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LOCAL RESPONSES OF SKELETAL MUSCLE AND SKIN VASCULAR BEDS 

IN EXERCISE IN THE DOG HINDLIMB

CHAPTER I  

INTRODUCTION

Venous Responses in  S k e le ta l  M uscle i n  E x e rc ise  

T here i s  c o n s id e ra b le  d a ta  in  th e  l i t e r a t u r e  to  show th a t  th e  

o n se t o f  e x e r c is e  i s  fo llow ed by in c re a s e d  a r t e r i a l  p re s s u re  and c a rd ia c  

o u tp u t (4 ) ,  ( 9 ) ,  (1 4 ) , (1 5 ) , (2 2 ) , (3 4 ) , (3 8 ) , a m inim al e l e v a t io n ,  i f  

any , in  c e n t r a l  venous p re s s u re  (1 5 ) , (3 8 ) , (5 5 ) ,  and a d e c re a se  in  

t o t a l  p e r ip h e r a l  r e s is ta n c e  (3 8 ) , (5 3 ).

D e sp ite  n e g l ig ib le  changes in  c e n t r a l  venous p re s s u re ,  plasm a 

volume has been found to  d e c re a se  in  e x e r c is e .  Holmgren (3 8 ) , d e m o n s tra t­

ed th a t  th e  f lu id  s h i f t  from th e  v a s c u la r  com partm ent amounted to  7 to  9% 

o f th e  t o t a l  blood volume in  a  man doing f i f t e e n  m inu tes o f  heavy e x e r c is e .  

E a r l i e r ,  G regersen  (2 9 ), showed a lo s s  o f 470 m i l l i l i t e r s  o f f lu i d  in  a 

n in e ty  second p e r io d , in  an a t h l e t e  ru n n in g  a t  to p  speed on a t r e a d m il l .  

S im ila r  r e s u l t s  have been p u b lish e d  by E b e rt and Stead (1 8 ) , who s tu d ie d  

human s u b je c ts  do ing  s tre n u o u s  b ic y c le  w ork. Such d a ta  r a i s e  th e  

q u e s tio n  a s  to  th e  mechanism o f t h i s  f lu id  lo s s  in  th e  c a p i l l a r i e s .  W hile 

th e  f lu id  lo s s  may be ex p la in ed  s o le ly  by th e  in c re a s e d  blood flow  and 

p r e c a p i l l a r y  d i l i t a t i o n  o f e x e r c is e ,  a p o s s ib le  r o le  f o r  th e  venous v a s ­

c u la tu r e  in  t h i s  mechanism can n o t be d is c o u n te d . *
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C a p i l la ry  h y d ro s ta t ic  p re s su re  i s  a fu n c tio n  o f th e  com pliance 

o f  th e  c a p i l l a r y  w a ll  and volume o f  blood in  th e  c a p i l l a r y .  Volume i s  

r e g u la te d ,  in  tu r n ,  by th e  c e n t r a l  a r t e r i a l  and venous p re s s u re s  and 

th e  p re -  and p o s tc a p i l l a r y  r e s i s ta n c e s .  W hile the  d i r e c t io n  and magni­

tu d e  o f  th e  changes in  a r t e r i a l  and venous p re s s u re s  in  e x e rc is e  a re  

known, th e  d i r e c t io n  and m agnitude o f the  change in  th e  p re -  to  p o s t­

c a p i l l a r y  r e s is ta n c e  r a t i o  i s  s t i l l  a m a tte r  o f c o n s id e ra b le  s r ic u -  

l a t io n .

I t  i s  w e ll  known th a t  e x e rc is e  cau ses  an in c re a s e  in  blood flow  

th rough  a c t iv e  m uscles . G ran t (2 5 ), has dem onstra ted  in  humans th a t  

t h i s  hyperem ia i s  p ro p o r t io n a l  to  th e  i n t e n s i t y  o f th e  w ork. Wood and 

Bass (5 7 ) , w ith  a forearm  plethysm ograph showed la rg e  in c re a s e s  in  

b lood  flow  in  th e  forearm s o f in d iv id u a ls  doing t r e a d m il l  w ork. W ith 

a s im i la r  te ch n iq u e  C o rco n d ila s  e t  £ l .  (1 3 ) , showed th a t  an in c re a s e  in
t

flow  can  be d e te c te d  w ith in  a second o f s in g le  c o n tra c t io n  o f  fo rearm  

m u sc les . T h is  a p p a re n t d ec re a se  in  p r e - c a p i l l a r y  r e s is ta n c e  has  been 

dem onstra ted  a l s o  in  an im a ls . G o llw itze r-M e ie r  (2 4 ), s tu d ie d  th e  i s o ­

la te d  gastronem ius m uscle o f th e  dog d u rin g  s t im u la t io n  and found a 

g ra d u a l re d u c tio n  in  a r t e r i a l  p re s s u re .  H ilto n  (3 6 ) , showed th a t  a 

d i l i t a t i o n  of th e  fem ora l a r t e r y  o ccu rred  fo llo w in g  c o n tra c t io n s  o f h in d - 

limb m uscles in  the  c a t .  T h is response  was confirm ed in  c a ts  by D 'S ilv a  

and Fouche (1 6 ).

The combined e f f e c t  o f an in c re a s e  in  a r t e r i a l  p re s s u re  w ith  

th e  a p p a re n t d e c re a se  in  p r e c a p i l l a r y  r e s is ta n c e  in  th e  i n t a c t  o rgan­

ism , could  in c re a s e  c a p i l l a r y  p re s su re  and , as  a r e s u l t ,  th e  f i l t r a t i o n  

r a t e .  However, a commensurate d ec re a se  in  venous r e s is ta n c e  could  o f f s e t
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t h i s  in c re a s e  in  c a p i l l a r y  p re s s u re ,  s in c e  c a p i l l a r y  volum e, a d e t e r ­

m inant of p re s s u re ,  i s  a fu n c tio n  o f  th e  r a t i o  o f  p re -  to  p o s tc a p i l l a r y  

r e s i s t a n c e .  F u rth e rm o re , Pappenheim er and S o to -R iv e ra  (4 6 ) , have in d i ­

c a te d  t h a t  th e  f i l t r a t i o n  - a b s o rp tio n  mechanism in  th e  c a p i l l a r y  i s  

f iv e  to  te n  tim es  more s e n s i t iv e  to  changes in  venous r e s i s ta n c e  th an  

to  a r t e r i a l  r e s i s t a n c e .

L andis and H o r te n s tin e  (4 2 ) , commented th a t  s tu d ie s  o f  v aso ­

m otor to n e  in d ic a te  t h a t  a r t e r i o l e s  and v en u les  tend  to  d i l a t e  o r  

c o n s t r i c t  to g e th e r ,  th e re b y  no t changing c a p i l l a r y  p re s s u re .  W hile 

t h i s  s ta te m e n t may be an  a c c e p ta b le  g e n e r a l iz a t io n ,  th e re  a re  e x c e p tio n s  

t o  i t .  There i s  in c re a s in g  e x p e rim en ta l ev id en ce  to  in d ic a te  th a t  p re -  

and p o s tc a p i l l a r y  v e s s e ls  may respond q u i te  d i f f e r e n t l y  to  o r ig in a l  

s t im u l i .  In c h le y  (3 9 ) , and Haddy (3 0 ) , showed such  an e f f e c t  in  th e  

dog in  resp o n se  to  h is ta m in e . The l a t t e r  in v e s t ig a to r  dem onstra ted  

t h a t  u nder s p e c ia l  c o n d itio n s  t h i s  ag e n t may cause v a s o d i l i t a t i o n  o f 

p r e c a p i l l a r y ,  and v a s o c o n s tr ic t io n  o f  p o s tc a p i l l a r y  v e s s e ls .  M ellander 

(4 4 ) ,  showed a d i f f e r e n t i a l  e f f e c t  over tim e in  th e  r e s is ta n c e  o f  p re -  

and p o s tc a p i l l a r y  v e s s e ls  in  th e  c a t .  As a r e s u l t  o f  sy m p a th e tic  

s t im u la t io n ,  th e  c o n s t r i c t io n  e f f e c t ,  e v id e n t in  b o th  b ed s , p e r s i s te d  

lo n g e r in  th e  p o s tc a p i l l a r y  v e s s e ls .  The c a p a c ita n c e  v e s s e ls  w ere a ls o  

found to  be more s e n s i t i v e  to  low fre q u e n c ie s  o f  sy m p a th e tic  s t im u la t io n .

There has been  some tendency  to  i n t e r p r e t  th e  dynam ics o f th e  

p e r ip h e r a l  c i r c u l a t i o n  from c e n t r a l  venous p re s s u re  d e te rm in a tio n s .

Haddy, e t  aj.. (3 1 ) , used  a sm all v e in  (0 .5  mm diam) c a t h e te r i z a t io n  

te ch n iq u e  in  th e  u n a n e s th e tiz e d  dog to  show th a t  sm all v e in  p re s s u re s
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a re  sp o n ta n e o u s ly  v a r ia b le  ov er tim e. S im ultaneous d e te rm in a tio n s  o f 

la rg e  v e in  p re s s u re s  showed n e g l ig ib le  changes. They concluded th a t  o 

c e n t r a l  venous p re s s u re s  may in d ic a te  l i t t l e  ab o u t th e  s t a t u s  o f  th e  

p e r ip h e r a l  c i r c u l a t i o n .  Holmgren (3 8 ) , s tu d ie d  th e  r e la t io n s h ip  o f  

c e n t r a l  venous p re s s u re  and p e r ip h e r a l  venous p re s s u re  in  humans do ing  

b ic y c le  w ork. The c e n t r a l  venous p re s s u re  was m easured in  th e  r i g h t  

a tr iu m  and th e  p e r ip h e r a l  venous p re s s u re  was m easured s im u lta n e o u sly  

in  an arm v e in . D uring p ro longed  e x e rc is e  th e  p re s s u re s  v a r ie d  in d e ­

p e n d e n tly  o f each  o th e r .  The a u th o r  p o in ts  o u t t h a t  o n ly  in  one o f  

f iv e  ex p e rim e n ts  was th e  c e n t r a l  venous p re s s u re  an a c c u ra te  in d ic a to r  

,üf th e  p r e s s u re  v a r ia t io n s  in  th e  p e r ip h e ra l  v e in s .

J.t i s  a p p a re n t from  th e  p re v io u s  d is c u s s io n  th a t  th e  p o s t-

fc a p i l l a r y  v e s s e ls  a re  cap ab le  o f  p la y in g  a v i t a l  and indep en d en t r o le  

in  r e g u la t in g  c a p i l l a r y  h y d r o s ta t ic  p re s s u re .  I t  i s  a l s o  e v id e n tly  

t r u e ,  t h a t  th e  r o le  canno t be i d e n t i f i e d  by th e  dynamic changes in  

la rg e  v e in s  d ra in in g  th e  v a r io u s  p a r a l l e l ,  v a s c u la r  b ed s . Only r e c e n t ly  

have a t te m p ts  been  made to  e lu c id a te  th e  r e a c t io n  p a t te r n s  in  lo c a l  

p o s t c a p i l l a r y  venous segm ents o f  m uscle i n  e x e r c is e .

K je llm e r (4 0 ) , in v e s t ig a te d  lo c a l  p re s s u re - f lo w  dynam ics in  

e x e rc is e  in  th e  c a l f  m uscles o f  th e  c a t .  He u t i l i z e d  th e  p le thysm o- 

g ra p h ic  te c h n iq u e , d e sc r ib e d  o r i g i n a l l y  by M ellan d er (4 4 ) , f o r  m easur­

in g  changes in  volume o f  th e  m uscle g ro u p s . The s k in  flow  th rough  th e  

e x p e r im e n ta l sy stem  was a r r e s te d  by l i g a t i n g  th e  saphenous a r t e r i e s  and 

v e in s .  The p o p l i t e a l  a r t e r y  and v e in  w ere th e  o n ly  v e s s e ls  runn ing  to  

and from  th e  c a l f  m u sc les . When th e  system  was is o v o lu m e tr ic  ( f i l t r a ­

t io n  = a b s o r p t io n ) ,  as judged by m inim al volume chan g es, th e  venous 

p re s s u re  was r a is e d  a b ru p tly  by a  known amount and th e  ensu in g  r a t e  of
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n e t  outw ard f i l t r a t i o n  was m easured by th e  volume change in  th e  p le th y s ­

mograph. The f i l t r a t i o n  p e r  u n i t  tim e , p e r  u n i t  change in  p re s s u re  

( c a p i l l a r y  f i l t r a t i o n  c o e f f i c i e n t  o r CFG), was th e n  used to  c a lc u la te  

th e  mean c a p i l l a r y  f i l t r a t i o n  p re s s u re  on th e  assum ption  th a t  80% o f 

th e  change in  v e in  p re s s u re  was t r a n s m it te d  to  th e  c a p i l l a r i e s .  W ith 

th e  a r t e r i a l ,  venous and c a p i l l a r y  p r e s s u r e s ,  th e  p r e c a p i l l a r y  r e s i s t ­

ance (Pa - P p ), and th e  p o s tc a p i l l a r y  r e s i s ta n c e  (Pc - P v), w ere c a l -
T ?  F

c u la te d .

E x e rc is e  induced  by f a r a d ic  s t im u la t io n  o f th e  s c i a t i c  nerve 

in c re a se d  c a p i l l a r y  h y d r o s ta t ic  p re s s u re  by 17 mmHg in  th e  m ost in te n s e ­

ly  s tim u la te d  a n im a ls . T h is  p re s s u re  in c re a s e d  in  p ro p o r tio n  to  th e  

s t im u la t io n  r a t e .  In  th e se  experim en ts  e x e rc is e  was accompanied by a 

d i l i t a t i o n  o f  th e  r e s i s ta n c e  v e s s e ls  and o f  th e  c a p a c ita n c e  v e s s e ls .  

K je llm er a t t r i b u t e s  th e  r i s e  in  c a p i l l a r y  p re s s u re  to  a p ro p o r t io n a te ly  

g r e a t e r  d rop  in  p r e c a p i l l a r y  r e s i s ta n c e  th a n  in  p o s tc a p i l l a r y  r e s i s ta n c e .  

He concluded  th a t  p r e c a p i l l a r y  r e s i s t a n c e  v e s s e ls  a re  more m arkedly 

a f f e c te d  by th e  e x e rc is e  m e ta b o li te s  th a n  a re  th e  p o s tc a p i l l a r y  

v e s s e ls .

U sing  th e  dog as  the  e x p e rim e n ta l m odel, T h u le s iu s  and Johnson 

(5 4 ) , de te rm in ed  c a p i l l a r y  h y d r o s ta t ic  p re s s u re  in  th e  i s o la te d  c a l f  

m uscle . A v a r i a t i o n  o f th e  is o g ra v im e tr ic  te ch n iq u e  o f  Pappenheim er and 

S o to -R iv e ra  (4 6 ) , was used  f o r  t h i s  p u rp o se . D uring e x e r c is e ,  e l i c i t e d  

by s t im u la t io n  o f  th e  c r u r a l  nerve  a t  1-2 im pu lses p e r  second, b lood 

flow  in c re a s e d  from  8 to  24 m l/min/lOOg and t h i s  was p a r a l le l e d  by an 

in c re a s e  in  th e  c a p i l l a r y  f i l t r a t i o n  c o e f f i c i e n t  ( r a t e  o f  f i l t r a t i o n  per 

mmHg). However, c a lc u la te d  c a p i l l a r y  p re s s u re  d id  n o t in c re a s e  s i g n i f i ­

c a n t ly  and p re -  and p o s tc a p i l l a r y  r e s i s ta n c e  d e c lin e d  e q u a l ly .  These



6

o b s e rv a tio n s  led  th e  i n v e s t i g a t o r s  to  a t t r i b u t e  th e  in c re a s e  in  th e  

c a p i l l a r y  f i l t r a t i o n  c o e f f i c i e n t  to  a f i l t r a t i o n  o v e r a g r e a t e r  s u r fa c e  

a re a  in  th e  c a p i l l a r i e s .  They b e lie v e d  t h i s  was due to  th e  opening  o f  

more p r e c a p i l l a r y  s p h in c te r s  w ith  the  in c re a s e d  b lood flow  p f th e  e x e r ­

c i s e .

S h arp ey -S ch afe r (5 0 ) , u sed  a p le th y sm o g rap h ic  te ch n iq u e  to  

s tu d y  w hat he term ed "vasom oto r tone" i n  th e  e x e rc is in g  fo rearm s o f 

humans. In  a l l  o f  some 200 ex p erim en ts  on s ix ty  s u b je c ts  th e  tone  o f  

th e  v e in s  o f  th e  fo rearm  was c o n sp ic u o u s ly  in c re a se d  im m ediate ly  a f t e r  

e x e r c is e .  The e x e rc is e  r o u t in e  used  was n o t s p e c i f i e d .  The i n v e s t i ­

g a to r  s t a t e s  th a t  th e  r e s u l t s  w ere th e  same in  norm al and sym pathecto - 

mized p a t i e n t s ,  a s  w e ll  a s  th o se  w ith  se v e re  anem ia, a b se n t c i r c u la to r y  

r e f l e x e s ,  and th o se  i n  h e a r t  f a i l u r e .  S im ila r  e x e rc is e  o f  th e  o p p o s ite  

arm had no e f f e c t  on th e  e x p e r im e n ta l fo rea rm . The a u th o r  concluded  th a t  

th e  c o n s t r i c to r  e f f e c t  was n o t nerv e  m ed iated  and re p re s e n te d  a lo c a l  

e f f e c t .  He f u r th e r  s t a t e d  t h a t  th e  d u ra t io n  o f  th e  in c re a s e d  to n e  was 

r e l a t e d  to  th e  le n g th  o f e x e r c is e  and th a t  th e  v e in s  rem ained l e s s  

co m p lian t a s h o r te r  tim e th a n  th e  a r t e r i e s  rem ain d i l a t e d .

S h a rp e y -S c h a fe r 's  e x p e rim e n ta l te ch n iq u e  in v o lv ed  th e  m easure­

ment o f  th e  change in  p re s s u re  i n  a la rg e  a n t i c u b i t a l  v e in ,  and th e  

measurem ent o f  th e  volume change in  th e  fo rearm  a t  a c u f f  p re s s u re  

w hich occluded  venous o u tflo w  from th e  fo rearm . The venous to n e  was

d e fin e d  a s  th e  r a t i o  o f  th e  p re s s u re  change ov er tim e (AP) to  th e  volume
AT

change over tim e ( ^ ) . A r i s e  i n  th e  r a t i o  in d ic a te d  in c re a s e d  to n e  and
AT

a f a l l  in d ic a te d  d ec reased  to n e  o f th e  c a p a c ita n c e  v e s s e l s .

K je llm er (4 0 ) , c r i t i c i z e d  th e  r e s u l t s  o f S h arp ey -S ch afe r w ith  

th e  argum ent t h a t  com parison  o f  c o n t ro l  and e x e rc is e  vasom otor tone  could
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n o t be made w ith  t h i s  sy stem , s in c e  th e  s t a r t i n g  b lood  volum e in  th e  

fo rearm  i s  d i f f e r e n t  from th e  r e s t  to  th e  e x e rc is e  s t a t e s .  A ccording 

to  K je llm e r , i t  i s  p o s s ib le  th a t  th e  r e s t i n g ,  i n i t i a l  volume l i e s  on 

th e  l i n e a r  p o r t io n  o f th e  c h a r a c t e r i s t i c  p re ssu re -v o lu m e  cu rve f o r  v e in s ,  

w hereas an i n i t i a l  volume in  e x e rc is e  may l i e  on th e  upper f l a t  p o r t io n  

o f th e  cu rv e . In  such an e v e n t ,  i d e n t i c a l  changes in  volume would 

cause  a  g r e a te r  p re s s u re  change in  e x e rc is e  th a n  in  th e  c o n t ro l  s t a t e .  

