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The  a c c u m u l a t i o n  of cyclic A M P  is d e p e n d e n t  on  the  
c o n c e n t r a t i o n  of adenos ine  applied.  The  effect  is a max i -  
m u m  a~ an  adenos ine  c o n c e n t r a t i o n  of 500 tzM; i t  s t ab i -  
lizes a t  1 m M  and  above ,  w i th  an  increase of cyclic A M P  
to 230% of cont ro l s  (Figure 2). A c o n c e n t r a t i o n  of 
100 ~ M  adenos ine  was used for all  f u r t h e r  expe r imen t s .  

c) Inhibition. The  a c c u m u l a t i o n  of cyclic A M P  b y  
adenos ine  can  be  i n h i b i t e d  b y  theophy l l ine .  The  inh ib i -  
t i on  is pa r t i a l  w i t h  1 m M  t h e o p h y l l i n e  and  comple te  w i t h  
10 m M  (Figure 3). 

W e  h a v e  appl ied  a large n u m b e r  of subs tances ,  wh ich  
are k n o w n  to i n h i b i t  t he  effect  of d i f fe ren t  agen ts  on  
a d e n y l a t e  cyclase in  o the r  sys tems.  These  inc luded  a- 
adrenerg ic  (phen to lamine ,  0.1 mM), f i-adrenergic (sotalol, 
0.1 raM), dopamine rg i c  (haloperidol ,  0.05 raM), musca-  
r inic  (a t ropine,  0.05 m M ) ,  n ico t in ic  ( h e x a m e t h o n i u m ,  
0.5 mM)  i n h i b i t i n g  agents ,  as well  as local  anaes the t i c s  
(cocaine, 1 m M ;  t e t r aca ine ,  1 m M  and  t e t r o d o t o x i n ,  
0.003 raM).  None  of these  subs t ances  i n h i b i t e d  t he  in- 
crease in cyclic A M P  caused  b y  adenosine.  

d) Depolarizing agents. Since adenos ine  is t h o u g h t  to  
be an  i n t e r m e d i a r y  be t w een  depo la r i za t ion  and  cyclic 
A M P  a c c u m u l a t i o n  in b r a i n  1~, t he  effect of depolar iz ing  
agen ts  was  t e s t ed  in t he  vagus  nerve.  Pieces of n e r v e  
were i n c u b a t e d  in presence  of h igh  p o t a s s i u m  (100 m M )  
or v e r a t r i d i n e  (500 ~M), which  are k n o w n  to depolar ize  
frog ne rve  f ibres ~a and  r a b b i t  vagus  ne rve  1~. N e i t he r  of 
these  two agen t s  p roduced  a n  increase  in cyclic AMP. 

Discussion. Our e x p e r i m e n t s  show t h a t  t he re  is a v e r y  
m a r k e d  a c c u m u l a t i o n  of cyclic A M P  w h e n  the  r a b b i t  
vagus  ne rve  is exposed to adenosine .  As in guinea-p ig  
b ra in  sliceslS, the  effect  of adenos ine  is i n h i b i t e d  in t he  
presence  of a x a n t h i n e  der iva t ive ,  theophyl l ine .  I t  ap-  
pears  t h a t  t he  a d e n y l a t e  cyclase response  to adenos ine  
in t he  vagus  ne rve  is d i rec t  and  specific, since i t  is un-  
af fected b y  agen ts  which,  in o the r  tissues, i nh i b i t  t he  

a d e n y l a t e  cyclase response  to  ca techo lamines ,  chol ino-  
mimet ics ,  or depolar iz ing  agents .  

