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a f t e r  6 h a c t i v i t y  ha s  fal len b y  on ly  some 16% and  a f t e r  
24 h t he re  is sti l l  some 25% res idua l  ac t iv i ty .  I f  t h e  
so lu t ion  is m a i n t a i n e d  a t  4 ~ t he re  is no m e a s u r a b l e  loss 
of ac t iv i ty .  

The  loss of a c t i v i t y  is n o t  r es t r i c ted  to 5 -HTCS in 
so lu t ion :  F igure  3 shows t h a t  if solid 5-HTCS is k e p t  a t  
room t e m p e r a t u r e  t h e n  t he  s t i m u l a t o r y  5 -hydroxy-  
t r y p t a m i n e  ac t i v i t y  is m a r k e d l y  reduced  a f te r  84 days  
(3 mon ths )  and  is abol i shed  a f t e r  140 days  (5 m o n t h s ) ;  
even  if t he  sample  is m a i n t a i n e d  d e h y d r a t e d  a t  - - 2 0 ~  
ac t i v i t y  is r educed  to some 75% of i ts  or ig inal  a f t e r  
224 days  (8 mon ths ) .  Crea t in ine  su lpha te  ac t i v i t y  does 
n o t  a p p e a r  to  be  ser iously impa i r ed  b y  keep ing  t he  solid 
5 -HTCS a t  room t e m p e r a t u r e .  P r e l i m i n a r y  inves t iga t ions  
h a v e  shown t h a t  t he  p o t e n c y  9 of 5-HTCS is unaf fec ted  
b y  a n y  of t he  a b o v e  t r e a t m e n t s ;  the  Ioss of 5 -hydroxy-  
t r y p t a m i n e  a c t i v i t y  in s t i m u l a t i n g  sod ium t r a n s p o r t  t h u s  
p r o b a b l y  ref lects  t he  g r a d u a l  decompos i t ion  of ~lle com- 
p o u n d  to p roduce  an  inac t ive  der iva t ive .  Th i s  be ing  t he  
case t he  process  is no t  pho to -chemica l  since, as shown  in 
t he  Table ,  m a i n t a i n i n g  5-HTCS (ei ther  solid or in  solu- 
t ion) in da rkness  does no t  p r e v e n t  t he  decl ine in ac t iv i ty .  

The relative activities of solutions and solid samples of 5-HTCS 
maintained at room temperature but under different conditions of 
light exposure 

Solution (5 h) Solid samples (4 month) 
Light Dark Light Dark 

0.21 0.26 0.44 0.51 

In all cases the figures quoted are the relative activity of a 10 -5 M 
response and represent the mean of 4 experiments. 

A s imi la r  decrease  in a c t i v i t y  o f  5 - h y d r o x y t r y p t a m i n e  
ha s  been  obse rved  b y  BERRIDGE (personal  c o m m u n i c a -  
t ion) in  t he  s t i m u l a t i o n  of f luid secre t ion  b y  t he  i so la ted  
sa l iva ry  g lands  of Calliphora erythrocephala and  b y  CAL- 
VERT (personal  commun ica t i on )  in t he  s t i m u l a t i o n  of 
f luid secre t ion b y  t he  s a l iva ry  g lands  of 2Wusca domestics. 
Such  changes  in t he  a c t i v i t y  of 5 -HTCS solut ions  ref lect  
e i the r  t he  specif ici ty  of t he  t issue r ecep to r  or the  ab i l i ty  
of t he  r e c e p t o r - h o r m o n e  complex  to  i n i t i a t e  t he  phys io-  
logical  response.  MADDRELL e t  al. ~~ a n d  BERRIDGE 11 h a v e  
shown  t h a t  smal l  changes  in t he  5 - h y d r o x y t r y p t a m i n e  
molecule,  pa r t i cu l a r l y  w i t h  respec t  to  t he  h y d r o x y l  g roup  
a t  C 5 and  ti le q u a t e r n a r y  n i t rogen  on  t h e  end  of t h e  
e t h y l a m i n e  side chain,  leads  to  an  i n a c t i v a t i o n  of t h e  
molecule b u t  does n o t  necessar i ly  p r e v e n t  i ts  b ind ing .  I t  
seems p robab le  therefore ,  t h a t  t he  loss of 5 -hydroxy-  
t r y p t a m i n e  ac t iv i ty  is due  n o t  to  t h e  i n a b i l i t y  of t he  
d e r i v a t i v e  to b i n d  to the t i s sue  r ecep to r  b u t  r a t h e r  to  t he  
inab i l i t y  of t he  r ecep to r -de r iva t i ve  complex  to i n i t i a t e  
the  physiological  response.  The  p r e sen t  work  t h u s  indi-  
ca tes  t h a t  t issues m a y  a p p e a r  to  be  falsely un re spons ive  
to  appl ied  5 - h y d r o x y t r y p t a m i n e  if e i t h e r  the  solid or t he  
p r epa red  solut ion is a l lowed to  s t a n d  a t  r oom t e m p e r a -  
t u r e ;  indeed  if a t issue exh ib i t s  b o t h  a s t i m u l a t o r y  5- 
h y d r o x y t r y p t a m i n e  response  and  a n  i n h i b i t o r y  c rea t in ine  
su lpha t e  response  t h e n  because  of t he  loss of a c t i v i t y  of 
5 - h y d r o x y t r y p t a m i n e  b u t  n o t  of c r ea t in ine  su lpha te  to  
t he  same degree t he  t i ssue  could a p p e a r  to  be  i n h i b i t e d  
(crea t in ine  su lpha t e  response)  b y  5 - h y d r o x y t r y p t a m i n e .  
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Depletion of Synaptic Vesicles at the Frog (Rana pipiens) Neuromuscular  Junctions by 
Tetraphenylboron 
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Burlington (Vermont 05,I01, USA), ~ April 1976. 

