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CorreIation between the Na+-K+-dependent ATPase activity from 
fttndic gastric mucosa (ordinate) and H + secretion (abscissa) in 45 
patients (n). Each single point represents the average of three differ- 
ent measurements. 

The  N a + - K + - d e p e n d e n t  A T P a s e  ac t iv i ty  was ca lcu la ted  
as t h e  dif ference b e t w een  t h e  t o t a l  (ob ta ined  in presence  
of Mg ~+, Na  + a n d  K+) an d  Mg2+-dependent  (ob ta ined  in 
presence  of Mg 2+) a lone 6-s 

Results and discussion. The  Tab le  shows t h e  typ ica l  
b e h a v i o u r  of m e m b r a n e  f rac t ions  f rom h u m a n  gas t r ic  
mucosa.  The  F igure  ind ica tes  a pos i t ive  an d  m a t h e m a t i -  
cal ly s ign i f ican t  cor re la t ion  b e t w een  t h e  H+ secre t ion  b y  
t h e  s t o m a c h  a n d  t h e  m a g n i t u d e s  of N a + - K + - d e p e n d e n t  
A T P a s e  a c t i v i t y  f rom h u m a n  fundic  gas t r ic  mucosa .  
The  biological  i m p o r t a n c e  of t h i s  pos i t ive  a n d  s igni f icant  
cor re la t ion  is as ye t  u n k n o w n  b e t w een  t h e  above-  
m e n t i o n e d  p a r a m e t e r s  of t h e  s tomach .  The  ene rgy  
u t i l i s a t ion  f rom A T P  for H + secret ion,  b y  the  way  
m e m b r a n e  A T P a s e  sys tem,  is a s sumed  b y  these  resu l t s  
in t h e  h u m a n  Iundic  gas t r ic  mucosa.  

Zusammen/assung. Es wurde  bei  U n t e r s u c h u n g e n  an  
45 P a t i e n t e n  eine pos i t ive  u n d  m a t h e m a t i s c h  s ign i f ikan te  
Kor re l a t ion  zwischen der  I-I+ Sekre t ion  u n d  der  A k t i v i t g t s -  
gr6sse de r  A T P a s e  v o n  M e m b r a n e  de r  F u n d u s s c h l e i m -  
h a u t  gefunden.  
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Inh ib i tory  Effects  of D i b u t y r y l  and Cycl ic  A M P  on  
( R a n a  p i p i e n s )  Sciat ic  N e r v e  

I t  has  been  r epo r t ed  t h a t  exogenous  a m o u n t s  of d i b u t -  
y ry l  cyclic A M P  and  t he  m e t h y l  xan th ines ,  t h e o p h y l l i n e  
a n d  caffeine (which i n h i b i t  hydro lys i s  of cyclic AMP),  
were found  to  mimic  the  i n h i b i t o r y  effect  of norep ine-  
p h r i n e  on  P u r k i n j e  cells 1. 

The  cerebel la r  P u r k i n j e  cell s tudy ,  l ike m a n y  others ,  
r epor t s  the  inf luence  of ce r t a in  pha rmaco log ica l  agen ts  on  
t he  s y n a p t i c  process  w i t h o u t  r ega rd  to  t he  effects these  
c o m p o u n d s  m a y  h a v e  on m e m b r a n e  exc i tab i l i ty .  I t  

Fig. 1. First spike represents the inherent response to threshold 
stimulation. Second spike shows 14 mV decrease in response as 
result of 30 rain exposure to 1 • 10 .4 M cyclic AMP. Third spike 
indicates nearly complete recovery. 

the  C o m p o u n d  Act ion  Potent ia l  in the  Frog  

should  be k e p t  in m i n d  t h a t  d rug  mod i f i ca t ion  of synap t i c  
t r a n s m i s s i o n  m a y  ac tua l ly  be a s econda ry  o u t co me  of t he  
d i rec t  ac t ion  of t h e  c o m p o u n d  on m e m b r a n e  exc i t ab i l i t y  2. 

I n  v iew of t h i s  cons idera t ion ,  t h i s  p a p e r  r epo r t s  t h e  
effects of d i b u t y r y l  an d  cyclic AMP,  as well as, t h e o p h y l -  
l ine  a n d  caffeine on  va r ious  p a r a m e t e r s  of t h e  c o m p o u n d  
ac t ion  p o t e n t i a l  in  t h e  pe r iphe ra l  n e rv o u s  s y s t e m  (frog 
sciat ic  nerve) .  

