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l ions  of the  enzyme ranging f rom 1 midgu t  per  ml  to  
8 midgu t s  per  ml  were used in the  reac t ion  mixture .  To 
see the  effect  of end-produc ts ,  cor responding  sugars were 
added  to the  react ion mix tures ;  in controls  t h e y  were 
added  a f te r  s topp ing  the  react ion.  The effect  of dialysis on 
the  melezi tase  ac t iv i ty  was observed af ter  dialyzing the  
enzyme  ex t r ac t  agains t  dist i l led wa te r  a t  4 ~ for 24 h. To 
see the  effect  of ions, d i f ferent  concen t ra t ions  of KC1, 
LiC12 and Tfis sal t  solutions were added  to the  reac t ion  
mix tu res  so as to  br ing the i r  s t r eng th  in di f ferent  mix tures  
f rom 0.001 M to 1.025 M ;  and then  re la t ive melezi tase  
ac t iv i ty  was  de te rmined .  

Results and discussion. The o p t i m u m  ac t iv i ty  of mele- 
zi tase and  of mal tase  f rom midguts  of S. in/erens was at  
p H  6.2 (Figure 1). KRISHNA 4 found 2 p H  opt ima,  4.8 and  
6.0 in case of melezi tase  f rom the  gut  of the  larva of 
Trogoderma, while mal tase  f rom di f ferent  insects  showed 
op t ima l  ac t iv i ty  be tween  p H  5.2-6.8 5-8. The p H  range 
of the  midgu t  of S. in/erens is 7.9-8.2. At  th is  p H  the  
ac t iv i ty  of melezi tase  and mal tase  will be ve ry  low, t h a t  
is only  20-26% and 13-18% of the  o p t i m u m  respect ively.  

Melezitase and mal tase  showed o p t i m u m  ac t iv i ty  a t  
t e m p e r a t u r e  of 35 and 40~ respect ive ly  (Figure 2). As 
the  larvae were reared a t  32~ at  th is  t e m p e r a t u r e  the  
ac t iv i ty  of metezi tase  and mal tase  will be 87.5% and  
64% of the  o p t i m u m  (at p H  6.2) respect ively.  

The increase in the  incubat ion  per iod (Figure 3), the  
enzyme concen t ra t ion  (Figure 4) and  the  subs t r a t e  con- 
cen t ra t ion  (Figure 5) enhanced  the  ra te  of hydrolys is  of 
the  subs t ra tes  and  the  concen t ra t ion  of the  hydro ly t i c  
end-produc t s .  The la t t e r  inhib i ted  the  ac t iv i ty  of the  
enzymes,  

Dialysis reduced  the  ac t iv i ty  of melezi tase by  4 .8%;  
K+ and Li++ ions increased its ac t iv i ty  up to  0.001 M 
final concen t ra t ion  and the rea f t e r  an increase in the i r  
concent ra ion  inhib i ted  its ac t iv i ty ;  while Tris increased 
the  ac t iv i ty  a t  0.025 M final concen t ra t ion  by  85.62%. 
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Summary. The la tency  of frog gus t a to ry  neural  impulses to  1.0 M NaC1 was a mean  of 86 msec.  Electr ical  s t imula t ion  
of t a s t e  cell m e m b r a n e s  p roduced  gus t a to ry  neural  impulses w i th  the  mean  5 msec la tency.  I t  is concluded t h a t  mos t  
of t he  86 msec la tency  of t a s t e  nerve  responses  to 1.0 M NaC1 is due to  t he  l a tency  of tas te  receptor  po ten t ia l  following 
the  onset  of gus t a to ry  s t imula t ion .  

Ver t eb ra t e  t a s t e  cells make  funct ional  con tac t  wi th  
gus t a to ry  nerve  fibres. According to  p resen t  knowledge,  
t r a n s d u c t i o n  of t a s t e  s t imul i  into neural  signals can be 
descr ibed by  the  following scheme : a) adsorp t ion  of t a s t e  
s t imul i  onto  the  tas te  receptor  membrane2 ;  b) receptor  
po ten t i a l  of t a s t e  ceils 3 7 ; c) pos t synap t i c  po ten t i a l  a t  the  
subsynap t i c  nerve  fibre membraneS;  and d) genera t ion  
of gus t a to ry  impulses  a t  the  nerve t e rmina l  s . Because of 
technica l  difficulty,  there  is no full physiological  under-  
s t and ing  of the  t ime course be tween  the  successive events  
men t ioned  above.  However ,  e lectrophysiological  invest i -  
gat ions  have  revealed t h a t  the  t ime required for the  whole 
process,  f rom the  onset  of s t rong  gus t a to ry  s t imula t ion  of 
tongue  to  the  in i t ia t ion of the  first  gus ta to ry  nerve  im- 
pulse, is abou t  35-50 msecg, ~~ W h e n  such a la tency  of 
gus t a to ry  nerve  impulses p roduced  b y  t a s te  s t imula t ion  
is compared  wi th  t h a t  p roduced  by  electrical s t imula t ion  
of gus t a to ry  ceils and  nerve  terminals ,  analysis  of factors  
associa ted wi th  the  l a tency  would be feasible. W'ith th is  
approach ,  I a t t e m p t e d  to  examine  the  proper t ies  of 
l a t ency  of gus t a to ry  impulses  and to analyze the  factors  
de t e rmin ing  the  la tency.  