T his would le a d  to  th e  e rro n eo u s  c o n c lu s io n  th a t  v e n o c o n s tr ic t io n  

o c c u rre d  in  e x e rc is e .  K je llm e r , on th e  b a s is  o f venous d i s t e n s i b i l i t y  

c a lc u la t io n s  w ith  h is  own d a ta  su g g es ted  t h a t  t h i s  was th e  co u rse  o f 

e v en ts  in  S h a rp e y -S c h a fe r ' s work. More r e c e n t ly  Bevegard and Shepherd 

(6 ) ,  have c r i t i c i z e d  S h a rp e y -S c h a fe r ' s r e s u l t s  on s im i la r  g rounds. How­

e v e r ,  th e  l ik e l ih o o d  o f a  s y s te m a tic  e r r o r  in  h i s  work i s  q u e s tio n a b le .

In  r e a c t iv e  hyperem ia experim en ts  in  w hich b lood  flow s w ere com parable 

to  th o se  o b served  in  e x e r c i s e ,  S h a rp ey -S ch afe r (5 0 ) ,  saw no change in  

venous to n e , betw een c o n t ro l  and p o s t-o c c lu s io n  m easurem ents. This 

would in d ic a te  th a t  i t  i s  p o s s ib le  fo r  a l l  b lood  volum es m easured to  

l i e  on a l i n e a r  p o r t io n  o f  th e  p re ssu re -v o lu m e  c u rv e , d e s p i t e  th e  

d i f f e r e n c e s  in  m agnitude.

W hether th e  d a ta  d e r iv e d  from  fo rearm  p le th y sm o g rap h ic  s tu d ie s  

t r u l y  r e f l e c t s  venous a c t i v i t y  o f th e  m uscle bed may be q u e s tio n e d  on 

th e  b a s is  th a t  such m easurem ents o f  v a s c u la r  dynam ics in c lu d e  changes 

in  th e  s k in  as  w e ll  as th e  m uscle b ed . However, G rant and P earso n  (2 6 ) ,  

have.show n th a t  th e  p ro p o r t io n s  o f  s k in  and bone in  th e  m uscu lar f o r e -  • 

arm a re  sm a ll (m uscle form ing 85% o f i t s  v o lu m e), and th a t  a cu tan eo u s 

hyperem ia as a c t iv e  as th e  f l a r e  cau ses  an in c re a s e  in  fo rearm  b lood
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flow  o f 1 .0  to  2 .2  cc p e r  100 cc o f  fo rearm  volume. They s t a t e  th a t  

t h i s  i s  a sm all change, y e t  g r e a te r  th an  th a t  o c c u rr in g  in  th e  s k in  as  

a r e s u l t  o f  e x e rc is e .  Shepherd (5 1 ) , has  a l s o  p re s e n te d  d a ta ,  based  on 

th e  oxygen s a tu r a t io n  o f b lood  in  deep and s u p e r f i c i a l  v e in s  t h a t  in d i -  

c a te  v e ry  sm a ll changes in  s k in  flow  w ith  e x e rc is e .

W hile S h arp ey -S ch afer (5 0 ) , h o ld s  to  th e  view th a t  a lo c a l  

c o n s t r i c t o r  re sp o n se  o f  th e  venous v a s c u la tu re  o ccu rs  i n  e x e r c is e ,  

K je llm er (4 0 ) , and T h u le s iu s  and Johnson (5 4 ) , have su g g es ted  a lo c a l  

d i l a t o r  re sp o n se . B la i r  je t aJL. (8 ) ,  observed  v e n o c o n s tr ic t io n  o f f o r e ­

arm v e in s  in  sup ine  le g  e x e r c is e ,  w ith  th e  nerve  supp ly  i n t a c t .  When 

th e  sy m p a th e tic  nerve f ib e r s  to  th e  fo rearm  were b locked  w ith  b re ty liu m  

to s y la te  th e  c o n s t r i c to r  re sp o n se  was no lo n g e r o b serv ed . Bevegard and 

Shepherd (5 ) ,  s tu d ie d  blood volume changes in  th e  human fo rearm  a t  

c o n s ta n t  venous p re s s u re s  w ith  th e  n erv e  supp ly  a ls o  i n t a c t .  They 

observed  a v e n o c o n s tr ic t io n  in  th e  fo rearm  w ith  leg  e x e r c is e ,  th a t  

p e r s i s t e d  when arm e x e rc is e  was added to  th e  ro u t in e .  However, u n lik e  

S h arp ey -S ch afe r (5 0 ) , th e  v e n o c o n s tr ic t io n  cou ld  n o t be dem onstra ted  in  

th e  sym pathectom ized lim b. R e c e n tly , th e  same in v e s t ig a to r s  (6 ) ,  r e p o r t ­

ed th ey  observed  no vasom otor a c t i v i t y  in  fo rearm  v e in s  w ith  e x e r c is e  

o f  fo rearm  m uscles hav ing  i n t a c t  ne rv e  s u p p l ie s .  I t  shou ld  be no ted  

th a t  th e  c r i t i c a l  " e x e rc is e "  m easurem ents in  t h i s  work w ere com pleted  

two to  th re e  m inu tes a f t e r  e x e r c is e .

E x p erim en ta l ev id en ce  f o r  a c e n t r a l l y  m ediated  c o n t ro l  mechanism 

f o r  th e  venous v a s c u la tu re  i s  su p p o rted  by an a to m ic a l and t e l e o lo g ic a l  

ev id en ce  c i t e d  by A lexander (1 ) ,  and Folkow and M ellander (2 1 ) , r e s p e c t ­

iv e ly .  The form er a u th o r  makes n o te  o f th e  f a c t  th a t  v e in s  a re  co p io u s­

ly  su p p lie d  w ith  n e rv e s  a s  compared w ith  p r e c a p i l l a r y  v e s s e l s .  Folkow
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and M ellan d er make a case  fo r  c e n t r a l  c o n t ro l  o f  v e in s  based on t h e i r

c a p a c ita n c e  fu n c tio n ,  in  su b se rv in g  a s  a u n i t ,  th e  w hole c a rd io v a s c u la r
^—%

sy stem , r a th e r  th a n  th e  lo c a l  needs o f  p a r t i c u l a r  t i s s u e s .  In  f u l f i l ­

l in g  t h i s  fu n c t io n ,  th ey  s t a t e  th a t  th e  venous system  w i l l  demand a 

c e n t r a l l y  in te g r a te d  c o n tro l  f o r  s a t i s f a c t o r y  perform ance and w i l l  on ly  

m in im a lly  t o l e r a t e  in te r f e r e n c e  by lo c a l  r e g u la to ry  mechanism. They 

view  th e  p r e c a p i l l a r y  r e s is ta n c e  v e s s e ls  a s  p r im a r i ly  c o n t ro l le d  by a 

lo c a l  m yogenic mechanism and th e  p o s tc a p i l l a r y  v e s s e ls  by a c e n t r a l  

nervous mechanism.

C ir c u la t io n  in  th e  Skin  in  E x e rc ise  

The s k in  c i r c u la t io n  se rv e s  two p u rp o se s , n u t r i t i o n  and h e a t 

r e g u la t io n .  H ertzm an (3 5 ), s t a t e s  th a t  th e  c i r c u la t io n  i s  p r im a r i ly  

a d ju s te d  a s  p a r t  o f  th e  r e g u la t io n  o f  body tem p era tu re  because th e  

amount o f b lood  flow  to  s a t i s f y  cu taneous r e s p i r a to r y  heeds i s  sm a ll.

C h r is te n se n  e t  £ l .  (1 1 ), used a p le thy sm o g rap h ic  te ch n iq u e  on 

humans to  s tu d y  th e  a r t e r i a l  in flow  to  th e  f in g e r  w h ile  th e  venous 

r e tu r n  was c u t o f f  f o r  a few seconds. G re e n f ie ld  (2 7 ), has p o in te d  ou t 

th a t  d i g i t a l  flow  i s  f r e q u e n t ly  equated  w ith  sk in  flow  s in c e  th e  f in g e r s  

and to e s  a re  composed la tg e ly  o f s k in . A t th e  same tim e d i g i t a l  flow  

was m easured , C h r is te n se n  e t  £ l .  employed s k in  therm ocouples to  m easure 

changes in  sk in  c i r c u l a t i o n  w h ile  work was c a r r ie d  o u t on a b ic y c le  

e rg o m eter. A t th e  s t a r t  o f  work an in s ta n ta n e o u s  re d u c tio n  in  th e  

f in g e r  blood flow  o c c u rre d . T h is was t r a n s i e n t  bu t p e r s i s te d  f o r  a 

lo n g e r tim e as  th e  in t e n s i ty  o f th e  e x e rc is e  in c re a s e d , d e la y in g  the  

d i l i t a t i o n  th a t  o ccu rs  due to  an in c re a s e  in  body h e a t .  Therm ocouple 

d e te rm in a tio n s  in d ic a te d  s im i la r  though l e s s  pronounced re sp o n ses  in  the  

h an d s, f e e t  and th e  sk in  o f th e  tru n k . From th e se  r e s u l t s  th e  i n v e s t ­
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ig a to r s  concluded th a t  th e  s k in  v a s o c o n s tr ic t io n  was o f re g u la to ry  

s ig n i f ic a n c e  in  th e  ad ju s tm en t o f c i r c u l a t i o n  from r e s t  to  work. S ince  

th e  re sp o n se  i s  in s ta n ta n e o u s  i t  was th o u g h t to  be n erve  m ed ia ted .

B arg er e t  a l .  (3 ) ,  in v e s t ig a te d  th e  re sp o n se  o f th e  sk in  v a s ­

c u la tu r e  o f  th e  human fo rearm  to  t r e a d m il l  e x e r c is e .  The c r i t e r i o n  o f  

v a s c u la r  a c t i v i t y  was th e  tim e fo r  in d u c in g  r e a c t iv e  hyperem ia on a s k in  

s u r f a c e .  A w eigh ted  p l a s t i c  r in g ,  d e sc r ib e d  by Greenwood (2 8 ) , was used 

to  o cc lu d e  v e s s e ls .  The s u b je c ts  w alked on th e  t r e a d m il l  f o r  te n  

m inu tes w ith  th e  e x e rc is e  g raded  by a  change in  th e  in c l in e  o f th e  w alk ­

ing  s u r f a c e .  T h is  group found th a t  th e  tim e f o r  induc ing  r e a c t iv e  h y p er­

emia in c re a s e d  w ith  th e  i n t e n s i t y  of th e  work, su g g e s tin g  g r e a te r  v a s ­

c u la r  c o n s t r i c t i o n  w ith  g r e a t e r  i n t e n s i t y  o f work. As in  th e  p re v io u s  

s tu d y  c i t e d ,  th e  r o le  of th e  venous v a s c u la tu re  in  t h i s  response  i s  n o t 

i d e n t i f i e d .

The work of W allace (5 6 ) ,  r e p re s e n ts  y e t  a n o th e r  approach  to  

th e  s tu d y  o f th e  venous v a s c u la tu re  in  e x e rc is e .  He used c a th e te r s  to  

m easure p re s s u re s  in  sm all s k in  v e in s  o f  th e  hand , la rg e  fo rearm  v e in s  

and th e  r a d i a l  a r t e r y  in  humans. L ocal e x e rc is e  o f  th e  hand m arkedly  

dropped a r t e r i a l  p re s s u re ,  caused  l i t t l e  change in  sm all v e in s  and 

e le v a te d  la rg e  v e in  p re s s u re .  T his su g g e s ts  t h a t  flow  d id  n o t in c re a s e  

th ro u g h  th e  s k in .

Segments o f s u p e r f i c i a l  v e in s  in  humans have been te m p o ra r ily  

i s o la te d  and s tu d ie d  under v a r io u s  s t r e s s  c o n d it io n s  (1 7 ) , (4 5 ). The 

blood i s  s t a t io n a r y  i n  th e se  v e in s  and th e  on ly  co n n ec tio n  w ith  th e  

r e s t  o f  th e  body i s  th rough  th e  sy m p a th e tic  nervous system . In  such a 

p re p a ra t io n  p re s s u re  in c re a s e s  a re  in t e r p r e te d  as  v e n o c o n s tr ic t io n  and
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p re s s u re  d ro p s  as  d i l i t a t i o n .  E x e rc is e ,  deep I n s p i r a t i o n ,  p o s i t iv e  

p re s s u re  b re a th in g  and th e  Val S a lva  m aneuvers have been found to  

produce a c o n s t r i c t i o n  i n  th e  segm ents o f  s u p e r f i c i a l  v e in s  (4 5 ), 

E vidence p re v io u s ly  c i te d  (5 1 ) , (2 5 ) ,  s u g g e s ts  t h a t  t h i s  t r u l y  

in d ic a te s  cu tan eo u s v a s c u la r  ^ i c t i v i ty .

Haddy, e t  a l .  (3 1 ) , used sm a ll v e in  c a th e te r s  (0 .2  -  0 .5  mm 

d iam .) to  s tu d y  th e  re sp o n ses  o f  th e s e  v e s s e l s  in  dogs d u rin g  e x e r c is e .  

C a th e te rs  w ere lo c a te d  in  a sm all su b cu tan eo u s  v e in  in  th e  dorsum o f  th e  

paw and i n  a la rg e  v e in ,  th e  c e p h a l ic  o r  saphenous. I n  e x e r c is e ,  sm a ll

and la rg e  v e in  p re s s u re s  in c re a se d  b u t  to  a g r e a t e r  d eg ree  in  th e  sm a ll
f*

v e in s .  The n e rv e  supp ly  was i n t a c t  in  th e s e  ex p e rim e n ts . A p p a re n tly ,

no d a ta  a r e  a v a i la b le  in  w hich o n ly  lo c a l  venous re sp o n se s  o f th e

cu tan eo u s bed w ere s tu d ie d  in  e x e r c i s e .

The purpose  o f th e  p re s e n t  w ork was to  r e in v e s t ig a t e  t h e . l o c a l  

m uscle venous re sp o n se s  to  e x e rc is e  in  th e  h in d lim b  o f th e  dog and to  

g a in  some in s ig h t  in to  lo c a l  s k in  v e in  a c t i v i t y  d u rin g  t h i s  m uscular- 

e x e r c is e .

■J



CHAPTER I I

METHODS

In  t h i s  s tu d y  th e  lo c a l  e f f e c t s  o f e x e rc is e  and f o r  com para­

t i v e  p u rp o se s , r e a c t iv e  and m echan ica l hyperem ia w ere in v e s t ig a te d  in  

f o r ty  do g s, ran g in g  in  w eigh t from f i f t e e n  to  tw enty  k ilo g ra m s. The 

an im als  w ere a n e s th e t iz e d  w ith  sodium p e n to b a r b i ta l ,  30/m g/kg, and 

v e n t i l a t e d  w ith  a m ech an ica l r e s p i r a t o r  (H arvard A pparatus C o ., Model 

607) v ia  an  i n t r a t r a c h e a l  tu b e .

Lying in  a su p in e  p o s i t io n  on a t a b l e ,  th e  s k in  o f  th e  r ig h t  

h in d lim b  was s e c tio n e d  a long  a  l in e  from th e  a n t e r io r  i l i a c  sp in e  to  

th e  p u b is , th e n  d o r s a l ly  to  th e  i s c h i a l  tu b e rc le  to  th e  p o s te r io r  sp in e  

o f  th e  i l iu m , th e n  back  to  th e  a n t e r io r  s p in e . The fem o ra l a r t e r y  and 

v ë in ,  w ith  sm a ll s id e  b ra n c h e s , w ere d is s e c te d  f r e e  and exposed f o r  a 

d is ta n c e  o f  th r e e  to  fo u r  c e n tim e te rs  on th e  v e n t r a l  s u r fa c e  o f  th e  

th ig h .  A l l  s k e l e t a l  m u sc le , w ith  accompanying v e s s e l s ,  o r ig in a t in g  on 

th e  p e lv ic  g i r d l e  o r  low er s p in e ,  and in s e r t in g  on th e  h in d lim b , w ere 

th e n  l ig a te d  and se c tio n e d  a s  c lo se  to  t h e i r  o r ig in s  on th e  tru n k  as 

p o s s ib le .  Care was ta k e n  in  t h i s  p ro c e ss  to  i s o l a t e  th e  fem ora l and 

s c i a t i c  n e rv es  w hich w ere su b se q u e n tly  s e c tio n e d  c lo se  to  th e  tru n k .

Only th e  fem ora l a r t e r y ,  fem o ra l v e in  and th e  a tta c h m e n t o f  th e  femor 

on th e  p e lv is  rem ained i n t a c t .

F o llow ing  an in tra v e n o u s  in j e c t i o n  o f  4 mg/kg o f  sodium h e p a r in ,

12
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an e x t ra c o rp o re a l  venous c i r c u i t ,  f i l l e d  w ith  low m o lecu la r w eig h t 

D ex tran , was in s e r te d  betw een th e  r ig h t  fem o ra l, and th e  m ed ia l and 

d o r s a l  saphenous v e in s  o f th e  e x p e rim en ta l limb and th e  l e f t  fem ora l 

v e in  (F ig u re  1 ) . The c i r c u i t  in c lu d ed  two T - tu b e s , one betw een th e  

r i g h t  fem ora l and th e  l e f t  fem ora l v e in ,  and a n o th e r  betw een th e  m e d ia l-  

d o r s a l  saphenous v e in s  and th e  l e f t  fem ora l v e in . T h is  system  allow ed 

in d ep en d en t flow  m easurem ents and sam plings o f  m uscle venous b lood 

( r i g h t  fem ora l v e in  to  l e f t  fem ora l v e in )  and s k in  venous b lood 

(saphenous v e in s  to  l e f t  fem ora l v e in ) .  Blood flow s w ere m easured in  

g rad u a ted  c y l in d e r s  by r e le a s in g  the  clamps on th e  T -tu b es  and s im u l­

ta n e o u s ly  o cc lu d in g  th e  ru b b er d i s t a l  to  th e  T - tu b e s , Venous o u tf lo w , 

c o l le c te d  in  g rad u a ted  c y l in d e r s  was re tu rn e d  to  th e  an im al by means o f 

a c a th e te r  p laced  in  th e  ju g u la r  v e in .

