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t r a c t i o n  a n d  t he  incomple t eness  of r e laxa t ion)  we a t t r i -  
b u t e  to  t he  release of such  v a s o a c t i v e  subs t ances  a t  t he  
onse t  of con t r ac t ion .  P a r t  of these  subs t ances  diffuses 
in to  t he  b a t h i n g  solut ion.  Therefore ,  c h a n g i n g  t h e  b a t h i n g  
so lu t ion  resu l t s  in  a loss of va soac t ive  subs tances .  These  
can  be  ac tua l l y  iden t i f i ed  in  t h e  b a t h i n g  so lu t ion  b y  
biological  t e s t s  a n d  p a p e r  c h r o m a t o g r a p h y .  W h e n  
e-blockers  are  a d d e d  to t he  ba th ,  t h e  c o n t r a c t i o n  due  to  
electr ical  s t i m u l a t i o n  is decreased  and  r e l a x a t i o n  favoured .  
The  presence  of /3-blockers ,  on  t he  o the r  hand ,  gives rise 
to  t he  oppos i te  effect. F u r t h e r m o r e  ~-blockers  will, as 
shown  in F igure  2, i n t ens i fy  t h e  ac t ion  of p o t a s s i u m  m u c h  
in t he  same  way  as adrena l in .  All  k inds  of s t imul i ,  indeed  
also those  which  p roduce  c o n t r a c t i o n  such  as serotonin ,  
h y p e r t e n s i n ,  h i s t a m i n ,  a re  inf luenced  b y  c~-blockers wh ich  
cancel  t h e i r  ac t ion .  T he  ac t ion  of a d r e n a l i n  on  t h e  coro- 
n a r y  vessel  of t h e  horse  is no t  in f luenced  e i the r  b y  ~- no r  
b y  /3-blockers. 

On one side, t he  A T P a s e  a c t i v i t y  of t h e  t o n o a c t o m y o s i n  
f rom c o r o n a r y  ar ter ies ,  as  well  as f rom o t h e r  vessels we 
h a v e  inves t iga ted ,  can  be  a c t i v a t e d  b y  t he  s u b s t a n c e  
s t i m u l a t i n g  c o n t r a c t i o n  a n d  t h i s  a c t i v a t i o n  h i n d e r e d  b y  
e-blockers.  On t he  o the r  h a n d ,  t he  A T P a s e  a c t i v i t y  can  
be  h i n d e r e d  b y  t h e  s u b s t a n c e  f avou r ing  re laxa t ion ,  t h e  
ac t ion  of w h i c h  can  be  recovered  b y  /3-blockers. 

On t h e  basis  of our  inves t iga t ions ,  in  p a r t i c u l a r  t he  
fac t  t h a t  one of our  v a s o a c t i v e  subs t ances  is i n h i b i t e d  
b y  c~-blockers a n d  t h e  o t h e r  one b y  fl-blockers, we are  
led to  sugges t  t h a t  these  subs t ances  m i g h t  be  iden t ica l  
w i t h  t he  c~- a n d  fl-receptors.  

Zusammen/assung. Es  werden  die B e s o n d e r h e i t e n  der  
a m  isol ier ten  Koronargef~ss  von  R i n d  u n d  Pfe rd  n a c h  
e lek t r i scher  Reizung,  V e r a b r e i c h u n g  y o n  A d r e n a l i n  oder  
K a l i u m  reg i s t r i e r t en  M e c h a n o g r a m m e  beschr ieben .  Es  
wi rd  da rau f  h ingewiesen,  dass  die K o n t r a k t i l i t ~ t  der  
Muskelzel len des Rinderkoronargef~tsses  y o n  zwei Stoffen 
abh~ng ig  ist, w o v o n  der  e ine die K o n t r a k t i o n  u n d  de r  
ande re  die E r sch l a f fung  f6rder t .  
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The Response of Frog Taste Cells (Rana nigromaculata and Rana catesbeana) 

