
1426 Specialia EXPENIENTIA 32/11 

me te r  in 5 un t r ea t ed  te rmina ls  was 535 • 11 A, whereas  
in muscles t r e a t ed  wi th  T P B  for 30 min  the  mean  vesicle 
d i am e te r  was  545 • 4 A (n ~ 3). In  the  T P B - t r e a t e d  
p repa ra t ions  the  remain ing  vesicles t ended  to be clustered 
at  the  p r e synap t i c  m e m b r a n e  and occasional ly fusion 
vesicles were observed.  Similar  observat ions  were made  
in longi tudina l  sect ions f rom the  same muscle prepara-  
t ions.  

This p a t t e r n  of par t i a l  deplet ion,  which  p robab ly  indi- 
cates  t h a t  vesicle recycl ing ~~ is proceeding normally,  has  
also been repor ted  af ter  procedures  t h a t  grea t ly  increase 
t r a n s m i t t e r  release e.g. rapid nerve  s t imula t ion  ~0, ~ and 
l a n t h a n u m  treatmentS% Howeve r  the  p a t t e r n  of vesicle 
deple t ion  p roduced  wi th  th is  concent ra t ion  of T P B  
differs f rom the  to ta l  deple t ion  produced  by  black widow 
spider  v e n o m  ~3,~4, a l though higher  concen t ra t ions  of 
T P B  m a y  produce  more  dras t ic  deplet ion.  Great ly  in- 
creased t r a n s m i t t e r  release has been shown recent ly  to 
lead to  a p redominance  of small  ampl i tude  M E P P  ~5,~. 
Consequent ly ,  the  marked  increase of M E P P  f requency  
in T P B  m a y  be a factor  con t r ibu t ing  to  the  reduct ion  of 
quan ta l  size noted.  Other  possible explana t ions  for this  
reduc t ion  are t h a t  T P B  m a y  reduce the  concent ra t ion  of 
acetylchol ine  in the vesicles by  prec ip i ta t ion  or that T P B  
inhibi ts  t r a n s m i t t e r  storage.  A reduct ion  of quan ta l  size 
is seen af ter  prolonged nerve s t imula t ion  in the  presence 

of hemichol in ium-3 ~r, a I though T P B  i tself  appears  to 
have  no inh ib i to ry  act ion on choline up take  4 o r  choline 
ace ty l t ransferase  ~s. In  ag reemen t  wi th  recen t  f indings 
wi th  hemicho l in ium in tile frog ~, 6 i t  was found  t h a t  T P B  
produced  no reduc t ion  of vesicle size, indica t ing  t h a t  
d rug- induced  reduc t ion  of q u an t a l  size is no t  accompanied  
by  a r educ t ion  of vesicle d i ame te r  and t h a t  the  vesicles 
observed af ter  e i ther  T P B  or hemicho l in ium t r e a t m e n t  
are e i ther  e m p t y  or only  pa r t i a l ly  filled wi th  acetyl-  
choline. 
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Does  an Init ia l  P h a s i c  R e s p o n s e  E x i s t  in the R e c e p t o r  Potent ia l  of T a s t e  Cells? 

T.  SATO 1 

Department of Physiology, School of Dentistry, Tokyo Medical and Dental University, Yushima, Bunkyo-ku, Tokyo 113 
(Japan), 15 April 7975. 

Summary. The depolar iz ing receptor  po ten t ia l s  to 0.5 M NaCI recorded f rom frog tas te  ceils did not  exh ib i t  any phas ic  
response,  even when  the  rec tangular  waveform of s t imulus  onset  was employed.  The quickes t  depolar izat ions  recorded 
reached the  peak  in 50 msec. On the  o ther  hand,  the  gus t a to ry  neural  response showed init ial  overshoot  of the  impulse 
discharge even when  0.5 M NaCI was del ivered a t  the  slower ra te  of 0.06 ml/sec. I t  is concluded t h a t  the  initial  neural  
response m a y  be associated wi th  the  ra te  of rise of the  receptor  po ten t i a l  before its p la teau  level is reached.  

Depolar izing receptor  potent ia ls ,  which  m a y  be as- 
sociated wi th  the  in i t ia t ion of gus ta to ry  neural  impulses,  
have  been recorded intracel lular ly  f rom ve r t eb ra t e  tas te  
cells 2-s. The depolar izat ions  indicate  a sus ta ined response 
hav ing  no init ial  overshoot .  