i n  gu inea-p ig  b ra in ,  cyclic A M P  c o n t e n t  is increased  
b y  exposure  to  depolarizing agents ,  or to  adenosine ,  and  
i t  is t h o u g h t  t h a t  adenos ine  is the  i n t e r m e d i a r y  be tween  
depo la r i za t ion  a n d  cyclic A M P  a c c u m u l a t i o n  12. I n  b o v i n e  
super ior  cervical  gangl ion,  depolar iz ing  agents ,  b u t  no t  
adenosine,  p roduce  an  a c c u m u l a t i o n  of cyclic AMP~6, ~7 
and  i t  is t h o u g h t  t h a t  t he  i n t e r m e d i a r y  be tween  depolar -  
i za t ion  a n d  cyclic A M P  a c c u m u l a t i o n  is a t  leas t  p a r t i a l l y  
ca techo lamines .  W e  h a v e  also t e s t ed  r a b b i t  super ior  
cervical  gangl ions  for t h e i r  response  to  adenosine .  No 
s ign i f ican t  a c c u m u l a t i o n  of cyclic A M P  was found  
(121 • 11% of u n s t i l n u l a t e d  controls ,  n = 4, 100 ~ M  
adenosine) .  

I n  vagus  nerve,  on ly  adenos ine  has  an  effect  on cyclic 
A M P  con ten t .  The  absence  of a n y  effect  of depo la r i za t ion  
in vagus  ne rve  reveals  e i the r  t he  absence  of an  endoge-  
nous  adenos ine  re leas ing  sys tem,  or  a d i f ference in func-  
t i on  of t he  adenos ine - sens i t ive  adeny la t e  cyclases of ne rve  
axons  a n d  of c en t r a l  ne rvous  sys tem.  I t  is no t  k n o w n  
w h e t h e r  cyclic A M P  accumula t e s  in  t he  axon  or in  sup-  
po r t i ng  t issue ( S c h w a n n  cells). 

I t  will  be  of i n t e r e s t  to  i nves t i ga t e  f u r t h e r  t he  a d e n y l a t e  
cyclase in  vagus  ne rve  in order  to  e luc ida te  t he  seeming ly  
complex  func t ions  of cyclic A M P  in the  ne rvous  sys tem.  
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The Loss of Biological Activity of 5-Hydroxytryptamine Creatinine Sulphate 

T. DALTON 

Department o/ Zoology, West/ield College, Kidderpore Avenue, London NW3 7ST (England), 1 / May 1976. 

Summary. 5 - H y d r o x y t r y p t a m i n e  c rea t in ine  su lpha te  loses i ts  biological  a c t i v i t y  w h e n  m a i n t a i n e d  a t  r o o m  t e m p e r a t u r e .  
The  loss of 5 -HT 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  across frog skin) is g rea t e r  t h a n  the  loss of c r ea t in ine  sul- 
p h a t e  a c t i v i t y  ( inh ib i t ion  of sod ium t r anspor t ) .  

5 - H y d r o x y t r y p t a m i n e  s t imu la t e s  ion t r a n s p o r t  in  a 
v a r i e t y  of t issues e.g. b lood p la te le t s  1, t he  ne rvous  sys- 
t e m  a t  cen t r a l  and  pe r iphe ra l  synapses  2, v e r t e b r a t e  
n e p h r o n s  a, insect  Malp igh ian  tubu le s  4, a n d  insec t  sali- 
v a r y  g lands  ~ b u t  i nh ib i t s  t r a n s p o r t  in o the r  t i ssues  e.g. 
e r y t h r o c y t e s  6 and  t he  ne r vous  sys t em 2. 5 -Hydroxy-  
t r y p t a m i n e  c rea t in ine  su lpha t e  complex  (5-HTCS) has  
been  shown  to h a v e  a b iphas ic  effect  on  ac t ive  sod ium 
t r a n s p o r t  across ~solated frog sk inL  A t  low concen t r a -  
t ions  (3 • 10 -5 M) t r an s ep i t he l i a l  sod ium t r a n s p o r t  is 
s t i m u l a t e d  whereas  a t  h igher  concen t r a t i ons  t r a n s p o r t  is 
inh ib i ted .  The  s t i m u l a t o r y  a n d  i n h i b i t o r y  ac t ions  of 5- 
H T C S  can  be a t t r i b u t e d  to  t he  sepa ra te  c o m p o n e n t s  of 
t he  complex :  5 - h y d r o x y t r y p t a m i n e  be ing  s t i m u l a t o r y  
and  c rea t in ine  su lpha te  inh ib i to ry .  D u r i n g  t he  in i t ia l  
s t u d y  of t he  dose-response cha rac te r i s t i c s  of t he  induced  
changes  in sod ium t r a n s p o r t  m a j o r  d iscrepancies  in the  
m a g n i t u d e  of response  b e c a m e  a p p a r e n t  in  t h a t  smal ler  
responses  were cons i s t en t ly  obse rved  in expe r i men t s  