P o ly e th y len e  c a th e te r s  w ere in s e r te d  in to  i s o la te d  s id e  b ranches 

o f th e  fem ora l a r t e r y  and fem ora l v e in  f o r  m easurem ents o f  sy stem ic  

a r t e r i a l  p re s s u re  (P^) and la rg e  m uscle v e in  p re s s u re  (Pu4v) r e s p e c t iv e ­

ly ,  A sm all v e in  (0 .2  to  0 .5  mm d ia m e te r ) ,  w hich appeared  to  o r ig in a te  

in  th e  q u ad ric ep s  group o f m uscles was i s o la te d  and c a th e te r iz e d  in  a 

r e tro g ra d e  d i r e c t io n  fo r  measurem ent o f  sm all m uscle v e in  p re s s u re  

(^SMV)' Extreme c a re  was tak en  to  a s c e r t a in  th a t  t h i s  v e s s e l  was p a te n t  

and t h a t  ad equa te  c o l l a t e r a l s  e x is te d  to  in s u re  measurem ent o f  a t r u e  

l a t e r a l  p re s s u re .  A g la s s  tip p e d  c a th e te r  was in s e r te d  in to  a sm all 

v e in  (0 .2  to  0 .5  mm d ia m e te r)  in  th e  subcu taneous t i s s u e  o f  th e  dorsum 

o f th e  paw f o r  sm all s k in  v e in  p re s s u re  (Pggy) d e te rm in a tio n s . A nother 

c a th e te r  was th rea d ed  in to  a b ranch  o f  th e  m ed ia l saphenous v e in  up ­

s tream  to  th e  la rg e  c a th e te r  sh u n tin g  s k in  flow  from th e  m ed ia l



1.4

T®

nfr
'^ .n i

/ /

P lsv---

 Pssv

F ig . 1 -S chem atic  draw ing o f  th e  e x t r a c o rp o re a l  c i r c u i t .
F.N . = fem ora l n e rv e , S.N. = s c i a t i c  n e rv e , F.A . = fem ora l a r t e r y ,
F.V. = fem ora l v e in ,  M.F. = m uscle flo w , S .F . = sk in  flo w , V .S. = 
v e n t r a l  (m ed ia l)  saphenous v e in ,  D .S. = d o r s a l  saphenous v e in ,  = 
fem ora l a r t e r y  p r e s s u re ,  = la rg e  m uscle v e in  p r e s s u re ,  P ^  = sm all 
m uscle v e in  p r e s s u r e ,  PlsV “ la rg e  s k in  v e in  p r e s s u re ,  Pgsv = sm all 
s k in  v e in  p r e s s u re .
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saphenous v e in  to  th e  fem ora l v e in  o f  th e  o p p o s ite  lim b . L arge s k in  

v e in  p r e s s u r e  (P^gy) was m easured a t  t h i s  s i t e .  The lo c a t io n s  o f th e  

c a th e te r s  used  f o r  p r e s s u re  d e te rm in a tio n s  a re  in d ic a te d  in  F ig u re  1.

The a r t e r i a l ,  sm a ll m uscle v e in  and la rg e  m uscle  v e in  p re s s u re s  

were m o n ito red  c o n tin u o u s ly  on a  d i r e c t  w r i t in g  o s c i l lo g ra p h  (Sanborn 

C o.; W altham, M ass.) by a tta c h m e n t o f  th e  c a th e te r s  to  0 to  75 cm Hg 

r e s i s t a n c e  w ire  p re s s u re  t r a n s d u c e r s .  The two s k in  v e in  p r e s s u re s  

were re c o rd e d  a l t e r n a t e l y  on one reco rd ing^  ch an n e l by means o f  a 

m u l t ip le  s to p c o c k  a rran g em en t. A m ercury manometer was used  to  c a l i ­

b r a te  th e  re c o rd in g  system  b e fo re  each  e x p e rim en t, and f re q u e n t c a l i ­

b r a t io n  checks w ere made as th e  experim en ts  p ro g re s s e d .

The f i v e  b lo o d  p re s s u re  m easurem ents and m uscle and sk in  b lo o d  

flow  d e te rm in a tio n s  w ere made in  c o n t r o l ,  e x e r c i s e ,  im m ediate ly  p o s t ­

e x e rc is e  and p o s t - c o n t r o l  s t a t e s .  The b lo o d  flow s th rough  m uscle and 

sk in  w ere m easured s e p a r a te ly  i n  g ra d u a te d  c y l in d e r s  f o r  a p e r io d  o f te n  

seconds and e x t r a p o la te d  to  m inu te  volum es. E x e rc is e  was s im u la te d  by 

s t im u la t io n  o f  th e  fem o ra l and s c i a t i c  n e rv e s  w ith  a G rass S-5 sq u a re  

wave s t im u la to r  (G rass In s tru m e n ts ,  Q uincy, M a ss .) . The a tta c h m e n ts  to  

th e  n e rv e s  w ere made w ith  s ta n d a rd  la b o ra to ry  e le c t r o d e  p ro b es  (H arvard 

A pparatus C o ., D over, M a ss .) . E x e rc is e  m easurem ents were com pleted  

when th e  lim b ap p ea red  to  be in  a " s te a d y  s t a t e "  c o n d i t io n ,  as  in d ic a te d  

by m inim al v a r i a t i o n s  in  th e  p r e s s u re s  b e in g  m o n ito red . D uring th e  

s t im u la t io n  o f one to  two m in u tes  d u ra t io n ,  th e  limb was a llow ed  to  

move f r e e l y  in  re sp o n se  to  m u sc la r a c t i v i t y .  P o s te x e rc is e  m easurem ents 

were ta k e n  w ith in  th r e e  to  f iv e  seconds a f t e r  c e s s a t io n  o f s t im u la t io n  

and a g a in  two to  th r e e  m in u tes  l a t e r  ( p o s t - c o n t r o l ) .
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M uscle and sk in  venous r e s i s ta n c e s  w ere c a lc u la te d  f o r  each  

p e r io d  in  w hich p re s s u re  and blood flow  m easurem ents were made. T h is  

was accom plished  f o r  th e  m uscle venous bed by s u b tr a c t in g  th e  la rg e  

m uscle v e in  p re s s u re  ( P i^ ) >  from th e  sm a ll m uscle v e in  p re s s u re  

(PSMv) to  d e te rm in e  th e  p re s s u re  g ra d ie n t  (aPmv)> o v e r t h i s  segm ent o f  

th e  v a s c u la tu r e .  D iv id in g  th e  p re s s u re  g r a d ie n t  by th e  m easured m uscle 

b lood flow  gave th e  m uscle v e in  r e s i s t a n c e  (R j^ ) . The s k in  v e in  p r e s s ­

u re  g r a d ie n t  (A P g v )» was c a lc u la te d  by s u b t r a c t in g  th e  la rg e  s k in  v e in  

p re s s u re  (P^gy)» from  th e  sm all s k in  v e in  p re s s u re  (Pggy). The g r a d ie n t  

was th e n  d iv id e d  by s k in  flow  to  g iv e  th e  venous r e s i s ta n c e  (Rgy) 

th rough  th e  s k in  v a s c u la r  bed. S ince  th e  a r t e r i a l  p re s s u re  was m easured 

c o n tin u o u s ly , a d d i t io n a l  v a s c u la r  r e s i s ta n c e  m easurem ents w ere c a l c u l a t ­

ed . These in c lu d e d ;

1. T o ta l  m uscle r e s i s t a n c e  R/j^ = Pa " I*LMV
W7f.

2. A r te ry  to  sm all m uscle v e in  segm ent— Ra sMV “ ^A " ^SMV
-— M.F.

3 . T o ta l  sk in  r e s i s t a n c e - — —— Rijg = - Pj^gy
 S .F :" -

4 . A r te ry  to  sm all s k in  v e in  segm en t-—  R&ggy = Pa " Pgsv
S %

At th e  co m p le tio n  of each ex p erim en t th e  s k in  o f  th e  h in d lim b  

was removed and w eighed. The rem ain ing  lim b t i s s u e ,  m uscle and bone, 

was w eighed to g e th e r .  In  th i s  s tu d y  a l l  m uscle b lood  flow  d e te rm in a ­

t io n s  a re  ex p re sse d  in  m i l l i l i t e r s  p e r  m in u te , p e r  100 grams o f  s k in ­

le s s  t i s s u e ,  and r e s i s ta n c e  m easurem ents in  mm Hg p e r  m i l l i l i t e r  p e r  

m inute p e r  100 grams o f s k in le s s  t i s s u e .  The s k in  b lood  flow s a re  

ex p ressed  in  m i l l i l i t e r s ,  p e r  m in u te , p e r  100 grams o f  s k in  t i s s u e ,  and



17

r e s i s t a n c e  m easurem ents in  mm Hg p e r  m i l l i l i t e r  p e r  m inu te  p e r  100 grams 

o f s k in  t i s s u e .  The t o t a l  b lood  flow  v a lu e s  a re  ex p ressed  in  m i l l i l i t e r s  

p e r  m inu te p e r  100 grams o f  lim b t i s s u e .

Ten an im als were used  in  th e  f i r s t  s e r i e s  of ex p erim en ts . Mean 

s t im u la t io n  p a ram ete rs  fo r  t h i s  group w ere 7 .5  v o l t s ,  0 .5  m illis e c o n d s  

d u ra tio n  and a freq u en cy  o f  6 p e r  second . The v o l ta g e  and th e  freq u en cy  

o f s t im u la t io n  v a r ie d  from experim ent to  ex p erim en t, th e  d u ra tio n  o f  th e  

s tim u lu s  rem ain ing  c o n s ta n t .  The v o lta g e  and freq u en cy , more o f te n  th e  

v o l ta g e  o n ly , w ere a d ju s te d  from 6 v o l t s  and 4 p e r  second u n t i l  ad eq u a te  

c o n t ra c t io n s  o f th e  lim b m uscles were ob serv ed .

S even teen  an im als were used  in ' 'th e  second e x e rc is e  s e r i e s .  In  

t h i s  group th e  mean s t im u la t io n  p a ram ete rs  w ere 3 .1  v o l t s .  0 .2  m i l l i ­

seconds d u ra tio n  and a frequency  o f 4 p e r  second . The d u ra tio n  o f th e  

s tim u lu s  and th e  freq u en cy  w ere h e ld  c o n s ta n t  in  t h i s  s e r i e s  as th e  v o l t ­

age was in c re a s e d  from one v o l t  to  th e  v o l ta g e  n e c e ssa ry  f o r  th e  con­

t r a c t io n s  o f th e  limb m u sc u la tu re . G re a te r  c a re  was tak en  in  t h i s  s e r i e s  

to  keep th e  s t im u la t io n  p a ram ete rs  a t  low le v e ls  in  th e  hope o f e l im in a t­

in g  any p o s s i b i l i t y  o f s t im u la t in g  th e  sy m p a th e tic  f ib e r s  c o u rs in g  th e  

s c i a t i c  and fem o ra l n e rv e  tru n k s .

In  seven  e x e rc is e  experim en ts  b lood  sam ples were drawn an ae ro ­

b i c a l l y  from  fem o ra l a r t e r y  and m uscle and s k in  v e in s  (m ed ial and d o r s a l  

saphenous) d u rin g  c o n t ro l  e x e rc is e  and p o s te x e rc is e  s t a t e s  a t  th e  tim e 

p re s s u re s  and b lood  flow s were m easured. D e te rm in a tio n s  o f oxygen 

c o n te n t o f th e  b lood  were made in  d u p lic a te  sam ples w ith  th e  V anSlyke- 

N e il  b lood  gas a p p a ra tu s .

In  e lev en  an im als,- r e a c t iv e  hyperem ia in  th e  h ind lim b  was s tu d ie d .  

Fo llow ing  c o n t ro l  d e te rm in a tio n s  o f p re s s u re s  and b lood  f lo w s , a l i g a t u r e
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was p la ced  around th e  fem ora l a r t e r y  p rox im al to  th e  s i t e  o f th e  c a th e te r  

f o r  m easuring  a r t e r i a l  p re s s u re .  The c o n s t r i c t i o n  o f th e  a r t e r y  was 

in c re a s e d  u n t i l  th e  p re s s u re  was observed  to  f a l l  to  ap p ro x im ate ly  one- 

h a l f  o f  norm al. T h is  s t a t e  was m a in ta in ed  fo r  two to  th re e  m inu tes  d u r­

in g  w hich th e  p re s s u re  and b lood  flow  d e te rm in a tio n s  w ere made. W ith in  

th r e e  t o  f iv e  seconds o f  th e  r e le a s e  o f  c o n s t r i c t i o n ,  p re s s u re  and flow  

m easurem ents w ere made a g a in . Fo llow ing  a two to  th re e  m inute p e rio d  

th e  p o s t - c o n t r o l  m easurem ents w ere made. W ith th e s e  d a ta  venous r e s i s t ­

ance m easurem ents w ere c a lc u la te d  f o r  th e  m uscle and s k in  beds as 

p re v io u s ly  d e s c r ib e d .

In  e ig h t  an im als  th e  venous h e m a to c r i ts  w ere m easured in  e x e rc is e  

and r e a c t iv e  hyperem ia . Two to  th re e  m i l l i l i t e r s  o f  th e  e f f lu e n t  b lood  

o f  th e  m uscle o f  th e  ex p e rim e n ta l limb w ere drawn fo r  t h i s  p u rp o se . T h is  

was done in  th e  tim e in t e r v a l  in  w hich m easurem ents o f  p re s s u re s  and 

b lood  flow s w ere made. The blood sam ples w ere drawn f o r  h e m a to c r i t  d e t e r ­

m in a tio n s  in  c o n t ro l  and p o s t - c o n t ro l  s t a t e s ,  d u rin g  e x e r c is e ,  im m ediate­

ly  p o s te x e r c is e ,  d u rin g  p a r t i a l  c o n s t r i c t i o n  o f  th e  fem ora l a r t e r y  and 

im m ed ia te ly  on th e  r e le a s e  o f c o n s t r i c t io n .

In  an a tte m p t to  a s c e r t a in  th e  p re sen ce  o r  absence o f  in c re a se d  

sy m p a th e tic  a c t i v i t y  d u rin g  s t im u la t io n ,  a neurom uscu lar b lo c k in g  a g e n t , 

S u c c in y lc h o lin e  C h lo rid e  (A n e c tin e ) , was a d m in is te re d . Experim ents w ere 

c a r r i e d  o u t on seven  dogs u s in g  t h i s  a g e n t .  F o llow ing  c o n tro l  and e x e r ­

c i s e  m easurem ents o f p re s s u re s  and b lood  f lo w s , S u c c in y lc h o lin e  C h lo rid e  

was r a p id ly  in je c te d  in  a c o n c e n tra t io n  o f  0 .1  m g/cc. The i n j e c t i o n  was 

co n tin u ed  u n t i l  s k e l e t a l  m uscle c o n t ra c t io n s  w ere a b o lis h e d . In  no case  

d id  th e  q u a n t i ty  o f  in je c te d  S u c c in y lc h o lin e  C h lo rid e  exceed 1 .0  mg.
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Within one and one-half to two minutes of the cessation of contractions, 

while the femoral and sciatic nerves were still being stimulated, measure­

ments of pressures and blood flows were completed. Subsequently, post­

exercise measurements were made.

A c o n t r o l le d  b lood  flow  m aneuver was employed in  n in e  ex p e rim en ts . 

Venous r e a c t i v i t y  to  m e c h a n ic a lly  induced  hyperem ia , and th e  re sp o n se s  

to  e x e r c is e  w ith  c o n s ta n t  b lood  flow  w ere s tu d ie d  w ith  th e  p r e p a ra t io n .

To c o n t ro l  th e  b lood  flow  r a t e  a f in g e r - ty p e  pump (Sigm am otor, 

Model T6SH, Sigmamotor I n c . ,  M id d le p o rt, N .Y .) was u sed . The b lood  flow  

was sh u n ted  from  th e  fem ora l a r t e r y  o f  th e  n o n -e x p e rim e n ta l lim b , th rough  

th e  pump, and th en  to  th e  fem o ra l a r t e r y  o f  th e  e x p e rim e n ta l lim b. The 

sy s te m ic  a r t e r i a l  p re s s u re  was m easured w ith  a c a th e te r  in  th e  r i g h t  

c a r o t id  a r t e r y .  The p e r fu s io n  p re s s u re  (Pp) was m easured a t  a s i t e  

p ro x im al to  th e  fem o ra l a r t e r y  o f  th e  e x p e rim e n ta l lim b. T h is  was done 

by n e e d le  p u n c tu re  o f  th e  tu b in g  o f th e  e x t r a c o rp o re a l  c i r c u i t  sh u n tin g  

a r t e r i a l  b lo o d  from  th e  l e f t  to  th e  r i g h t  fem ora l a r t e r y ,  th e  n e e d le ,  in  

tu r n ,  b e in g  a t ta c h e d  to  a s t r a i n  gauge. No a t te m p t was made to  m easure 

sm a ll and la r g e  s k in  v e in  p r e s s u re s  in  th e se  ex p e rim e n ts . However, th e  

s k in  a s  w e l l  a s  m uscle b lood  flow s w ere m easured by means o f  th e  venous 

e x t r a c o r p o r e a l  c i r c u i t  p re v io u s ly  d e s c r ib e d .

To s tu d y  th e  venous re sp o n se s  to  m ech an ica l hyperem ia th e  m uscle 

b lood  flow  th ro u g h  th e  system  was in c re a s e d  p r o g re s s iv e ly  from  a mean 

flow  o f  3 .6  t o  5 .9 ,  8 .4 ,  11 .2  and 13 .9  m l/m in /100  grams s k in le s s  t i s s u e .  

At each  flow  le v e l  th e  sy stem ic  a r t e r y  p re s s u re  (P^) th e  p e r fu s io n  

p r e s s u re  (P p ) , and th e  sm a ll and la rg e  m uscle v e in  p re s s u re  (PgMv)

(P f j^ )  r e s p e c t iv e l y ,  w ere m easured , a s  w e ll  a s  m uscle and s k in  blood
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f lo w s . Care was ta k en  to  make th e  m easurem ents when the system  had 

a t ta in e d  a " s te a d y  s t a t e " ,  as  in d ic a te d  by b lood p re s su re  r e c o rd in g s .

W ith th e se  d a ta  venous r e s i s ta n c e  m easurem ents w ere c a lc u la te d  fo r  th e  

v a r io u s  v a s c u la r  segm ents o f m uscle.

When t h i s  m aneuver was com ple ted , th e  m uscle blood flow  was r e ­

e s ta b l is h e d  a t  an in te rm e d ia te  le v e l ,  th e  mean f o r  n in e  an im als  b e ing

8 .2  m l/m in /100  grams s k in le s s  t i s s u e .  A f te r  c o n t ro l  m easurem ents o f 

p re s s u re s  and b lood  flow s were made the  fem ora l and s c i a t i c  n e rv es  

w ere s t im u la te d .  The mean s t im u la t io n  p a ra m e te rs  w ere 2 .6  v o l t s ,  a 

freq u en cy  o f  4 p e r  second and a d u ra t io n  o f  0 .2  m il l i s e c o n d s .  In  t h i s  

s e r i e s  o n ly  th e  v o l ta g e  was in c re a s e d  in  e s ta b l i s h in g  the  le v e l  o f 

m uscu lar a c t i v i t y  in  th e  lim b, th e  freq u en cy  and d u ra tio n  o f  th e  s tim u lu s  

rem ained c o n s ta n t .  D uring s t im u la t io n  th e  m easurem ents o f  p re s s u re s  and 

b lood flow s w ere com pleted  and re p e a te d  im m ediate ly  on th e  c e s s a t io n  o f 

e x e r c is e .  The ex p erim en ts  w ere te rm in a te d  a t  t h i s  p o in t .

The a p p ro p r ia te  d a ta  in  th e  s tu d y  were t r e a te d  w ith  a p a ire d  

com parison o f  th e  o b s e rv a tio n s .  The t e s t  c r i t e r i o n  was " t " ,  and th e  

h y p o th e s is  t e s t e d  was th a t  th e  mean o f th e  p o p u la tio n  o f d i f f e r e n c e s  from 

th e  c o n t ro l  v a lu e s ,  d id  n o t d i f f e r  from ze ro  (5 2 ).
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RESULTS

L ocal E f f e c ts  o f  E x e rc ise  on th e  V asc u la r  Bed o f  S k e le ta l  M uscle 

A ty p i c a l  re sp o n se  o f th e  m uscle v a s c u la tu r e  in  e x e r c is e  i s .  

i l l u s t r a t e d  in  F ig u re  2 . On s t im u la t io n  th e  a r t e r i a l  p re s s u re  (P^) 

d ec reased  s l i g h t l y ,  and a sm all in c re a s e  o ccu rred  in  la rg e  m uscle v e in  

p re s s u re  The sm all m uscle v e in  p re s s u re  (P j^ )  ro se  s h a rp ly

i n i t i a l l y ,  and t h i s  was fo llow ed by a s lo w e r, p ro g re s s iv e  in c re a s e  to  a  

" s te a d y  s ta t e "  v a lu e . On c e s s a tio n  o f s t im u la t io n  a sh a rp  d rop  in  

p re s s u re  was o b se rv ed , fo llow ed by a slow er d e c l in e  to  th e  c o n t ro l  

p re s s u re  le v e l .  The sharp  in c re a s e  and d e c l in e  i n  m uscle v e in  p re s s u re  

may r e f l e c t  th e  in f lu e n c e  o f  th e  c o n t ra c t in g  s k e l e t a l  m uscle on th e  

v a s c u la tu r e .  Blood flow  through th e  m uscle bed (F ) ,  In c re a se d  d u rin g  

e x e rc is e  and rem ained w e ll  above th e  c o n t ro l  v a lu e  im m ediately  p o s t ­

e x e r c is e .  The c a lc u la te d  r e s is ta n c e  in  th e  m uscle v e in  segment (Rm), 

in c re a se d  w ith  e x e rc is e  and rem ained above th e  c o n t ro l  v a lu e  p o s te x e rc is e .