On the other  hand ,  gus t a to ry  neural  act ivi t ies  to NaC1, 
as well as o ther  salts, usually consis t  of an initial  phasic  
response followed by  a smaller  tonic response ~ Because 
of lack of the  initial  phasic  response in the  t a s t e  receptor  
potent ia ls ,  SATO and BEIDLER s have  proposed  t h a t  the  
initial  phasic  c o m p o n e n t  of the  gus ta to ry  neural  respon-  
ses m a y  be re la ted to the  ra te  of rise of the  receptor  po- 
tent ia ls  or the  following pos t synap t i c  potent ia ls .  How-  
ever, recent ly  i t  has  been  suggested t h a t  since a ve ry  slow 
ra te  of t a s t e  s t imulus  onset  was employed  for the  micro- 
electrode s t u d y  on tas te  cells, the  initial phasic  response 
in the  t a s t e  receptor  potent ia l ,  which m a y  be correlated 
wi th  the  phasic  discharge in t he  gus t a to ry  nerve,  could 
no t  have  been found even if p resen t  ~0, ~. 

Therefore,  the  purpose  of the p resen t  exper iments  is to 
see whe the r  or no t  the  t a s t e  receptor  po ten t ia l s  possess an 
initial  overshoot  c o m p o n e n t  when  using the  rapid  ra te  of 
rise of a t as te  st imulus.  I t  will b e  shown t h a t  the  tas te  re- 
ceptor  po ten t ia l s  hav ing  a 50 msec rise t ime still do no t  
exh ib i t  any  overshoot  componen t .  Thus, i t  is suggested 
t h a t  the  init ial  phasic  burs t  of ac t iv i ty  in the  gus ta to ry  
nerve  m a y  be re la ted  to  the  ra te  of rise of t as te  receptor  
potent ia l .  

Materials and methods. Tongues of bullfrogs (Rana 
catesbeiana) anes the t ized  wi th  u re thane  were used in t h i s  
exper iment .  The 3 M KCl-filled glass capi l lary micro- 
e lect rodes  of 15-45 MD were inser ted  into tas te  cells of 
the fungiform papillae.  An ind i f fe ren t  electrode of chlo- 
t ided si lver wire was pu t  in to  the  muscula ture  of a fore- 
limb. 
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Fig. 1. A) Illtracellularly recorded depolarizing receptor potential in 
response to 0.5 M NaC1, which was applied at the flow rate of 0.36 
ml/see. Sudden shift of potential shown at lefthand indicates the 
penetration of a taste cell through a supporting cell. Lower trace 
shows the application of adapting Ringer and stimulating 0.5 M 
NaC1 solutions. B) Solid line shows the relation between rise times 
of depolarizing responses and flow rates of 0.5 M NaC1 solution, and 
dashed line the relation between rise times of junction potentials 
which appeared at the mieroelectrode tip on the papilla and flow 
rates of 0.5 M NaC1 solution. Each point is the mean from 6 to 17 
taste cells (circles) and from 3 to 7 papillae (triangles). 
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Fig. 2. A) and B) Integrated whole glossopharyngeal nerve responses 
to 0.5 M NaC1. The flow rate was 0.78 ml/sec in A) and 0.06 ml/see 
in B). Integrator time constant was 0.1 sec. Upper trace denotes the 
duration of 0.5 M NaC1 and rinsing Ringer applications. C) Relation 
between rise times of integrated gustatory neural responses and flow 
rates of 0.5 M NaCI stimuli. Each point is a mean • (SE) of 5 mea- 
surements from 2 preparations. 
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Fig. 3. Depolarizing response (upper trace) of a taste cell to 0.5 M 
NaC1 which was flowed at 0.04 ml/sec. The nozzle of the gustatory 
stimulator was positioned about 300 Fm away from the inserted 
mieroelectrode. Lower trace shows time course of physieocbemieal 
junction potential which occurred between the microelectrode tip on 
the papilla surface and 0.5 M NaC1 flow. 

The  t a s t e  s t i m u l u s  so lu t ion  used  was  0.5 M NaC1 which  
was  m a d e  up  in pure  w a t e r  (Milli-Q r e a ge n t -g r a de  w a t e r  
of Millipore Corp.). A s e m i a u t o m a t i c a l l y  cont ro l led  gus-  
t a t o r y  s t i m u l a t o r  descr ibed  p rev ious ly  9 was  e m p l o y e d  to 
a pp ly  t he  t a s t e  so lu t ion  to t he  t ongue .  The  flow ra t e  of 
t a s t e  solut ion was  c h a n g e d  b y  c h a n g i n g  t he  gauge  n u m b e r  
of in jec t ion  needles  t h a t  se rved  as t h e  s t i m u l a t o r  nozzles.  

