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rec ta l  a n d  a i r  t e m p e r a t u r e ;  w a t e r  and  a i r  t e m p e r a t u r e s  
were t h e n  m a i n t a i n e d  cons t an t .  F o r  c o m p a r a t i v e  purposes ,  
t h e  effects of w a r m i n g  t he  sp ina l  cord  to  41-42 ~ were 
also obse rved  

]?esults and discussion. E f f e r e n t  s y m p a t h e t i c  a c t i v i t y  
and  t h e  va r ious  t e m p e r a t u r e s  were m o n i t o r e d  for  up  to 
8 h. The  resu l t s  p re sen ted  in t he  F igure  show t h a t  even  
w i t h  rectal ,  p l a t e  a n d  air  t e m p e r a t u r e s  essent ia l ly  con-  
s t an t ,  s p o n t a n e o u s  osci l la t ions in ear  skin t e m p e r a t u r e  
occur  and  are a ccomp an i ed  b y  inverse  changes  in t he  level  
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Integrated cutaneous efferent sympathetic activity (sympath. ear), 
and temperatures of the ear (T~), vertebral canal (Tv~) and rectum 
(T,o) of a rabbit lying on a pad at 37.8-38.1 ~ with ambient dry bulb 
temperature 23.8-25.1 ~ 

of e lec t r ica l  a c t i v i t y  of t he  nerve .  A m b i e n t  a i r  t e m p e r a t u r e  
was usua l ly  a b o u t  25~ p la t e  w a t e r  40~ and  rec ta l  
t e m p e r a t u r e  a b o u t  39.5~ E a r  Skin t e m p e r a t u r e  va r i ed  
b y  up  to 8 ~ while  ne rve  a c t i v i t y  changed  b y  as m u c h  as 
90% of t h e  dif ference in level  of a c t i v i t y  seen in t he  con-  
s t r i c ted  a n d  ful ly  d i l a ted  s t a t e s ;  t he  d u r a t i o n  of oscilla- 
t ions  was 2-70 min.  W a r m i n g  t he  sp ina l  cord could resu l t  
in  comple te  abo l i t ion  of spike a c t i v i t y  in excess of t he  
basel ine  noise level, and  was assoc ia ted  w i t h  a 0 .5-8~ 
increase  in ear  skin t e m p e r a t u r e  over  a per iod  of app rox -  
ima t e ly  6 min .  

The  obse rved  changes  in ear  skin t e m p e r a t u r e  are 
i nd i ca t i ve  of osci l lat ions in b lood flow. The  spon t aneous  
n a t u r e  of these  even t s  is cha rac t e r i s t i c  of t h e  a c t i v i t y  of 
t h e r m o r e g u l a t o r y  m e c h a n i s m s  w h e n  an  a n i m a l  is in  t he  
t h e r m o n e u t r a l  zone. A t  th i s  t ime,  t h e r m o r e g u l a t o r y  
effector  m e c h a n i s m s  exh ib i t  m i n i m a l  ac t iv i ty ,  and  t h e  
fine a d j u s t m e n t  of b o d y  t e m p e r a t u r e  is b r o u g h t  a b o u t  b y  
smal l  a d j u s t m e n t s  in cu t aneous  b lood f low (e.g., see 
s y m p o s i u m  ed i t ed  b y  Mo~qTmrrH a n d  MOUNT 7). The  spon-  
t a e n o u s  osci l la t ions  in s y m p a t h e t i c  a c i t i v i t y  con t ro l l ing  
t he  c u t a e n o u s  blood flow ind ica t e  t h a t  t he  p rev ious ly  
r epo r t ed  changes  which  were e x p e r i m e n t a l l y  evoked2-~ 
r ep resen t  n o r m a l  physiological  p h e n o m e n a .  

7 J. g. MONTEITH and L. E. MOUNT, Symposium: Heat Loss in 
Animals and Man (Butterworths, London 1974). 
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Summary. H a e r n o l y m p h  of Palamnaeus bengalensis con ta in s  n o r m a l l y  12 a n d  dur ing  m o u l t i n g  up  to 15 free amino  
acids, be ing  in m a x i m a l  n u m b e r  a t  the  end  of ecdysis. A m i n o a c i d a e m i a  is m o s t  p r o n o u n c e d  d u r i n g  the  p h a r a t e  stage.  
Tyros ine  a p p e a r e d  for t a n n i n g  of t he  cuticle.  T a u r i n e  and  m e t h i o n ] n e  were no t  present .  

