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and  the  i n t e r m e d i a t e s  below fructose  d i p h o s p h a t e  
increased  b y  t he  a d d i t i o n  as shown  in F igure  2. Th i s  
p a t t e r n  is s imi la r  to  t h a t  observed  w h e n  i n c u b a t i o n  p H  
is sh i f t ed  to  a lka l ine  side 4. T he  ac tua l  change  of t h e  p H ,  
was checked  b y  t h e  m e t h o d  of CALVEu 5 us ing  5,5'- 
d imethy loxazo l id ine -2 ,4 -d ione  (DMO). C14-DMO was 
added  to t he  cell suspens ion  and  t he  i n c u b a t i o n  was 
car r ied  ou t  as i nd ica t ed  above.  A b o u t  0.2 u n i t  increase  of 
t he  in t r ace l lu la r  p H  was obse rved  w h e n  c i t r a t e  was added  
to  t he  suspension,  t h o u g h  t h e  ex t race l lu ta r  p H  r e m a i n e d  
cons t an t ,  be ing  in a g r e e m e n t  w i t h  the  p rev ious  observa-  
t ion  on  ACD blood a t  4~ 3. 

TSUBOI a n d  FUKVNAGA 6 obse rved  t he  acce le ra t ion  of 
red  cell glycolysis b y  rep lac ing  R inge r  so lu t ion  w i t h  
isotonic  so lu t ions  of m e m b r a n e  i m p e r m e a b l e  subs tances .  
They  suggested  t h a t  t h i s  p h e n o m e n o n  is due  ~o some 
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Fig. 2. Changes of glycolytic intermediates due to the addition of 
33 mM citrate in red cells incubated at pH 7.4. Intermediates were 
assayed enzymatically% G6P, glucose 6-phosphate; FDP, fructose 
1,6-diphosphate; 3PGA, 3-phosphoglycerate. 

u n k n o w n  m e m b r a n e  t r a n s p o r t  f unc t i on  u t i l i z ing  ATP.  
However ,  s ince no decrease  of A T P  b y  t he  c i t r a t e  add i t i on  
was obse rved  in t he  p re sen t  expe r imen t ,  t he  acce le ra t ion  
could n o t  be  ascr ibed  to  a n y  A T P  u t i l i za t ion .  A p laus ib le  
e x p l a n a t i o n  is t h a t  c i t r a t e  shif ts  in t r ace l lu la r  p H  of red  
cells to  a lka l ine  side a n d  t h e r e b y  accelera tes  glycolysis.  
The  p r e sen t  e x p e r i m e n t  m a y  serve as an  example  to  
s tress  t h e  i m p o r t a n c e  of i n t r a c e l h l a r  or local p H  changes  
for r egu la t ion  of me t abo l i sm .  

P rev ious ly  we showed  t h a t  t h e  pH~ a t  4~ of red  b lood 
cells in  ACD was 7.61 a t  t he  i n i t i a t i o n  of t he  s torage  and  
d ropped  to  7.12 a f te r  a m o n t h  ~, i n d i c a t i n g  t h a t  the  p H  
inside t h e  cells of ACD blood  is no t  so acidic as we 
usua l ly  expec t  f rom the  o b s e r v a t i o n  of t he  p H ,  a t  37~ 
(7.0 to  6.6). I t  m a y  be  sugges ted  t h a t  bes ides  t h e  role as 
a n  an t i coagu lan t ,  c i t r a t e  ha s  a n o t h e r  role ~n b lood 
p r e s e r v a t i o n  m e d i a  to  keep t he  in t r ace l lu l a r  p H  h igher  
t h a n  t he  ex t race l lu la r  p H  a n d  t h a t  the  use of acidif ied 
rned~a (pH 5.0 for ACD a n d  5.65 for CPD) for t he  pre-  
s e rva t i on  is to  keep t he  pH ,  to  phys io logica l  range,  
t h o u g h  t he  ac id i f ica t ion  was or ig inal ly  car r ied  ou t  to  
p r e v e n t  c a r ame l i za t i on  of glucose d u r i n g  au toc l av ing  s. 