I n  frog as well  as in m a m m a l s ,  i t  has  been  es t ab l i shed  
t h a t  g u s t a t o r y  n e r v e  f ibres  r e s pond  to  more  t h a n  1 of 
4 bas ic  t a s t e  so lu t ions  appl ied  to  t he  t o n g u e  1. A r e c e n t  
i nves t i ga t i on  on  t h e  sensory  i n n e r v a t i o n  of t he  frog 
t o n g u e  ~ ha s  sugges ted  t h a t  I g u s t a t o r y  f ibre  i n n e r v a t e s  
a b o u t  30 recep to r  cells wh ich  are on  t he  ave rage  dis- 
t r i b u t e d  a m o n g  6 fung i fo rm papi l lae .  I n  order  to  de ter -  
m ine  w h e t h e r  t he  mu l t ip l e  s ens i t i v i ty  of one g u s t a t o r y  
f ibre  der ives  f rom t h e  m u l t i p l e  s ens i t i v i t y  of i n d i v i d u a l  
recep tor  cells or w h e t h e r  i t  is due to convergence  of recep- 
to r  ceils sens i t ive  to  d i f fe ren t  t a s t e  s t imul i ,  in  t he  p r e sen t  
s t u d y  in t r ace l iu l a r  record ings  were  o b t a i n e d  f rom the  frog 
t a s t e  cells. These  e x p e r i m e n t s  i nd i ca t ed  t h a t  t a s t e  cells 
e x h i b i t  s ens i t i v i t y  to  t he  4 basic  t a s t e  qual i t ies .  These  ob- 
s e rva t ions  conf i rm t h e  on ly  p rev ious  in t r ace l lu la r  record-  
ing b y  KIMURA and  BEIDLER 3 on  r a t  or h a m s t e r  t a s t e  
cells. 

The  t o n g u e  i so la ted  f rom t h e  frogs (Rana nigromacu- 
lata a n d  R. catesbeana) was used in th i s  s tudy .  Glass  
cap i l l a ry  microe lee t rodes  filled w i t h  2 M  KC1 (50 -150Mf l )  
were i n se r t ed  i n to  s ingle t a s t e  cells of t h e  fung i fo rm 
papi l lae  w i t h  t he  a id  of a special  j o l t i ng  a p p a r a t u s  
des igned b y  TOMITA 4. NaC1, acet ic  acid, sucrose a n d  
qu in ine  h y d r o c h l o r i d e  were used as 4 bas ic  t a s t e  s t imul i .  
The  l a s t  3 subs t ances  were dissolved in 0 . 1 M  NaC1 to  
exclude  t he  in te r fe rence  of t h e  so-called 'wa te r  response ' .  
A smal l  a m o u n t  of each  t a s t e  so lu t ion  was  appl ied  v e r y  
gen t ly  to  t he  t o n g u e  v ia  a mic rosyr inge  to  avo id  mechan i -  
cal d i s tu rbances .  Fol lowing each  t e s t  so lu t ion  t h e  t o n g u e  
was  a lways  r insed  w i t h  R i n g e r  solut ion.  

A t  a d e p t h  of 20-30 ~ f rom t h e  surface  of t h e  papi l la ,  
t he  mic roe lec t rode  t ip  p e n e t r a t e d  a cell of t h e  t a s t e  cell 
layer  as signif ied b y  a nega t i ve  r e s t ing  p o t e n t i a l  of 
10-35 mV.  W h e n  t he  res t ing  p o t e n t i a l  changed  w i t h  t a s t e  
s t imul i  appl ied  to  t he  surface  of t h e  tongue,  such  a cell 
was  a s sumed  to  be  a t a s t e  cell. No cells p e n e t r a t e d  a t  
o the r  d e p t h s  r e sponded  a t  all  to  t a s t e  s t imul i .  The  
p o t e n t i a l  changes  to  t h e  t a s t e  so lu t ions  were slow de- 