SHRIVASTAVA 2, 3 descr ibed s t r u c t u r e  and  h i s t ochemica l  
compos i t ion  of t he  var ious  layers  of cut ic le  of P. ben- 
galensis in t he  d i f fe ren t  s tages  of t h e i r  d e v e l o p m e n t  dur-  
ing moul t ing .  In  t he  p re sen t  s tudy ,  co r re spond ing  changes  
in t h e  free a m i n o  acid p a t t e r n  of P. bengalensis dur ing  
d i f fe ren t  s tages  of m o u l t i n g  h a v e  been  s tudied.  T h o u g h  
d a t a  is ava i l ab le  on  free anaino-acids (FAA) in insects ,  
m u c h  less is ava lab le  in a r achn ids  4-8 and  none  on t he  
changes  of F A A  d u r i n g  m o u l t i n g  of scorpions.  

Materials and methods. K n o w n  q u a n t i t i e s  of haemo-  
l y m p h  samples  of P. bengalensis in d i f fe ren t  s tages  of 
m o u l t i n g  were col lected and  e x t r a c t e d  in e t h a n o l  for t he i r  
amino  acids wh ich  were de tec ted  b y  t h i n  layer  c h r o m a t o -  
g r a p h y  a n d  t he  two d imens iona l  p a p e r  p a r t i t i o n  ch r oma-  
t o g r a p h y .  S t a n d a r d  so lu t ions  of pure  amino-ac ids  pre-  
pa red  in 10% i sopropano l  were used for t he  iden t i f i ca t ion  
a n d  q u a n t i t a t i v e  assessment .  

Observations and discussion. H e m o l y m p h  of P. ben- 
galensis was found  to  c o n t a i n  n o r m a l l y  12 and  d u r i n g  a 
m o u l t i n g  per iod  up  to 15 free amino  acids (Table).  The  
ana lyses  also revea led  r e m a r k a b l e  v a r i a t i o n s  in the i r  
p a t t e r n  d u r i n g  d i f fe ren t  s tages  of moul t ing .  

A t  p r e m o u l t i n g  stage,  these  were p r e s en t  in  larger  
q u a n t i t y  and  in g rea t e r  n u m b e r  t h a n  when  m o u l t i n g  was 
in progress,  a p p a r a n t l y  due  to t he  d i sso lu t ion  of some of 
t h e  old cuticle.  Decrease  of amino-ac ids  while  m o u l t i n g  
was in progress  was  likewise due to  t he i r  i nco rpo ra t ion  in 

t he  new cuticle.  T h e n  increase to a m a x i m u m  n u m b e r  a t  
the  end  of ecdysis  shows t h a t  some are added  f rom the  
body.  

Seven amino-ac ids ,  n a m e l y  a lanine ,  argin]ne,  aspar t i c  
acid, g lu t amic  acid, i ts  amide  g lu tamine ,  glycine, and  
tyros ine ,  were p re sen t  du r ing  all t h e  s tages  of mou l t i ng  
and  t he  i n t e rmou l t ,  b u t  t h e y  also showed  decline a f te r  t he  
ecdysis.  Decrease  in aspar t i c  acid, leucine, lysine, pheny l -  
a lanine ,  t h reon ine ,  t r y p t o p h a n ,  and  va l ine  appea red  to be 
re la ted  to increase  in b o d y  size of t he  scorpion,  t a k i n g  
place d u r i n g  th i s  period,  and  decrease  of arginine,  glycine,  
pheny la l an ine ,  prol ine,  t r y p t o p h a n  and  ty ros ine  was 
r e l a t ed  specia l ly  to  moul t ing .  
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Free amino acids present in various stages of moulting in the haemo- 
lymph of the Indian scorpion P. bengalensis 

