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Fig. 2. Left column: Calculated Nyquist diagrams of 
the normalized input impedance according to equa- 
tion 2. A) Pure autoregulation of flow, G~ = 0, 
G~ = 3/(1 + ]u) 5), where ] = {--1}t/2 and co: 
circular frequency (rad. see-*). B) Autoregulation 
of pressure, G, = 3/(1 + ]co 100). A constant gain 
factor G~ = 3 was assumed for proper scaling of 
the diagram. C) Autoregulation of pressure and 
flow. G , =  31(1 + jOJ5) and G~=31(1 + jco 10~). 
Right column: Measured Nyquist diagrams of the 
input impedance of the mesenterie artery (MES, 
units mm Hglml/min), femoral artery (FEM, units 
mm Hg/ml/min) and renal artery (REN, units mm 
Hg/ml/100 g/ufin). Average dog weight 20 kg. Flow 
was used as modulated input signal with the modula- 
ted amplitude being about 40% of the mean flow 
value. Parameters frequency in Hz. Squares: Zero 
frequency resistance as measured during constant 
perfusion with mean flow value. 

p u m p  from a cannu la  inser ted in one femoral  a r te ry .  The  
p u m p  ra te  could be modula ted .  Us ing  a TR-48  analog 
compu te r  in the  control  c i rcui t  both,  the  ar ter ia l  perfus ion 
f low or  local  a r te r ia l  pressure could be modu la t ed  sinu- 
soidal ly  in the  f requency  range be tween  0.0005 H z  and  
0.25 H z  according to  signals f rom a func t ion  generator .  
The  responses of pressure and flow, respect ively ,  were 
recorded.  E a c h  ar ter ia l  bed was examined  in a t  least  3 
d i f ferent  animals .  The  responses were reasonably  l inear  
in the  examined  range.  

The  r ight  co lumn of F igure  2 shows charac ter i s t ic  
results  f rom the  A. mesenter ica  sup. (MES), the  A. femo- 
ralis  (FEM) and the  A. rena!is (REN) in the  form of 
Nyqu i s t  d iagrams  of the  inpu t  impedance .  The  lef t  co lumn 
of Figure  2 shows Nyqu i s t  d i ag rams  calculated according 
to  equa t ion  2 for the  fol lowing assumpt ions :  A) pure  
au toregula t ion  of f low; B) au toregula t ion  of pressure and 
C) reciprocal  au to regu la t ion  of pressure and flow. F i rs t  
order  t ransfer  funct ions  were assumed for Gq and Gp, as 
indica ted  in the  figure. 

F r o m  these  results  i t  can be concluded t h a t  there  exists  
an  au toregu la t ion  of pressure  besides the  wel lknown 
au toregu la t ion  of f low a in all  3 examined  beds. A l though  
the  expe r imen ta l  resul ts  ce r ta in ly  are  d is tor ted  by  non- 
t inear effects, i t  can  be seen t h a t  t he  effect  of  t he  au to-  
regula t ion  of pressure is mos t  marked  in t he  femoral  
ar tery ,  whereas  the  mesenter ic  a r t e ry  exhib i t s  near ly  pure  

au to regu la t ion  of flow. The renal a r te ry  shows b o t h  au to-  
regula t ion  of f low and  pressure. The  t i m e  cons t an t  of 
t he  l a t t e r  is in t he  order  of  1000 sec. 

The  exis tence  of an  au toregu la t ion  of  pressure indicates  
t h a t  local cont ro l  mechan isms  t ake  p a r t  in t he  d y n a m i c  
regula t ion  of t he  ar te r ia l  pressure  and m a y  do so even  
in the  absence of neural  cont ro l  *. 

Zusammen/assung. Der  E ingangswide r s t and  verschic-  
dener  Ar ter ien  wurde  im Nieder f requenzbere ich  (0,0005 
bis 0,25 Hz) mi t t e l s  s inusf6rmig m o d u l i e r t e r  Pumpen-  
Perfusion m i t  a r te r ie l lem Blu t  an narkot i s ie r ten  H u n d e n  
gcmessen. Die Resu l t a t e  lassen die Ex i s t enz  zweier  rezi- 
prok  wi rkender  Au to regu la t ionsmechan i smen  vermuten ,  
deren F requenzcha rak te r i s t i k  m i t  Hi l fe  eines einfachen 
l inearen Modells  s imul ier t  werden konnte .  
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Effects of L-Dopa Alone and in Combination with Dopa Decarboxylase Inhibitors on the Arterial 
Pressure and Heart Rate of Dogs 