polar iz ing  po t en t i a l s :  n e v e r  spike  po t en t i a l s  (Figure  1). 
W h e n  t h e  e lec t rode  was  w i t h d r a w n  to  a j u s t  ex t r ace l lu l a r  
posi t ion,  t he  same  t a s t e  s t imul i  el ici ted no  de tec t ab le  
p o t e n t i a l  change.  Therefore ,  t he  in t r ace l lu l a r  recorded  
slow p o t e n t i a l  was  n o t  s imply  a phys i cochemica l  p o t e n t i a l  
occur r ing  a t  t h e  f luid in te rphase ,  b u t  i t  was  an  e lectro-  
physiological  p o t e n t i a l  across t he  ceil m e m b r a n e  wh ich  
will h e n c e f o r t h  be  refer red  to  as t h e  r ecep to r  po ten t i a l .  
The  a m p l i t u d e  of t h e  r ecep to r  p o t e n t i a l  b e c a m e  la rger  
as t he  c o n c e n t r a t i o n  of t h e  t a s t e  so lu t ion  was increased  
as shown in F igure  2. The  2 curves  were  o b t a i n e d  f rom 
d i f fe ren t  NaCl-sens i t ive  cells. 

I t  was  ve ry  di f f icul t  to  o b t a i n  s t ab le  in t r ace l lu la r  
recordings  f rom the  t a s t e  cells for long periods,  because  
t he  f l a sk-shaped  t a s t e  cell is v e r y  smal l  w i t h  a d i a m e t e r  
of a b o u t  7 V in t h e  t h i c k e s t  pa r t .  The  per iod  of t h e  elec- 
t rode  p e n e t r a t i o n  va r i ed  f rom a few seconds  to  10 rain.  
Therefore,  in  o rder  to  comple te  t h e  s ens i t i v i t y  t e s t  to  
d i f fe ren t  so lu t ions  w i t h i n  a sho r t  time, 4 bas ic  t a s t e  
solut ions  could  be e x a m i n e d  on ly  a t  c o n s t a n t  concen t r a -  
t ions,  e.g. ~r NaC1, M/64 acet ic  acid,  ~/7/4 sucrose  a n d  
M / 2 5 6  qu in ine  hydroch lor ide .  These  c o n c e n t r a t i o n s  were  
5-10 t imes  t h r e s h o l d  for  m i n i m a l  d ischarges  in  t he  whole  
g u s t a t o r y  nerve,  b u t  were lower t h a n  t h e  c o n c e n t r a t i o n s  
for m a x i m a l  discharges.  
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I t  was a genera l  f ind ing  t h a t  each  t a s t e  cell r e sponded  
to more  t h a n  1 of t he  4 t a s t e  solut ions,  as can  be seen in 
F igure  1. Note  t h a t  in  th i s  cell slow depo la r iza t ions  were 
p roduced  b y  all 4 t e s t  so lu t ions  as well  as water .  De tec t -  
able  h y p e r p o l a r i z a t i o n  was no t  p roduced  in a n y  of t he  
cells. F igure  3 i l lus t ra tes  t he  responses  to  t he  4 t a s t e  
s t imul i  f ound  in 10 t a s t e  cells (A-J ) .  E v e n  t h o u g h  t he  
res t ing  po t en t i a l s  va r i ed  in d i f fe rent  cells, a n  approx i -  
m a t e l y  l inear  r e l a t ion  was found  b e t w e e n  t h e  a m p l i t u d e  
of the  r ecep to r  p o t e n t i a l s  and  t h a t  of t he  res t ing  po ten t ia l s .  
Thus,  t he  size of recep tor  p o t e n t i a l s  in  t h i s  f igure was 
expressed as a pe rcen t age  of t he  res t ing  p o t e n t i a l  a l lowing 
for compar i son  of the  sizes of responses  o b t a i n e d  w i t h  
d i f fe rent  record ing  condi t ions .  No te  t h a t  all t h e  t a s t e  
cells i nves t i ga t ed  r e sponded  to more  t h a n  2 qual i t ies  of 
t a s t e  solut ions.  The  cells could be  d iv ided  in to  3 groups  
(I, I I ,  I I I )  b y  t he  n u m b e r  of effect ive  so lu t ions ;  Group  I, 
cells sens i t ive  to  2 qual i t ies  (F in F igure  3), Group  I I ,  
ceils sens i t ive  to  3 (D, E, H, I) a n d  Group  I I I ,  cells 
sens i t ive  to  4 (A, B, C) qual i t ies .  The  p a t t e r n  of s ens i t i v i t y  
to  d i f fe ren t  solut ions,  in  t e r m s  of r e l a t ive  size of depolar i -  
zat ions,  va r i ed  w i t h  t he  i nd iv idua l  cells. T he  f i rs t  2 
g roups  (I, I I)  could be  f u r t h e r  s u b d i v i d e d  in to  severa l  
types  accord ing  to d i f fe ren t  c o m b i n a t i o n s  of t a s t e  qua-  
l i t ies to  wh ich  t h e y  r e sponded  (see F igure  3). W h e n  a 
cor re la t ion  coefficient  was  ca lcu la ted  be t w een  t he  am-  
p l i tudes  of r ecep to r  p o t e n t i a l s  to  each  pa i r  of 4 t a s t e  
s t imul i  used, no a p p a r e n t  cor re la t ion  could be  found  in 
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Fig. 1. Receptor potentials of 1 taste cell to application of 4 basic 
solutions and water to the tongue. Solutions: M/2 NaC1, M[64 
acetic acid, M/4 sucrose, M/256 quinine hydroehloride, and deionized 
water. Duration of taste stimuli is shown by a horizontal line just 
above the time calibration. R. nigromaculate was used in this experi- 
ment. 
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Fig. 2. Magnitude of receptor potentials of 2 different taste cells 
as a function of molar concentration of NaC1. R. catesbeana was used 
in this experiment. 