Materials and methods. Frogs  (R: pipiens) were ob t a ined  
f rom Mogul -Ed  Biological  Supp ly  Co. Af te r  double  
p i th ing ,  t h e  sciat ic  ne rve  was careful ly  d issected  in 
i sotonic  A m p h i b i a n  R inge r ' s  (240 mOsm).  All fascia and  
over ly ing  b r a n c h e s  of t h e  sciat ic  a r t e r y  were carefu l ly  
r e m o v e d  w i t h  fire pol ished glass d issec t ing  needles.  E a c h  
ne rve  was severed  j u s t  d i s ta l  to  sp ina l  gangl ia  7, 8, a n d  
9, a n d  p r o x i m a l  to  i ts  b i fu r ca t i o n  of pe ronea l  t ib ia l  
componen t s .  The  p r e p a r a t i o n  was t h e n  r e m o v e d  and  
placed on  electrodes  in a ne rve  c h a m b e r  in to  wh ich  air  
was b u b b l e d  a t  a p p r o x i m a t e l y  0.5 cm 3 rain.  

T h e  bas ic  des ign  of t h i s  s t u d y  was (o expose  t h e  ne rve  
t r a c t  to  solut ions  of a) A m p h i b i a n - R i n g e r ' s  du r ing  
d issec t ion;  b) t e s t  so lu t ion  for 30 m i n ;  c) A m p h i b i a n  
R inge r ' s  for  30 m i n  to  measu re  recovery .  Fol lowing each  
of t h e  t h r ee  exposures ,  ne rve  cha rac te r i s t i c s  such  as 
chronaxie ,  spike ampl i tude ,  l a t ency  an d  c o n d u c t i o n  
speed were compared .  The  t e s t  so lu t ions  were va r ious  
c o n c e n t r a t i o n s  of d i b u t y r y l  an d  cyclic AMP.  Caffeine 
(0.2 raM)  an d  t h eo p h y l l i n e  (4 raM)  were t e s t ed  a lone  or in  
add i t i on  to  d i b u t y r y l  an d  cyclic AMP. All d a t a  were ob- 

: G. R. SmmNs, A. P. OLIVER, B. J. HOFFER and F. E. BLOOM; 
Science 171, 192 (1971). 
G. ]3. FRANK, Proc. natn. Acad. Sci., USA 27, 132 (1968). 
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se rved  on a T e k t r o n i x  502 A oscilloscope and  pe rma l l en t Iy  
recorded  b y  a T e k t r o n i x  Po la ro id  camera .  

Results.  Six d i f fe rent  c o n c e n t r a t i o n s  (1 • 10 -a to  1 • 
10 -s) of d i b u t y r y l  a n d  cyclic A M P  were c o m p a r e d  as to  
t he i r  effects on  t he  c o m p o u n d  ac t ion  po ten t i a l ,  l a t ency  of 
response,  a n d  c o n d u c t i o n  speed.  A t - e a c h  concen t r a t i on ,  
i t  was no t ed  t h a t  b o t h  c o m p o u n d s  decreased t h e  spike 
ampl i tude .  Grea t e r  effects  (from 4-16  m V  decrease) in  
spike  h e i g h t  were  obse rved  w i t h  cyclic AMP,  whereas ,  
only  a 2-6  m V  decrease  was n o t e d  in a c o m p a r a b l e  con- 
c e n t r a t i o n  of d i b u t y t y l  cyclic AMP.  Fol lowing each  d rug  
test ,  all  ne rves  washed  for 30 m i n  in i sotonic  R inge r ' s  
showed r ecove ry  w i t h i n  10~o of t he  in i t i a l  measu remen t s .  

S t r e n g t h  d u r a t i o n  curves  were ca lcu la ted  for each  
c o n c e n t r a t i o n  of d i b u t y r y l  and  cyclic AMP.  F r o m  these  
da ta ,  ch ronax i e  va lues  before a n d  a f te r  d rug  exposure  
were c o m p a r e d  for each  nerve .  I t  was n o t e d  t h a t  1 • 10 -4 
M cyclic A M P  increased  t h e  f i r ing  t h r e sho ld  more  t h a n  
a n y  o t h e r  c o n c e n t r a t i o n  (Figure  1). Th i s  same concen t r a -  
t ion  also increased  l a t ency  b y  0.1 m/sec,  as well  as, de- 
creased c o n d u c t i o n  speed b y  10 m/sec.  All  o the r  levels of. 
d i b u t y r y l  and  cyclic A M P  p roduced  s imi la r  b u t  smal ler  
effects on  t he  c o m p o u n d  ac t ion  po ten t i a l .  