Zusammen/assung. Nachweis ,  dass  in Konsequenz  der  
in t r a -  u n d  ext raze l lu l / i ren  pH-Dif fe renz ,  das  C i t r a t  die 
E r y t h r o c y t e n  Glycolyse besch leun ig t .  
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Effect of Stimulating a Central Giant Serotonin-Containing Neuron on Peripheral Muscles in the 
Snail Helix pomatia 

The  g i a n t  s e r o t o n i n - c o n t a i n i n g  n e u r o n  (GSC)I,  2 in 
each  cerebra l  gang l ion  of Helix pomatia sends  a n  axon  
b r a n c h  in to  each  ce rebro-bucca l  connec t ive ,  a n d  a t h i r d  
axon  b r a n c h  in to  t he  ex t e rna l  l ip ne rve  a. T he  b r a n c h e s  
in t he  ce rebro-bucca l  connec t ives  fo rm e x c i t a t o r y  mono-  
synap t i c  l inks  w i t h  iden t i f i ab le  neu rons  in  t h e  bucca l  
gangl ia  a,5. This  r epo r t  descr ibes  t he  resu l t s  of experi-  
m e n t s  m a d e  to  locate  s t r u c t u r e s  i n n e r v a t e d  b y  t h e  axon  
of t he  GSC r u n n i n g  in  t h e  ex t e rna l  l ip nerve .  

Materials and methods. The  cerebra l  ganglia,  ex t e rna l  
l ip nerves,  and  l ips were d issected  f rom Helix pomatia, 
and  p i n n e d  to  t he  base  of a sma l l  pe r fus ion  c h a m b e r  wh ich  
c o n t a i n e d  3 ml  of sal ineK A double -bar re l  microe lec t rode  
was inse r ted  in to  one of t he  GSCsl The  ex t e rna l  l ip ne rve  
a n d  i t s  b ranches ,  a n d  muscles  loca ted  a t  t h e  p e r i p h e r a l  
ends  of t he  e x t e r n a l  l ip nerves ,  were held  in suc t ion  
e lectrodes  for s t i m u l a t i n g  a n d  recording.  Conven t i ona l  
e lec t rophysio logica l  record ing  m e t h o d s  were used. 

Results and discussion. T he  smal l  pe r iphe ra l  b r a n c h e s  
of t h e  ex t e rna l  l ip ne rve  (Figure  1) con t a i n  a x o n  b r a n c h e s  

of t h e  GSC. The  ev idence  is as follows: 1. S t i m u l a t i o n  of 
a n y  such ne rve  a t  i ts  p o i n t  of c o n t a c t  w i t h  t he  muscle  
t r iggered  a n  a n t i d r o m i c  ac t ion  p o t e n t i a l  in  t he  GSC. The  
a n t i d r o m i c  ac t ion  p o t e n t i a l  occur red  in t w o  s teps  
i n d i c a t i n g  sequen t i a l  i nvas ion  w i t h  an  axona l  p o t e n t i a l  
(A spike) f i r ing  before  t he  cell b o d y  (S spike).  The  axona l  
p o t e n t i a l  was  m a d e  smal le r  a n d  u l t i m a t e l y  b locked  b y  
ar t i f ic ia l ly  hype rpo la r i z ing  t he  cell body .  2. W h e n  the  
GSC was  s t i m u l a t e d  d i r ec t ly  a sma l l  spike  could  be  
recorded  ex t race l lu la r ly  f rom t h e  ne rves  close to  t he  l ip 
muscles.  The  l a t e n c y  b e t w e e n  t he  GSC spike a n d  t he  
recorded  ac t ion  p o t e n t i a l  was  c o n s t a n t  for a n y  p a r t i c u l a r  
b r a n c h  of t he  ex t e rna l  l ip n e r v e  a t  a b o u t  30 msec.,  and  
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Fig. 1. The diagram (top) shows, approximately to scale, a GSC in the right cerebral ganglion of Helix pomatia, the nerves which contain 
axon branches of this neuron (eln, external lip nerve; cbe, cerebro-buccal connective; cc, cerebral commissure), and the bra~mhes of the 
external lip nerve which run via a small lip ganglion (lg) to the lip muscles (lm) and lip epithelium (ep). mln, median lip nerve, fin, 
internal lip nerve, cpc, cerebro-pedat connective. A and B) Responses recorded extracellularly in the external lip nerve half-way between 
the cerebral and lip ganglion (top traces), in response to GSC firing caused by a depolarizing pulse (bottom traces). A) shows that the 
GSC axon spike is complex in form with several inflections (arrows). The relatively constant shape of this spike indicates that more than 1 
GSC axon branch occurs in the external lip nerve. Time calibration 50 msec, upper voltage calibration 120 [xV, lower voltage calibration 
50 inV. B) shows that the GSC axon spike is large, which suggests that one of the GSC axons is also large. Time calibration 2 see, upper 
voltage calibration 100 [xV, lower voltage calibratiotl 20 mV. C)Responses recorded from a smaU branch of the externM lip nerve 
(top trace) after direct stimulation of the GSC at high frequency. The small spike recorded from this particular branch (arrow) has a constant 
delay from the GSC action potential of 30 msec. Time calibration, 50 msee., upper voltage calibration 20 ~xV, lower voltage calibration 
30 inV. D and E) The effect of GSC firing (top traces, voltage calibration 20 mV) on the frequency of electrical activity recorded from the 
lip muscles (middle and bottom traces). The arrangement and relative size of the suction electrodes used to obtain these records is indicated 
for example by x and y on the top diagram. The difference in" shape of the muscle potentials between D (monophasic) and E (biphasic) is 
due to slight differences in the arrangement of the recording electrodes. Voltage calibration of middle traces is 50~tV. The iower trace in D 
and E is a plot of the frequency of muscle potentials per second. 
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Fig. 2. Record showing the increase in muscle potential frequency caused by 5-HT (10 -e g/ml) applied to the muscle from the tip of a 
small bore pipette. The effect is reversed by washing the muscle with saline. 

