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In trying to inhibit peripheral dopa decarboxylase we 
used L-~-hydrazino- ~-methyl-fl- (3, 4-dihydroxyphenyl)- 
propionic acid (L-HMD). The L-form was recently shown 
to be the active component of the racemic mixture 14. 
Central inhibition of decarboxylation of aromatic amino 
acids was a t temptcd with NX-(DL-seryl)-N2-(2,3,4-tri - 
hydroxyhenzyl)hydrazine (Ro 4-4602). At 100 mg/kg and 
higher doses, Ro 4-4602 was reported to inhibit  dopa 
decarboxylase in the brain of rats 15. Both inhibitors of 
dopa decarboxylase were administered i.v. 5 rain prior 
to L-dopa. The statistical significance of the changes in 
arterial pressure and heart  rate was determined with the 
Student 's  t-test. 

The results of our experiments are summarized in 
Tables I and II. In control animals saline produced no 
significant change in mean arterial pressure (MAP) or 
heart rate during the 2-h period. L-dopa produced a 
dose-dependent increase in MAP. L-HMD, 15 mg/kg i.v. 
or Ro 4-4602, 100 mg/kg i.v. alone had no significant 
effect on MAP. The pressor effect of L-dopa was reversed 
by the decarboxylase inhibitors. Pronounced hypotensive 
response was observed in animals treated with L-HMD + 
L-dopa, while only slight hypotensive effect was produced 
by Ro 4-4602 and L-dopa. The difference in the hypo- 
tensive response in both groups of animals (groups 6 
and 9) was significant statistically (p < 0.05), 

In animals receiving L-dopa alone at either 25 or 
50 mg/kg i.v., heart rate was slowed during the maximal 
hypertensive response. This can be at t r ibuted to reflex 
bradycardia. In animals receiving L-HMD and L-dopa, 
in spite of lowered arterial pressure, heart rate was con- 
sistently decreased to a greater extent  than in control 
animals in spite of lowered arterial pressure. This may 
indicate a centrally-induced decrease in sympathetic  tone. 

Our results suggest that  peripheral inhibition of dopa 
decarboxylase with L-HMD reverses the effects of L-dopa 
on the arterial pressure of the anesthetized dog. By 
diminishing dopamine formation in the peripheral organs, 
cerebral blood concentration of L-dopa was probably 
increased. We suggest tha t  L-HMD also effectively 
removed the dopa-decarboxylase blood-brain barrier 

enabling L-dopa to enter the brain without loss where it  
was metabolized since L-HMD itself does not enter the 
brain. Ro 4-4602 probably also removed the enzymatic 
blood-brain barrier to L-dopa, but  Ro 4-4602 may have 
entered the brain along with L-dopa, inhibiting its metabo- 
lism. After pre t reatment  of our dogs with Ro 4-4602, 
L-dopa had only slight hypotensive action. I t  is, therefore, 
reasonable to assume tha t  a central action of a decarboxy- 
lation product of L-dopa is responsible for the observed 
hypotensive effect. In rats, HENNING and RUBENSON 10,11 
found that  FLA-63, a disulfiram derivative and an inhi- 
bitor of dopamine-fl-hydroxylase le antagonized the hypo- 
tensive effect of DL-HMD and L-dopa combination, while 
spiroperidol, a dopamine receptor blocking agent, failed 
to block the hypotensive effect. According to recent 
findings of BUTUZOV xT, norepinephrine administered into 
lateral or fourth ventricle of cat brain activates reticulo- 
spinal inhibition involved in the control of sympathetic 
tone. These findings suggest that  L-HMD+L-dopa-  
induced hypotension may be mediated by norepinephrine, 
which reduces sympathetic tone centrally. 

Zusammen/assung. Nach Vorbehandlung mit  L-HMD 
(peripherer Hemmer  der Dopa-Dekarboxylasc) wird mit  
L-Dopa (25 und 50 mg/kg i.v.) Blutdruck und Herz- 
frequenz herabgesetzt. 
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A H y p o t h e s i z e d  Uni fy ing  M e c h a n i s m  in Neura l  Funct ion  1 

Considering the amount  of research being conducted 
on the nervous system of animals and man, a working 
hypothesis regarding a unifying mechanism in neural 
function is needed. If one will consider the results from 
experiments with various animal nervous systems and 
test  models, there seems to be a reasonable scientific 
basis for such a hypothesis. I propose that , ,  with or 
without  associated reduction and/or oxidation respecti- 
vely, ligand complexing with exposed disulfides and/or 
sulfhydryls in protomers of nerve membranes may be 
considered as one unifying mechanism in neural function. 

