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During controlled locomotion of a mesencephalic  cat,  the cardiac  output inc reases  on the 
average by 70-95%, the a r te r ia l  p r e s s u r e  r i ses  by 20-35%, and the hea r t  rate inc reases  by 
15-20%. The total vascu la r  conductance inc reases  mainly on account of dilatation of vesse l s  
of the working l imbs through the action of a local fac tor  and to an increase  in the conduc- 
tance of the remainder  of the vascu la r  sys tem evoked by afferent influences f rom the working 
limbs. 

Hemodynamic changes during br ie f  muscular  activity have been adequately studied [5-7]. They may 
be due to a change in the state of the vasomotor  centers ,  to ref lexes f rom working muscles ,  to dilatation of 
their  vesse ls  by the action of a local factor  (changes in local metabolism, effects of in t ramuscu la r  p r e s :  
sure on the tone of the musculature of the vesse l s  [2]) and to the movement of metabolites f rom the working 
muscles  into the general  blood s t ream,  where they can exer t  a d i rec t  o r  ref lex action on the nervous 
centers .  

Hemodynamic changes aris ing during controlled locomotion in a mesencephal ic  cat are  descr ibed in 
this paper  [3, 4]. 

E X P E R I M E N T A L  M E T H O D  

Under e ther  anesthesia  and after  t racheotomy,  a the rmoelec t r i c  t r ansducer  [1, 8] was introduced 
through one of the carot id a r te r ies  into the aor ta  to r ecord  card iac  output (F) by the thermodilution method 
[9]. A catheter  for injecting cold Ringer ' s  solution was introduced via  the jugular vein into the infer ior  
vena cava toward the atrium. The catheter  for recording  the p r e s s u r e  (P) (by an external  tensometr ic  
manometer) was introduced into the left brachial  a r te ry ;  the left brachial  plexus was divided. After p r e -  
col l icular  decerebra t ion  [4], the anesthesia  was stopped, the ca t ' s  head was fixed in a s tereotaxic  holder,  
and the limbs were placed on the belt of a t readmill .  To produce locomotion, the " locomotor  area"  (LA) in 
the mesencephalon was st imulated [3]. The duration of each walk was about 1 min and intervals  between 
them at least  5 min. F r o m  the recorded  values of P, F, and the hear t  ra te  ( f ) ,  the per iphera l  res i s tance  
( R = P / f ) ,  the conductance ( I = I / R ) ,  and the s troke volume (V) were calculated. The venous p r e s s u r e  was 
ignored. 

Three . se r i e s  of experiments ,  with 6, 4, and 3 tested respect ively ,  were ca r r i ed  out. The strength of 
stimulation to evoke locomotion was less  then 200 ttA. 

E X P E R I M E N T A L  R E S U L T S  

Series I. The p r e s s u r e  P increased a f t e rwalk ingfor  5-7 sec, but thenfel l  slightly and remained at a con- 
stant level (Fig~ 1). After  the 30th-50th sec of walking, a marked  inc rease  in F and a small  inc rease  in P and 
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T A B L E  1. Mean  V a l u e s  of  
S e r i e s  of  E x p e r i m e n t s  

Hemodynamic 
parameters 

H e m o d y n a m i c  P a r a m e t e r s  fo r  D i f f e r e n t  

0 o 
c o  

iIi 2,2 2,0 
III 2,3 

r~  

o 

:=2 

3,4 
3,0 
4,2 

F~ ~ .~ ~ .~ ~.~ 
Q 

1,7 t ,9 

p I I 98 112 87 96 
I 89 1~9 - - ~ ~ 7  ~ 

( in  mm Hg) III 91 130 --  - -  --  137 181 

F iIi 7,8 13,5 6,8 7,6 --  - -  
7,3 12,4 --  - -  6~4 7~9 7~9 

(in ml/sec) III 7,2 16,3 - -  - -  7_8 12,8 

f iIi 3,5 4,0 3,9 3,9 --  - -  
3,8 4,4 --  - -  3~5 3~-5 3~-6 

(beats/sec) IlI 3,3 4,0 --  - -  - -  3_2 3~-6 

R iIi 14,3 9,2 16,0  18,7 --  --  
(ram Hg/ml/ 12,7 7 , 7  - -  - -  15,,0 19,2 IO,8 --  

sec) III 15,9 8,3 --  --  1~,8 13,7 

V 
(in ml) 

m m 

276 3,~7 

1Rest a f t e r  c o m p r e s s i o n  of  a o r t a :  P =115;  F =8.2 ;  f = 3 . 3 ;  R =14.3;  
V =2.5 .  
2Rest  a f t e r  wa lk ing  with  a o r t a  c o m p r e s s e d :  P - -118 ;  F =7.8 ; f = 3 . 4 ;  
R = 1 6 . 1 ;  V = 2 . 5 .  

