n e l i n g  of s u b s t r a t e s  t h r o u g h  
t he  Krebs  cycle to  sus t a in  the  ra ised  ene rgy  r e q u i r e m e n t s  
due  to t he  increased  locomotor  ac t iv i ty ,  i nvo lv ing  h i g h e r  
r a t e  of muscle  c o n t r a c t i o n  of t he  a n i m a l  d u r i n g  n igh t .  
I t  is knoWn in m a m m a l s  t h a t  ep ineph r ine  induces  g rea t e r  
p r o d u c t i o n  of cyc l i c -AMP in muscle ,  wh ich  leads to  t he  
acce le ra t ion  of b r e a k d o w n  of glycogen in l iver  and  muscle  11. 
C i rcad ian  r h y t h m  in t he  neurosecre t ions  in  the  scorpion 
has  also been  r epo r t ed  2. I t  is p r o b a b l e  t h a t  the  ac t ive  
pr inc ip le  f rom scorp ion  neu rosec re to ry  s y s t e m  w i t h  
ep inephr ine - l ike  ac t ion  is respons ib le  for increased  chan -  
ne l ing  of s u b s t r a t e s  to  t he  Krebs  cycle for mobi l i za t ion  of 
ene rgy  t h r o u g h  t he  a c t i v a t i o n  of i soc i t ra te  dehyd ro -  
genase.  
T h u s  t he  p e a k  a c t i v i t y  of t he  i soc i t ra te  d e h y d r o g e n a s e  
a c t i v i t y  a t  20.00 h ,  co inc id ing  wi th  the  n o c t u r n a l  h a b i t  
of t he  scorpion,  appea r s  to  be s ign i f ican t  in view of t he  
ra i sed  ene rgy  r e q u i r e m e n t s  to  su s t a in  t he  n o c t u r n a l  in- 
crease of l ocomoto r  ac t iv i ty .  
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Summary. Bi l ia ry  t ree  capac i t ies  d e t e r m i n e d  u n d e r  Tra-condi t ions  us ing  35S-su l fobromophtha le in  sodium,  35S-sulfo- 
b r o m o p h t h a l e i n  g lu t a th ione ,  and  ~4C-taurocholate sod ium as m a r k e r s  exceeded m a r k e d l y  t he  b i l i a ry  vo lumes  r epo r t ed  
un t i l  now. Th i s  m a y  h a v e  been  caused  a t  leas t  p a r t l y  b y  a more  h o m o g e n o u s  d i s t r i b u t i o n  of t he  m a r k e r  s u b s t a n c e  
t h r o u g h o u t  t he  l iver  p a r e n c h y m a  in c o n t r a s t  to  s imple  bo lus  in j ec t ion  s tudies .  

A b o u t  15 years  ago, B a r b e r - R i l e y  1 e s t i m a t e d  t he  c a p a c i t y  
of t he  r a t  b i l i a ry  as t he  v o l u m e  of bile col lected be tween  
the  t i m e  of i.v. i n j ec t ion  of s u l f o b r o m o p h t a l e i n  a n d  t he  
t i m e  a t  w h i c h  t h e  c o n c e n t r a t i o n  of th i s  dye  in  bi le  r e a c h e d  
one-ha l f  m a x i m a l  exc re t ion  rate.  However ,  i t  now  ap-  
pears  t h a t  B a r b e r - R i l e y ' s  m e t h o d  m a y  give e r roneous  
e s t ima te s  of capac i t i es  in  t h a t  a t ime  lag occurs  b e t w e e n  
t he  i.v. a d m i n i s t r a t i o n  of t he  dye  a n d  i ts  excre t ion  in to  
t he  bile. H/icki  a n d  P a u m g a r t n e r  3 h a v e  largely  ove rcome  
th i s  t r a n s i t  t i m e  p r o b l e m  bY us ing  14C-taurocholate as a 
marke r ,  a n d  t h e y  r epo r t ed  n o n d i s t e n d e d  b i l ia ry  t ree  
capac i t i es  of a r a t  l iver  we igh ing  10 g of a b o u t  23 btl. The  
r e t r o g r a d e  p u s h - b a c k  t e c h n i q u e  of P e t e r s o n  e t  al. 3 also 
does n o t  c o n t a i n  a t r a n s i t  t i m e  a r t i f ac t  and  gives 37 V1 as 
t he  e s t i m a t e  for b i l i a ry  t ree  capac i t i es  in  the  d i s t ended  
s t a t e  in  c o n t r a s t  to  121 bd found by  B a r b e r - R i l e y L  AI- 

t h o u g h  d i f fe ren t  m e t h o d s  were used to  d e t e r m i n e  t h e  
b i l i a ry  t ree  in  i t s  n o n d i s t e n d e d  or d i s t ended  s ta te ,  t h e y  
are  based  on  the  same  theo re t i ca l  cons ide ra t ion  t h a t  t he  
dye  in iec ted  is d i s t r i bu t ed  or w a s h e d  ou t  h o m o g e n o u s l y  
t h r o u g h o u t  the  b i l i a ry  sys tem,  and  t h u s  m a y  p e r m i t  
m e a s u r e m e n t  of t h e  b i l i a ry  t ree  volume.  This  a s s u m p t i o n  
ha s  no t  been p r o v e d  yet. A n  a p p r o a c h  to d e t e r m i n e  t he  
b i l i a ry  t ree  c a p a c i t y  u n d e r  Tin-condi t ions  was i n t r o d u c e d  
us ing  35 S - s u l f o b r o m o m o p h t h a l e i n ,  35S_sulfobromophtha_ 
lein g lu t a th ione ,  a n d  14C_taurocholate as markers .  
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