The summarized d a ta  fo r  th e  f i r s t  s e r i e s  o f ten  ex p erim en ts  a re  

shown in  T ab le  1. For t h i s  group th e  mean s t im u la t io n  p a ram e te rs  used 

w ere 7 .5  v o l t s ,  a freq u en cy  o f 6 im pu lses p e r  second and a s tim u lu s  

d u ra t io n  o f  0 .5  m il l i s e c o n d s .  E x e rc ise  r e s u l t e d  in  an av erag e  d e c re a se  

in  a r t e r i a l  p re s s u re  (P^) o f 10 mm Hg. T h is  f a l l  in  p e r fu s io n  p re s s u re  

p e r s i s te d  im m ediate ly  p o s te x e rc is e ,  and was s t i l l  s l i g h t l y  below  th e

21
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Fig. 2 -Typical pressure responses of the muscle vascu lature , 
with measured blood flow and calculated resistances with exercise. 
femoral a rte ry  pressure, ■ small muscle vein pressure, Plv ■ large 
muscle vein p ressure, F ■ blood flow, Rji ■ muscle vein res is tan ce .
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TABLE I

LOCAL EFFECTS OF EXERCISE ON THE VASCULATURE OF SKELETAL MUSCLE (n=10),

Pa
mmHg

Plmv
mmHg

APtm
mmHg

M.F.
m l/m in  mmHg 
/lOOg /m l/m in  
S l .T .  /lO O gS l.T .

apasmv Rasmv
mmHg mmHg

/m l/m in
/lO O gS l.T .

PSMV
mmHg

APmv
mmHg

%V
mmHg
/m l/m in
/lO O gS l.T .

T .F .
m l/m in

/lOOg
L.T.

CONTROL 100 8 92 9 .3 14.43 85 13.35 15 7 0 .82 16.3

EXERCISE 90 10 80 20 .2 4 .88** 51 3.13** 39 29 1.70** 2 6 .9

POSTEXERCISE 92 10 82 2 0 .4 4 .89** 57 3.49** 36 26 1 .44* 28 .2

POST-CONTROL 96 8 88 8 .9 11.39 79 10.25* 17 9 1 .18 - — -

* P <  .0 5  ** P <  .01

P^ = fem o ra l a r t e r y  p r e s s u r e ,  P j ^  = la rg e  m uscle  v e in  p r e s s u r e ,  A P ^  = t o t a l  m uscle  p r e s s u re  g r a d ie n t ,  

M .F. = m uscle  b lood  flow  in  m l/m in /1 0 0  gram s s k in le s s  t i s s u e ,  Rg^ = t o t a l  m uscle  r e s i s t a n c e ,  APasmV “ 

p r e s s u re  g r a d ie n t ,  a r t e r y  to  sm a ll m uscle  v e in  segm ent, RasmV ~ r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle v e in  

segm en t, PgMV “ p re s s u re  sm a ll m uscle  v e in ,  APj^  ̂ = p r e s s u re  g r a d ie n t ,  m uscle  v e in  segm ent, =

r e s i s t a n c e ,  m uscle  v e in  segm en t, T .F . = t o t a l  lim b flow  in  m l/m in /1 0 0  grams o f  lim b t i s s u e .

toU)
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c o n t ro l  l e v e l  two to  th r e e  m inu tes a f t e r  e x e rc is e .  The la rg e  v e in  

p re s s u re  (P%2w)* ro se  an  av erag e  o f 2 mm Hg on s t im u la t io n ,  rem ained 

■ s te a d y  im m ed ia te ly  p o s te x e rc is e ,  and th en  re tu rn e d  to  th e  c o n t ro l  le v e l .  

These p re s s u re  changes reduced th e  g ra d ie n t  over th e  t o t a l  m uscle v a s ­

c u la r  bed (APim )» a t  th e  same tim e th e  blood flow  in c re a s e d  from 9 .3  to

20 .2  m l/m in /100  grams s k in le s s  t i s s u e ,  and to  20 .4  m l/m in/100 grams o f  

s k in le s s  t i s s u e  in  th e  p o s te x e rc is e  p e r io d . The r e s u l t  was a s ig n i f i c a n t  

d e c re a se  (P <  .0 1 ) ,  in  th e  t o t a l  m uscle r e s is ta n c e  (R ^^). R e s is ta n c e s  

c a lc u la te d  ov er th e  segment from th e  fem ora l a r t e r y  to  th e  sm all m uscle 

v e in  (R-a sMV̂  , showed th e  same p a t te r n  o f  d e c re a se s  d u rin g  and im m ediately  

p o s te x e r c is e .  These changes w ere s ig n i f i c a n t  a t  th e  .01  le v e l .  In  t h i s  

segm ent even th e  p o s t - c o n t ro l  r e s i s ta n c e  was s ig n i f i c a n t l y  below the 

c o n t ro l  le v e l  (P < .0 5 ) .  A p e r s i s t i n g  v a s o d i l i t a t i o n  o f  t h i s  v a s c u la r  

segm ent i s  in d ic a te d .

The sm all m uscle v e in  p re s s u re  (P g j^ )> in c re a s e d  from a mean of 

15 to  39 mm Hg d u rin g  e x e r c is e .  S ince  th e  la rg e  m uscle v e in  p re s s u re  

( P j j^ )  in c re a s e  was sm a ll, th e  p re s s u re  g ra d ie n t  m easured over th i s  

segm ent in c re a s e d .  The c a lc u la te d  r e s i s ta n c e  ro se  from 0 .82  to  1 .70 

mmHg/ml/min/100 grams o f s k in le s s  t i s s u e ,  d e s p i te  th e  more th an  tw o -fo ld  

in c re a s e  in  b lood flow . T h is  in c re a s e  was s ig n i f i c a n t  a t  th e  .01  le v e l .  

The p o s te x e rc is e  sm a ll m uscle v e in  r e s i s ta n c e  was a l s o  s ig n i f i c a n t l y

/e le v a te d  above th e  c o n tro l  v a lu e  (P <  .0 5 ) .  T h is  in d ic a te d  th e  p resence

o f  in c re a s e d  smooth m uscle a c t i v i t y  i n  t h i s  v a s c u la r  bed .
\

These o b s e rv a tio n s  su g g es ted  the  p o s s i b i l i t y  t h a t  th e  vaso - 

a c t i v i t y  in  t h i s  bed was due to  s t im u la t io n  o f sy m p a th e tic  nerve  f ib e r s  

c o u rs in g  th ro u g h  th e  nerve  tru n k s  t h a t  w ere s tim u la te d . The s tu d y  was

/
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co n tin u ed  w ith  a n o th e r  s e r i e s  o f sev en te en  ex p erim en ts  i n  w hich th e  

i n t e n s i t y ,  d u ra tio n  and freq u en cy  o f  s t im u la t io n  was red u ce d . In  t h i s  

s e r i e s  th e  mean s t im u la t io n  p a ra m e te rs  w ere 3 .1  v o l t s ,  a  freq u en cy  of 4 

im pu lses p e r  second and a s tim u lu s  d u ra tio n  o f 0 .2  m i l l i s e c o n d s .  These

d a ta  a re  shown in  T ab le 2,

The re sp o n ses  e l i c i t e d  showed a n e a r ly  i d e n t i c a l  p a t t e r n  to  

th o se  o f th e  p rev io u s  s e r i e s ,  marked by d e c re a se s  in  mean a r t e r i a l  

p r e s s u re ,  t o t a l  m uscle , and a r t e r y  to  sm a ll m uscle v e in  r e s i s ta n c e .

These d e c re a se s  in  r e s i s ta n c e s  w ere a g a in  s ig n i f i c a n t  (P <  .0 1 ) .  The 

av erag e  b lood  flow  in c re a s e  from c o n tro l  to  e x e rc is e  was s l i g h t l y  g r e a t ­

e r  in  t h i s  s e r i e s ,  and th e  flow  tended  to  d e c l in e  im m ediate ly  p o s t­

e x e r c is e ,  in  c o n t r a s t  to  a  v e ry  sm a ll r i s e  p o s te x e rc is e  in  th e  p rev io u s

s e r i e s  (T ab le  1 ). A gain , a la rg e  in c re a s e  i n  mean sm all m uscle v e in  

p re s s u re  from 13 to  36 mm Hg was o b se rv ed . T h is  r e s u l te d  i n  a s i g n i f i ­

c a n t in c re a s e  in  m uscle v e in  r e s i s t a n c e  (F <  .0 1 ) ,  d e s p i te  a n e a r ly  

th r e e - f o ld  in c re a s e  in  b lood flow . As in  th e  p re v io u s  s e r i e s ,  the  

av erag e  r e s i s ta n c e  in  t h i s  segm ent rem ained e le v a te d  p o s te x e rc is e  and 

th e  d i f f e r e n c e  was s i g n i f i c a n t l y  above th e  c o n t ro l  le v e l  (P < .0 5 ) .

L ocal E f fe c ts  o f  E x e rc ise  on th e  V ascu la r  Bed o f  th e  Skin

T ab les  3 and 4 show th e  mean v a lu e s  fo r  p r e s s u r e s ,  b lood flow s

and r e s i s t a n c e s  f o r  th e  s k in  v a s c u la r  bed in  e x e r c is e .  T ab le  3 shows 

th e  mean re sp o n se s  fo r  e ig h t  e x p e rim e n ts , when th e  lim b was s tim u la te d  

a t  7 .5  v o l t s ,  a freq u en cy  o f  6 p e r  second , and an im pulse d u ra t io n  of 

0 .5  m il l i s e c o n d s .

W hile th e  a r t e r i a l  p re s s u re  d ec re ase d  by 9 mm Hg on th e  av e ra g e ,

th e  la rg e  sk in  v e in  p re s s u re  (Plsv ) in c re a s e d  an av erag e  o f  1 mm Hg w ith



TABLE 2

LOCAL EFFECTS OF EXERCISE ON THE VASCULATURE OF SKELETAL MUSCLE (n=17)

%
mmHg

^IMV
mmHg

aPïm
nm^g

M.F.
m l/m in
/lOOg
S l.T .

PtM
mmHg
/m l/m in
/lO O gS l.T .

Apasmv
mmHg \SM VnnnHg

/m l/m in
/lO O gS l.T .

^SMV
mmHg

APmv
mmHg

Rmv
mmHg
/m l/m in
/lO O gS l.T .

T .E .
m l/m in
/lOOg
L .T .

CONTROL 95 7 88 7 .4 15.91 83 15.15 13 6 0 .8 2 10.7

EXERCISE 88 9 79 19.7 4 .94** 52 3 .65** 36 27 1.63** 2 1 .6

POSTEXERCISE 91 8 83 18 .6 5 .35** 63 4 .1 3 * * 28 20 1 .26* 2 0 .6

POST-CONTROL 95 7 88 7 .9 13.65 80 10.70* 14 7 0 .9 2 11.3

N)o\

* P <  .05  ** P <  .0 1

P^ = fe m o ra l a r t e r y  p r e s s u r e ,  Pjjiv “  la rg e  m uscle  v e in  p r e s s u r e ,  APtm ~ t o t a l  m uscle  p r e s s u re  g r a d ie n t ,

M.F. = m uscle  b lo o d  flow  in  m l/m in /100  grams o f  s k in le s s  t i s s u e ,  R^^ = t o t a l  m uscle  r e s i s t a n c e ,  AP^gj^ = 

p r e s s u r e  g r a d ie n t ,  a r t e r y  to  sm a ll m uscle  v e in  segm ent, %SMV ~ r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle v e in  

segm en t, Psmv = p r e s s u r e ,  sm a ll m uscle  v e in ,  a^mv p r e s s u r e  g r a d ie n t ,  m uscle  v e in  segm ent, = r e s i s t a n c e ,  

m uscle  v e in  segm ent, T .F . = t o t a l  lim b flow  in  m l/m in /1 0 0  gram s o f  lim b t i s s u e .
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e x e r c is e .  The b lood  flow  th rough  th e  sk in  d ec reased  from 36 .8  to  33 .9  

m l/m in /100  grams s k in  t i s s u e  and re tu rn e d  n e a r ly  to  c o n t ro l  l e v e l  p o s t ­

e x e r c is e .  The r e l a t i v e l y  g r e a t e r  d e c re a se  in  a r t e r i a l  p re s s u re  th a n  in  

sk in  b lood  flow  r e s u l te d  in  a d e c re a se  in  t o t a l  sk in  r e s i s ta n c e  (R ^g). 

T h is d e c re a se  was n o t s ig n i f i c a n t  (P > .0 5 ) b u t d id  p e r s i s t  f o r  some 

m inu tes a f t e r  e x e rc is e  as th e  ta b le  shows. The r e s i s ta n c e s  c a lc u la te d  

f o r  th e  a r t e r y  to  sm a ll s k in  v e in  segment (Ra ssV’)» fo llow ed  th e  same 

p a t te r n .  The mean changes from th e  c o n t ro l  l e v e ls  w ere sm a ll d u r in g , 

and p o s te x e r c is e ,  and n o t s ig n i f i c a n t  (P > .0 5 ) ,

The sm all s k in  v e in  p re s s u re  (Pggy) d ec re a se d  by an a v e ra g e  o f 

two mm Hg in  e x e rc is e  a t  th e  same tim e th e  sm all m uscle v e in  p re s s u re  

(T ab les  1 and 2) in c re a se d  by a f a c to r  o f  ap p ro x im ate ly  2 .5 .  The 

s l i g h t  change in  sm all s k in  v e in  p re s s u re  coupled  w ith  a mean r i s e  o f 

1 mm Hg in  la rg e  sk in  v e in  p re s s u re  reduced  th e  sk in  v e in  p re s s u re  

g r a d ie n t  to  a mean o f 7 mm Hg. W hile th e  b lood flow  d e c re a se d , th e  

g r a d ie n t  d ec re a se d  p ro p o r t io n a te ly  m ore, so t h a t  th e  mean s k in  v e in  

r e s i s ta n c e  (Rgy) f e l l  by 0 .09  mm H g/m l/m in/100 grams sk in  t i s s u e .  T h is 

was n o t a s i g n i f i c a n t  d e c re a se  from c o n t ro l  (P > .0 5 ) ,  and th e  r e s i s t ­

ance c a lc u la te d ,  s l i g h t l y  exceeded th e  c o n t ro l  v a lu e  p o s te x e rc is e .

In  T ab le  4 th e  av erage  re sp o n se s  f o r  th e  sk in  v a s c u la r  bed a re  

shown fo r  f i f t e e n  e x p e rim e n ts , in  w hich th e  mean s t im u la t io n  p a ram e te rs  

were 3 .1  v o l t s ,  a frequency  o f  4 p e r  second , and an im pulse d u r a t io n  o f  

0 .2  m il l i s e c o n d s .

In  t h i s  s e r i e s  th e  la rg e  sk in  v e in  p re s s u re  (P, q.,) e x h ib i te d  no
#  , , 

mean change from c o n t ro l .  The s k in  b lood  flow  in c re a se d  by 3 .0  m l/m in /

100 grams o f  s k in  t i s s u e  w ith  e x e r c is e ,  in  c o n t r a s t  to  a mean f a l l  o f

2 .9  m l/m in /100  grams o f s k in  t i s s u e  in  th e  p re v io u s  s e r i e s  (T ab le  3 ) .



TABLE 3

LOCAL EFFECTS OF EXERCISE ON THE VASCULATURE OF THE SKIN (n=8)

PammHg
Plsv
mmHg

APt S
mmHg

S .F .
m l/m in
/lOOg
S.T .

®TS
mmHg
/m l/m in
/lO O gS.T.

A^ASSV
mmHg

^ASSV . mmHg
/m l/m in
/lOOgS.T.

Pssv
mmHg %

/m l/m in
/lOO gS.T.

CONTROL 97 11 86 36..8 2 .6 8 76 2 .19 21 10 0 .27

EXERCISE 88 12 76 3 3 .9 2 .2 3 69 2 .0 5  . 19 7 0 .1 8

POSTEXERCISE 90 11 79 3 5 .9 2 .4 0 70 2 .1 1 20 9 0 .29

POST-CONTROL 94 11 83 3 6 .8 2 .4 7 72 2 .1 7 22 11 0 .3 0

N3
00

*P< .05  ** P <  .01

P^ = fem o ra l a r t e r y  p r e s s u r e ,  Pj^gy = la rg e  s k in  v e in  p r e s s u r e ,  A?TS “  t o t a l  s k in  p r e s s u re  g r a d ie n t ,

S .F . = s k in  b lood  flow  i n  m l/m in /1 0 0  grams o f  s k in  t i s s u e ,  Rjg = t o t a l  s k in  r e s i s t a n c e ,  AP^ggy = 

p r e s s u r e  g r a d ie n t ,  a r t e r y  to  sm a ll s k in  v e in  segm ent, Ra ssV “ r e s i s t a n c e ,  a r t e r y  to  sm a ll s k in  v e in  

segm ent, Pssv  = sm a ll s k in  v e in  p r e s s u r e ,  aPsv “  p r e s s u re  g r a d ie n t ,  s k in  v e iri segm ent, Rgy = r e s i s t a n c e ,  

s k in  v e in  segm ent. '



TABLE 4

LOCAL EFFECTS OF EXERCISE ON THE VASCULATURE OF THE SKIN (n=15)

■( %mmHg
^LSV
mmHg

a^ts
mmHg

S .F .
m l/m in
/lOOg
S .T .

Rt s
mmHg
/m l/m in
/lO O gS.T .

A^ASSV
mmHg

%SSV
mmHg
/m l/m in
/lO O gS.T .

P ssv
mmHg

APgy
mmHg ^SV

mmHg
/m l/m in
/lOO gS.T.