Summary. A t  t he  frog n e u r o m u s c u l a r  j u n c t i o n  t e t r a p h e n y l b o r o n  p roduced  a decrease  in m i n i a t u r e  endp la t e  p o t e n t i a l  
ampl i tude ,  a c c o m p a n i e d  b y  a decrease  in t he  n u m b e r  b u t  no t  t he  size of synap t i c  vesicles. 

T e t r a p h e n y l b o r a t e  (TPB),  a h igh ly  l ipid soluble  anion,  
exh ib i t s  m a r k e d  pha r m aco l og i ca l  effects a t  t he  a m p h i b i a n  
n e u r o m u s c u l a r  junct ionS,  4. I n i t i a l l y  T P B  produces  a 
p ro found  c o n c e n t r a t i o n - d e p e n d e n t  increase  in spon ta -  
neous  ace ty lcho l ine  release and  a u g m e n t s  evoked  release. 
W i t h  t i m e  t he  h i g h  r a t e  of s p o n t a n e o u s  release declines 
a n d  t h i s  decl ine is a c c o m p a n i e d  b y  a decrease  in q u a n t a l  
size. F u r t h e r ,  n e u r o m u s c u l a r  t r a n s m i s s i o n  is b locked  b y  
T P B ,  p r e s u m a b l y  by  a p r e - j u n c t i o n a l  m e c h a n i s m ,  as 
T P B  is devo id  of p o s t j u n c f i o n a l  agonis t  or a n t a g o n i s t  
p rope r t i e s  8, 4. 

The  p r e s e n t  s t u d y  r ep re sen t s  a n  a t t e m p t  to  cor re la te  
t h e  T P B - i n d u c e d  changes  in t he  r a t e  of s pon t aneous  
t r a n s m i t t e r  release a n d  of q u a n t a l  size m e a s u r a b l e  
b y  e lec t rophys io logica l  t echn iques ,  w i t h  morpholog ica l  
changes  a t  t he  frog n e u r o m u s c u l a r  j unct ion .  I n  pa r t i cu la r ,  
i t  was  of i n t e r e s t  to  observe  w h e t h e r  dep le t ion  of synap t i c  
vesicles occur red  and  w h e t h e r  t he  r educ t ion  of q u a n t a l  
size was a c c o m p a n i e d  b y  a decrease  of synap t i c  vesicle 
d i ame te r ,  as such  a cor re la t ion  is no t  n o t e d  a f te r  q u a n t a l  
size r educ t i on  b y  h e m i c h o l i n i u m  ~, K 