The probable importance of complexing, oxidation- 
reduction and/or one-electron-transfer mechanisms in 
energy transformation in living systems has been em- 
phasized by SZENT-GY('3RGYI 2, PULLMAN and PULLMAN 3, 
EDGAR 4 and GREEN and ]3AUM 5 among others. Complex 
formation and electron transfer were shown in one type 
of energy transduction in chemoreception by certain 
insects% In this research ~, messenger quinoncs (ligands) 
complexed with and oxidized sulfhydryls at the receptor 
sites associated with the dendritic branches of the 
sensory neurons. Experimental  results from other ~ 

studies of receptor chemical aspects of chemoreception 
by animals and man appear compatible with such sulf- 
hydryl  and disulfide involvement.  The importance s of 
the - S H  group and -S-S- -  bond in the basic function 
of the acetylcholine receptor lends essential support  to 
the hypothesis. The widespread occurrence s of such 
groups and bonds in macromolecules which apparently 
influence conformational states of protomers in various 
other biological membranes also suggests a basic role 
for them. 

A normal basic function in a nervous system involves 
the highly ordered transmission of energy through and 
between nerve cells; this being especially regulated by 
membranes and associated intra- and extra-cellular 
molecules and ions. This rigorously channeled energy 
must be rapidly and repeatedly converted from molecular 
to ionic form, and vice versa, such that  a) energy trans- 
ductions in receptor macromolecules occur; b) action 
potentials are generated in and conducted through 
neurons ; c) synaptic transmissions result; and d) learning 
may occur and learned information is stored and can be 
retrieved. Experimental  evidence that  each of the above 
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ac t ions  en t a i l s  t h e  h y p o t h e s i z e d  un i fy ing  m e c h a n i s m  
inc ludes  t h e  following.  Our  f ind ings"  p r o v e d  t h e  f u n d a -  
m e n t a l  i n v o l v e m e n t  of t h e  p roposed  m e c h a n i s m  a t  t h e  
e n e r g y - t r a n s d u c t i o n  in t e r f ace  b e t w e e n  t he  n e r v o u s  s y s t e m  
a n d  t h e  e x t e r n a l  e n v i r o n m e n t .  Th i s  bas ic  m e c h a n i s m  6 
i n v o l v i n g  two  c o u n t e r a c t i n g  phases  p rov ides  a molecu la r  
a n d / o r  ionic bas is  for  i n f o r m a t i o n  cod ing  in t h e  n e u r o n  
a n d  t h e  n e r v o u s  sys tem,  a n d  also c e r t a i n l y  encom passe s  
t h e  o rde red  t r a n s f e r  of t h e  i n f o r m a t i o n a l  ene rgy  f rom 
si te-specif ic  l igands  to  p r o t o m e r - c o n f o r m a t i o n a l  s t a t e s  to  
a l t e r ed  ionic f lows a n d  vice versa .  T he  exce l l en t  work  of 
KARLIN a n d  BARTELS 9 i n d i c a t e d  t h a t  d isu l f ides  a n d  sulf- 
h y d r y t s  a re  v i t a l  t o  t h e  f u n c t i o n i n g  of t h e  ace ty l cho l ine  
recep tor ,  t h e  g e n e r a t i o n  of t h e  a c t i o n  p o t e n t i a l  a n d  t h e  
i n t r a - n e u r a l  t r a n s m i s s i o n  of t h e  impulse .  T h i s  r e sea rch  ~ 
a n d  o t h e r  s tud ies  s u m m a r i z e d  a n d  i n t e r p r e t e d  b y  NACH- 
MANSOHN 8 also r evea l ed  t h e  bas ic  i n v o l v e m e n t  of disul-  
f ides a n d  th io l s  in  t h e  r egu la t i on  of s y n a p t i c  t r ansmis s ion .  
F ina l ly ,  t h e r e  is ev idence  t h a t  t h i s  h y p o t h e s i z e d  m e c h a -  
n i s m  p r o b a b l y  p r o v i d e s  t h e  essen t i a l  f r a m e w o r k  for  
l ea rn ing ,  a n d  t h e  s to rage  a n d  r e t r i e v a l  of i n f o r m a t i o n .  
T h e  w o r k  of  LENHOFF e t  al.  ~, C-ALUN e t  al. ~, a n d / o r  
HENKIN e t  a13 i n d i c a t e d  t h a t  s e n s i t i v i t y  to  c o n c e n t r a -  
t i ons  of specif ic  l igands  p r o b a b l y  var ies  n a t u r a l l y  w f f h i n  
a n d  a m o n g  n e u r o n s ;  a n d  c a n  b e  a l t e r ed  p r e d i c t a b l y  b y  
a d m i n i s t r a t i o n  of a g e n t s  w h i c h  speci f ica l ly  a l t e r  t he  
s t a t e  of - S H  to  - S - S - .  KARLIN a n d  BARTI~LS 9 also 
showed  speci f ica l ly  t h a t  t h e  s e n s i t i v i t y  of t h e  ace ty l -  
cho l ine  r ecep to r  to  species  a n d  q u a n t i t i e s  of s t i m u l a n t  
molecules  could  be  p r e d i c t a b l y  a l t e r ed  b y  c h a n g i n g  t h e  
s t a t e  of d isul f ides  versus  th io l s  a t  t h e  r ecep to r  t h r o u g h  
t h e  use of t h e  t h i o l  r e a g e n t s  a n d  d i su l f ide - reduc ing  agents .  
Thus ,  one  or more  s y s t e m s  for  c h a n g e  (i.e. l ea rn ing)  in  
n e u r o n  s e n s i t i v i t y  to  s t imul i ,  b a s e d  on  sh i f t s  in  t h e  
e q u i l i b r i u m  b e t w e e n  disul f ides  a n d  su l fhydry ls ,  are  
a p p a r e n t l y  i n v o l v e d  n a t u r a l l y .  