CONTROL 94 9 85 3 4 .0 3 .8 2 77 3 .5 0 17 8 0 .2 8

EXERCISE 89 9 80 3 7 .0 3 .2 4 74 2 .5 8 15 6 0 .19*

POSTEXERCISE 93 9 83 3 5 .6 3 .7 0 75 3 .4 2 17 8 0 .2 8

POST-CONTROL 95 9 86 3 2 .2 3 .5 0 77 3 .2 3 18 9 0 .2 6

NJ
VO

* P <  .0 5  -, ** P <  .0 1

P^ = fe m o ra l a r t e r y  p r e s s u r e ,  Pj^gy = la rg e  s k in  v e in  p r e s s u r e ,  ^P^g = t o t a l  s k in  p r e s s u re  g r a d ie n t ,  

S .F . = s k in  b lo o d  flow  in  m l/m in/lO O  grams o f  s k in  t i s s u e ,  Rijg = t o t a l  s k in  r e s i s t a n c e ,  AP^ggy = 

p r e s s u re  g r a d ie n t ,  a r t e r y  t o  sm a ll s k in  v e in  segm ent, R&ggy = r e s i s t a n c e ,  a r t e r y  to  sm a ll s k in  

v e in  segm en t, Pggy = sm a ll s k in  v e in  p r e s s u r e ,  aI*sV “  p r e s s u r e  g r a d ie n t ,  s k in  v e in  segm ent, Rgy = 

r e s i s t a n c e ,  s k in  v e in  segm ent.
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The c a lc u la te d  t o t a l  s k in  r e s is ta n c e  (R jg ) , d e c re a se d  w ith  e x e r c is e  and 

rem ained s l i g h t l y  below  th e  mean c o n t r o l  le v e l  p o s te x e rc is e  and p o s t ­

c o n t r o l .  The a r t e r y  to  sm a ll s k in  v e in  r e s i s ta n c e  (Ra sSV)> fo llow ed  th e  

same p a t t e r n .  However, a s  in  th e  p re v io u s  s e r i e s ,  none o f  th e se  changes 

was s i g n i f i c a n t  (P > .0 5 ) .  The sm a ll s k in  v e in  av e rag e  p re s s u re  (Pggy)» 

d e c l in e d  by 2 mm Hg w ith  e x e rc is e  r e tu r n in g  to  th e  c o n t ro l  v a lu e  p o s t ­

e x e r c i s e .  The s k in  v e in  r e s is ta n c e  (R gy), d ec re a se d  from  a  mean o f  0 .28  

to  0 .19  mm H g/m l/m in/100 grams o f  s k in  t i s s u e ,  a d e c re a se  th a t  was 

s i g n i f i c a n t  a t  th e  .05  le v e l .  The d e c re a se  in  s k in  v e in  p re s s u re  was 

/ ^ ^ ^ b s e r v e d  in  tw e lv e  o f  f i f t e e n  e x p e rim e n ts , w h ile  in  th e  p re v io u s  s e r i e s

(T ab le  3 ) ,  i t  o c c u rre d  in  f iv e  o f  e i g h t  ex p e rim en ts . The m agnitude o f
1

th e  mean change in  s k in  v e in  r e s i s t a n c e  (Rgy) was n e a r ly  i d e n t i c a l  in  

b o th  s e r i e s .  T h is  would appear to  su p p o r t th e  p o s s i b i l i t y  t h a t  th e  

d e c re a se  i n  s k in  venous r e s i s ta n c e  i n  e x e r c is e  (T able 4 ) ,  r e p re s e n ts  

a t r u e  lo c a l  e f f e c t  though i t  d id  n o t  p e r s i s t  p o s te x e r c is e .  The a p p a re n t 

d i l i t a t i o n  o f  th e  s k in  venous bed w ith  s t im u la t io n  a p p e a rs  to  be th e  

o n ly  s i g n i f i c a n t  a l t e r a t i o n  in  re sp o n se s  o f th e  s k in  v a s c u la tu r e  to

e x e r c is e .  T here  c e r t a in l y  was no in d i c a t io n  o f  an in c re a s e  i n  sympa­

t h e t i c  n e rv o u s  a c t i v i t y  in  th e  re sp o n se s  o f th e  s k in  v a s c u la tu r e  to

s t im u la t io n  o f  th e  fem ora l and s c i a t i c  n e rv e s .

Oxygen C o n ten t o f  Blood in  M uscle and S k in  Beds i n  E x e rc ise

T ab le  5 shows th e  r e s u l t s  o f  seven ex p e rim en ts  in  w hich oxygen 

c o n te n ts  o f  m uscle  and s k in  b lood was d e te rm in ed . On th e  av e ra g e , th e  

m uscle  v e in  oxygen c o n te n t d ec re ase d  by 68% w ith  e x e r c is e  as th e  blood 

flow  in c re a s e d  by a p p ro x im a te ly  260%. The oxygen c o n te n ts  o f  th e  sk in  

v e in s  a l s o  d e c re a se d  w ith  e x e r c is e ,  by 10 and 20%, in  th e  d o r s a l  and



TABLE 5

BLOOD FLOWS AND OXYGEN CONTENTS IN MUSCLE AND SKIN EXERCISE

Control Exercise
Exp.
No.

M.F.
m l/m in

S .F .
m l/m in

A r t e r i a l  
O2  C ont.
v o l  7o

M .Vein 
Oo C ont. 
v&l %

M.S.V.
O2  Cont 
v o l  7 o

D .S .V .
. O2  C ont. 

v o l  %

M.F.
m l/m in

S .F .
m l/m in

M. V ein  
O2  C ont. 
v o l  %

M .S.V.
O2  C ont.
v o l  7 o

D .S.V .
O2  Coni 
v o l 7 o

1. 36 90 8 .2 1 5 .8 3 - 7 .7 4  - 102 90 0 .0 0 - 5 .3 9

2 . 102 120 - 18 .50 - 19 .98 276 90 5 .3 8  . - 18 .30

3 . 60 36 15.51 10.32 12.45 12.05 240 24 \3 .0 4 7 .25 12.40

4 . 66 90 17.84 13.78 16.83 16.68 174 84 5 .4 6 14.39 15.58

5 . 60 63 11.25 7 .0 3 9 .39 10.15 105 66 4 .6 8 8 .6 0 9 .85

6. 174 48 15 .20 13.25 12 .30 13-05 336 69 5 .3 9 10 .30 12.95

7. 54 54 ■ 18 .70  . 12.85 - 16.65 222 39 1.62 - 12 .60

Mean 79 72 14.45 11.65 12.74 13 .76  . 208 66 3 .6 5 10.14 12,44

M.F. = M uscle flow  in  m l/m in , S .F .  = s k in flow  in m l/m in , M .Vein = m uscle  v e in ,  M .S,V. = m e d ia l

u>

saphenous v e in ,  D .S ,V . = d o r s a l  saphenous v e in .
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medial saphenous veins respectively. However,- much if not all, of this 

decline is probably attributable to the 10% decrease in the skin blood 

flow.

Local Effects of Reactive Hyperemia on the Vascular Beds 

of Skeletal Muscle and Skin

R eac tiv e  hyperem ia experim en ts  w ere perform ed on e lev en  an im als  

to  s tu d y  th e  v a s c u la r  resp o n ses  to  h ig h  b lood  flow s ap p rox im ating  th o se  

observed  in  e x e r c is e .  F ig u re  3 shows a ty p i c a l  t r a c in g  o f  th e  a r t e r i a l  

p re s s u re  (P ^ ) , sm all m uscle v e in  p re s s u re  (P^v) and th e  la rg e  m uscle v e in  

p re s s u re  (Pj^y) in  re sp o n se  to  p a r t i a l  c o n s t r i c t io n  and r e le a s e  o f  con­

s t r i c t i o n  o f th e  fem ora l a r te r y .  In  t h i s  experim en t m uscle b lood flow  

d im in ish ed  to  o n e -h a lf  o f the  c o n tro l  v a lu e  w ith  c o n s tr ic tio n ,- , a s  th e  

fem ora l a r t e r y  p re s s u re  d ecreased  from 80 mm Hg to  25 mm Hg, and th e  

la rg e  m uscle v e in  p re s s u re  rem ained v i r t u a l l y  unchanged. The c a lc u la te d  

m uscle v e in  r e s i s ta n c e  (R^) rem ained unchanged w ith  c o n s t r i c t io n  in  t h i s  

ex p erim en t. On r e le a s e  o f  c o n s t r i c t io n ,  th e  m uscle b lood flow  in c re a s e d  

to  3 .5  tim es th e  c o n t ro l  v a lu e , w h ile  th e  m uscle v e in  p re s s u re  g r a d ie n t  

(Pg}iy - Pj;mv) in c re a se d  p ro p o r t io n a te ly  l e s s ,  r e s u l t in g  in  a d e c re a se  o f  

0 .013  mm H g/m l/m in in  th e  m uscle v e in  r e s i s ta n c e  from th e  c o n t ro l  v a lu e .

T ab les  6 and 7 show th e  mean v a lu e s  o f  p r e s s u re s ,  b lood flow s 

and c a lc u la te d  r e s i s ta n c e s  fo r  s k e l e t a l  m uscle and sk in  r e s p e c t iv e ly .

The mean a r t e r i a l  p re s s u re  (P^) d ec re ase d  (T ab le  6) to  ap p ro x im ate ly  

o n e -h a lf  o f  th e  c o n tro l  v a lu e  d u rin g  p a r t i a l  c o n s t r i c t io n .  The la rg e  

m uscle v e in  p re s s u re  (Pn^y) showed m inim al change, 1 mm Hg on th e  a v e ra g e , 

th ro u g h  th e  co u rse  o f th e  ex p erim en ts . Muscle=1jlood flow  d ec re ase d  by 

a f a c to r  o f 3 .5  on th e  a v e ra g e , w ith  c o n s t r i c t i o n .  S ince  th e  a r t e r i a l
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F ig . 3 -T y p ic a l p re s s u re  re sp o n se s  o f  th e  m uscle v a s c u la tu r e ,  
w ith  m easured b lood flow s and c a lc u la te d  r e s i s t a n c e s  w ith  r e a c t iv e  
hyperem ia. = fem ora l a r t e r y  p re s s u re ,  = sm a ll m uscle v e in  
p r e s s u r e ,  Pj^y = la rg e  m uscle v e in  p r e s s u re ,  F = m uscle  blood flow ,
Rĵ  = m uscle v e in  r e s i s ta n c e .



TABLE 6

LOCAL EFFECTS OF PARTIAL CONSTRICTION AND RELEASE OF CONSTRICTION OF 
THE FEMORAL ARTERY ON THE MUSCLE VASCULATURE (n = I I )

Pa
mmHg

PiMV
mmHg

A?tM
mmHg

M.F.
m l/m in
/lOOg
S l.T .

&M
mmHg
/m l/m in
/lO O gS l.T .

aPaSMV
mmHg

Pasmv
mmHg
/m l/m in
/lO O gS l.T .

^SMV
mmHg â mv

mmHg
%V
mmHg
/m l/m in
/lO O gS l.T .

T .F .
m l/m in
/lOOg
L.T .

CONTROL 103 7 96 8 .2 15.91 91 14.95 12 5 0 .7 2 10 .8

PARTIAL
CONSTRICT. 54 6 48 2 .3 2 7 .5 0 46 2 6 .4 0 8 2 1.27* 3 .8

RELEASE
CONSTRICT. 86 8 78 17 .4 6 .30** 69 5.46*“* 17 9 0 .7 2 18.5

POST-CONTROL 98 6 92 6 .4 17.15 87 16.41 11 5 0 .82 9 .2

*  P <  .05  ** P <  .0 1

P^ = fe m o ra l a r t e r y  p r e s s u r e ,  P^^^- = la r g e  m uscle  v e in  p r e s s u r e ,  a^tM ~ t o t a l  m uscle  p re s s u re  g r a d ie n t ,  

M .F. = m uscle  b lo o d  flow  in  m l/m in /100  grams o f  s k in l e s s  t i s s u e ,  = t o t a l  m uscle  r e s i s t a n c e ,  Â a SM? ” 

p r e s s u re  g r a d ie n t ,  a r t e r y  to  sm a ll m uscle  v e in  segm en t, P^giyji/ -  r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle  

v e in  segm en t, P g ^ . = p re s s u r ..  sm a ll m uscle v e in ,  aPj*|̂ .- ~ p r e s s u re  g r a d ie n t ,  m uscle  v e in  segm ent, -

r e s i s t a n e e ,  m uscle  v e in  segm en t, T .F , •= t o t a l  lim b flo w  in  m l/m in /100  grams o f  lim b t i s s u e .



TABLE 7

LOCAL EFFECTS OF PARTIAL CONSTRICTION AND RELEASE OF CONSTRICTION OF 
THE FEMORAL ARIERY ON THE SKIN VASCULATURE (n=10)

Pa
mmHg

^LSV
mmHg

aPt s
mmHg

S .F .
m l/m in
/lOOg
S .T .

RpS
mmHg
/m l/m in
/lO O gS.T .

^ASSVmmHg %SSVmmHg
/m l/m in
/lO O gS.T.

Pssv
mmHg

Psv
mmHg
/m l/m in
/lO O gS.T.

CONTROL 103 11 92 2 6 .1 4 .2 3 81 3 .7 8 22 11 0 .3 6

PARTIAL
CONSTRICT. 54 8 46 1 4 .3 6 .0 2 40 5 .5 2 14 6 0 .5 2 *

RELEASE
CONSTRICT. 85 11 74 2 1 .2 4 .0 8 68 3 .8 0 17 6 0 .3 0

POST-CONTROL 97 12 85 2 5 .7 3 .7 2 79 3 .4 7 18 7 0 .27

U)VI

* P <  .0 5  ** p <  .0 1

PA = fe m o ra l a r t e r y  p r e s s u r e ,  P^sv “  la r g e  s k in  v e in  p r e s s u r e ,  /P^g = t o t a l  s k in  p re s s u re  g r a d ie n t ,  

S .F , = s k in  b lood  flow  i n  m l/m in /1 0 0  gram s s k in  t i s s u e ,  R/j>g = t o t a l  s k in  r e s i s t a n c e ,  A^^ggy P re s su re  

g r a d ie n t ,  a r t e r y  to  sm a ll s k in  v e in  segm en t, R^SSV ~ r e s i s t a n c e ,  a r t e r y  to  sm a ll s k in  v e in  segm ent, 

Pggy = s m a ll s k in  v e in  p r e s s u r e ,  A^SV ~ p r e s s u r e  g r a d ie n t ,  s k in  v e in  segm ent, Rgy = r e s i s t a n c e ,  s k in  

v e in  segm ent.
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p re s s u re  d ec re a se d  p ro p o r tio n a te ly  l e s s  th a n  th e  m uscle b lood  flo w , th e  

mean t o t a l  m uscle r e s is ta n c e  (Rjm) and th e  mean a r t e r y  to  sm all m uscle 

v e in  segm ent r e s i s t a n c e  (Rasmv)» in c re a s e d  by 11.59 and 11.45 mm H g/m l/ 

m in/100 grams o f s k in le s s  t i s s u e  r e s p e c t iv e ly .  However, th e se  in c re a s e s  

w ere n o t s t a t i s t i c a l l y  s ig n i f i c a n t  (P > .0 5 ) .  On r e le a s e  o f  c o n s t r i c t io n  

th e  mean m uscle b lood flow  was more th a n  tw ice  th e  c o n t ro l  v a lu e  and 

th e  c a lc u la te d  r e s is ta n c e s  and RasmV w ere s i g n i f i c a n t l y  reduced  

below th e  c o n t ro l  v a lu e s  (P <  .0 1 ) .

The m uscle v e in  segment r e s i s ta n c e  (R [^ ) , w hich was s i g n i f i c a n t ­

ly  in c re a s e d  (P <  .0 5 ) ,  on c o n s t r i c t io n  (T able 6) re tu rn e d  on ly  t o  th e  

c o n t ro l  le v e l  on r e le a s e  o f c o n s t r i c t io n .  I n  th e s e  experim en ts  th e  

in c re a s e  o f  b lood  flow  on r e le a s e  o f c o n s t r i c t i o n  was com mensurate w ith  

th e  e l e v a t io n  in  th e  m uscle v e in  p r e s s u re  t h a t  was observ ed . These 

r e s u l t s  a re  c o n s i s te n t  w ith  th o se  re p o r te d  by S h arp ey -S ch afer (5 0 ) ,

They ap p ea r to  in d ic a te  th a t  th e  venous v a s c u la tu r e  i s  a c t in g  as  some­

th in g  o th e r  th a n  p a s s iv e  tu b es  i n  th e  fa c e  o f  th e  e le v a te d  blood flow  in  

r e a c t iv e  hyperem ia.

The mean la rg e  sk in  v e in  p re s s u re  (P ^ g v ) ' showed a d e c re a se  o f 

3 mm Hg w ith  c o n s t r i c t io n  (T able 7 ) , th e n  re tu rn e d  to  th e  c o n t ro l  le v e l .

The s k in  b lood  flow  dropped to  54% o f  th e  c o n t ro l  v a lu e  in  c o n s t r i c t io n ,  

when s im u lta n e o u s ly , m uscle blood flow  dropped to  28% o f c o n t ro l  (T ab le  6 ) .  

However, on r e le a s e  o f  c o n s t r i c t io n  th e  sk in  flow  re tu rn e d  only  to  80% 

o f  th e  mean c o n t ro l  le v e l  (T able 7 ) ,  w h ile  th e  average m uscle b lood  

flow  (T ab le  7 ) ,  exceeded th e  mean c o n t r o l  v a lu e  by more th a n  100%.

The sk in  d id  n o t e x h ib i t  r e a c t iv e  h y p erem ia , su g g e s tin g  th a t  th e  m uscle 

bed i s  th e  p r e f e r r e d  ro u te  fo r  flow  fo llo w in g  limb t i s s u e  isch em ia .
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N either the mean to ta l  skin reaistance (Rijg) the a r te ry  to  

small akin vein segment resistance (%ggy) was s ig n ifican tly  a lte red  

(P > .05), through the experiments. On the other hand, the akin vein 

resistance  (Rgy) increased s ig n ific an tly  during p a r t ia l  co n stric tio n  

(P < .03) a response also  observed in the muscle vein segment (Table 6). 

Since the pressure gradients were diminished in  both instances, the 

resistances calculated probably re f le c t  a passive constric tion  in  both 

beds.

Hematocrits in  Exercise and Reactive Hyperemia 

Vascular resistance  is  a function of the geometry of the vessels 

accomodating blood flow and the v iscosity  of the f lu id . I t  was suggested 

th a t an increase in  v iscosity  of the venous blood in exercise could 

account fo r the elevated muscle vein res istances observed. To in v es t­

igate  th is  p o ss ib ility  blood samples were drawn and hematocrits measured, 

as previously described. Table 8 shows the measured venous hematocrit 

values and the mean values for the various experimental s ta te s  in  e igh t 

experiments. For comparison, th is  procedure was followed in  reactive  

hyperemia experiments as well as exercise.

In five of eight experiments there was a s lig h t increase in  the 

hematocrit with exercise tha t persisted  postexercise. These changes 

were not s ig n ific an t (P > .05). During p a r t ia l  constric tion  of the 

femoral a rte ry  the venous hematocrits decreased from the control values 

in six  of eight experiments. This change was barely s ig n ific an t a t  the 

.05 lev e l. The mean venous hematocrit remained lower than the control 

on release of constric tion  and post-contro l though these changes were 

not s ig n if ic a n tly  d iffe ren t from the control (P > .05). At the same

r



TABLE 8

HEMATOCRITS IN EXERCISE AND REACTIVE HYPEREMIA

(n  = 8)

EXPERIMENT NO. 1 2

EXERCISE 

3 4

EXPERIMENTS 

5 6 7 8
Mean

%

CONTROL 30 42 43 42 44 40 39 28 3 8 .5

EXERCISE 31 41 41 43 45 38 41 30 38 .7

POSTEXERCISE 32 42 41 43 47 38 42 31 39 .5

POST-CONTROL 31 43 42 42 47 38 38 29 3 8 .7

REACTIVE
g

HYPEREMIA EXPERIMENTS

CONTROL 33 43 42 40 45 37 41 32 3 9 .0

PARTIAL
CONSTRICT. 32 39 42 41 44 35 40 30 3 7 .9 *

RELEASE
CONSTRICT. 32 40 41 39 44 39 40 29 3 7 .9

POST-CONTROL 30 41 41 42 44 38 40 28 3 7 .9

w
00

* P <  .05



39

tim e th e  venous h e m a to c r i t  d ec reased  s ig n i f i c a n t l y  (P <  .0 5 ) ,  d u ring  

p a r t i a l  c o n s t r i c t i o n ,  th e  m uscle v e in  r e s is ta n c e  > in c re a se d

s i g n i f i c a n t l y  (P < .05 ) (T able 6 ) . The decreased  v i s c o s i t y  o b v io u sly  

was n o t a prom inen t f a c to r  a f f e c t in g  th e  m uscle v e in  r e s i s ta n c e .

