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Apar t  f rom detoxi f ica t ion  by  the  a lkyla t ion  of thiol  
groups, some degree of hydrolys is  mus t  occur, since nei ther  
I M S  nor  iso-propyl iodide are excre ted  unchanged,  and 
the  excre t ion  of methanesu lphonic  acid ~rom 3~S-IMS 
paral lels  t h a t  of asS-methanesulphonic acid itself (Table). 
The  hydrolys is  product ,  iso-propyl  aIcohol (VI), and its 
me tabo l i t e  s acetone,  were not  detected  f rom these com- 
pounds  bu t  as bo th  iso-propyl alcohol and acetone are 
par t ia l ly  oxidised in v ivo  9, i t  is probable  t h a t  the expired 
~dC-carbon dioxide  (Table) represents  this  hydro ly t ic  
pa thway .  

As the  excre t ion  pa t te rns  of iso-propyl iodide and iso- 
propyl  alcohol  are a lmos t  identical ,  hydrolysis  of the  
former  p robab ly  represents  the  major  de toxi f ica t ion  
route,  a lkyla t ion  react ions such as conjuga t ion  wi th  
cysteine (glutathione) represent ing  only a minor  pa th-  
way.  The  different  pa t t e rn  of excre t ion  of r ad ioac t iv i ty  
f rom IMS indicates  , that a l though in v ivo  hydrolysis  is 
rapid  (half-life at  37 ~ is 13 mill  a t  p i t  7) ~, the  a lkyla t ion  
react ion is a major  p a t h w a y  (Figure 2). This  can be inter-  
pre ted  as react ion of the  compounds  by  2 different  
mechanisms;  b imolecular  for iso-propyl iodide (and pre- 
sumably  the  bromide)  and unimolecular  for IMS. The 
produc t ion  of the  h igh ly  reac t ive  d ime thy lca rbon ium ion 
(IV) f rom IMS by  a unimolecular  react ion is consistent  
wi th  a rapid  degree of a lkyla t ion  both  in ti le detoxif ica-  
t ion route  and in the  react ion of IMS wi th  D N A  in vi t ro  to. 

Whereas  the  different  biological  actions of a lkyla t ing  
agents  have  been a t t r ibu ted  to thei r  mechanisms of 
a lky la t ion  ~, present  and recent  1~ studies indicate  that ,  
at  least  for me thanesu lphona te  esters, this  m a y  no t  be 
true. IMS and d i m e t h y l m y l e r a n  react  by  different  
mechanisms yet  possess s imilar  biological  act ivi t ies  sugges- 

t ing tha t  in some instances, the  mechanism of a lkyla t ion  
m a y  not  be an i m p o r t a n t  factor  in thei r  mode of action. 

Zusammen/assung, Nachweis,  dass die im R a t t e n h a r n  
auf t re tenden  Metabol i ten  Isopropyl jodid  und Isopropyl-  
methansu l fona t  fiir einen unterschiedl ichen Wirkungs-  
mechanismus  der Substanzen in v ivo  sprechen. Aus Iso- 
p ropy lmethansu l fona  t en ts teh t  du tch  einen mono- 
molekularen  Prozess das &usserst react ive  Dimethy l -  
carboniumion,  w~thrend Isopropyl jodid  aufgrund einer 
b imolekularen  Reak t ion  haups~chl ich du tch  Hydro lyse  
entgi f te t  wird. 
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A c c e l e r a t i o n  of Red  Cell  G l y c o l y s i s  by Citrate  due  to  In trace l lu lar  pH E n h a n c e m e n t  

Since the  in t roduct ion  of sodium ci t ra te  for blood 
preserva t ion  1, i t  has been used as all impor t an t  ingredient  
for blood preserva t ion  med ia :  acid dextrose c i t ra te  (ACD) 
and c i t ra te  phospha te  dextrose  (CPD) solutions. Ci t ra te  
has been added to preservation media as an anticoagulant 

and the effect of the anion on red cells has not been 
thoroughly studied. Although citrate anion is known to 

oJ  

o oContro I 

6'.6 710 714 718 8'.2 
pile 

Fig. 1. The pH-curves of lactate formation in red cells in presence and 
absence of 33 mM citrate. 

b e  prac t ica l ly  impermeable  to red cell membrane  2, its 
high concent ra t ion  is expected to exer t  some influence on 
red cell metabol ism.  Recen t ly  we have  found tha t  the  
intracel lular  p H  (pH,) of red blood cells s tored in ACD 
medium is higher  than  the  ext racel lu lar  p H  (pH,) of the  
suspension s. This  f inding urged us to s tudy  the  glycolysis 
of red cells ill the  presence of ci trate.  

Methods. One-day-old ACD blood was obta ined  f rom 
a local blood bank  and red cells were washed thoroughly  
wi th  isotonic saline. The  cells were suspended ill a 
solut ion (120 m M  NaC1, 5 m M  KC1, 1 m M  MgC12, 1 m M  
inorganic phospha te  and 10 m M  glucose) and incubated  
a t  37~ Dur ing incubat ion,  the  p H  was kept  cons tan t  
by a pH-s t a t  wi th  the  addi t ion  of 0.2 M NaOt t .  Af te r  2 h 
preincubat ion,  sodium c i t ra te  solut ion was added to a 
final  concent ra t ion  of 33 m M  and incuba ted  for fur ther  
2 h. Samples  were t aken  out  a t  in tervals  for analyses. 

Results and discussion. More t h a n  20% increase of the  
lac ta te  format ion  was observed when c i t ra te  was added 
to the  cell suspension a t  p H  7.4. The increase by  the  
c i t ra te  addi t ion  depended on the  p H  of the  suspension as 
shown in Figure  1. Shif t  of the  p H  curve  was observed by 
the  addi t ion  of ci trate,  which suggests the  increase of the  
intracel lular  pH.  The possibi l i ty  of p H  increase inside the  
cells was fur ther  suppor ted  by  the  changes of the  gly- 
colyt ic  in termedia tes ,  t Iexose  monophospha tes  decreased 
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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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