The  responses  to  d i b u t y r y l  and  cyclic A M P  were 
m i m i c k e d  to v a r y i n g  degrees w i t h  t h e o p h y l l i n e  (4 m M )  
and  caffeine (0.2 m M ) .  I n  4 of 6 p r e p a r a t i o n s  w h e n  t h e  
ne rve  was w a s h e d  in t h e o p h y l l i n e  a n d  cyclic AMP,  a 
synerg is t ic  effect  was  n o t e d ;  pa r t i cu l a r l y  in t h e  spike  
a m p l i t u d e  (Figure  2): Caffeine (0.2 m M )  w i t h  cyclic A M P  
was  n o t  as effect ive  as t h e o p h y l l i n e  and  cyclic AMP. 

I n  some p r e p a r a t i o n s  ca lc ium-free  R inge r ' s  was used as 
t h e  dissect ing f luid and  as t he  base  so lu t ion  c o n t a i n i n g  
cyclic A M P  and  t he  phosp t lod ies te rase  inh ib i to rs .  In  all 
ins tances ,  i t  was found  t h a t  w h e n  ca lc ium was absen t ,  t h e  
i n h i b i t o r y  effects of cyclic A M P  were min imal .  Specifical- 
ly, ca lc ium ions seemed to e n h a n c e  t he  effects of cyclic 
A M P  b y  increas ing  t he  m e m b r a n e  res i s tance  30% more  
t h a n  w h e n  ca lc ium was absen t .  

Discussion.  The d a t a  seem to  ind ica te  t h a t  a f ibre  t r a c t  
s e p a r a t e d  f rom synop t i c  connec t ions  is af fected b y  
d i b u t y r y l  a n d  cyclic A M P  as well as, t h e  phosphod ie s t e r -  
use inh ib i to r s ,  t h e o p h y l l i n e  a n d  caffeine. All  of these  
c o m p o u n d s  caused  a decrease  in spike he ight ,  c o n d u c t i o n  
speed a n d  a n  increase  in la tency .  These  effects, however ,  
were no t  l inear  w i t h  respec t  to  increas ing  c o n c e n t r a t i o n s  
of d i b u t y r y l  or cyclic AMP.  Th i s  o b s e r v a t i o n  m a y  be  
exp la ined  b y  t h e  s t r u c t u r e  of t he  frog sciat ic  nerve.  In  
each  f ibre  t r a c t  t h e r e  are m a n y  ne rve  f ibre  of v a r y i n g  
d iameters ,  m o s t  of wh ich  are i n d i v i d u a l l y  w r a p p e d  in a 

mye l in  s h e a t h  an d  fu r t h e r  enve loped  b y  a sleeve of endo 
an d  pe r ineu r ium.  These  s t r u c t u r a l  fac tors  shou ld  all be  
cons idered  as a possible  e x p l a n a t i o n  for t h e  non - l i nea r i t y  
b e t w een  responses  an d  d i f fe rent  c o n c e n t r a t i o n s  of t he  
drug.  

I n  v iew of these  obse rva t ions ,  one c o n c e n t r a t i o n  (1 X 
10-* M) of cyclic A M P  showed  a g rea te r  effect  t h a n  a n y  
of t h e  o thers .  Whi l e  t h i s  level  m a y  be  cons idered  high,  
t he re  were p e r h a p s  severa l  d i l u t i on  s teps  due  t h e  m a n y  
m e m b r a n o u s  bar r ie r s  before  t h e  so lu t ion  f ina l ly  reached  
t h e  ne rve  fibre.  

One of t h e  more  u n u s u a l  f ind ings  in th i s  s t u d y  was  t he  
re la t ive  ineffec t iveness  of d i b u t y r y l  cyclic A M P  as com- 
pa red  to cyclic A M P  in caus ing  a response.  D i b u t y r y l  
cyclic AMP, because  of i ts  a p p a r e n t  ab i l i ty  to  p e n e t r a t e  
cell m e m b r a n e s  more  effect ively  t h a n  cyclic A M P  a, 
t heo re t i ca l ly  should  cause  a g rea te r  decrease  in spike 
ampl i t ude .  This  f ind ing  however ,  should  n o t  be  en t i r e ly  
u n e x p e c t e d  for such  s imi la r  o b s e rv a t i o n s  h a v e  been  m a d e  
in:  a) t h e  s t i m u l a t i o n  of renal  gluconeogenesis4;  b) in- 
h i b i t i o n  of t h e  cell growthS;  a n d  c) i n t e s t i na l  r e l axa t ion  G. 