f w e r e  o b s e r v e d  (Table  1). The  i n c r e a s e  in F was  m a i n l y  due to an i n c r e a s e  in V: R d e c r e a s e d  by  30-40%. 
A f t e r  c u r a r i z a t i o n  (1-2 mg  t u b o c u r a r i n e  o r  8 mg f l axed i l  p e r  ca t ,  i n t r a v e n o u s l y )  s t i m u l a t i o n  of LA c a u s e d  
only  a s l i g h t  i n c r e a s e  in P and a c o r r e s p o n d i n g  i n c r e a s e  in  R. Consequen t ly ,  i t  was  the  l o c o m o t i o n  and no t  
the  s t i m u l a t i o n  o f  LA i t s e l f  which was  r e s p o n s i b l e  fo r  the  d e c r e a s e  in R and the i n c r e a s e  in F ,  V, a n d f .  

S e r i e s  II. In t h e s e  e x p e r i m e n t s ,  the  r i g h t  b r a c h i a l  p l e x u s  a l so  was  d iv ided ,  the  r i g h t  b r a c h i a l  a r t e r y  
was  l i g a t e d ,  and the s c i a t i c ,  f e m o r a l ,  and o b t u r a t o r  n e r v e s  w e r e  d i s s e c t e d .  A f t e r  d e n e r v a t i o n  of  a l l  the  
l i m b s ,  s t i m u l a t i o n  of LA evoked  the  s a m e  i n c r e a s e  in P as  d u r i n g  wa lk ing ,  but  only  a s m a l l  i n c r e a s e  in  F;  
f was  unchanged .  R i n c r e a s e d  m o r e  s t r o n g l y  than in  r e s p o n s e  to s t i m u l a t i o n  of  LA u n d e r  c u r a r e .  Since  
t h e s e  two me thods  of  i m m o b i l i z a t i o n  d i f f e r  in  the fac t  t ha t  a f t e r  d i v i s i o n  of the  n e r v e s  the  l i m b  v e s s e l s  
a l so  a r e  d e n e r v a t e d ,  i t  can be  p o s t u l a t e d  tha t  s t i m u l a t i o n  of  LA i t s e l f  d i l a t e s  the  v e s s e l s  of  the  l i m b  m u s c l e s  
to s o m e  ex t en t  and c o n s t r i c t s  the  r e s t .  The o v e r a l l  e f fec t  c o n s i s t s  of  a s m a l l  i n c r e a s e  in  R. 

Dur ing  a l t e r n a t e  (in the  r h y t h m  of  walking) s t i m u l a t i o n o f t h e  p e r i p h e r a l  e n d s  of  the  d i v i d e d  l e f t  and 
r i g h t  s c i a t i c  n e r v e s  (with v o l l e y s  of  p u l s e s  of  adequa te  s t r e n g t h ,  0 .3 -0 .5  s e c  in d u r a t i o n ,  p u l s e  d u r a t i o n  
0 .1 -0 .3  m s e c ,  f r e q u e n c y  3 0 / s e c )  f o r  1 rain,  a f t e r  the  30 th -50 th  s e c  of  s t i m u l a t i o n  F i n c r e a s e d  bu t  much  l e s s  
so than  du r ing  l o c o m o t i o n ,  and  no i n c r e a s e  was  o b s e r v e d  in  P and f .  The i n c r e a s e  in  F and d e c r e a s e  in  
R in the a b s e n c e  of  a f f e r e n t  i m p u l s e s  f r o m  the  work ing  l i m b s  and of  LA s t i m u l a t i o n  w e r e  e v i d e n t l y  due to 
v a s o d i l a t a t i o n  in the  w o r k i n g  m u s c l e s  u n d e r  the  in f luence  o f  a l o c a l  f a c t o r  (or  of  the  e n t r y  of  m e t a b o l i t e s  
in to  the  g e n e r a l  b l o o d  s t r e a m ) .  As  m e n t i o n e d  above ,  the  d e c r e a s e  in  R and i n c r e a s e  in  F and f du r ing  
wa lk ing  w e r e  no t  c o n n e c t e d  with the  s t i m u l a t i o n  of  LA i t s e l f ,  and w e r e  m o r e  m a r k e d  than  d u r i n g  m u s c u l a r  
w o r k  r e s u l t i n g  f r o m  d i r e c t  s t i m u l a t i o n  of  the  n e r v e s .  Consequen t ly ,  a f f e r e n t  i m p u l s e s  f r o m  the  w o r k i n g  
l i m b s  p l a y  an ' e s s e n t i a l  r o l e  in  the  d e c r e a s e  in  R and i n c r e a s e  in  F a n d f .  