L-3 ,4-Dihydroxyphenyla lan ine  (L-dopa) is known to 
produce clinical i m p r o v e m e n t  in pa t ien ts  wi th  Park in-  
son's  disease1. Side effects of L-dopa g iven  ora l ly  include 
hypotens ion  x-s, while  by  i.v. admin i s t r a t ion  L-dopa 
elevates  ar ter ia l  pressure in m a n  4. In  expe r imen ta l  
animals  the  acute  effect  of L-dopa on the  ar ter ia l  pressure 

is species dependent .  By  i.v. admin i s t r a t ion  L-dopa 
elevates  ar ter ia l  pressure in cats  s bu t  lowers it  in rabbi t s  e. 

The  possible mechan isms  of the  hypo tens ive  ac t ion  
of L-dopa include:  1. r ep lacement  of norepinephr ine  a t  
the  per iphera l  sympa the t i c  nerve  endings wi th  dopamine ,  
which  is a weaker  ¢¢-adrenergic s t imu lan t  t h a n  norepine-  
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Table I. Effect of L-dopa alone and in combination with dopa-decarboxylase inhibitors on the arterial pressure of anesthetized dogs 

Group Treatment Dose No. of Mean arterial pressure (mm Hg) • 
No. (mg/kg animals 

i.v.) Control At min after drug 
values 

1 5 15 30 60 120 

1 Control(acidic saline) 5 155 157 158 154 155 154 143 
2 n-dopa 10 7 115 111 121 126 117 115 119 
3 L-dopa 25 5 148 131 166 196 b 150 158 160 
4 L-dopa 50 5 132 125 198 b 207 b 182 120 102 
5 L-HMD 15 4 127 127 127 127 125 125 127 
6 L-HMD + L-dopa 15+25  7 145 135 126 85 b 85 ~ 96 b 109 ~ 
7 L-HMD + L-dopa 15 + 50 5 109 99 81 72 b 69 b 67 b 76 b 
8 Ro 4-4602 100 5 145 142 158 150 140 138 138 
9 Ro 4-4602+L-dopa 100+25 7 164 156 157 145 142 b 137 b 134 b 

* Average values for the given number of animals, b Significantly different from control value for the same group; p < 0.05. 

Table II. Effect of L-dopa alone and in combination with dopa-deearboxylase inhibitors on the heart rate of anesthetized dogs 

Group Treatment Dose No. of Heart rate, beats/min • 
No. (mg/kg animals 

i.v.) Control At rain after drug 
values 

1 5 15 30 60 120 

1 Controls(acidic saline) 5 149 150 151 151 143 131 117 
2 L-dopa 10 7 154 153 168 178 170 151 140 
3 L-dopa 25 5 144 151 140 101 ~ 184 b 170 141 
4 L-dopa 50 5 158 153 122 81 b 129 193 168 
5 L-HMD 15 4 159 15I 147 149 133 ~ 136 126 b 
6 L-HMD+L-dopa 15+25  7 154 152 150 112 ~ 104 b 106 b 110 b 
7 L-HMD+L-dopa 15 + 50 5 150 153 I42 106 105 b 98 b 87 b 
8 Ro 4-4602 100 5 159 158 162 164 158 145 123 b 
9 Ro 4-4602+L-dopa 100+25 7 138 140 138 136 142 138 128 

Average values, b Significantly different from control value for the same group; p < 0.05. 

p h r i n e  a n d  m a y ,  t he r e fo re ,  f u n c t i o n  as  a false t r a n s m i t t e r ,  
o r  2. a c e n t r a l  m e c h a n i s m  i n v o l v i n g  s t i m u l a t i o n  of  inh ib i -  
t o r y  d o p a m i n e r g i c  or  a d r e n e r g i c  r e c e p t o r s  in t h e  c e n t r a l  
n e r v o u s  s y s t e m .  B o t h  h y p o t h e s e s  a s s u m e  t h a t  L -dopa  
is p h a r m a c o l o g i c a l l y  i n e r t  a n d  t h a t  o n e  of  i t s  m e t a b o l i t e s ,  
p r o b a b l y  d o p a m i n e  o r  n o r e p i n e p h r i n e ,  is r e s p o n s i b l e  fo r  
i t s  h y p o t e n s i v e  a c t i v i t y .  E v i d e n c e  of  t h e  e x i s t e n c e  of  
a n  e n z y m a t i c  b a r r i e r  ( d o p a - d e c a r b o x y l a s e )  b e t w e e n  b l o o d  
a n d  b r a i n  fo r  L-dopa~, s f u r t h e r  i n d i c a t e s  a m e t a b o l i t e  
b u t  n o t  L -dopa  i t se l f  i n d u c e s  h y p o t e n s i o n  cen t r a l l y .  