The  g u s t a t o r y  ne u ra l  a c t i v i t y  w a s  recorded  f rom the  
whole  g l o s s o p h a r y n g e a l  ne rve  a nd  i n t e g ra t e d  w i t h  an  
electronic  i n t e g ra to r  of 0.1 sec rise a n d  fall t ime  c ons t a n t ,  
All e x p e r i m e n t s  were carr ied  ou t  a t  r oom t e m p e r a t u r e  of 
be tween  23 ~ a nd  26~ 

l~esults and  d~scussion. The  t o n g u e  was  a d a p t e d  to a 
frog R inge r  so lu t ion  f lowed over  it  a t  t he  ra te  of 0.04 ml /  
sec. F igure  1A shows  t he  depolar iz ing  receptor  po t en t i a l  
in response  to 0.5 M NaC1 appl ied to  t he  t o n g u e  a t  t he  
flow ra t e  of 0.36 ml / sec  i m m e d i a t e l y  a f te r  the  a d a p t i n g  
R inge r  flow was  s topped .  I n  th i s  case, the  d i s t ance  be- 
tw e e n  t he  recording microe lec t rode  t ip  inser ted  in to  a 
papi l la  a nd  the  o u t p u t  needle  of t he  g u s t a t o r y  s t i m u l a t o r  
was  a b o u t  4.3 m m .  I t  is seen t h a t  no phas ic  response  ap-  
pears  in the  ini t ia l  po r t i on  of the  depolar iz ing  response  
a nd  t he  t ime  to p e a k  a f te r  t he  onse t  of the  depola r iza t ion  
is a r o u n d  2 sec. F igure  1B (solid curve) ,  w h ic h  was  ob- 
t a i ne d  fronl  t he  e x p e r i m e n t  as in F igure  1A, i l lus t ra tes  
t h e  re la t ion be tween  v a r y i n g  ra tes  of 0.5 M NaC1 flout 
a nd  rise t ime s  of the  depolar iz ing  potent ia l s ,  none  of 
wh ich  ove r sho t  t he  tonic  value.  The  rise t ime  decreased  
e xpone n t i a l l y  as t he  flow ra te  was  raised.  The  sho r t e s t  
t ime  in response  to t he  m a x i m u m  flow ra te  nsed  of 
0.74 ml /sec  was  a b o u t  1 see. 

Af te r  record ing  in t race l lu la r  r e sponses  f rom the  t a s t e  
cells, t he  t ime  course  of c o n c e n t r a t i o n  c h a n g e  a t  t he  t a s t e  
receptor  m e m b r a n e  fol lowing the  onse t  of 0.5 M NaC1 
app l ica t ion  was  e s t i m a t e d  b y  m e a s u r i n g  t he  c ha nge  in the  
phys i c oc he mic a l  j u n c t i o n  po t en t i a l  t h a t  occurred  a t  the  
microe lec t rode  t ip  j u s t  w i t h d r a w n  onto  t he  papi l la  sur-  
face. T h e  re la t ion  be tw e e n  v a r y i n g  flow ra t e s  a n d  p e a k  
t imes  of t he  j u n c t i o n  po t en t i a l s  is s h o w n  in the  da she d  
curve  of F igure  lB.  T h e  m e a n  rise t i m e s  of j u n c t i o n  po- 
t en t i a l s  a p p r o x i m a t e d  those  of recep tor  po ten t ia l s .  This  
ind ica tes  t h a t  t he  rise t i m e  of t a s t e  recep tor  po t en t i a l s  is 
s t r ong ly  d e p e n d e n t  on t he  ini t ia l  t i m e  course  of concen-  
t r a t i o n  c ha nge  a t  t he  t a s t e  receptor  sur face  af ter  a t a s t e  
s t i m u l u s  is delivered.  