Materials and methods. Tongues of bullfrogs (Rana 
catesbeiana) anes the t ized  w i t h  u re thane  were used in the  
exper iments .  A fungiform papi l la  was fully d rawn  into a 
recording suct ion  e lect rode filled w i t h  Ringer  saline n ,  
and  the  act ion poten t ia l s  which  were conduc ted  ant i -  

dromical ly  f rom o the r  papi l lae  to t he  gus t a to ry  nerve 
fibres of t he  suct ioned papil la  were recorded (Figure la).  
The p resen ta t ion  of t a s t e  solutions was done wi th  a t as te -  
s t imulus-del iver ing  device, composed  of electric in terval  
t imers  and solenoid valves~2. A nozzle of the  gus ta to ry  
s t imula to r  was p u t  in the  centre  of the  fungiform papillae 
popula t ion  func t iona l ly  connec ted  wi th  the  papil la  s tudied.  
The solut ion f rom the  nozzle f lowed over  the  tongue  sur- 
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f ace  a t  t h e  r a t e  of  0.13 m l / s e c .  T h e  t a s t e  s t i m u l i  u s e d  
we re  0 . 1 - 1 . 0  M NaC1 s o l u t i o n s .  A s  s h o w n  in  S of  F i g u r e  
l b ,  t h e  t a s t e  s t i m u l u s  a r r i v a l  o n  t h e  t o n g u e  s u r f a c e  w a s  
s i g n a l l e d  w i t h  t h e  a r t i f a c t  of  a n  e l ec t r i c a l  t r a n s i e n t  s u r g e  
p r o d u c e d  b y  in i t i a l  c o n t a c t  of  t h e  f i r s t  d r o p  of s o l u t i o n .  

Results and discussion. F i g u r e  l b i l l u s t r a t e  a t r a i n  of  
g u s t a t o r y  n e u r a l  i m p u l s e s  r e c o r d e d  f r o m  t h e  s u c t i o n e d  
f u n g i f o r m  p a p i l l a  a f t e r  t h e  a p p l i c a t i o n  of  0.5 M NaC1 to  
t h e  s u r r o u n d i n g  pap i l l a e .  I n  t h i s  f igure ,  t h e r e  a r e  n e u r a l  
i m p u l s e s  of  3 d i f f e r e n t  g u s t a t o r y  u n i t s ,  w h i c h  a re  di-  
s t i n g u i s h a b l e  b y  s p i k e  p o t e n t i a l  a m p l i t u d e s .  3 a r r o w s  
i n d i c a t e  t h e  f i r s t  i m p u l s e s  a p p e a r i n g  in  e a c h  u n i t ,  t h e  
l a t e n c y  of  w h i c h  w a s  93, 102 a n d  118 m s e c ,  r e s p e c t i v e l y .  
F i g u r e  l c  s h o w s  t h e  f r e q u e n c y  d i s t r i b u t i o n  of  l a t e n c i e s  
of  t h e  f i r s t  i m p u l s e s  in  r e s p o n s e  to  0.5 M NaC1. T h e  
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Fig. 1. a) Schematic experimental arrangement for taste stimulation 
and recording of antidronfic impulses. P, fungiform papillae; RSE, 
recording suction electrode filled with Ringer solution; STM, output  
nozzle of gustatory st imulator;  N, gustatory nerve fibres, b) Anti- 
dromically conducted gustatory nerve impulses in response to 0.5 
M NaC1 recorded with the suction electrode. 3 arrows denote the 
first action potentials in 3 differelit neural gustatory units. S, artifact 
produced by contact of taste solution with the tongue surface, c) 
Frequency distribution of latency of antidromie impulses to 0.5 M 
NaCt. d) Relation between latencies and 0.1-1.0 M NaC1 concentra- 
tions. Each point is mean zt= SE from 13 different units, except for 
the point to 0.1 M. 7 out of 13 units observed did not respond to 
0.1 M NaC1, so that  these units were onfitted from calculation of the 
mean. 

