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As shown  in F igure  2 d, e lectr ical  s t i m u l a t i o n  w i t h  2-4  
t imes  t h r e s h o l d  i n t e n s i t y  p r o d u c e d  t he  second group  of 
ac t ion  p o t e n t i a l s  (II), w h i c h  e x h i b i t e d  long and  f luc tua t -  
ing la tency .  The  m i n i m u m  l a t ency  of the  second ac t ion  
po ten t i a l s ,  cor rec ted  for c o n d u c t i o n  t ime,  was a m e a n  of 
5.1 msec (26 uni ts)  w i t h  a m e a n  f l uc t ua t i on  range  of 4.9 
msec. S imi lar  va lues  h a v e  been  o b t a i n e d  in the  frog w a t e r -  
sens i t ive  f ibres  b y  NOMURA and  KATSUHATA la. Since t he  
5 msec  l a t ency  of t h e  second impulses  in response  to  
e lectr ical  s t i m u l a t i o n  is m u c h  sho r t e r  t h a n  t he  86 msec 
l a t ency  to  a 1.0 M NaC1 s t imulus ,  i t  seems unl ike ly  t h a t  
t he  second impulses  were induced  b y  g u s t a t o r y  s t imu la -  
t ion  of t he  t a s t e  r ecep to r  si tes w i t h  e lec t rophore t i ca l ly  
car r ied  R i n g e r  ions a t  t he  t ip  of Ringer-f i l led  suc t ion  
electrode.  The  second f l u c t u a t i n g  impulses  comple t e ly  
d i sappea red  w i t h  r epe t i t i ve  e lectr ical  s t i m u l a t i o n  a t  10 
Hz. E v e n  w h e n  t he  r epe t i on  ra t e  was 1 Hz,  the  responses  
occurred  i n t e r m i t t e n t l y ,  as shown  in F igure  2d. Because  
of i n s t ab i l i t y  a t  low f requences  of s t imula t ion ,  i t  is no t  
cons idered  t h a t  t he  second group  of ac t ion  po t en t i a l s  was 
gene ra t ed  b y  d i rec t  e lectr ical  s t i m u l a t i on  of g u s t a t o r y  
ne rve  t e rmina l s .  W h e n  t he  t a s t e  b u d  located  a t  the  sum-  
m i t  of t he  fung i fo rm pap i l l a  was m echan i ca l l y  des t royed,  
no  second impulse  a f t e r  t he  f i rs t  impulse  was observed.  
Therefore ,  i t  is concluced  t h a t  t he  second impulses  w i t h  
i r regular  la tenc ies  o r ig ina t ed  synap t i ca l l y  f rom the  resu l t  
of d i rec t  depo la r i za t ion  of t a s t e  cell m e m b r a n e s  b y  elec- 
t r ica l  cur ren t .  W i t h  n e u r o m u s c u l a r  junc t ions ,  i t  is well  
k n o w n  t h a t  r epe t i t i ve  e lectr ical  s t i m u l a t i o n  of the  pre-  
synap t i c  axon  w i t h  low f r equency  produces  endp la t e  
p o t e n t i a l s  w i t h  f l u c t u a t i n g  l a t ency  and  i n t e r m i t t e n t  oc- 

cur rence  ~.  These  p roper t i e s  are v e r y  s imi lar  to  those  of 
t he  second group  of g u s t a t o r y  impulses  u n d e r  t he  p re sen t  
inves t iga t ion .  

A l t h o u g h  t he  whole  t i m e  course of t r a n s d u c t i o n  s teps  
of a g u s t a t o r y  s t imulus  in to  ne rve  signals  is as ye t  un -  
known,  t he  p r e sen t  e x p e r i m e n t  ind ica tes  t h a t  the  t o t a l  
t i m e  i n t e rva l  b e t w e e n  t he  onse t  of t a s t e  cell depolar iza-  
t i on  and  the  in i t i a t ion  of g u s t a t o r y  neu ra l  impulse  is 
a b o u t  5 msec. This  ind ica tes  t h a t  a b o u t  94% of an  86 
msec l a t ency  p roduced  b y  1.0 M NaC1 is t he  t i m e  be tween  
t he  onse t  of g u s t a t o r y  s t i m u l a t i o n  and  the  gene ra t ion  of 
t he  t a s t e  r ecep to r  po ten t i a l ,  i.e., t h e  l a t ency  of recep tor  
po ten t i a l .  Thus ,  mos t  of t he  por t ion  of t he  l a t ency  of 
NaCl - induced  t a s t e  ne rve  responses  m a y  be  due to the  
t i m e  requ i red  for effect ive a d s o r p t i o n  of t a s t e  s t imul i  on  
t he  t a s t e  recep tor  m e m b r a n e  ~, because  t h e  l a t ency  is 
g rea t ly  d e p e n d e n t  on  t a s t e  s t imulus  concen t r a t i ons  as 
shown in F igure  l d .  