pe r fo rmed  some hour s  a f te r  p r e p a r a t i o n  of the  5 -HTCS 
so lu t ion  t h a n  in e x p e r i m e n t s  pe r fo rmed  us ing  f reshly  
p r e p a r e d  5-HTCS. As t he  e x p e r i m e n t a l  p ro toco l  re- 
m a i n e d  s t a n d a r d  th i s  sugges ted  t h a t  t he  5 -HTCS so lu t ion  
m a y  be  losing a c t i v i t y  so a series of e x p e r i m e n t s  were 
des igned to e x a m i n e  t he  re la t ive  a c t i v i t y  of 5 -HTCS - 
b o t h  solid and  in so lu t ion  - u n d e r  a v a r i e t y  of condi t ions .  

1 G. V. R. BORN, J. Physiol. ,  Lond. 790, 273 (1967). 
2 H. M. GERSC~ENFELD and D. PArYPARDrN-TRITSCI~, J. Physiol. ,  
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Materials and methods. Frogs (Rana temporaria) were 
rap id ly  p i thed ,  the  ven t r a l  skill r emoved  and s t r e t ched  
across a double  Uss ing- type  chamber  s. The skin was 
p re - incuba ted  in aera ted  frog Ringer  solut ion for 45 min,  
the  Ringer  renewed and  af ter  a fu r ther  15 rain s t and a rd  
volumes  of e i t h e r a  3 • 10 - S M o r  3 X 10 - 2 M 5 - H T C S  
(obtained f rom Sigma Co.) in Ringer  solut ion were added  
to  t he  serosal med ium of one half  chambe r  to  give a final 
5-HTCS concen t ra t ion  of 10 -5 M or 10 -2 M ;  the  o the r  
hal f  c h a m b e r  received similar volumes  of Ringer  solut ion 
and  ac ted  as control .  Membrane  po ten t i a l  and  shor t  
circuit  cu r ren t  were mon i to red  over  a 60 rain period.  To 
ob ta in  the  relat ive ac t iv i ty"  of a 5-HTCS sample  com-  
pa red  to  a freshly p repa red  sample (unit act ivi ty)  the  
sample  of unknown  ac t iv i ty  was added  to the  serosal 

6O 
g % 

40 

o 20 

6 -20 

-40 

-60 
�9 .L d. .~ . ~ Z 

-8C 
I I i 

10 20 30 40 50 60min 

Time 

Fig. 1. The change il l short circuit current (as a percentage of the 
control tissue) measured across frog skin in response to the addition 
of a freshly prepared solution (open symbols) and a solution kept at 
room temperature for 5 h (closed symbols) of 10 s M (circles) and 
10 -2 M (triangles) 5-HTCS. Each point represents the inean of 4 
experimen is. 