On the  o ther  h a n d ,  F igu re  2A a nd  B i l lus t ra tes  a n  ex- 
ample  of i n t e g r a t e d  g l o s s o p h a r y n g e a l  ne rve  responses  to 
0.5 M NaC1 del ivered a t  2 d i f fe rent  flow ra t e s  of 0.78 ml /  
sec (A) a nd  0.06 ml / sec  (B). A l t h o u g h  one flow ra t e  dif- 
fered 13 t ime s  f rom the  other ,  b o t h  i n t e g r a t e d  g u s t a t o r y  
ne u ra l  r e sponses  exh ib i t ed  the  ini t ia l  phas ic  c o m p o n e n t  
followed b y  the  tonic  one. However ,  t he  a m l i t u d e  of phas ic  
response  to the  r a t e  of 0.78 ml /sec  w a s  h ighe r  t h a n  t h a t  to 
0.06 ml/sec,  while the  a m p l i t u d e s  of tonic  responses  were 
a l m o s t  t he  s a me  in b o t h  records.  F igure  2C shows  the  
r e l a t ionsh ip  be tween  t he  flow ra te  of 0.5 M NaC1 so lu t ion  
a nd  t he  rise t ime  of t he  phas ic  ne u ra l  responses .  I t  is seen 
t h a t  t he  rise t ime  of g u s t a t o r y  ne u ra l  responses ,  like t h a t  
of recep tor  po ten t ia l s ,  decreased  as the  flow ra t e  was  
raised.  F r o m  c o m p a r i s o n  of F igures  1 a n d  2, it  m a y  be 
said t h a t  the  ini t ia l  d y n a m i c  b u r s t  of a c t i v i t y  in t he  gus-  
t a t o r y  ne rve  is n o t  c a use d  b y  a phas ic  response  of the  
t a s t e  cell. 

I t  is k n o w n  t h a t  t he  ini t ia l  phas ic  response  ex is t s  in the  
receptor  or gene ra to r  po t e n t i a l s  of o the r  s enso ry  ceils and  
is a f unc t i on  of t he  r a t e  of rise of s t i m u l u s  onse t  12. There-  

1~ M. G. F. FUORTES, in Handbook of Senso W Physiology, Principles 
of Receptor Physiology (Ed. by W. R. LOEWENSTEIN; Springer- 
Verlag, Berlin 1971), vol. 1, p. 243. 
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fore, i t  is i m p o r t a n t  to  examine  f u r t h e r  t he  t a s t e  r ecep to r  
p o t e n t i a l  w i t h  an  a b r u p t  w a v e f o r m  of g u s t a t o r y  s t imu-  
la t ion.  To do th i s  a nozzle of t he  g u s t a t o r y  s t i m u l a t o r  was 
p u t  100-400 a m  a w a y  f rom t he  microe lec t rode  t ip  and  
0.5 M NaC1 was appl ied  a t  t he  r a t e  of 0.04 ml/sec.  I n  
successful  cases, where  in t race l lu la r  record ing  was no t  
d i s tu rbed ,  r ecep to r  po t en t i a l s  showing  m u c h  sho r t e r  rise 
t imes  were ob ta ined .  T he  uppe r  t r ace  of F igure  3 shows an  
example  where  t he  rise t i m e  was a p p r o x i m a t e l y  200 msec. 
I n  17 i nves t i ga t ed  t a s t e  cells t he  rise t ime  was in t he  range  
of 50-360 msec (mean • SE, 160 • 30 msec) and  no 
phas ic  c o m p o n e n t  was  observed .  In  these  exper iments ,  an  
a d a p t i n g  R inge r  so lu t ion  was no t  f lowed before the  ap- 
p l i ca t ion  of t e s t  0.5 WI NaC1 solut ion.  As shown in the  

lower t r ace  of F igure  3, t h e  c o n c e n t r a t i o n  change  of t he  
onse t  of 0.5 M NaC1 app l i ca t ion  was  a lmos t  r e c t angu l a r  in 
form, which  was m e a s u r e d  as t he  j u n c t i o n  p o t e n t i a l  be- 
tween  t he  microe lec t rode  t ip  loca ted  on t he  papi l la  surface 
and  t he  f lowing 0.5 M NaC1. 

I t  has  been  p red ic ted  t h a t  t h e  t a s t e  recep tor  p o t e n t i a l  
m a y  possess an  obv ious  in i t ia l  phas ic  response  w h e n  t h e  
r a t e  of t a s t e  s t imulus  onse t  is s teep  and  t h a t  t he  in i t ia l  
t r a n s i e n t  d i scharge  in t h e  g u s t a t o r y  ne rve  is caused b y  
t he  phas ic  r ecep to r  p o t e n t i a l  ~~ This  a s s u m p t i o n  pro-  
b a b l y  m u s t  be  discarded,  however ,  because  the  p r e sen t  
e x p e r i m e n t  done  w i t h  t he  r ap id  rise of t a s t e  s t imulus  
onse t  sti l l  could  no t  exh ib i t  a n y  phas ic  c o m p o n e n t  of 
recep tor  po ten t i a l .  