N eurom uscular Block D uring S tim u la tio n  o f  th e  

Fem oral and S c ia t ic  Nerves 

W hile th e re  i s  ev id en ce  to  in d ic a te  th a t  th e  s t im u la t io n  

p a ram e te rs  used  w ere n o t o f s u f f i c i e n t  m agnitude to  s t im u la te  sym pathe­

t i c  f ib e r s  c o u rs in g  the fem ora l and s c i a t i c  nerve tru n k s ,  f u r th e r  p roo f 

was sough t em ploying a te ch n iq u e  o f b lo ck in g  s k e l e t a l  m uscle c o n t r a c t ­

io n s .  I n  acco rd an ce  w ith  th e  p rocedure  d e s c r ib e d , u s in g  S u cc in y l-  

c h o lin e  C h lo rid e  (A nectine) as  th e  b lo ck in g  a g e n t , seven experim en ts  

w ere perfo rm ed . T ab les 9 and 10 show the  mean v a s c u la r  re sp o n ses  fo r  

th e  m uscle and th e  sk in  beds r e s p e c t iv e ly .

In  m uscle (T ab le  9 ) ,  s t im u la t io n  o f  th e  lim b prompted resp o n ses  

in  m uscle b lood  flo w , in  t o t a l  m uscle r e s i s ta n c e ,  and a r t e r y  to  sm all 

m uscle v e in  r e s i s t a n c e s  th a t  were s im ila r  to  th o se  o f th e  f i r s t  two 

s e r ie s  o f  ex p erim en ts  (T ab les  1 and 2 ) . The d e c re a se s  in  mean t o t a l  

m uscle r e s i s t a n c e  and a r t e r y  to  sm all m uscle v e in  segm ent r e s is ta n c e  

w ere s i g n i f i c a n t  a t  th e  .01 le v e l .  In  t h i s  s e r i e s  th e  mean m uscle v e in  

r e s i s ta n c e  was n o t  s ig n i f i c a n t l y  d i f f e r e n t  from th e  c o n t ro l  v a lue  

(P > .0 5 ) ,  a lth o u g h  in  a l l  seven  experim en ts  th e  c a lc u la te d  r e s is ta n c e  

v a lu e  was g r e a t e r  th an  th e  c o n t ro l  v a lu e . When s k e l e t a l  m uscle c o n t r a c t ­

io n s  w ere a b o lish e d  w ith  S u c c in y lc h o lin e  C h lo r id e , and w h ile  s t im u la t io n  

o f  th e  lim b c o n tin u e d , a l l  p a ram ete rs  m easured tended to  r e tu rn  toward 

c o n t ro l  v a lu e . T h is  was e s p e c ia l ly  t r u e  f o r  th e  p re s s u re  and the  r e s i s t ­

ance m easured in  th e  m uscle v e in  segm ent, a s  th e se  v a lu e s  re tu rn e d  to  th e



TABLE 9

LOCAL EFFECTS OF STIMULATION AND NEUROMUSCULAR BLOCK ON THE 
MUSCLE VASCULATURE (n  = 7)

Pa
mmHg l a g

â tm
mmHg

M.F.
m l/m in
/lOOg
S l.T .

%M
mmHg
/m l/m in
/lO O gS l.T .

^PaSMViranHg h r
/m l/m in
/lO O gS l.T .

% h g
/m l/m in
/lO O gS l.T .

T .F .
m l/m in
/lOOg
L .T .

CONTROL 93 6 87 8 .9 12.02 82 11 .30 11 5 0 .5 7 11 .0

EXERCISE 87 7 80 2 0 .2 4 .5 6 * * 59 3 .60** 28 21 1 .31 2 1 .0

1 to  2 MIN. 
AFTER BLOCK 94 6 88 1 0 .0 10.39 83 9 .2 0 11 5 0 .5 7 12 .9

*  P <  .0 5  ** P <  .01

= fem o ra l a r t e r y  p r e s s u r e ,  Pj^iv “  la rg e  m uscle  v e in  p r e s s u r e ,  A P ^  = t o t a l  m uscle  p r e s s u re  g r a d ie n t ,  

M .F. = m uscle  b lo o d  flow  i n  m l/m in /1 0 0  gram s o f  s k in le s s  t i s s u e ,  R ^  = t o t a l  m uscle  r e s i s t a n c e ,  ^^gMV ' 

p r e s s u r e  g r a d ie n t ,  a r t e r y  to  sm a ll m uscle  v e in  segm en t, = r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle

v e in  segm en t, PgMV = p r e s s u r e ,  sm a ll m uscle  v e in ,  APjj^ = p re s s u re  g r a d ie n t ,  m uscle  v e in  segm ent, =

r e s i s t a n c e ,  m uscle  v e in  segm en t, T .F . = t o t a l  lim b flow  in  m l/m in /1 0 0  grams o f  lim b t i s s u e .

•F>O



TABLE 10

LOCAL EFFECTS OF STIMULATION AND NEUROMUSCULAR 
BLOCK ON THE SKIN VASCUUTURE (n-6)

iniiillH .ÜUiü iiiiiiIIh
H.F.
Ill 1 /mill 
/100« 
8.T.

/m l/m ill  
/lOOg 8.T.

' h r
'̂ AHNV
mmllM
/ml/iiilii
/lOOgH.T.

I'liiW
/ml/mill  
/lOOgë.T.

CONTROL n 9 B3 27.0 4,70 73 4.28 19 10 0.44

EXJSRCISE &6 ID 78 30.2 3.95 69 3.52 19 9 0.35

1 to 2 MIN 
AFTER BLOCK 90 9 84 30.4 4.53 71 4.27 19 10 0.40

* P <  .05  ** P <  .01

= fem o ra l a r t e r y  p r e s s u r e ,  P^gy = la rg e  s k in  v e in  p r e s s u r e ,  APijg = t o t a l  s k in  p r e s s u r e  g r a d ie n t ,  

S .F . = s k in  b lood  flow  in  m l/m in /1 0 0  grams o f  s k in  t i s s u e ,  R^g = t o t a l  s k in  r e s i s t a n c e ,  APaSSV ~ 

p r e s s u re  g r a d ie n t ,  a r t e r y  to  sm a ll s k in  v e in  segm en t, B^ggy = r e s i s t a n c e ,  a r t e r y  to  sm a ll s k in  

v e in  segm ent, P g g y  = sm a ll s k in  v e in  p r e s s u r e ,  A P g y  = p r e s s u r e  g r a d ie n t ,  s k in  v e in  segm en t, Rgy = 

r e s i s t a n c e ,  s k in  v e in  segm ent.
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i d e n t i c a l  c o n t ro l  v a lu e s . There would ap p ea r to  be no ev idence  o f 

a d d i t io n a l  sy m p a th e tic  in n e rv a t io n  due to  s t im u la t io n  o f th e  lim b. T h is 

i s  a l s o  bo rne o u t by th e  sk in  v a s c u la r  re sp o n ses  (Table 1 0 ), m easured 

s im u lta n e o u s ly  w ith  tho se  o f  m uscle in  s ix  ex p erim en ts . W ith s t im u la ­

t io n  th e  b lood  flow to  th e  sk in  in c re a s e d  from 2 7 .0  to  30 .2  m l/min/lOO 

grams o f  s k in  t i s s u e  as  th e  th re e  r e s is ta n c e s  c a lc u la te d  Rxs> ^ASSV’

Rgy d e c re a se d . These changes w ere n o t s ig n i f i c a n t  (P > .0 5 ) .  The 

re sp o n se  p a t t e r n  to  s t im u la t io n  was v ery  s im i la r  to  t h a t  shown p re v io u s ­

ly  (T ab le 3 and 4) fo r  th e  sk in  v a s c u la tu r e .  Follow ing  th e  in j e c t i o n  

o f  S u c c in y lc h o lin e  C h lo rid e  the  b lood flow  th rough  th e  s k in  rem ained 

3 .4  m l/m in /100  grams o f sk in  t i s s u e  above th e  mean c o n t ro l  v a lu e  and 

r e s i s t a n c e s  re tu rn e d  toward mean c o n t ro l  v a lu e s .

Local Effects of Mechanical Hyperemia and the Active Hyperemia of

Exercise at Constant Perfusion, on the Vasculature of Skeletal Muscle.

To g a in  f u r th e r  in s ig h t  in to  th e  resp o n se  o f th e  m uscle v a s c u la ­

tu r e  o f  th e  limb to  in c re a se d  b lood flow , a pump p e r fu s io n  maneuver was 

employed a s  p re v io u s ly  d e s c r ib e d . A ty p ic a l  response  o f m uscle to  

th i s  p ro ced u re  i s  i l l u s t r a t e d  in  F ig u re  4 . As th e  m uscle b lood  flow  (F) 

was in c re a s e d  from 42 m l/m in in  s te p w ise  fa s h io n  to  174 m l/m in th e  

a r t e r i a l  p re s s u re  (Pa ) showed a s l i g h t  tendency  to  f a l l  a t  th e  h ig h e s t  

flow . The p e r fu s io n  p re s s u re  (Pp) in c re a se d  10 to  20 mm Hg w ith  each  

in c re a s e  in  b lood flow . The sm all m uscle v e in  p re s s u re  (P j^ )  showed 

s im i la r  in c re a s e s  w ith  flow r a t e  and th e  la rg e  m uscle v e in  p re s s u re  

v a r ie d  no more th an  a mm Hg th ro u g h  th e  e n t i r e  range o f flow s. The 

m uscle v e in  r e s i s ta n c e  (R^) shows a c o n s is te n t  d e c re a se  th rough  th e  

range o f  flow s in d ic a t in g  th a t  th e  m uscle blood flow in c re a se d
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Fig. 4 -Typical pressure responses of the muscle vasculature, 
with measured blood flows and calculated resistances with mechanical 
hyperemia. = femoral a rte ry  pressure, Pp = perfusion pressure,
M̂V ~ small muscle vein pressure, Pĵ y = large muscle vein pressure,

F = muscle blood flow, Rĵ  = muscle vein resistance .
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p r o p o r t io n a te ly  more th a n  th e  m uscle v e in  p re s s u re  g ra d ie n t  as f lo w s . 

w ere a d ju s te d  upw ard. T h is  re sp o n se  r e s u l te d  in  th e  c h a r a c t e r i s t i c  

p re s s u re - f lo w  curve  f o r ' ^ e  lim b v a s c u la tu re  seen  i n  F ig u re  5 (unbroken 

b la c k  l i n e ) .

The av erag e  r e s u l t s  f o r  n in e  ex p e rim e n ts , a t  f iv e  d i f f e r e n t  b lood 

flow  le v e l s ,  a r e  shown in  T ab le  11. As th e  mean b lood  flow was e le v a te d  

from 3 .6  to  13 .9  m l/m in /100  g . s k in le s s  t i s s u e ,  th e  t o t a l  m uscle r e s i s t ­

ance (R ji^), th e  a r t e r y  to  sm all m uscle v e in  r e s i s ta n c e  and th e

m uscle v e in  r e s i s ta n c e  ( R ^ )  decreased  in  s t e p - l i k e  fa s h io n . These 

d e c re a se s  i n  and from th e  low est to  th e  h ig h e s t  flow  used w ere

s ig n i f i c a n t  (P < .0 1 ) .  The mean d if f e r e n c e  in  m uscle v e in  r e s is ta n c e  

(R j^) from th e  lo w est to  th e  h ig h e s t  flow  was s ig n i f i c a n t  a t  the  .05  

le v e l .  A g ra p h ic  p lo t  o f  mean blood flow  and th e  mean m uscle v e in  r e s i s t ­

ance d a ta  conform s to  th e  curve o f F ig u re  5 (unbroken l i n e ) .  I t  w i l l  

a l s o  be observed  (T ab le  1 1 ), th a t  th e  sk in  b lood  flow  p ro g re s s iv e ly  

in c re a se d  w ith  th e  e l e v a t io n  o f flow  r a t e .  I t  i s  i n t e r e s t i n g  to  n o te  

(Table 1 1 ), t h a t  th e  m uscle bed appeared  to  re c e iv e  a h ig h e r  p ro p o r tio n  

o f th e  in c re a s e  i n  flow  a t  th e  h ig h e r  flow  r a t e s .  The m uscle flow  

changed by mean in c re m en ts  o f  2 .3 ,  2 .5 ,  2 .8 ,  and 2 .7  m l/m in/100 grams 

o f s k in le s s  t i s s u e  and th e  s k in  in  inc rem en ts  o f  1 1 .7 , 1 0 .9 , 7 .3  and 

8 .7  m l/m in /100  grams o f  s k in  t i s s u e .

In  th e  same n in e  experim en ts  th e  an im als  w ere su b je c te d , to  

nerve s t im u la t io n  o f th e  limb fo llo w in g  c o n t ro l  m easurem ents a t  a 

blood flow  le v e l  ap p ro x im atin g  a norm al c o n t ro l  v a lu e .  A ty p ic a l  

reco rd  o f  re sp o n se s  u s in g  th is* p ro c e d u re  i s  i l l u s t r a t e d  in  F ig u re  6.

The a r t e r i a l  p re s s u re  m easured in  th e  c a r o t id  a r t e r y  rem ained n e a r ly
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F ig .  5 -R e la tio n s h ip  o f m uscle  v e in  r e s i s t a n c e  to  m uscle  b lood  
flow  w ith  e x e r c is e .  D ata  from c o n s ta n t  p e r f u s io n - e x e r c is e  ex p erim en t 
superim posed . 0 = C o n tro l, PS = P o s te x e rc is e .
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F ig . 6 -T y p ic a l p re s s u re  re sp o n ses  o f  th e  m uscle v a s c u la tu r e ,  
w ith  m easured b lood  flow s and c a lc u la te d  r e s i s ta n c e s  w ith  e x e rc is e  
a t  c o n s ta n t  p e r fu s io n .  = fem oral a r t e r y  p r e s s u re ,  = sm a ll 
m uscle v e in  p r e s s u re ,  P]jy = la rg e  m uscle v e in  p r e s s u r e ,  F = m uscle 
b lood  flo w , = m uscle v e in  {^resistance.



TABLE 11

LOCAL EFFECTS OF MECHANICAL HYPEREMIA ON THE VASCULATURE OF SKELETAL MUSCLE

F .S . Pa
mmHg

Pp
mmHg

aPtM
mmHg

M.F. Tg^ 
m l/m in  m ^ g  
/lOOg /m l/m in  
S l .T .  /lO O gS l.T .

^Pa SMV
mmHg

PaSMV
mmHg
/m l/m in
/lO O gS l.T .

P s wmmHg
APmV
mmHg

/m l/m in
/lO O gS l.T .

T .F . S .F .
m l/m in  m l/m in 
/lOOg /lOOg 
L.T . S .T .

4
(n=9)

108 68 5 63 3 .6 19.17 60 19.37 9 4 0 .8 7 6 .0 1 8 .0

6
(n=8)

105 94 5 90 5 .9 16.05 84 16.04 9 4 0 .6 9 8 .6 29 .7

8
(n=9)

104 117 5 111 8 .4 14 .99 107 14 .40 10 4 0 .6 0 11.9 4 0 .6

10
(n=9)

96 129 5 123 11 .2 •13.30 118 12.80 10 . 5 0 .5 0 15.5 4 7 .9

12
(n=7)

91 144 6 138 13 .9 11.92** 133 11.53** 11 5 0 .4 3 * 19 .0 5 6 .5

* P < .0 5  ** P <  .0 1

F .S . = flow  s e t t i n g ,  P^ = c a r o t id  a r t e r y  p r e s s u r e ,  Pp = p e r f u s io n  p r e s s u r e ,  P ]^^  = la rg e  m uscle v e in  

p r e s s u r e ,  a *̂TM ~ t o t a l  m uscle  p r e s s u r e  g r a d ie n t ,  M.F. = m uscle  b lood  flo w  in  m l/m in /1 0 0  grams o f  s k in le s s  

t i s s u e ,  R j^  t o t a l  m uscle  r e s i s t a n c e ,  AP^gMV “  p r e s s u re  g r a d i e n t ,  a r t e r y  t o  sm a ll m uscle  v e in  segm ent, 

%.SMV “  r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle  v e in  segm ent, Pgjjy = p r e s s u r e ,  sm a ll m uscle  v e in ,  =

p r e s s u r e  g r a d ie n t ,  m uscle  v e in  segm ent, R ^  = r e s i s t a n c e ,  m uscle  v e in  s e ^ e n t ,  T .F . = t o t a l  b lood  flow  

in  m l/m in /1 0 0  gram s o f  lim b t i s s u e ,  S .F . = s k in  b lood  flo w  in  m lfm in /100  grams o f  s k in  t i s s u e .
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c o n s ta n t  a t  115 mm Hg. On s t im u la t io n  th e  p e r fu s io n  p re s s u re  (Pp) 

d e c re a se d  from ap p ro x im ate ly  87 to  50 mm Hg and rem ained s te a d y  th rough  

th e  p o s te x e rc is e  p e r io d . The re sp o n se  o f  th e  sm all v e in  p re s s u re  (P^^) 

to  e x e r c i s e  was s im i la r  to  t h a t  shown p re v io u s ly  (F ig u re  2 ) ,  in  w hich a 

r a p id  in c re a s e  in  p re s s u re  was fo llow ed  by a slow er r i s e  to  a " s te a d y  

s t a t e "  v a lu e . On c e s s a t io n  o f  s t im u la t io n  th e  p re s s u re  d ec re a se d  

im m ed ia te ly  by 5 mm Hg b u t th e n  rem ained w e ll  above th e  c o n t ro l  v a lu e  

fo r  sometime p o s te x e r c is e .  A s im i la r  p o s te x e rc is e  re sp o n se  was observed  

in  fo u r  o f  n in e  ex p erim en ts  a t  c o n s ta n t  flow . The la rg e  v e in  p re s s u re  

(Plv ) showed l i t t l e  tendency  to  change th rough  th e  co u rse  o f  th e  e x p e r i ­

m ent. Blood flow  (F) th rough  m uscle in c re a s e d  in  e x e rc is e  from 76 to  

120 m l/m in d e s p i te  c o n s ta n t  p e r fu s io n  o f  th e  lim b. T h is  in d ic a te d  a 

d iv e r s io n  o f b lood  flow  from th e  sk in  v a s c u la tu re  in  e x e r c is e .  P o s t­

e x e r c is e  b lood  flow  was s u s ta in e d  a t  th e  e x e rc is e  le v e l .  As p re v io u s ly  

shown (T ab les  1 and 2 ) ,  th e  m uscle v e in  r e s is ta n c e  in  t h i s  experim en t 

(F ig u re  6 ) ,  was above th e  c o n t ro l  le v e l  in  e x e rc is e  and rem ained so 

p o s te x e r c is e .