medium of one half  c h a m b e r  as above, and freshly pre- 
pared  5-HTCS (the solid of which  was kep t  d e h y d r a t e d  
at  - 20~ was added  to  the  o ther  half  ch amb e r  and  the  
magn i tude  of t he  responses  compared  - the  re la t ive 
ac t iv i ty  of a sample  being expressed as a fract ion of uni ty .  
Sigma Co. r e c o m m e n d  s tor ing 5-HTCS at  0-5~ our 
normal  prac t i se  is to  s tore  i t  in the  deep freeze ( -- 20 ~ 
in a con ta iner  con ta in ing  silical gel. In  one series of 
expe r imen t s  solid samples  of 5-HTCS were kep t  de- 
h y d r a t e d  (i. e. in tile presence  of silica gel) bu t  a t  room 
t empera tu r e  (approx. 21~ and  the  re la t ive ac t iv i ty  of 
f reshly p repa red  solutions f rom this  solid sample moni-  
tored  at  28 day  in tervals  for 280 days.  In  ano ther  series 
of expe r imen t s  5-HTCS solut ions were ei ther  p repa red  
in Ringer  a t  4~ and ma in t a ined  at  4~ or prepared  and 
ma in t a ined  a t  room t e m p e r a t u r e  and the  relat ive act iv-  
ities mon i to red  at  hour ly  intervals .  In  parallel  experi-  
men t s  solid 5-HTCS and  5-HTCS solutions were main-  
t a ined  in darkness  to e l iminate  any  pho to-chemica l  
effects. 

5-HTCS is acidic in solut ion so it was necessary  to 
t i t r a te  the  Ringer  solut ion conta in ing  the  5-HTCS wi th  
N a O H  to ob ta in  a pH of 7.8. At  the  h ighes t  concent ra t ion  
of 5-HTCS used (10 ~ M) th is  procedure  increased the  
concen t ra t ion  of sodium in the  Ringer  by  app rox ima te ly  
7 mEq/1. 

Results a~zd discussion. As shown (Figures i and  2) 
there  is a loss of ac t iv i ty  of 5 - h y d r o x y t r y p t a m i n e  (stim- 
u la tory  response) 3 h af ter  solut ion p repara t ion  if t he  
solut ion is kep t  a t  room t e m p e r a t u r e ;  af ter  6 h under  
these condi t ions  ac t iv i ty  is v i r tua l ly  zero. If, however ,  
the  solut ion is ma in t a ined  at  4 ~ the  loss of ac t iv i ty  is 
subs tan t i a l ly  p r even t ed  so t h a t  even af ter  24 h ac t iv i ty  
has fallen by  only 10%. Creat inine sulphate ,  which  
media tes  the  inh ib i to ry  act ion of high concen t ra t ions  of 
5-HTCS, also shows a decrease in ac t iv i ty  if ma in t a ined  
at  room t e m p e r a t u r e  af ter  p repara t ion  bu t  no t  to such 
low levels as exh ib i ted  by  5 - h y d r o x y t r y p t a m i n e  so t h a t  

8 T. DALTON and R. S. SNART, Biochim. biophys. Acta 135, 1059 
(1967). 

9 E. J. ARIENS, Archs. Int. Pharmacodyn. Th6r. 99, 32 (1954). 
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Fig. 2. The relative activity of solutions of 10" 5 M (circles) and 10 -2 
M (triangles) 5-HTCS prepared and maintained at either room 
temperature (closed symbols) or 4~ (open symbols) measured at 
hourly intervals from the time of preparation. Each point represents 
the mean of 4 solutions. 
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Fig. 3. The relative activities of 10 5 M (circles) and 10 ~ M (trian- 
gles) 5-HTCS, the solid samples of which were maintained either at 
room temperature (closed symbols) or dehydrated at -20~ (open 
symbols). Activity of each solid sample was measured using a freshly 
prepared solution at 28 day intervals. Each point represents the 
mean of 4 different samples. 
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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 .  

I0 S. H. P. MADDRELL, D. E. M. PILCHER and B. O. C. GAP.DINER, 
ft. exp. Biol. 5d, 779 (1971). 

n M. J. BERRmGE, J. exp. Biol. 56, 311 (1972}. 

Depletion of Synaptic Vesicles at the Frog (Rana pipiens) Neuromuscular  Junctions by 
Tetraphenylboron 

I. G. MARSHALL I, R. L. PARSONS and W. K. PAULL 2 

Department o/ Physiology and Biophysics and Department o/ Anatomy, College o/ Medicine, University o[ Vermont, 
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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