Is  t h e r e  a n a t u r a l  s y s t e m  in  n e r v e  m e m b r a n e ,  or  
i n t i m a t e l y  associa ted ,  w h i c h  would  seem c a p a b l e  of 
a id ing  c h a n g e  in  th i s  equ i l i b r i um  b e t w e e n  disulf ides  
a n d  su l fhyd ry l s  a t  a r ecep to r  in  r e sponse  to  a s ign i f i can t ly  
a l t e red  s t imulus ,  a n d  of t h e n  bu f fe r ing  t h e  a l t e r ed  s t a t e  ? 
G l u t a t h i o n e ,  w h i c h  is a n  a l m o s t  un ive r sa l  c o n s t i t u e n t  
of f u n c t i o n i n g  biological  s y s t e m s  1° a n d  is c o m m o n  in 
neurons ,  b o t h  ca ta lyzes  a n d  buf fe r s  d i su l f ide - th io l  in te r -  
c h a n g e  r eac t ions  in  cells x°. D e h y d r o a s c o r b i c  ac id  (DHA) 
is wide ly  d i spersed  in t i ssues  a n d  f u n c t i o n s  as a n  an t ago -  
n i s t  t o  r educed  g l u t a t h i o n e  (GSH) ~. I t  t h u s  oxidizes  
g l u t a t h i o n e  (GSH)  to  G - S - S - G  a n d  becom es  r educed  
to  ascorb ic  ac id  (AA). Such  i n t e r a c t i o n  b e t w e e n  g lu ta -  
t h i o n e  a n d  D H A - A A  a p p a r e n t l y  cou ld  c o n s t i t u t e  a 
n a t u r a l  s y s t e m  to  r egu la t e  t h e  s t a t e  a n d  b i n d i n g  func-  
t ions  n of g iven  n e u r a l  m e m b r a n e s .  T h e r e  are  good 
e x p e r i m e n t a l  d a t a  w h i c h  i nd i ca t e  t h a t  b o t h  g l u t a t h i one~  
a n d  D H A - A A  ~ are  f u n d a m e n t a l l y  i n v o l v e d  in a l t e r i n g  
t h e  a b o v e  f u n c t i o n s n .  Thus ,  l e a r n i n g  in  a n e u r o n  could  
b e  r educed  to  a sh i f t  in  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  
t h e  b i n d i n g  a n d  s t a t e  f u n c t i o n s  n in  a n e u r o n a l  mac ro -  
molecule .  S to rage  ( re ten t ion)  of l e a r ned  i n f o r m a t i o n  
would  neces s i t a t e  t h e  m a i n t e n a n c e  of a n  expe r i enced  
sh i f t  in  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  b i n d i n g  a n d  s t a t e  
func t ions .  Acco rd ing  to  t h e  hypo t he s i s ,  t h i s  could  b e  
accompl i shed  b y  a s t a b i l i z a t i o n  of t h e  new  t h r e s h o l d -  
p o t e n t i a l  e q u i l i b r i u m  b e t w e e n  - S H  g roups  a n d  d isu l f ide  
b o n d s  in  t h e  l e a rned  mac romolecu le .  A s t ab i l i zed  r e d o x  
bu f fe r  s y s t e m  i n v o l v i n g  g l u t a t h i o n e  a n d / o r  D H A - A A  
could  p r o v i d e  for  r e t e n t i o n  of t h e  l e a r n e d  s t a t e .  Some  
o t h e r  o rde red  i n c o r p o r a t i o n  of l ipids,  po lypep t ides ,  p ro-  
te ins ,  a n d / o r  nuc le ic  ac ids  i n to  t h e  l o n g e r - t e r m  s t ab i l i za -  
t i o n  of a l ea rned  i n t e r r e l a t i o n s h i p  b e t w e e n  f u n c t i o n s  n 
in  a n e u r o n a l  m e m b r a n e  also is p r o b a b l e .  Bas ic  r e t r i e v a l  