was t he  same  as t h e  l a t ency  of t he  a n t i d r o m i c  p o t e n t i a l  
r ecorded  a f t e r  ne rve  s t i m u l a t i on .  3. The re  was a one to  one 
r e l a t ionsh ip  b e t w e e n  t h e  GSC ac t ion  p o t e n t i a l  and  
pe r iphe ra l  spike a f te r  severa l  h u n d r e d  ac t ion  po ten t ia l s ,  
and  a f te r  GSC f i r ing  a t  h i g h  f r equency  (Figure 1, C). The  
one  to  one r e l a t i onsh ip  was n o t  a f fec ted  b y  b a t h i n g  t h e  
p r e p a r a t i o n  w i t h  sa l ine  c o n t a i n i n g  h i g h  Mg++ a n d  no  
Ca++. 

Individual resting lip muscles, innervated by branches 
of the external lip nerve, exhibited spontaneous muscle 
potentials which were relatively constant in frequency 
a n d  a m p l i t u d e .  W h e n  t h e  GSC was s t i m u l a t e d  tu r f s -  
ce l lu lar ly  to  f ire a b u r s t  of spikes  t he re  was a m a r k e d  
increase  in t he  f r equency  of t he  muscle  p o t e n t i a l s  w i t h o u t  
a n y  no t i ceab le  change  in muscle  l e n g t h  (Figure 1, D, E). 
Severa l  GSC spikes were necessa ry  to  p roduce  t h i s  effect ;  
no  increase  in  e lectr ical  a c t i v i t y  was obse rved  a f te r  a 
single spike  or low f r equency  f i r ing  f rom t he  GSC. The  
increase  in muscle  p o t e n t i a l  f r equency  las ted  for severa l  
sec a f te r  cessa t ion  of GSC s t imu la t i on .  The  effect  caused  
b y  GSC s t i m u l a t i o n  was abo l i shed  if t he  e x t e r n a l  l ip 
ne rve  was severed,  or  if s t i m u l a t i n g  c u r r e n t  was  passed  
f rom a microe lec t rode  p laced  a d j a c e n t  to  t he  GSC in t he  
b a t h .  The  increase  in e lec t r ica l  a c t i v i t y  caused  b y  GSC 
s t i m u l a t i o n  was m i m i c k e d  b y  5-I.IT (10 -~ g/ml) appl ied  
local ly  to  t h e  muscles  f rom t h e  t ip  of a sma l l  bo re  p i p e t t e  
(Figure  2). 

I t  is no t  ye t  c lear  w h e t h e r  t he  increase  in e lectr ical  
a c t i v i t y  is due to 5 -HT l i be r a t ed  f r o m ' e n d i n g s  of t he  
GSC d i rec t ly  on to  t he  l ip  muscles,  or w h e t h e r  t he  effect  is 
ind i rec t ;  for examp le  v i a  o the r  neu r ons  in close associa- 
t i on  w i t h  t h e  muscles .  However ,  f luorescence microscopy  
(me thod  of FALCKT), h i e -a s say  and"  a u t o r a d i o g r a p h i c  
e x p e r i m e n t s  s ind ica te  t h a t  5 - H T - c o n t a i n i n g  n e r v e  end ings  
are p r e sen t  on  these  muscle.  