In  m a n y  ins t ances  va r ious  s tud ies  h a v e  ind ica t ed  a 
func t iona l  r e l a t ionsh ip  b e t w een  cyclic A M P  an d  ca lc ium 
ions:  a) m e l a n i n - s t i m u l a t i n g  h o r m o n e  ac t ion  u p o n  
me l an o p h o re s  7, s ; b) a c t i v a t i o n  of p h o s p h o f r u c t o k i n a s e  in 
muscle  9 ; c) effect  of A C T H  upon  ad ren a l  cor tex  10; d) t he  
effects of vasopress in  upon  t h e  t o a d  b l ad d e r  ~. P r i m a r y  to  
t h i s  s tudy ,  t h e  response  of r a t  P u r k i n j e  cells to  electro-  
phore t i ca l ly  appl ied  Ca 2+ slowed t h e  s p o n t a n e o u s  dis- 
charge.  I n  c o n t r a s t  to  Ca 2+, m e t a l  che la to r s  such  as 
E D T A  an d  c i t ra te  were capab le  of e l eva t ing  d ischarge  
r a t e s  to  t h e  p o i n t  of ' depo la r i za t ion  block ' ,  w h e r e u p o n  
spike size decreased a n d  ra t e  of f i r ing  b e c a m e  r ap id  and  
a b r u p t l y  s topped  ~. This  assoc ia t ion  a p p a r e n t l y  ho lds  
t r ue  in t h e  frog sciat ic  ne rve  where  t h e  c o m b i n e d  in- 
f luences of ca lc ium a n d  cyclic A M P  were no t ed  to decrease  
spike a m p l i t u d e  more  eff ic ient ly  t h a n  cyclic A M P  alone. 

Such decreases  in  response  can  be  a t t r i b u t e d  to t h e  
effects of cyclic A M P  on m e m b r a n e  pe rmeab i l i t y .  I n  
t e r m s  of ionic cons ide ra t ions  wh ich  are p r i m a r i l y  res- 
pons ib le  for  ac t ion  p o t e n t i a l  fo rma t ion ,  i t  m a y  be  sug- 
ges ted  t h a t  cyclic A M P  appear s  to  decrease  t h e  m e m -  
b r a n e  p e r m e a b i l i t y  to  sod ium ion inf lux and /o r  a f fec t ing  
t h e  p e r m e a b i l i t y  b y  a l lowing an  excess p o t a s s i u m  ions to  
m o v e  ou tward .  B o t h  cons ide ra t ions  could cause decreases  
in spike a m p l i t u d e  an d  seem in l ine w i t h  e lec t rophore t i c  
app l i ca t i on  of cyclic a n d  d i b u t y r y l  A M P  which  m i m i c k  
the  effects of i lo rep inephr ine  b y  p roduc ing  hyperpo la r i z -  
ing responses  in  t h e  P u r k i n j e  ceils 12. 

Fig. 2. Middle spike represents the synergistic effects of theophylline 
(4 mM) and cyclic AMP (1 x 10 -~ M) in Amphibian Ringer's. Note 
the recovery spike (third) still shows the apparent effects of these 
2 compounds. 
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Rdsumd. Le d ibu tyryIe  et  I 'AMP cycl ique on t  appa rem-  
m e n t  un effet  sur la conduct ibi l i t6  membraneuse .  Cet 
effet  se ma rque  par  une r6duct ion & a m p l i t u d e  et  de 
vi tesse de conduct ib i l i t6  aussi bien que pa r  une augmen ta -  
t ion  du seuil ~t a t t e ind re  et  du re t a rd  dans  l '61aboration du 

12 Contribution No. 312 Department of Biology, Wayne State 
University, Detroit, Michigan, 48202, USA. 

processus.  Ces effets on t  6t6 confirm6s par  la th6ophyl l ine  
et  la caf6ine. Les ions de calcium semblen t  acc616rer les 
effets du A M P  cycl ique en a u g m e n t a n t  la r6sis tance mem-  
braneuse  ( r fduc t ion  d ' a m p l i t u d e  de l ' impuls ion  nerveuse) 
de 30%. 

J. S. VANDE B]~RG TM 

Department o/ Biology, Wayne Stale University, 
Detroit (Michigan 48202, USA), 
21 January 1974. 