S e r i e s  IIL Both f o r e l i m b s  w e r e  d e n e r v a t e d  and both  b r a c h i a l  a r t e r i e s  l i ga t ed .  The  a b d o m i n a l  a o r t a  
was  d i s s e c t e d  above  i t s  b i f u r c a t i o n  into  the  i l i a c  a r t e r i e s .  M o v e m e n t s  of  the  h ind  l i m b s  d u r i n g  wa lk ing  with  
a n o r m a l  b lood  supp ly  and d u r i n g  wa lk ing  with the  a b d o m i n a l  a o r t a  c o m p r e s s e d  we re  c o m p a r e d  (using 
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Fig. 1. Hemod~lamic changes during controlled locomotiQn in 
a mesencephalic  cat. F r o m  top to bottom: a r te r ia l  p r e s su re ,  
longitudinal movements of right and left hind l imbs, pulse rate ,  
marke r  of LA stimulation, movement of t readmil l  belt  (between 
adjacent marks  the belt moves 0.5 m), thermodilut ion curves  
(6.8, 11.1, 15.0, 14.0, and 7.8 ml /sec) .  Time m a r k e r s  for  r e -  
cords  of a r te r ia l  p re s su re ,  limb movements ,  and thermodi lu-  
tion curves  are  5, 1, and 2 sec respect ively .  

values of the hemodynamic p a r a m e t e r s  30-50 sec after compress ion  of the aor ta  at r e s t  for reference) .  
The increase  in P during walking with a normal  blood supply was the same as during walking after  com-  
press ion  of the aorta, but the increase  in F a n d f  was a lmost  twice as great .  During walking with the 
aor ta  compressed ,  R fell by a lmost  twice as much as during walking with a normal  blood supply. 

Consequently, the increase  in P during locomotion w~ts unconnected with entry of metabolites into 
the general  blood s t ream.  It is assumed that in the case of locomotion for 1 min this factor  can be d is -  
regarded by compar ison  with the r e s t  of the hemodynamic pa r ame te r s .  The exper iments  with compress ion  
of the aor ta  also showed that the increase  in total vascular  conductance during locomotion is due approxi-  
mately equally to an increase  in vascu la r  conductance in the working l imbs and in the res t  of the body. 
Exclusion of vesse l s  of the working limbs may account for  the sma l l e r  inc rease  in F during locomotion 
with the aor ta  compressed .  Since stimulation of LA by i tself  is unaccompanied by a percept ible  increase  
in f ,  afferent impulses  f rom the working limbs may play an essent ial  role in its inc rease  during locomotion. 

During locomotion with the aor ta  compressed ,  a decrease  in R can take place only through an increase  
in conductance of vesse l s  outside the limbs. Since stimulation of LA i tse l f  can only cons t r ic t  these vesse ls ,  
and the action of metaboli tes f rom the working muscles  in this case was excluded, it is evident that afferent 
impulses f rom the working l imbs increased  vascular  conductance outside the l imbs more  strongly than it 
was reduced by stimulation of LA itself. 

Comparison of the resul ts  of all se r ies  of exper iments  suggests  some additional conclusions,  although 
their  rel iabil i ty is problemat ical .  Accepting that the effect  of metabolites entering the genera l  blood 
s t r eam can be d isregarded,  it can be concluded that during locomotion the vascu la r  conductance of the l imbs 
inc reases  severa l  t imes,  but that of the remaining vesse l s  by less  than 50%. The propor t ion of the 
total conductance due to vesse l s  of the l imbs is about 1/9 at r e s t  and about 1/3 during walking. The 
contribution of LA st imulat ionto vasodilatation inthe l imbs was severa l  t imes  less  thanthat  of the local factor .  
Afferent impulses  f rom the working limbs had no appreciable effect on their  own vesse ls ,  but substantially 
increased  conductance of vesse l s  outside the limbs. 

The authors are grateful to V. S. Gurfinkel '  for his constant in te res t  in this investigation. They also 
wish to thank M. I. Gurevieh for his help with the thermodilution method. 
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