of l e a rned  i n f o r m a t i o n  would  necess i t a t e  t h a t  t h e  n e r v o u s  
s y s t e m  or i t s  e n v i r o n m e n t  p r e s e n t  a t  t h e  l ea rned  r ecep to r  
of t he  n e u r o n  e n o u g h  c o m p l e x i n g  energy,  w i t h  or w i t h o u t  
d isul f ide  r e d u c t i o n  a n d / o r  s u l f h y d r y l  ox ida t ion ,  to  t r i gge r  
t h e  g e n e r a t i o n  of t h e  t h r e s h o l d  p o t e n t i a l  of t h e  n e r v e  
m e m b r a n e .  

Th i s  s t a t e m e n t  does no t  d iscuss  h ie ra rch ies  of n e u r a l  
func t ion ,  such  as levels  of i n t e g r a t i o n  of n e u r a l  impu l se s  
in  t h e  c e n t r a l  n e r v o u s  sys tem.  However ,  t h e  a u t h o r  
be l ieves  t h a t  c la r i f i ca t ion  of t he  m e c h a n i s m s  of l ea rn ing ,  
a n d  i n f o r m a t i o n  s to rage  a n d  r e t r i e v a l  a t  t h e  levels  of 
t h e  n e u r o n  or series of a few n e u r o n s  wil l  p r o v i d e  t he  
bas ic  i n s i g h t  to  t h e  m o r e  c o m p l e x  b r a i n  func t ions .  

E n z y m a t i c  a n d  n o n - e n z y m a t i c  r eac t i ons  h a v e  n o t  b e e n  
d i s t i n g u i s h e d  in t h i s  s t a t e m e n t .  Th i s  was  n o t  done  
because  t h e  a u t h o r  cons iders  s u c h  differences,  as v i t a l  
as t h e y  o b v i o u s l y  a re  in  t h e  c o n t i n u e d  f u n c t i o n i n g  of t h e  
n e r v o u s  sys tem,  as  bas i ca l ly  accessory  t o  ( aux i l i a ry  to)  
t h e  h y p o t h e s i z e d  un i fy ing  m e c h a n i s m  in  n e u r a l  func t ion .  

ZusammenJassung. E s  wi rd  die  H y p o t h e s e  aufges te l l t ,  
w o n a c h  al le  n e r v 6 s e n  Prozesse  a u f  L i g a n d e n k o m p l e x i e -  
r u n g  m i t  Rezep to rd i su l f i den  u n d / o d e r  S u l f h y d r y l p r o t o -  
m e r e n  de r  N e r v e n m e m b r a n e n  b e r u h e n  a n d  diese Prozesse  
m i t  R e d u k t i o n s -  bzw.  O x y d a t i o n s p r o z e s s e n  g e k o p p e l t  
se in  k 6 n n t e n .  Le rnp rozes se  wf i rden  au f  d e m  g le ichen  
M e c h a n i s m u s  b e r u h e n .  
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