a n y  pairs.  W h e n  a cor re la t ion  does no t  exis t  be twee n  
t h e  d ischarge  r a t e s  of g u s t a t o r y  un i t s  to  some pa i r  of 
t a s t e  s t imul i ,  I~FAFFMANN 5 has  suggested  t h a t  t he  2 
t a s t e  subs tances  m a y  p roduce  d i f fe ren t  t a s t e s  as revea led  
b y  a b e h a v i o u r a l  test .  This  leads to  a poss ib i l i ty  t h a t  a t  
t he  t a s t e  ceil level  t he  frog a l r eady  d i sc r imina tes  t he  4 
p r i m a r y  t a s t e  qual i t ies .  

Mul t ip le  s ens i t i v i ty  of single g u s t a t o r y  f ibres has  been  
repor ted  in var ious  species of a n i m a l s  inc lud ing  t he  
frog 1. The  p r e sen t  f ind ing  accoun t s  for  th i s  as due  to  
mul t ip le  s ens i t i v i ty  of i nd iv idua l  t a s t e  cells r a t h e r  t h a n  
due  to t he  convergence  of cells specif ical ly sens i t ive  to  
d i f fe ren t  t a s t e  s t imul i  6. 
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Fig. 3. Histogram showing tl!e amplitude of receptor potentials of 
10 taste ceils (A-J) to 4 basic taste solutions, M/2 NaC1, M/64 acetic 
acid, M/4 sucrose, and M/256 quinine hydrochloride. The amplitude 
of receptor potentials was represented as percentage of the amplitude 
of resting potentials. 2 question marks indicate a failure of recording 
potentials. R. nigromaculata was used in this series of experiments. 

Zusammen]assung. Die Reg i s t r i e rung  der  Rezep to r -  
p o t e n t i a l e  e inzelner  Geschmacksze l l en  yon  R a n i d e n  (R. 
nigromaculata u n d  R. catesbeana) bei  Re izung  m i t  4 
O r u n d g e s c h m a c k s a r t e n  mi t t e l s  G la smik roe l ek t rode  er- 
g ib t :  R u h e p o t e n t i a l  der  Rezep torze l l en  10-35 m V  ( innen  
negat iv) .  Die e inze lnen  Geschmacksze l l en  a n t w o r t e n  auf  
m e h r  als 2 O e s c h m a c k s a r t e n  und  zeigen i m  H i n b l i c k  auf  
ihre  A n t w o r t m u s t e r  ze l l charak te r i s t i sches  Verha l t en .  
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