Fo r  e lec t rophys io logica l  recordings,  frog (Rana pipiens) 
sa r to r ius  muscle  p r e p a r a t i o n s  were d issected  in a phos-  
p h a t e  buf fe red  R inge r  so lu t ion  7 a n d  were subsequen t l y  
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~ a i n t a i n e d  a t  r oom t e m p e r a t u r e  (16-20~ in a K+-de- 
I ic ient  Tris-buf fered R i n g e r  so lu t ion  of t he  fol lowing 
c o m p o s i t i o n :  NaC1 120 m M ;  CaCI~ 1.8 m M ;  Tris (tris- 
( h y d r o x y m e t h y l ) - a m i n o m e t h a n e )  1 m M .  P rev ious  ex- 
pe r imen t sa ,  ~ were pe r fo rmed  ill K+-con ta in ing  solut ions,  
b u t  K+-def ic ien t  so lu t ions  were used in these  e x p e r i m e n t s  
to  avo id  p r ec ip i t a t i on  of t h e  w a t e r  inso luble  p o t a s s i u m  
sa l t  of T P B ,  a n d  to a f fo rd  compar i son  w i t h  t he  exper i -  
m e n t a l  cond i t i ons  used ill t h e  e lec t ron  microscope  s tu-  
dies. The  so lu t ion  was  m a d e  10% h y p e r t o n i c  b y  t he  
a d d i t i o n  of sucrose, to  e l eva te  t h e  r e s t ing  m i n i a t u r e  end-  
p l a t e  p o t e n t i a l  (MEPP)  f r equency .  F o r  t he  p re sen t  s t u d y  
a c o n c e n t r a t i o n  of T P B  (0.05 m M ) ,  as t he  s o d i u m  salt ,  
was  selected t h a t  is c apab l e  of p roduc ing  n e u r o m u s c u l a r  

b lock  of surface  muscle  f ibres  w i t h i n  30 rain  a n d  t h a t  is 
lower  t h a n  t h a t  wh ich  produces  a n  explosive  increase  in 
M E P P  f r equency  and  w h i c h  also b locks  t he  n e r v e  ter-  
m i n a l  spike~, 4. T P B  (0.05 m M )  was  d issolved in a n  iden-  
t ica l  so lu t ion  to  t h a t  b a t h i n g  t he  muscle.  T P B  was 
app l ied  to  i n d i v i d u a l  m o t o r  endp la t e s  b y  local microper-  
fus ion s. E n d p l a t e s  w e r e  v isua l ized  b y  l igh t  microscopy  
u n d e r  300 • magn i f i ca t i on  so t h a t  e lec t rode  i m p a l e m e n t  
and  d r u g  mic rope r fus ion  could be pe r fo rmed  u n d e r  the  
same  magn i f i ca t ion .  I n t r a c e l l u l a r  recordings  of M E P P  
were m a d e  us ing  s t a n d a r d  e lec t rophys io logica l  t echn i -  
ques.  IKCl-filled glass microe lec t rodes  (3 M KC1, 6-10  Mf~ 

s A. A. MANTHEY, J. gem Physiol. 49, 963 (1966). 
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Fig. 1. Effects of local microperfusion of TPB (0.05 mM) on spontaneous transmitter release at an individual frog motor endplate, a) Intra- 
cellular recording of miniature endplate potential (MEPP) activity before, i~lmediately after the commencement and after 20 rain of TPB 
microperfusion, b) MEPP amplitude distributior~ histograms for the periods illustrated in a). c) MEPP frequency during microperfusion 
of TPB. 
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resistance) were used to  record m e m b r a n e  po ten t ia l s  and 
Mt?;PP. Membrane  poten t ia l s  were s t anda rd ized  a t  

- -  90 mV by  pass ing DC cur ren t  t h rough  a second micro- 
e lectrode inser ted  in the  endp la te  region of the  muscle 
fibre. 

For  e lectron microscopy  whole sar tor ius  muscles were 
dissected f rom frogs and  were p inned  on Sylgard-coated  
dishes  a t  normal  res t ing  tens ion.  Muscles were  exposed to  
T P B  (0.05 raM) dissolved in K+-def ic ient  R inger  solut ion 
for a per iod of 30 min.  Control  muscles  were b a t h e d  ill 
K+-def ic ient  Ringer  solut ion for 30 min.  The t issues were 
f ixed in a 0.1 M sodium cacodyla te  buffered  2% glutaral-  
dehyde-2~ p a r a f o r m a l d e h y d e  solut ion conta in ing  10 m M  
CaCI~ for 4 h. The muscles were t h e n  r insed  in the  buffer  
for 30 min and l igh t ly  osmica ted  (1% osmium tetroxide)  
for 5 mill to  fac i l i ta te  v isual izat ion of the  nerve  branches .  
Small  t r iangles  of t issue conta in ing  nerve  t e rmina l s  a t  
the i r  apexes  were dissected f rom edge regions of the  pre- 
pa ra t ion  where  the  muscle  is only  a few fibres thick.  
Dissect ion was pe r fo rmed  whi l s t  the  t issue was ba thed  
in the  buffer  solution.  The segments  of t issue were post-  
f ixed for 2 h in 0.1 M cacodyla te  buffered  1% osmium 
te t rox ide  and then  r insed  several  t imes  in buffer.  All 
f ixing solut ions conta ined  10 m M  CaC12. The t issue was 
d e h y d r a t e d  in a g raded  e thanol  series, passed th rough  
p ropy lene  oxide and e m b e d d e d  in E p o n  7 9 