H i s t a m i n e - I n d u c e d  H y p o t e n s i o n  M o d i f i e d  b y  H 1 a n d  H 2 A n t a g o n i s t s  i n  t h e  M o n k e y  

(Macaca mulatta) 

T. F. DOYLE a n d  T. A. STRIKE 1 

Department o/Neurobiology, Armed Forces Radiobiology Research Institute, Bethesda (Maryland 20014, USA), 
6 May 7976. 

Summary. Biocking  H 2 receptors  w i t h  b u r i m a m i d e  in t he  dose used (20 mg/kg)  a p p r o x i m a t e l y  doubles  the  a m o u n t  
of h i s t a m i n e  needed  to p roduce  the  same effect as seen when  H1 an t agon i s t s  ( ch lo rphen i r amine  or mepy ramine )  
are used alone. The  Kz ra t ios  for c h l o r p h e n i r a m i n e - c h l o r p h e n i r a m i n e  plus  b u r i m a m i d e  are 117 204 and  for m e p y r a m i n e -  
m e p y r a m i n e  phus  b u r i m a m i d e  are 200-478. H~ a n d  H 2 receptors ,  in t he  monkey ,  w h e n  s t imula ted ,  b o t h  cause car-  
d iovascu la r  responses  in the  same  direct ion.  

There  are two  types  of h i s t a m i n e  receptors  2, t he  H~ 
receptors  which  are b locked  b y  t he  classical ' m e p y r a m i n e -  
l ike'  a n t i h i s t a m i n e s  and  t he  H 2 receptors  which  are in- 
sens i t ive  to  th i s  g roup  of an t ih i s t amines .  E v e n  large 
doses of H 1 an t agon i s t s  do no t  comple te ly  b lock  t he  
h y p o t e n s i v e  effects of h i s t amine .  

I n  t he  cat ,  H~ and  H 2 receptors  b o t h  ac t  in t he  same 
d i rec t ion  to lower b lood pressurea.  However ,  in the  calf, 
some of the  H 2 receptors  m o d u l a t e  t he  depressor  effect 
of H~ recep tor  s t imu la t ion ,  t he  two receptors  ac t ing  in 
oppos i te  d i rec t ions  4. 

B u r i m a m i d e ,  a t h i o u r e a  ana logue  of h i s t amine ,  wh ich  
seems to be a specific a n t a g o n i s t  of t he  H 2 ~eceptors, was 
i n t r o d u c e d  in 1972 ~. The  p re sen t  s t u d y  was u n d e r t a k e n  
to d e t e r m i n e  t he  h y p o t e n s i v e  response  of m o n k e y s  to 
h i s t a m i n e  and  t he  e x t e n t  and  d i rec t ion  to which  the  H~ 

an t agon i s t s  c h l o r p h e n i r a m i n e  and  m e p y r a m i n e  and  t he  
t t  2 a n t a g o n i s t  b u r i m a m i d e  affect  th i s  response.  

Materials and methods. The  an ima l s  used in th is  s t u d y  
were young,  h e a l t h y  Macaca mulatta, weighing 3.0-3.5 kg. 
In j ec t ions  were m a d e  t h r o u g h  a femora l  venous  ca the te r ,  
and  blood pressure  m e a s u r e m e n t s  were m a d e  w i t h  a 
c a t h e t e r  inse r t ed  into the  femora l  a r te ry .  Pr io r  to  each  
test ,  each  a n i m a l  was anes the t i z ed  w i th  an  i .v.  i n j ec t ion  
of sod ium N e m b u t a l  (35 mg/kg) .  E a c h  a n i m a l  was  t h e n  
g iven  a series of h i s t a m i n e  in jec t ions  of g radua l ly  in- 
creasing c o n c e n t r a t i o n  f rom 0.025 to 100 fzg/kg. Af te r  
each  dose of h i s t amine ,  changes  in blood pressure  were 
measu red  as t he  m a x i m u m  decrease  of m e a n  a r t e r i a l  
pressure.  E a c h  an ima l ' s  b lood pressure  was al lowed to 
recover  to  n o r m a l  be tween  doses which  were g iven  a t  
least  10 rain  apa r t .  
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Fig. 1. Effect of histamine antagonists on 
histamine-induced vasodilation in the mon- 
key. a) Histamine alone; b) after chlor- 
pheniramine; c) after chlorpheniramine and 
burimamide; d) after mepyralnine; e) after 
mepyranfine and buriznamide; f) after phe- 
noxybenzamine. 