Amino acid Stage 1 Stage 2 Stage 3 Stage 4 

a b c 

Alanine + +  + + +  + +  + + + +  
Argilline + + + + + + + + + 
Aspartie acid + + + + + + 
Glutamicacid + + + +  + +  + +  + +  + 
Glutamine + + + + + + + + + 
Glycine + + + + q- + + + + + 
Leucine + + + + --  + + 
Lysine + + + --  --  + + --  
Phenylalanille --  + + + + --  
Proline . . . .  + +  -5 
Serine + + + + --  + + 
Threonille + + + --  --  + + 
Tryptophan --  + --  --  + --  
Tyrosille q- (weak) + + + + +  + + + + 
Valine + + + --  --  + + 

A l a n i n e ' s  d e c l i n e  m i g h t  be  d u e  to  i t s  i n c o r p o r a t i o n  in  t h e  
n e w  cu t i c l e  wh i l e  d e c r e a s e  of g l u t a m i c  ac id  l eve l  i n d i c a t e d  
a n  i n c r e a s e d  n e r v o u s  t i s s u e  m e t a b o l i s m  d u r i n g  m o u l t i n g .  
S h a r p  d e c r e a s e  in  s e r i n e  c o u l d  h a v e  b e e n  l i kewi se  e x p l a i n -  
ed  b y  i t s  c o n v e r s i o n  i n t o  m e t h i o n i n e  a n d  i n c o r p o r a t i o n  in  
t h e  n e w  cu t i c l e ,  h a d  t h e r e  n o t  b e e n  e v i d e n c e  c o n t r a r y  to  
t h i s  2 a n d  a l so  t h a t  c o n t r a r y  to  Buthus tarnulus 4. M e t h i o n i n e  
w a s  n o t  f o u n d  in  P. bengalemis. I t  w a s  a l so  r e p o r t e d  to  b e  
a b s e n t  in  A ndroctonus austfalis 5. T y r o s i n e  a t  t i le  p r e -  
m o u l t i n g  s t a g e  a c c u m u l a t e d  u p  to  t h e  e n d  of  e c d y s i s  b u t  
d e c r e a s e d  s h a r p l y  as  t h e  e c d y s i s  w a s  ove r .  S i m i l a r  ob-  
s e r v a t i o n s  w i t h  r e s p e c t  to  t y r o s i n e  a r e  r e p o r t e d  for  
Bornbyx rnori 9. P r o l i n e  w a s  p r e s e n t  o n l y  in  t h e  h a e m o l y m p h  
of  t h e  P. bengalensis in  w h i c h  e c d y s i s  w a s  c o m i n g  to  a n  
end .  I t  m a y  be  i n c o r p o r a t e d  in  t h e  d e v e l o p i n g  cu t i c l e .  I n -  
s ec t  c u t i c u l a r  p r o t e i n s  a r e  k n o w n  to  h a v e  a h i g h  c o n c e n t r a -  
t i o n  of p r o l i n e l 0  T a u r i n e  r e p o r t e d  in  h i g h  c o n c e n t r a t i o n  
in  Androctonus australis 5 w a s  n o t  f o u n d  in  P. bengalensis. 
T a u r i n e  is a l so  r e p o r t e d  to  be  a b s e n t  in  Lirnulus poly- 
p hernus s. 

Total amino 
acid present 12 14 10 8 15 12 

Stage 1, normal stage; 2, premoultillg or pharate stage; 3a, animal 
just  started moulting; 3b, animal in which ecdysis was in progress; 
3 c, animal in which ecdysis was at the end ; 4, animal ill which tanning 
was in progress. 

9 G. DUCHXTEAu-BoSSON, C. JEUNIAUX and M. FLORKIN, Archs 
int. Physiol. Biochiln. 70, 287 (1962). 

10 R. H. HACKMAN, Biochem. J. 5d, 362 (1953). 
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Summary.  W e a n l i n g  r a t s  we re  f e d  d i e t s  in  w h i c h  l inole ic  c o n t e n t  v a r i e d  f r o m  0.4 to  1 1 % .  T h e  c h a n g e s  of  e p i d i d y m a l  
a d i p o s e  t i s s u e  l i p o g e n e s i s  f r o m  g l u c o s e  do  n o t  d e p e n d  u p o n  t i le  l inole ic  c o n t e n t  of  t h e  d i e t s .  