Thick  (1 v.m) sect ions  were taken  along b o t h  the  t rans-  
verse and longi tudina l  axes of the  fibres unt i l  neuro- 
muscular  junc t ions  were encountered .  Thin  (60 nm) sec- 
t ions were cut,  m o u n t e d  on copper  grids, s ta ined  wi th  
uranyl  acetate ,  and examined  wi th  a Phi l ips  300 electron 
microscope.  

Synap t i c  vesicles were counted  and  measured  manua l ly  
f rom electron micrographs  using a Bausch  & L o m b  dis- 
sect ing microscope w i t h  an eyepiece graticule.  Mean 

synap t i c  vesicle d i ame te r  was ob ta ined  f rom measure-  
men t s  of 20 vesicles selected a t  r an d o m in each nerve  
t e rmina l  section. 

S ta t i s t ica l  analyses  were pe r fo rmed  by  S tuden t ' s  
t- test ,  p-va lues  of less t h a n  0.05 being regarded as signifi- 
cant .  

As prev ious ly  r epor ted  a, ~ locally per fused  T P B  
(0.05 mM) ini t ia l ly  p roduced  a large increase in M E P P  
frequency.  Peak  f requency  was a t t a ined  wi th in  the  first  
2 mill of drug  appl icat ion,  and  was followed b y  a gradual  
decrease in f r equency  over  a 30 min per iod of exposure  
(Figure l a  and  c). Dur ing  the  init ial  increase in M E P P  
f requency  no change  in M E P P  ampl i tude  occurred 
(Figure l b). No m e a s u r e m e n t  of M E P P  ampl i tude  was 
a t t e m p t e d  at  the  peak  of M E P P  f requency  as, a t  the  high 
frequencies  observed,  s u m m a t i o n  of M E P P  occurred. 
However ,  a f te r  the  peak,  a ma rk ed  reduc t ion  of measur -  
able M E P P  ampl i tude  was observed.  For  example ,  in t he  
results  i l lus t ra ted  in Figure  l a  and c in 1 fibre m e a n  
measurable  M E P P  ampl i tude  was reduced by  54% af ter  
20 min exposure  to 0.05 m M  TPB.  After  th is  t ime M E P P  
ampl i tude  fell to the  ex t en t  t h a t  it  was no longer possible 
to d is t inguish  M E P P  f rom noise and hence  no reliable 
m e a s u r e m e n t  could be made  af ter  ap p ro x i ma t e ly  
20-25 rain. 

Af te r  30 min of T P B  t r e a t m e n t  (Figure 2b) vesicle 
n u mb er s  per  uni t  area of nerve  t e rmina l  t ransverse  sec- 
t ions  were s ignif icant ly  reduced (p < 0.05) f rom the  con- 
t rol  (Figure 2a) value of 140 =~ 11 vesicles/wm 2 (mean ~= 
SEM; n 6) to  49 i 11 vesicles/~xm ~ (n = 3). There  
was no s ignif icant  change  (p > 0.05) in vesicle d iamete r  
af ter  30 min  of T P B  t r e a t m e n t .  The m e a n  vesicle d is-  

9 j .  H. LOFT, J. biophys, biochem. Cytol. 9, 409 (1961). 

Fig. 2. Ultrastruetural analysis of nerve terminals following a treatment with 0.05 mM TPB. Calibration bars = 1 ~zm. a) Transverse section 
of a nerve terminal in a control preparation. SV, synaptic vesicles; SC, Schwann cell cytoplasm; MF, muscle fibril. • 27,700 b) Transverse 
section of a nerve terminal 30 minutes following TPB administration. A few synaptic vesicles (SV) are present. Also contained within the 
ending are cisternae (C) and an occasional dense-core vesicle (arrow). • 27,700. 
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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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