T ab le  12 shows th e  mean v a lu e s  f o r  n in e  ex p erim en ts  w ith  c o n s ta n t 

lim b p e r fu s io n .  I t  w i l l  be observed  th a t  th e  mean c o n t ro l  v a lu e  o f  . 

m uscle b lood  flow  f o r  th e se  ex p erim en ts  was 8 .2  m l/m in /100  grams o f 

s k in le s s  t i s s u e ,  w hich c lo s e ly  app ro x im ates  th e  flow  a t  s e t t i n g  No. 8 

in  T ab le  11, and th e  c o n t ro l  blood flow s in  th e  spon taneous flow  e x p e r i ­

m ents (T ab les  1 and 2 ) . The v a s c u la r  re sp o n ses  to  e x e r c is e  a re  n e a r ly  

i d e n t i c a l  to  th o se  observed  in  th e  f i r s t  two s e r i e s  o f  ex p erim en ts  

(T ab les  1 and 2 ) .  W ith c o n s ta n t  p e r fu s io n  th e  m uscle b lood  flow  could  

n o t r i s e  to  th e  le v e ls  observed  in  n a tu r a l  flow  e x p e rim e n ts ; how ever, 

a d iv e r s io n  o f  flow  from  s k in  to  m uscle d id  o c c u r, which d e c re a se d  sk in



TABLE 12

LOCAL EFFECTS OF EXERCISE AT CONSTANT PERFUSION ON THE VASCULATURE OF
SKELETAL MUSCLE (n=9)

P a  P p  P % 2 ^  ^ T M  ^  ° ^  , ^ASMV %SMV ^SMV ^^MV ®MV ^ .F .  S .F .
mmHg mmHg mmHg mmHg m l/m in  mmHg mnuîg mmHg mmHg mmHg nmHg m l/m in m l/m in

/100g /m l/m in  /m l/m in  /m l/m in  /100g /100g
S l .T .  /lO O gS l.T . /lO O gS l.T . /lO O gS l/T . L .T . S .T .

CON. 94 112 5 107 8 .2

EX. 94 46 6 40 12.2

P .E . 95 45 5 40 11 .4

15.40

4 .1 6 * *

4 .0 4 * *

104

28

30

15 .10 8 4 0 .5 1 11.6 3 6 .2

18 11 1.37** 11.6 12.0** VO
14 9 0 .95** 11 .0 9 .5**

* P <  .0 5  ** P <  .0 1

Gon. = c o n t r o l ,  Ex. = e x e r c i s e ,  P .E . = p o s te x e r c i s e ,  = c a r o t id  a r t e r y  p r e s s u r e ,  Pp = p e r fu s io n  

p r e s s u r e ,  = la rg e  m uscle  v e in  p r e s s u r e ,  aPtm ~ t o t a l  m uscle  p r e s s u re  g r a d ie n t ,  M.F. = m uscle b lood

flow  i n  m l/m in /1 0 0  grams o f  s k in le s s  t i s s u e ,  R ^  = t o t a l  m uscle  r e s i s t a n c e ,  APasmV ” a r t e r y  to  sm a ll 

m uscle  v e in  p r e s s u re  g r a d i e n t ,  Rasmv “  r e s i s t a n c e ,  a r t e r y  to  sm a ll m uscle  v e in  segm ent, Pg^^ = sm all 

m uscle  v e in  p r e s s u r e ,  = p r e s s u r e  g r a d ie n t ,  m uscle  v e in  segm ent, = r e s i s t a n c e  = m uscle  v e in

segm ent, T .F . = t o t a l  b lo o d  flow  i n  m l/m in /100  gram s o f  lim b t i s s u e ,  S .F . = s k in  b lood  flow  in  m l/m in /100  

gram s o f  s k in  t i s s u e .
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f lo w .th r e e - f o ld  and r a is e d  m uscle b lood  flow  ap p ro x im ate ly  50% in  

e x e r c is e .  T here was a s l i g h t  re d u c t io n  in  m uscle flow  p o s te x e rc is e  

b u t i t  rem ained 3 .2  m l/m in /100  grams o f  s k in le s s  t i s s u e  above th e  

c o n t ro l  v a lu e . Skin  flow  a l s o  d im in ish ed  f u r th e r  p o s te x e r c is e ,  from th e  

e x e rc is e  le v e l  o f  12 .0  to  9 .5  m l/m in /100  grams o f s k in  t i s s u e .  The 

changes in  s k in  flow  w ere s ig n i f i c a n t  (P <  .0 1 ) .  The d e c re a se  i n  t o t a l  

b lood  flow  th ro u g h  th e  lim b p o s te x e rc is e  canno t be e x p la in e d . I t  may 

in d ic a te  in c re a s e d  lo s s  o f  f l u i d  from th e  v a s c u la r  com partm ent t r i g g e r ­

ed by in c re a s e d  c a p i l l a r y  h y d r o s ta t ic  p re s s u re .

T ab le  12 a l s o  shows th a t  th e  m uscle v e in  r e s i s t a n c e  was s i g n i f i ­

c a n t ly  in c re a s e d  in  e x e rc is e  and p o s te x e rc is e  (P < .0 1 ) .  W ith  n e a r ly  

id e n t i c a l  mean b lood  flow s a s  th o se  observed  in  c o n t ro l  and p o s te x e rc is e  

s t a t e s  (T ab le  1 2 ) , th e  m ech an ica l hyperem ia ex p erim en ts  (T ab le  1 1 ), 

r e s u l t e d  in  a d e c re a se  i n  mean m uscle v e in  r e s i s t a n c e ,  from 0 .0 6 0  to

0 .050  mm H g/m l/m in/100 grams o f  s k in le s s  t i s s u e ,  r a th e r  th a n  an. in c re a s e .  

T h is  was observed  in  e ig h t  o f  n in e  m echan ica l hyperem ia e x p e rim e n ts . The 

b roken  l i n e  o f  F ig u re  6 I n d ic a te s  th e  d i r e c t io n  o f th e  mean sm a ll m uscle 

v e in  r e s i s ta n c e  change w ith  in c re a s e d  b lood  flow  from c o n t ro l  (C) to  p o s t-  

s t im u la t io n  (PS) s t a t e s .  The p o s te x e rc is e  r e s i s ta n c e  (PS) i s  observed  

to  f a l l  f a r  o f f  th e  l in e  p lo t te d  f o r  r e s i s ta n c e  a s  a fu n c t io n  o f  flow 

r a t e  in  th e  h in d lim b . T h is  i s  f u r th e r  ev idence  th a t  th e  m uscle v e in  

r e s i s t a n c e s  m easured in  e x e r c is e ,  and im m ediately  p o s te x e r c is e ,  r e s u l t s  

from some d eg ree  o f in c re a s e d  a c t i v i t y  o f smooth m uscle  in  th e  venous bed.



CHAPTER IV 

DISCUSSION

L ocal E f f e c ts  o f E x e rc is e , R eac tiv e  and M echanical Hyperemia 

on th e  V a sc u la tu re  o f  S k e le ta l  Muscle 

T h is  s tu d y  shows th a t  th e  p re s s u re  in  sm all m uscle v e in s  i s  

e le v a te d  o u t o f p ro p o r tio n  to  th e  in c re a s e  in  m uscle venous o u tflo w  

fo llo w in g  lo c a l  e x e rc is e ,  and in  p ro p o r tio n  to  th e ’ in c re a s e  in  m uscle 

venous ou tflow  im m ediately  fo llo w in g  r e le a s e  o f a r t e r i a l  o c c lu s io n .

S ince venous h e m a to c rit  changes could  n o t e x p la in  th e se  f in d in g s ,  and 

sm all m uscle venous p re s su re  r i s e s  p ro p o r t io n a te ly  le s s  th a n  m uscle 

venous ou tflow  d u rin g  m echanical hyperem ia, an a c t iv e  re sp o n se  o f  th e  

smooth m uscle in  th e  v e in s  i s  su g g es ted . W ithout q u e s t io n , a p a r t  o f 

th e  in c re a se d  m uscle v e in  r e s is ta n c e  d u rin g  e x e rc is e  i s  due to  th e  

in f lu e n c e  o f  th e  c o n tra c tin g  s k e l e t a l  m usc les. T h is  would cau se  a 

p a s s iv e  narrow ing  of th e  lumen o f a d ja c e n t blood v e s s e ls  and in c re a s e  

th e  r e s is ta n c e  to  flow . However, s in c e  th e  p o s te x e rc is e  venous r e s i s t ­

ance rem ained e le v a te d , th e re  b e in g  no o b se rv ab le  s k e l e t a l  m uscle 

c o n tra c t io n s  in  t h i s  p e r io d , in c re a se d  v a s o a c t iv i ty  ap p ea rs  to  be 

in v o lv ed .

S e v e ra l p o s s i b i l i t i e s  f o r  e x p la in in g  th e se  e f f e c t s  a s  som ething 

o th e r  th an  a lo c a l  change in  smooth m uscle a c t i v i t y  w ere in v e s t ig a te d .  

There was no ev idence  th a t  th e  s t im u la t io n  p a ram eters  used  w ere s u f f i c i e n t
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to  f i r e  sy m p a th e tic  f ib e r s  w hich would c o n t r ib u te  to  in c re a se d  vasom otor 

a c t i v i t y .  C o rro b o ra tio n  o f  t h i s  p o in t  i s  g iv en  by th e  f a i l u r e  o f  w id e ly  

d i f f e r e n t  s t im u la t io n  p a ram ete rs  to  e l i c i t  s i g n i f i c a n t  v a r ia t io n s  in  

venous re sp o n se s  i n  e x e rc is e .  F u rth e rm o re , th e  sk in  d a ta  in d ic a te  no 

change, to  a d e c re a se  in  venom otor to n e  in  resp o n se  to  s t im u la t io n ,  

r a th e r  th an  th e  in c re a s e  one would ex p ec t w ith  in c re a se d  sy m p a th e tic  

a c t i v i t y .  In  a d d i t io n ,  when S u c c in y lc h o lin e  C h lo rid e  was used to  b lo ck  

s k e l e t a l  m uscle c o n t ra c t io n s  d u rin g  e l e c t r i c a l  s t im u la t io n  o f  th e  lim b, 

th e  p a ram ete rs  m easured re tu rn e d  tow ard c o n t ro l  v a lu e s ,  g iv in g  no e v i ­

dence o f  in c re a s e d  c o n s t r i c to r  to n e . The v a lu e  o f  t h i s  ev idence  has 

r e c e n t ly  been opened to  q u e s tio n  by th e  work o f Burn and S e l t z e r  (1 0 ). 

They d em o n stra ted  th a t  s e le c te d  neu rom uscu lar b lo ck in g  a g e n ts  a l s o  

b locked  sy m p a th e tic  p o s t-g a n g l io n ic  n e rv e  en d in g s. W hile th ey  d id  n o t 

s tu d y  S u c c in y lc h o lin e  C h lo r id e , th ey  found th a t  Décaméthonium, w hich has 

an i d e n t i c a l  a c t io n  on neurom uscu lar r e c e p to r s ,  d id  b lo ck  sy m p a th e tic  

a c t i v i t y  in  b a th  c o n c e n tra tio n s  o f 25 m g / l i t e r .  However, th e  b lo c k  was 

o n ly  50% com plete  in  th e  p h re n ic  nerv e-d iap h rag m  p re p a ra t io n  o f  th e  r a t  

a f t e r  fo u r  h o u rs  in  th e  b a th . In  th e  p re s e n t  experim en ts  th e  c o n c e n tra ­

t i o n  o f  in je c te d  S u c c in y lc h o lin e  C h lo rid e  was 100 m g / l i t e r .  However, th e  

b o lu s  i n j e c t i o n  re q u ire d  to  make th e  lim b s k e l e t a l  m uscle q u ie s c e n t d u r­

in g  s t im u la t io n  n ev e r exceeded 10 m i l l i l i t e r s  and t h i s  was d i lu te d  in  

b lood p e r fu s in g  m uscle a t  th e  r a t e  o f  2 0 .2  m l/m in/100 grams o f  s k in le s s  

t i s s u e .  In  a d d i t io n ,  th e  c r i t i c a l  p re s s u re  and b lood flow  m easurem ents 

w ere made w ith in  two m inutes o f  th e  i n j e c t i o n .  F u rth erm o re , when th e  

s t i l l  q u ie sc e n t limb was s tim u la te d  a t  h ig h  in t e n s i t y  and d u ra tio n  

(10 to  40 v o l t s  and 10 to  20 m s .) ,  we w ere a b le  to  d em o n stra te  a v aso ­

c o n s t r i c t o r  e f f e c t  in  m uscle v e in s  in  fo u r  o f  seven e x p e rim en ts , and in
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s k in  v e in s  in  s ix  o f  seven  ex p e rim en ts . T h is  would in d ic a te  t h a t  (1 ) 

th e r e  was p ro b a b ly  no sy m p ath e tic  s t im u la t io n  w ith  th e  s t im u la t io n  p a ra ­

m e te rs  used  and , (2 ) i f  S u c c in y lc h o lin e  C h lo rid e  has a sy m p a th e tic  b lo c k ­

in g  a c t io n  i t  i s  n o t e f f e c t iv e  a t  h ig h  s t im u la t io n  in t e n s i t y .

The e le v a te d  m uscle v e in  r e s i s ta n c e  cou ld  co n ce iv ab ly  r e s u l t  from 

a sh u n tin g  o f  m uscle v e in  b lood to  s k in  v e in s  a t  a s i t e  dow nstream  from 

th e  lo c a t io n  o f  th e  sm a ll m uscle v e in  c a th e te r .  Such an o ccu rren c e  

w ould le a d  to  an u n d e re s tim a tio n  o f  m uscle b lood  flow  and th e  o v e r­

e s t im a t io n  o f  m uscle v e in  r e s i s ta n c e .  I f  such a shun t w ere o p e r a t iv e ,  

i t  should  be  in d ic a te d  by a d e c re a se  in  oxygen c o n te n t o f th e  s k in  v e in  

b lo o d , assum ing th e  in c re a se d  oxygen consum ption o f  e x e rc is e  i s  co n fin ed  

to  m uscle . The oxygen c o n te n ts  o f  th e  d o r s a l  and m ed ial saphenous v e in s  

d id  d im in ish  in  e x e rc is e  by 10 and 20% r e s p e c t iv e ly  (Table 5 ) .  However, 

th e  sk in  b lood  flow  a ls o  d ec re ase d  by 10% in  th e  seven ex p erim en ts  

r e p o r te d .  T here was no in d ic a t io n  th a t  a  s iz e a b le  p o r t io n  o f  m uscle  

v e in  b lood  i s  sh u n ted  to  th e  s k in  in  e x e r c is e .

I t  was a l s o  p o s tu la te d  t h a t  th e  h ig h  sm all m uscle v e in  p re s s u re s  

reco rd ed  w ere flow  r e l a t e d ,  i . e . ,  n o t t r u e  l a t e r a l  p r e s s u re s .  B esid es  

th e  f a c t  t h a t  th e  m uscle v e in  c a th e te r  s i t e s  w ere observed  to  have good 

c o l l a t e r a l  c i r c u l a t i o n ,  su bsequen t e x p e rim e n ta l o b se rv a tio n s  make t h i s  

p o s tu la te  u n te n a b le .  In  r e a c t iv e  hyperem ia ex p erim en ts  b lood  flow s w ere 

m easured w hich approx im ated  th o se  seen  in  e x e r c is e .  However, th e  m uscle 

v e in  p re s s u re s  m easured w ere c o n s id e ra b ly  low er p e r  u n i t  o f  flow  th a n  in  

th e  e x e r c is e  e x p e rim e n ts . Where m uscle v e in  r e s i s ta n c e s  assumed c o n t ro l  

v a lu e s  i n  r e a c t iv e  hyperem ia, th ey  exceeded c o n t ro l  v a lu e s  in  e x e rc is e  

by a f a c t o r  o f  1 .5  to  2. When th e  h ind lim b  was m ech an ic a lly  p e rfu se d
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a t  in c re a s in g  b lood  f lo w s , th e  flow s In c re a se d  o u t o f p ro p o r tio n  to  th e  

in c re a s e s  in  m uscle v e in  p r e s s u r e s ,  r e s u l t in g  in  p ro g re s s iv e  d e c re a se s  

in  m uscle  v e in  r e s i s t a n c e s .

W hile th e  m uscle v e in  segm ent d a ta  a re  in  acco rd  w ith  th e  e x e r ­

c i s e  and r e a c t iv e  hyperem ia re sp o n se s  re p o r te d  by S h arp ey -S ch afer (5 0 ), 

th ey  a re  n o t in  agreem ent w ith  th o s e  o f  K je llm er (4 0 ) , and T h u le s iu s  and 

Johnson  (5 4 ) , These i n v e s t ig a to r s  re p o r te d  a d i l i t a t i o r i  o f  p o s tc a p i l l a r y  

v e s s e ls  in  e x e r c is e .  T h e ir  d a ta  a re  based  on is o v o lu m e tr ic  and i s o -  

g ra v im e tr ic  d e te rm in a tio n s  o f  c a p i l l a r y  h y d ro s ta t ic  p r e s s u re .  Both 

te c h n iq u e s  n e c e s s i t a t e  th e  a l t e r a t i o n  o f  norm al v a s c u la r  dynam ics fo r  

t h i s  d e te rm in a tio n . K je llm er (4 0 ) , e . g . ,  had to  r a i s e  la rg e  m uscle v e in  

p re s s u re  to  c a l c u la te  th e  c a p i l l a r y  f i l t r a t i o n  c o e f f i c i e n t  and then  the  

c a p i l l a r y  p r e s s u re .  F u rth e rm o re , to  make th e se  c a l c u la t io n s ,  i t  was 

assumed th a t  80% o f  th e  change i n  la rg e  v e in  p re s s u re  i s  tr a n s m itte d  to  

th e  c a p i l l a r y .  L andis and Pappenheim er (4 3 ), ap p ea r t o  q u e s tio n  such an 

assu m p tio n , s t a t i n g  t h a t  th e  v a r i a b i l i t y  o f  norm al c a p i l l a r y  p re s s u re  

i s  su ch , t h a t  one can n o t make a m ean in g fu l com parison o f  th e  increm en t 

i n  c a p i l l a r y  p re s s u re  t h a t  co rresp o n d s  to  any g iv en  in c re m en t in  venous 

p r e s s u re .  K je llm er ad m its  to  th e  p o s s i b i l i t y  o f  an  e r r o r  o f  up to  20% 

in  h i s  c a l c u la t io n  o f  c a p i l l a r y  h y d r o s ta t ic  p re s s u re .  The n e c e ssa ry  

a l t e r a t i o n  o f  th e  la rg e  v e in  p re s s u re  to  c a lc u la te  c a p i l l a r y  hydro­

s t a t i c  p re s s u re  cou ld  be r e s p o n s ib le  f o r  a n o th e r  p o t e n t i a l  sou rce  o f 

e r r o r .  Yamada and B urton  (5 9 ) , f i r s t  dem onstra ted  th e  e x is te n c e  o f a 

v en ivasom oto r r e f l e x ,  in  w hich f i l l i n g  o f f in g e r  v e in s  r e s u l te d  i n  a 

r e f l e x  p r e c a p i l l a r y  c o n s t r i c t i o n .  More r e c e n t ly ,  P a t te r s o n  and Shepherd 

(4 7 ) , found th a t  s t r e t c h in g  v e s s e ls  o f norm al, sym pathectom ized and
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c h ro n ic a l ly  d en e rv a ted  fo rearm s by venous c o n s t r i c t i o n  was fo llo w ed  by . 

c o n s t r i c t io n  o f  th e  r e s is ta n c e  v e s s e l s .  I f  such a  re sp o n se  o ccu rred  

w ith  venous c o n s t r i c t io n  in  K je l lm e r 's  p r e p a r a t io n ,  th e  c a p i l l a r y  p r e s s ­

u re  would te n d  to  be u n d e re s tim a te d , a s  would th e  p o s tc a p i l l a r y  r e s i s t ­

ance . I t  i s  p o s s ib le  th a t  such  a mechanism would be even more a c t iv e  in  

e x e rc is e  th a n  th e  r e s t i n g  s t a t e ,  s in c e  th e  p r e c a p i l l a r y  v e s s e ls  would 

be more w id e ly  d i l a t e d  in  t h i s  s t a t e  and more s u s c e p t ib le  to  such  a  v e n i-  

vasom otor r e f l e x .  The work o f  T h u le s iu s  and Johnson  (5 4 ) ,  h as  n o t been 

re p o r te d  in  d e ta i l e d  form though th e  is o g ra v im e tr ic  te c h n iq u e  used  has 

been d e s c r ib e d  (3 2 ) . I t  i s  d i f f i c u l t  to  conceive  th a t  an a c c u ra te  

i n t e r p r e t a t i o n  o f  dynamic v a s c u la r  e v e n ts  i n  e x e r c is e  cou ld  be d e r iv e d  

from a p ro ced u re  n e c e s s i t a t i n g  a s toppage  o f  b lood  flow  d u rin g  th e  

m aneuver.