T h e  f i r s t  h y p o t h e s i s  is s u p p o r t e d  b y  o b s e r v a t i o n s  of  
COLLINS a n d  WEST ~ t h a t  L -dopa  can  cause  a c c u m u l a t i o n  
of  d o p a m i n e  in  t h e  s y m p a t h e t i c  n e r v e  t e r m i n a l s  a n d  t h a t  
d o p a m i n e  c a n  be  r e l eased  b y  n e r v e  s t i m u l a t i o n .  T h e  
s e c o n d  h y p o t h e s i s  is s t r e n g t h e n e d  b y  r e c e n t  f i n d i n g s  of  
HENNIXG a n d  RUBENSON x0, n t h a t  a p e r i p h e r a l  i n h i b i t o r  
of  d o p a - d e c a r b o x y l a s e ,  DL-~-hydraz ino-e-methy l - /~- (3 ,  4- 
d i h y d r o x y p h e n y l ) - p r o p i o n i c  ac id  n ,  la (DL-HMD) r e v e r s e s  
t h e  h y p e r t e n s i v e  e f fec t  of  L -dopa  a n d  cause s  a c c u m u l a -  
t i o n  of  d o p a m i n e  in t h e  b r a i n  of  r a t s .  I t  is a s s u m e d  t h a t  
d o p a m i n e  o r  n o r e p i n e p h r i n e  p r o d u c e s  a c e n t r a l l y  med i -  
a t e d  h y p o t e n s i v e  a c t i o n  w h i c h  is u s u a l l y  o b s c u r e d  b y  
t h e i r  p e r i p h e r a l  p r e s s o r  effects .  T h e  i n h i b i t i o n  of  per i -  
p h e r a l  d e c a r b o x y l a t i o n  of  L -dopa  u n m a s k s  t h e  c e n t r a l  
h y p o t e n s i v e  ef fec t  of  i t s  m e t a b o l i t e s .  O u r  r e c e n t  f i n d i n g s  
in  d o g s  s u p p o r t  t h i s  h y p o t h e s i s .  

M o n g r e l  d o g s  of  e i t h e r  s ex  a n d  7-11 kg  b o d y  w e i g h t  
we re  a n e s t h e t i z e d  w i t h  s o d i u m  v i n b a r b i t a l ,  50 m g / k g  i.v. 
F e m o r a l  a r t e r i a l  p r e s s u r e  a n d  h e a r t  r a t e  w e r e  r e c o r d e d  
c o n t i n u o u s l y  t h r o u g h  a c a t h e t e r  a n d  S t a t h a m  m o d e l  
P 2 3 D b  p r e s s u r e  t r a n s d u c e r  o n  S a n b o r n  150 p o l y g r a p h .  

D r u g s  w e r e  f i r s t  d i s s o l v e d  in 1 N HC1 a n d  f u r t h e r  d i l u t e d  
1 : 10 w i t h  p h y s i o l o g i c a l  sal ine.  T h e  t o t a l  v o l u m e  of  f ina l  
d r u g  s o l u t i o n  w a s  k e p t  a t  10 ml .  Al l  d r u g s  were  i n fu sed  
i n t o  f e m o r a l  v e i n  o v e r  a 2-rain  pe r iod .  C o n t r o l  a n i m a l s  
r ece ived  10 m l  of  ac id i f ied  sal ine.  A r t e r i a l  p r e s s u r e  a n d  
h e a r t  r a t e  w e r e  r e c o r d e d  a t  1, 5, 15, 30, 60 a n d  120 m i n  
a f t e r  a d m i n i s t r a t i o n  of  L-dopa.  
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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. 

D. H. MINSKER, A. SCRIABINE, 
A. L. STOKES, C. A. STONE 
and M. L. TORCHIANA 

Merck Institute/or Therapeutic Research, 
West Point (Pennsylvania 19486, USA), 
74 December 1970. 

14 V. J. LOTTI and C. C. PORTER, J. Pharmac. exp. Ther. 172, 406 
(1970). 

15 G. BARTHOLINI, W. P. BURKARD and A. PLETSCHER, Nature,  
Loud. 215, 852 (1967). 
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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 