The  s ignif icance of t h e  increase  in e lectr ical  a c t i v i t y  is 
aga in  no t  ye t  clear,  a l t h o u g h  several  pieces of work  a p p e a r  

i m p o r t a n t  in r e l a t i on  to  th i s  p h e n o m e n o n .  Fi rs t ,  TWAROG 9 
h a s  s h o w n  t h a t  5 -HT increases  t h e  occur rence  of spike  
p o t e n t i a l s  in  muscle  cells of t he  an t e r i o r  byssus  r e t r a c t o r  
muscle  of Mytilus edulis in response  to ne rve  s t imu la t i on .  
Second, i t  has  been  shown  b y  DUDEL ~~ t h a t  5 -HT has  a n  
e x c i t a t o r y  ac t ion  on  t he  c rayf i sh  n e u r o m u s c u l a r  j u n c t i o n  
b y  f ac i l i t a t i ng  l i b e r a t i o n  of e x c i t a t o r y  t r a n s m i t t e r .  Thi rd ,  
COOKE n ha s  s h o w n  t h a t  exogenous  5-I-IT m a y  d i rec t ly  
fac i l i t a t e  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  in  t he  h e a r t  of 
decapod  crus tacea .  

Final Iy ,  even  if t h e  increase  in electr ical  a c t i v i t y  of t he  
l ip muscles  b r o u g h t  a b o u t  b y  GSC s t i m u l a t i o n  is in  fac t  
ind i rec t ,  i t  neve r the les s  m u s t  be cons idered  an  u l t i m a t e  
func t ion  of th i s  s e r o t o n i n - c o n t a i n i n g  neuron .  

Rdsumd. Le neu rone  g6an t  ~ s6ro ton ine  (GSC) s i tu6 
dans  c h a q u e  gang l ion  m6tac6r6bra l  d'Helix pomatia 
envoie  n n  axone  qui  se t e r m i n e  sur  les muscles  de la 
bouche  de l ' an ima l .  L a  s t i m u l a t i o n  s61ective du  GSC 
p r o v o q u e  u n  acc ro i s semen t  s igni f ica t i f  de l ' a c t iv i t6  
61ectrique de ces muscles.  

V. W. PENTREATH 12 

Wellcome Laboratories o/ Pharmacology, 
Gaily Marine Laboratory, The University, 
St. Andrews (Scotland, Great Britain), 
30 October 7972. 

7 B FALCK and CH. OWMAN, Acta. Univ. lund., Sect. II, 7, 1 (1965). 
8 V. W. PENTREATH and G. A. COTTRELL, Nature, Lend. 239, 213 

(1972). 
9 B. M. TWAROG, Life Sci. 5, 1201 (1966). 

lo j .  DuDEs, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 2d9, 
515 (1965). 

�9 zz I. M. COOK~, Am. Zoologist 6, 107 i1966). 
~2 I thank Dr. G. A. COTTRELL for helpful suggestions. 

S t r y c h n i n e  a n d  I n h i b i t i o n  o f  B u l b a r  R e t i c u l a r  N e u r o n e s  

I t  has  been  shown  t h a t  s t rychn ine ,  a n  a n t a g o n i s t  of 
sp ina l  p o s t s y n a p t i c  i n h i b i t i o n  1, 3, r eve r s ib ly  b locks  t he  
ac t ion  of g lycine  on  spinalS, ~ a n d  on  b n l b a r  r e t i cu la r  
neu rones  s. F u r t h e r m o r e  biochemicalS,  ~, a n d  electro-  
phys io logica l  i nves t iga t ions  8, 5, s, 9 s t rong ly  sugges t  a n  
i n h i b i t o r y  t r a n s m i t t e r  role for giycine in t he  sp ina l  
cord  a n d  medu l l a  ob longa ta .  An  i m p o r t a n t  c r i t e r ium to  
i den t i fy  a s u b s t a n c e  as a n  i n h i b i t o r y  t r a n s m i t t e r  is t h e  
d e m o n s t r a t i o n  t h a t  a n  a n t a g o n i s t  of t h e  depress ion  b y  

t h e  a r t i f ic ia l ly  a d m i n i s t e r e d  suspec ted  t r a n s m i t t e r  also 
b locks  s y n a p t i c a l l y  i nduced  i n h i b i t i o n  on  t h e  same  neu-  
rone.  In the present study the action of strychnine on the 
depress ion  b y  glycine  as wel l  as on  s y n a p t i c  i n h i b i t i o n  
p roduced  b y  pe r iphe ra l  ne rve  a n d  c u t a n e o u s  s t i m u l a t i o n  
of neu rones  of t h e  ca t  b r a i n  s t e m  has  been  inves t iga ted .  

Record ings  were o b t a i n e d  f rom neu rones  of t he  medul -  
l a ry  r e t i cu la r  f o r m a t i o n  of u n a n e s t h e t i z e d ,  deee reb ra t e  
cats .  The  m e t h o d s  h a v e  been  descr ibed  p rev ious ly  in  