Somatotopic Organization of Inhibition in the Crayfish Abdomen of Procambarus clarkii 

The d i scovery  of ident i f ied  neurons  has m a d e  i t  
possible  to  m a p  the  somato top ic  organiza t ion  of smal l  
i nve r t eb ra t e  ganglia 1. However  no def ini te  pr inciples  
have  been  found to govern  where a par t i cu la r  ident i f ied  
neuron  has its soma located.  The somato top ic  organiza t ion  
of the  neuromuscu la r  sys t em control l ing the  deep ex tensor  
and  f lexor muscles  of the  crayf isch  a b d o m e n  have  been  
s tudied.  I t  is these  muscles  which  serve to flex and ex tend  
the  ' tai l '  dur ing  the  swimming  behav ior  which  propels  the  
an imal  backwards .  All the  mo toneurons  to  the  deep 
f lexor muscles  have  been ident if ied,  and  charac te r ized  
bo th  e lect rophysiological ly  and  geometr ica l ly  2 The 

A) 

presen t  s t u d y  repor t s  b o t h  e lectrophysiological  and  
morphologica l  in fo rmat ion  regard ing  the  per iphera l  
inh ib i to r  neuron  to the  deep ex tensor  muscles,  in the  th i rd  
abdomina l  ganglion of t he  crayfish.  

Large Procambarus clarkii (5-8 inches) were used. 
A p repa ra t ion  consis t ing of a block of deep ex tensor  
muscles f rom 1 hemi-segment ,  including i ts  i n t ac t  mo to r  
nerve  supply  (NPM) and a sect ion of the  ven t ra l  nerve  
cord (VNC), was isolated in cold crayf ish  Ringer  solut ion 3. 

An t id romic  s t imul i  of 0.1 msec dura t ion  were appl ied 
to  NPM while indiv idual  soma ta  wi th in  the  3rd abdomina l  
gangl ion were sampled  one by  one via t he  in t racel lular  
electrode.  A deep ex tensor  m o t o n e u r o n  soma (El)  located  
in th is  fashion was found in close p r o x i m i t y  to  F1, the  
f lexor mo to r  giant .  The cell b o d y  is con t ra la te ra l  to the  
second root  via  which  its axon exists  the  ganglion.  A small  
(less t h a n  15 mV) soma po ten t i a l  is recorded in response  
to N P M  s t imula t ion .  The poss ib i l i ty  of a chemical  synapse  
be tween  the  N P M  s t imula t ing  site and  the  cell body  being 
moni to red  was ruled out  when  s t imul i  were del ivered at  
ra tes  of 100 Hz and  above.  No known chemical  synapses  
to  mo to r  neurons  are r epor ted  to  follow at  th is  h igh  
f requency  4. The soma po ten t i a l  followed N P M  s t imula t ion  
1:1 a t  th is  f requency.  Next ,  depolar iz ing  cur ren t  pulses 
were passed t h ro u g h  the  in t racel lu lar  soma electrode,  

1 D. KENNEDY, A. SELVERSTON and M. REMLER, Science 764, 1488 
(1969). 

2 A. SELVERSTON and M. REMLER, J. Neurophysiol. 35, 797 (1972). 
8 C. WIERSMA, E. FURSHPAN and E. FLOREY, J. exp. Biol. 30, 136 

(1953). 
4 R. ECKERT, J. Cell comp. Physiol. 57, 149 (1961). 

B) 

C) 

.4-- 

Fig. 1. A) Depolarization of E1 via intrasomatic electrode. The t~P 
and bottom traces show 2 superimposed sweeps. The 1st sweep is 
subthreshold for E1 activation; the extraeellular record of NPM 
(top trace) is flat while the intracellular potential (bottom trace) 
measured on a bridge circuit drops smoothly back to baseline. The 
2nd sweep shows supra threshold stimulation of El. An action poten~ 
tim is recorded at NPlVI, and a soma potential can be seen as a bump 
in the intrasomatic trace just before the return to baseline. The 
middle trace is the current monitor, recorded only during tile supra- 
threshold sweep. Demonstration of inhibitory action of E1 on deep 
extensor muscles. B) 2 superimposed sweeps before and after 
activation of E1 by NPM stimulation. A 50% reduction of the 
muscle potential in a fibre of DEAM, the most medial deep extensor 
subunit (upper trace) occurs concurrently with E1 activity (bottor~ 
trace). C) Electrical activity in L2, the most lateral deep extenso~c 
subunit (top trace) before and after E1 activation (middle traer 
via NPM stimulation. The repolarizations of L2 to 25 mV above 
resting potential after the peaks of the muscle potentials demon- 
strate the shortened time course of the excitatory junction poten- 
tial current with E1 activity. The bottom traces are extracellular 
recording from proximal R2. Calibrations: A) 5 msee, 5 mV fall: 
bottom trace, for middle trace. B) 20 msec, 30 mV upper, 5 mV 
lower. C) 2 msee, 20 mV upper, 5 mV middle. 