I t  is wel l  k n o w n  t h a t  a d i p o s e  t i s s u e  l i p o g e n e s i s  is 
r e d u c e d  in  r e s p o n s e  to  f e e d i n g  h i g h  f a t  d i e t  a,4. H o w e v e r ,  
o u r  p r e v i o u s  i n v e s t i g a t i o n s  s h o w e d  t h a t  s u n f l o w e r  oil 
( 6 7 %  l ino le ic  ac id)  is less  e f f e c t i v e  t h a n  l a rd  (7% l ino-  
leic ac id)  t o  d e p r e s s  in  v i t r o  a d i p o s e  t i s s u e  l i p o g e n e s i s  5, 8. 
T h e s e  r e s u l t s  do  n o t  a g r e e  w i t h  t h o s e  of D u  a n d  KRUGER 7 
w h o  r e p o r t e d  t h a t  l i n o l e a t e  is m o r e  e f f i c i e n t  t h a n  o l e a t e  
t o  s u p p r e s s  l i p o g e n i c  a c t i v i t y  in  a d i p o c y t e s .  H e n c e  we  
a t t e m p t e d  t o  e s t a b l i s h  w h e t h e r  or  n o t  a n  e s s e n t i a l  f a t t y  
a c i d  c a n  p l a y  a n  i n h i b i t i n g  ro le  o n  t i l e  de  n o v o  l i pogenes i s .  
T h e  r a t s  w h i c h  w e r e  u s e d  in  t h e  D u  a n d  KRUGER' 

Table I. Nomenclature and conlposition {% by wt.) of the synthetic 
diets 

Diets Fat  composition Sucrose 

Oil C18 : 2 

LP 0.7 sunflower 0.4 63 
A5 5 peanut  1.3 58 
05 5 olive 0.4 58 
M5 5 corn oil 2.8 58 
020 20 olive 1.4 43 
M20 20 eorll oil 11.1 43 

In addition each diet contained: NBC, vitamin free casein: 29%; 
NBC, salt inixture: 5; UAR, vitamin mixture:  1; cellulose: 2. 

s t u d i e s  r e c e i v e d  a f a t - f r e e  d i e t  for  4 t o  6 m o n t h s  a f t e r  
w e a n i n g  a n d  t h e  e f f ec t  of  a n  a d d i t i o n a l  dose  of  l inole ic  
a c id  w a s  t e s t e d  w h e n  a n i m a l s  s h o w e d  e v e r y  s y m p t o m  of  a n  
e s s e n t i a l  f a t t y  a c id  d e f i c i e n c y .  T h e  p r e s e n t  s t u d y  w a s  
c a r r i e d  o u t  o n  h e a l t h y  y o u n g  r a t s .  I n  o r d e r  to  e v a l u a t e  
t h e  i m p o r t a n c e  of  t h e  d i e t  l ino le ic  c o n t e n t  o n  t h e  in  
v i t r o  a d i p o s e  t i s s u e  l i p o g e n e s i s  f r o m  g lucose ,  t h e y  r e c e i v e d  
d i f f e r e n t  v e g e t a b l e  oi ls  a n d  in  a d d i t i o n  t o  d e t e r m i n e  
w h e t h e r  o t h e r  oil  c o m p o n e n t s  c a n  m a s k  l ino le ic  e f fec t ,  
p u r e  m e t h y l  e s t e r s  w e r e  a lso  g i v e n  to  r a t s .  

Materials and methods. S e v e r a l  f r a t r i e s  of  w e a n l i n g  
m a l e  W i s t a r  C F  r a t s  ( 40 -50  g) we re  d i v i d e d  i n to  6 g r o u p s  
of  5 r a t s  ( e x p e r i m e n t  1) o r  6 r a t s  ( e x p e r i m e n t  2). T h e y  
we re  s u p p l i e d  d i e t s  (Tab l e  I) a n d  w a t e r  a d  l i b i t u m  for  3 
weeks .  I n  a 3rd  e x p e r i m e n t ,  2 g r o u p s  o f  8 r a t s  we re  f e d  
A5  d i e t  fo r  10 d a y s  a f t e r  w e a n i n g  a n d  t h e n  t h e y  r e c e i v e d  

1 Present address : Laboratoire de Biochhnie, 96, boulevard Raspail, 
F 75006 Paris, France. 

2 Present address: Laboratoire de Pathologie Cellulaire, 21, rue de 
l'Ecole de M4deeine, F-75006 Paris, France. 
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