a v e r a g e  l a t e n c y  w a s  158 m s e c  (96 g u s t a t o r y  u n i t s )  w i t h  
a r a n g e  of  19 to  437 m s e c .  F i g u r e  l d  s h o w s  t h e  r e l a t i o n -  
s h i p  b e t w e e n  NaC1 c o n c e n t r a t i o n s  of  0 . 1 - 1 . 0  M a n d  la -  
t e n c i e s  of  t h e  f i r s t  g u s t a t o r y  n e u r a l  i m p u l s e s  o b t a i n e d  
f r o m  13 d i f f e r e n t  u n i t s .  W i t h  t h e  R i n g e r - a d a p t e d  t o n g u e s ,  
t h e  t h r e s h o l d  c o n c e n t r a t i o n  for  NaC1 s t i m u l i  w a s  0.1 M 
a n d  m e a n  l a t e n c y  t o  0.1 M NaC1 w a s  2.3 sec. T h e  l a t e n c y  
of  g u s t a t o r y  r e s p o n s e s  s h o r t e n e d  as  t h e  s t i m u l u s  NaC1 
c o n c e n t r a t i o n  w a s  r a i s ed .  T h e  m e a n  l a t e n c y  in  r e s p o n s e  
to  1.0 M NaC1 b e c a m e  86 m s e c  w i t h  a r a n g e  of  1 6 - 1 4 5  
m s e c .  

A c o n d u c t i o n  t i m e  of i m p u l s e s  w a s  i n c l u d e d  ill t h e  
l a t e n c y  of  t h e  a n t i d r o m i c a l l y  r e c o r d e d  s p i k e  p o t e n t i a l s  
f r o m  t h e  s u c t i o n e d  pap i l l a .  T o  m e a s u r e  t h i s  c o n d u c t i o n  
t i m e ,  a n o t h e r  p a p i l l a  d r a w n  i n t o  a s u c t i o n  e l e c t r o d e  w a s  
e l e c t r i c a l l y  s t i m u l a t e d  w i t h  a s q u a r e  p u l s e  of  0.01 m s e c  
d u r a t i o n ,  a n t i d r o m i c  i m p u l s e s  b e i n g  r e c o r d e d  f r o m  t h e  
n e u r a l l y  c o n n e c t e d  p a p i l l a  ( F i g u r e  2a) .  F i g u r e  2 b - d  
i l l u s t r a t e s  a n  e x a m p l e  of p o s i t i v e - n e g a t i v e  g o i n g  b i p h a s i c  
a c t i o n  p o t e n t i a l s  e l i c i t ed  b y  e l ec t r i c a l  s t i m u l a t i o n  w i t h  
g r a d u a l l y  i n c r e a s i n g  i n t e n s i t i e s .  W h e n  t h e  p a p i l l a  s u r f a c e  
w a s  m a d e  a n o d a l  o r  c a t h o d a l ,  t h e  l a t e n c y  of  t h e  f i r s t  s p i k e  
p o t e n t i a l s  (I in  t h e  f igure)  w a s  a m e a n  of  1.8 o r  2.1 Insec  
(40 un i t s )  a n d  w a s  e x t r e m e l y  c o n s t a n t  e v e n  t h r o u g h  
r e p e t i t i v e  s t i m u l a t i o n  a t  m o r e  t h a n  100 H z  w a s  e m p l o y e d .  
T h e r e f o r e  t h e  f i r s t  s p i k e s  a r e  c o n s i d e r e d  t o  h a v e  o r i g i n a t e d  
f r o m  g u s t a t o r y  n e r v e  f ib re  t e r m i n a l s ,  a n d  to  h a v e  c o n -  
d u c t e d  a n t i d r o m i c a l l y  to  t h e  r e c o r d e d  p a p i l l a  w i t h  t h e  
c o n d u c t i o n  t i m e  of  a b o u t  2 m s e c .  T h i s  v a l u e  is n e g l i g i b l y  
s m a l l  in  c o m p a r i s o n  w i t h  t h e  o v e r a l l  l a t e n t  p e r i o d  of  86 
m s e c  in  r e s p o n s e  t o  1.0 M NaC1 s t i m u l i .  

b),,, ] ~ l ~ ] # ~ , , ~ :  _- , ,  , ,  

Fig. 2. a) Schematic arrangement for electrical stimulation of a 
fungiform papilla (P1) and recording from another papilla (P~) with 
2 different suction electrodes. N. gustatory nerve fibres, b)-d) Action 
potentials evoked by electrical stinmlation of the papilla with 
gradually increasing strength. The surface of papilla (P1) in a) was 
made anodal. The record h) was obtained with threshold intensity, 
showing a biphasic action potential of one gustatory unit in the first 
group (I). In record c) an action potential of the other neural unit 
was superimposed on that  of record b), showing simultaneous firing 
of 2 units. In record d), the first group of impulses (I) was followed by 
the second group of impulses (II) with long and fluctuating Iateneies. 
This record of 20 superimposed sweeps indicates that  20 electrical 
stiumlations at 1 Hz produced internfittentIy 10 impulses of the 
second group (II), which were from the same unit as those in record 
b). Impulses of the same shape were also produced by 0.5 M NaC1 
applied to the surrounding papillae. 
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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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