SATO a has  a l r eady  shown t h a t  t he  t in le  be tween  t he  
p r e s e n t a t i o n  of 0.5 M NaC1 and  t he  onse t  of in t raee l lu la r  
recep tor  p o t e n t i a l  of frog t a s t e  ceils was 100-300 msec. 
These  va lues  are s imi lar  to  those  seen in F igure  i c and  d. 
Therefore ,  i t  is conc luded  t h a t  t he  m o s t  i m p o r t a n t  fac tor  
d e t e r m i n i n g  t he  l a t ency  of g u s t a t o r y  neu ra l  impulses  is t he  
l a t ency  of t a s t e  ceil depo la r i za t ion  fol lowing in i t i a t ion  of 
t a s t e  s t imu la t ion .  
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Summary. P a t t e r n s  of changes  in cu t aneous  e f fe ren t  s y m p a t h e t i c  a c t i v i t y  wh ich  h a v e  p rev ious ly  been  shown  to occur  
d u r i n g  e x p e r i m e n t a l  m a n i p u l a t i o n  of t he  t e m p e r a t u r e  of va r ious  t h e r m o s e n s i t i v e  b o d y  sites, h a v e  now been  shown to 
a c c o m p a n y  s p o n t a n e o u s  t h e r m o r e g u l a t o r y  ac t iv i ty .  T h a t  is, unde r  t h e r m o n e u r a l  condi t ions ,  c o n c u r r e n t  spon taneous  
osci l la t ions  in  skin  b lood flow and  ef ferent  s y m p a t h e t i c  a c t i v i t y  were observed.  

P a t t e r n s  of e f fe ren t  s y m p a t h e t i c  a c t i v i t y  a p p r o p r i a t e  
to  regional  c i r cu la to ry  responses  el ici ted b y  changes  in 
t e m p e r a t u r e  of t he  h y p o t h a l a m u s ,  sp ina l  cord or skin 
h a v e  r ecen t l y  been  c lear ly  demons t ra t ed2-4 .  Such work  
has  i nvo lved  specific e x p e r i m e n t a l  m a n i p u l a t i o n  of the  
t e m p e r a t u r e  of an  a rea  of skin,  t he  h y p o t h a l a m u s  or 
sp ina l  cord, and  a l t h o u g h  n o r m a l  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  a c c o m p a n y  such  changes  (see rev iews  
b y  HALES 5 and  SIMON6), t he  a c c o m p a n y m e n t  of spon-  
t a n e o u s  t h e r m o r e g u l a t o r y  a c t i v i t y  b y  app r op r i a t e  e f fe ren t  
s y m p a t h e t i c  a c t i v i t y  ha s  n o t  been  r epo r t ed ;  th i s  is, of 
course,  essent ia l  if p roposed  m e c h a n i s m s  are to  be  accep ted  
as en t i r e ly  val id ,  and  t he  p r e s en t  s t u d y  has  e x a m i n e d  this .  

Methods. O b s e r v a t i o n s  h a v e  been  m a d e  on  3 a lb ino  
r a b b i t s  of e i t he r  sex, weighing  2-3 kg;  t h e y  were ar t i f i -  
c ial ly v e n t i l a t e d  whi le  a n a e s t h e t i z e d  w i t h  sod ium pen to -  
b a r b i t a l  ( ini t ial  dose of 30 mg  kg -1, followed b y  an  
infus ion  of 4 mg  kg - t  h -~) a n d  immobi l ized  w i t h  succinyl-  
chol ine  (20 m g  ini t ia l ly ,  followed b y  an  infus ion  of 100 ~xg 
kg -1 h - l ) .  P o l y e t h y l e n e  t h e r m o d e s  were surgical ly  p laced  
in t he  v e r t e b r a l  canal ,  e x t e n d i n g  f rom t he  lower l u m b a r  
to  t he  mid-cerv ica l  level. 

Con t inuous  m o n i t o r i n g  was m a d e  of the  sk in  t empe ra -  
t u r e  of b o t h  ears, r ec tum,  sp ina l  cana l  and  a m b i e n t  air, 
and  of t he  electr ical  a c t i v i t y  of a pos tgangl ion ic  ne rve  
twig  a c c o m p a n y i n g  one of t he  r e t roau r i cu l a r  ar ter ies  
(cu taneous  'ear '  sympa the t i c ) .  The  ne rve  po t en t i a l s  were 
recorded  d i rec t ly  and  also a f te r  i n t e g r a t i o n  over  4 sec 
in te rva ls .  Ful l  de ta i l s  of these  t echn iques  h a v e  been  given 
p rev ious ly  2 ~. 

At  t he  b e g i n n i n g  of an  e x p e r i m e n t a l  period,  the  r a b b i t  
was p laced on its side on a w a t e r  per fused  pla te ,  and  w a t e r  
a n d  a m b i e n t  air  t e m p e r a t u r e s  were a d j u s t e d  un t i l  ear  
sk in  t e m p e r a t u r e s  lay a p p r o x i m a t e l y  m i d - w a y  be tween  
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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). 

Changes  in the Free A m i n o  Acid Pattern of H a e m o l y m p h  of the C o m m o n  Indian Scorpion  Palamnaeus 
bengalensis During  Moult ing  

R. KUMAR 1 

Department o/ Zoology, University o/ Lucknow, Lucknow-226007 (India), 6 October 1975. 

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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