S ince  th e  c a p i l l a r y  p re s s u re  m ust exceed m uscle  v e in  p r e s s u re ,  

th e  p re s e n t  d a ta  in d ic a te  t h a t  a two to  th r e e - f o ld  in c re a s e  in  c a p i l l a r y  

h y d r o s ta t ic  p re s s u re  o ccu rs  i n  e x e r c is e .  W hile t h i s  would h e lp  e x p la in  

th e  e f f lu x  o f  f lu id  from th e  v a s c u la r  com partm ent in  e x e r c is e ,  one i s  

faced  w ith  th e  problem  of d e s c r ib in g  th e  mechanism f o r  th e  in c re a se d  

v a s o a c t iv i ty  o f  th e  m uscle v e in s .  One can o n ly  o f f e r  c o n je c tu re  on t h i s  

s u b je c t  a t  th e  p re s e n t  tim e . G ran t (2 5 ) , showed th a t  w h ile  sym pathecto ­

my o f a limb reduced  c o n s t r i c to r  tone  and in c re a s e d  b lood  flo w , i t  d id  

n o t a f f e c t  th e  a b i l i t y  to  in c re a s e  th e  limb b lood  flow  in  re sp o n se  to  

m uscu lar c o n t r a c t io n s .  Such work le d  to  th e  g e n e r a l ly  acc ep ted  view 

th a t  th e  hyperem ia o f  e x e rc is e  i s  a lo c a l iz e d  phenomenon n o t induced  by 

vasom otor n e rv e s . W hile t h i s  i n t r i n s i c  vasom otor a c t i v i t y  i s  u s u a l ly  

a s s o c ia te d  w ith  th e  p r e c a p i l l a r y  v e s s e l s ,  th e r e  i s  ev id en ce  th a t  un d er 

c e r t a in  c o n d i t io n s ,  p o s tc a p i l l a r y  v e s s e ls  e x h i b i t  i n t r i n s i c  a c t i v i t y
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w hich may be o p p o s ite  in  d i r e c t io n  from t h a t  e x h ib ite d  by p r e c a p i l l a r y  

v e s s e ls .

Hanson and Johnson (3 2 ) , dem onstra ted  a lo c a l  a r te r io v e n o u s  

r e f l e x  in  th e  i n t e s t i n e .  They showed th a t  a p ro g re s s iv e  d e c re a se  in  th e  

a r t e r i a l  p re s s u re  r e s u l te d  in  an in c re a s e  in  venous r e s i s t a n c e .  They 

p o s tu la te d  an axon r e f l e x  mechanism w ith  an  a d re n e rg ic  m e d ia to r , w ith  

re c e p to r s  lo c a te d  on th e  a r t e r i a l  s id e  and e f f e c to r s  on th e  venous 

s id e .  However, in  subsequen t work (3 3 ) , th e se  in v e s t ig a to r s  w ere n o t 

a b le  to  d em o n stra te  t h i s  mechanism in  th e  dog h in d lim b .

The predom inance o f o p in io n  a t t r i b u t i n g  th e  a r t e r i o l a r  d i l i t a -  

t i o n  o f  e x e rc is e  to  a t i s s u e  m e ta b o li te  (3 7 ) , (4 0 ) , le a d s  one to  

su sp e c t th e  same ty p e  o f mechanism a s  th e  c a u s a t iv e  f a c t o r  in  m uscle 

v e in  c o n s t r i c t io n .  In d eed , th e re  i s  ev idence  to  su g g es t t h a t  th e  same 

su b stan ce  may be r e s p o n s ib le  fo r  b o th  e f f e c t s .  Haddy (3 0 ) , h as  demon­

s t r a t e d  th a t  even sm all in fu s io n s  o f  h is ta m in e  a d m in is te re d  i n t e r -  

a r t e r i a l l y ,  w i l l  r a i s e  sm all v e in  p re s s u re  due to  i t s  d i l a t o r  e f f e c t  on 

th e  p r e c a p i l l a r y  v e s s e ls .  W ith l a rg e r  in fu s io n s  h is ta m in e  r a is e d  sm all 

v e in  p re s s u re  by d i r e c t  a c t io n  on th e  v a s c u la tu re  and th rough  s t im u la t io n  

o f  an a d re n a l d is c h a rg e . Anrep e t  _al. ( 2 ) ,  had e a r l i e r  su g g es ted  th a t  

h is ta m in e  was th e  p r e c a p i l l a r y  d i l a t o r  su b stan ce  in  e x e r c is e ,  s in c e  

m uscle e f f l u e n t  b lood  was found to  c o n ta in  s i g n i f i c a n t l y  h ig h e r  le v e ls  

o f h is ta m in e  th an  was found in  th e  r e s t i n g  s t a t e .  T h is  view was su b se ­

q u e n tly  q u e s tio n e d  when i t  was shown th a t  th e  d i l a t o r  re sp o n se  was n o t 

d im in ish ed  fo llo w in g  th e  a d m in is t r a t io n  o f  a n t i - h is ta m in e  (3 7 ). In  fo u r  

ex p e rim e n ts , n o t r e p o r te d  h e re ,  in fu s io n s  o f  Phento lam ine 50 n g /m in . , 

f a i l e d  to  in d i c a te  an  in c re a s e  in  a d re n e rg ic  a c t i v i t y  in  th e  m uscle v e in s
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in  e x e r c is e .  W hile h is ta m in e  o r  any o th e r  a g en t canno t be im p lic a te d  

h e re ,  H addy 's d a ta  d em o n stra te s  th e  d u a l e f f e c t s  w hich may be  induced  

e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  by an endogenous su b s ta n c e , and le n d s  

c r e d i b i l i t y  to  th e  view th a t  a p r e c a p i l l a r y  d i l a t o r  m e ta b o li te  may be 

r e s p o n s ib le  f o r  th e  in c re a se d  v e n o a c t iv i ty  observed  in  e x e rc is e .

In  r e a c t iv e  hyperem ia ex p erim en ts  th e  r e le a s e  o f  p a r t i a l  

o c c lu s io n  was fo llow ed  by a m uscle v e in  p re s s u re  r i s e  commensurate 

w ith  th e  in c re a s e  in  th e  m uscle b lood flow . T h is  resp o n se  i s  a p p a re n tly  

in d i c a t iv e  o f  an in c re a s e  in  th e  v a s o a c t iv i ty  o f  m uscle v e in s ,  s in c e  th e  

c h a r a c t e r i s t i c  re sp o n se  to . in c r e a s in g  blood flow s in  th e  m echan ica l 

hyperem ia ex p erim en ts  was a p re s s u re  r i s e  n o t commensurate to  th e  i n ­

c re a se  in  flow .

T h is  s tu d y  a l s o  shows t h a t  e x e rc is e  o f  th e  h ind lim b  i s  fo llo w ­

ed by a th r e e  to  f o u r - f o ld  d e c re a se  i n  th e  t o t a l  m uscle r e s i s t a n c e ,  

m easured from  th e  fem o ra l a r t e r y  to  th e  la rg e  m uscle v e in . D e sp ite  th e  

sm a ll f a l l  i n  th e  p re s s u re  g r a d ie n t ,  th e  m uscle b lood flow in c re a se d  

by a f a c t o r  o f  2 .2 .  T h is  o b s e rv a tio n , i . e . ,  a f a l l  in  t o t a l  v a s c u la r  

r e s i s t a n c e  h as  been  observed  by a number o f in v e s t ig a to r s  (1 6 ) , (2 4 ) , 

(3 6 ) , b u t th e  mechanism f o r  i t  has d e f ie d  d e s c r ip t io n .

As th e  p r e s e n t  and o th e r  s tu d ie s  show (2 5 ) , (4 0 ) , th e  d i l i t a -  

t i o n  does n o t depend on th e  i n t e g r i t y  o f  c e n t r a l  nervous pathw ays. 

G a sk e ll (2 3 ) , was th e  f i r s t  to  p o s tu la te  t h a t  m uscle blood v e s s e ls  

w ere opened by v a s o d i l a to r  m e ta b o li te s  l ib e r a te d  from s k e l e t a l  m uscle 

f i b e r s .  S ince  t h a t  tim e v a r io u s  su b s ta n c e s  have been im p lic a te d  as  

a c t iv e  in  th e  p ro c e s s  b u t  e s ta b l i s h e d  p ro o f f o r  any one i s  la c k in g . An 

in c re a s e d  l a c t a t e  le v e l  in  e x e rc is e  was su g g ested  as  th e  t r i g g e r in g  

mechanism b u t t h i s  appeared  q u e s tio n a b le  when R ig le r  (4 8 ) , r e p o r te d  th a t



58

e x e r c is e  hyperem ia was u n a f fe c te d  when th e  fo rm atio n  o f l a c t a t e  was 

p re v e n te d  by io d o a c e t ic  a c id .  G o lw itze r-M eier (2 4 ), has p re se n te d  e v i­

dence th a t  th e  hydrogen  io n  c o n c e n tra t io n  i s  n o t  in v o lv e d . The t i s s u e  

hypo x ia  th e o ry  h as  been advanced as a l i k e l y  mechanism b u t i t  too  has i t s  

d e t r a c to r s  f o r  re a so n s  summarized by Shepherd (5 1 ). H il to n  (3 7 ) , found 

th e  re sp o n se  was u n a f fe c te d  by a n t i-h is ta m in e s  and a ls o  su g g es ted  th a t  

ATP and b ra d y k in in  w ere n o t  in v o lv ed . F le is c h  and S ib u l (2 0 ) , s tu d ie d  

th e  v a s o d i l a to r  p r o p e r t ie s  o f some sev en ty  in te rm e d ia ry  p ro d u c ts  o f 

m etabo lism  and found ex trem ely  weak a c t i v i t y  in  a few. Under th e  same 

ex p e rim e n ta l c o n d it io n s  a c e ty lc h o l in e  was much more p o te n t .

K je llm er (4 0 ) , has fo cu sed  on th e  p o s s i b i l i t y  th a t  th e  po tass iu m  

io n  i s  r e s p o n s ib le  f o r  th e  a r t e r i o l a r  d i l i t a t i o n  in  e x e rc is e  and p ro v id es  

ev id e n c e  in  su p p o rt o f t h i s  a s s e r t io n .  He found th a t  th e  a c t io n  o f 

p o ta ss iu m  caused  id e n t i c a l  re sp o n ses  to  th o se  he observed  in  e x e rc is e

i . e . ,  p r e c a p i l l a r y  d i l i t a t i o n  and v i r t u a l l y  no change in  th e  a c t i v i t y  

o f  th e  p o s tc a p i l l a r y  v e s s e l s .  In  th e  p r e s e n t  s tu d y , th e  p o s tc a p i l l a r y  

a c t i v i t y  in c re a s e d  in  re sp o n se  to  e x e rc is e .  Assuming th a t  t h i s  r e p r e -  %

s e n ts  th e  t r u e  c o n d itio n s  o f th e  v e in s  in  e x e rc is e  i t  i s  u n l ik e ly  th a t  

i t  i s  p o ta ss iu m  in duced . Emanuel e t  a l .  (1 9 ) , found th a t  p o tass iu m  

s a l t s  in  in fu s io n s  o f l e s s  th an  8 mEq/1. d i l a t e d  p r e c a p i l l a r y  v e s s e ls  

w h ile  th e  p o s tc a p i l l a r y  v e s s e ls  rem ained unchanged. H igher in fu s io n s  

p roduced  an a r t e r i a l  c o n s t r i c to r  e f f e c t  b u t in c re a se d  d i l i t a t i o n  in  

sm a ll v e s s e l s .  K je llm er (4 1 ) , a ls o  observed  a r t e r i a l  c o n s t r i c t io n  w ith  

h ig h  in fu s io n s  o f  p o ta ss iu m . Rudko and Haddy (4 9 ) , r e c e n t ly  dem onstrated  

t h a t  p o ta ss iu m  le v e ls  do n o t r i s e  in  venous b lood  fo llo w in g  r e le a s e  o f 

a  fo u r  m inu te  o c c lu s io n  in  th e  dog h in d lim b . To th e  e x te n t  t h a t  some
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common a r t e r i o l a r  d i l a t o r  mechanism m igh t be su sp e c te d  In  e x e rc is e  and 

r e a c t iv e  hyperem ia t h i s  e v id en ce  d e t r a c t s  from th e  l lk l lh o o d  o f  a p o ta s s ­

ium m echanism . However, such ev id en ce  h a rd ly  p re c lu d e s  a  p o ta ss iu m  

mechanism from  c o n s id e ra t io n  In  e x e rc is e  hyperem ia.

L ocal E f f e c ts  o f  A c tiv e , R eac tiv e  and M echanical 

Hyperemia on th e  V a s c u la tu re  o f  th e  Skin 

The d a ta  r e l a t i n g  to  th e  s k in  v a s c u la r  bed showed a  s i g n i f i c a n t  

d e c re a se  o n ly  In  th e  m uscle v e in  r e s i s t a n c e  In  th e  second s e r i e s  o f 

f i f t e e n  e x e r c is e  e x p e rim e n ts . The t o t a l ,  and th e  a r t e r y  to  sm a ll m uscle 

v e in  segm ent r e s i s ta n c e  d im in ish ed  w ith  e x e r c is e  b u t th e  changes w ere n o t 

s i g n i f i c a n t .  Sk in  blood flow  d e c l in e d  w ith  e x e rc is e  In  one s e r i e s  and 

In c re a se d  In  th e  o th e r  by a n e a r ly  I d e n t i c a l  m agn itude. T h is  change was 

sm a ll and th e  r e s u l t s  would ag ree  w ith  th o se  o f C oles and Cooper (1 2 ), 

who found th a t  th e  e x e rc is e  hyperem ia was c o n fin e d  to  th e  m uscle  t i s s u e .  

Work by W allace  (5 6 ) ,  a l s o  In d ic a te d  t h a t  flow  th rough  th e  s k in  d id  n o t 

In c re a s e  In  lo c a l  e x e rc is e  o f  th e  hand. The a p p a re n t s k in  d i l i t a t i o n  

observed  p ro b ab ly  r e f l e c t s  a l t e r a t i o n s  In  sk in  dynam ics s u f f i c i e n t ' t o  

p re s e rv e  I t s  norm al b lood  flow  In  th e  fa c e  o f  a pronounced d i l i t a t i o n  

In  th e  m uscle bed . T h is  was p o s s ib le  w ith  a 13 to  16% d e c re a se  In  t o t a l  

s k in  r e s i s t a n c e  a s  th e  t o t a l  m uscle r e s i s ta n c e  d e c lin e d  by ap p ro x im ate ly  

65%. T here  was no I n d ic a t io n  of th é  v a s o c o n s tr ic t io n  o f  s k in  v e s s e ls  

observed  by C h r is te n se n  e t  ^ . ( 1 1 ) ,  and B arger ^  a l .  (3 ) ,  In  e x e rc is in g  

humans, and by Page e t  (4 5 ), In  fo rearm  v e in  segm ents d u rin g  e x e rc is e .  

In  t h e i r  I n v e s t ig a t io n s  th e  v a s c u la tu re  r e ta in e d  I t s  c e n t r a l  nervous 

In n e rv a t io n .  F u rth e rm o re , w ith  th e  e x c e p tio n  o f  th e  l a s t  s tu d y  m e h tlo n - 

ed , th e  e x e r c is e  Inv o lv ed  c o n s id e ra b le  o f  th e  body m u scu la tu re  which
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w ould n e c e s s i t a t e  some r e d i s t r i b u t i o n  o f  th e  t o t a l  b lo o d  su p p ly .

C e n t r a l ly  s u p p lie d  autonom ic f ib e r s  a p p a re n tly  f u l f i l l  t h i s  fu n c t io n  

a c c o rd in g  to  Folkow and H o lla n d e r  (2 1 ), I n  th e  p r e s e n t  work th e  lim b 

was d e n e rv a te d  and th e  e x e r c is e  in v o lv ed  o n ly  a limb segm ent. Even 

though d en e rv a ted  the  lim b v a s c u la tu r e  showed a b i l i t y  t o  r e d i s t r i b u t e  

i t s  b lood  su p p ly  in  th e  c o n s ta n t  p e r fu s io n -e x e rc is e  e x p e r im e n ts . When 

th e  b lood  flow  to  m uscle became g r o s s ly  i n s u f f i c i e n t  i n  e x e r c i s e ,  a 

la rg e  d iv e r s io n  o f  flow  from s k in  to  m uscle o c c u rre d . I n  one e x p e r i ­

ment th e  s k in  flow  was c o m p le te ly  c u r t a i l e d  p o s te x e r c is e .  The b lood  

flow  th ro u g h  th e  m uscle bed in c re a s e d  50% on th e  a v e ra g e , in  th e s e  

ex p erim en ts  w h ile  th e  s k in  flow  d ec re a se d  to  33%%. T h is  d iv e r s io n  o f  

flow  from s k in  i s  a p p a re n tly  due to  d i l i t a t i o n  in  the s k e l e t a l  m uscle 

bed w ith o u t d i l i t a t i o n  in  th e  s k in .  In d eed , th e  sk in  v e s s e l s  a p p a re n t­

ly  p a s s iv e ly  c o n s t r i c t ,  f o r  th e  p e r fu s io n  p re s s u re  d im in ish e d , b u t  p ro ­

p o r t io n a te ly  le s s  th an  th e  d e c re a se  in  sk in  flow .

Assuming th a t  th e  d e c re a se  in  s k in  v e in  r e s i s t a n c e  r e p r e s e n ts  

a t r u e  a l t e r a t i o n  in  v a s c u la r  a c t i v i t y ,  i t s  s ig n i f i c a n c e  rem ains . 

q u e s tio n a b le  s in c e  th e  d e c l in e  i n  t o t a l ,  and a r t e r y  to  sm all s k in  v e in  

r e s i s t a n c e  a l s o  o c c u rre d . T here  i s  p ro b ab ly  l i t t l e  o v e r a l l  e f f e c t  on 

th e  c r i t i c a l  c a p i l l a r y  h y d r o s ta t ic  p r e s s u re .  ^

Numerous in v e s t ig a to r s  ( 7 ) ,  (1 2 ) , (5 8 ) , have d em o n stra ted  

r e a c t iv e  hyperem ia in  th e  s k in  v a s c u la r  bed. When th e  p a r a l l e l  beds 

o f  m uscle  and s k in  w ere s im u lta n e o u s ly  d ep riv e d  o f  t h e i r  b lood  s u p p lie s  

in  t h i s  s tu d y , th e  s k in  d id  n o t e x h ib i t  r e a c t iv e  h yperem ia . On r e le a s e  

o f  c o n s t r i c t i o n  th e  s k in  flow  re tu rn e d  to  on ly  80% o f  th e  c o n t r o l  v a lu e , 

w h ile  th e  m uscle b lood flow  more th an  doub led . Two t o  th re e  m in u tes
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a f t e r  r e le a s e  o f  c o n s t r i c t io n  th e  flow  was s l i g h t l y  l e s s  th a n  c o n t r o l .  

C oles and Cooper (1 2 ) , have d em onstra ted  th a t  when th e  fo rearm  tem pera­

tu r e  was reduced  in  humans, r e a c t iv e  hyperem ia was m o stly  c o n fin e d  to  

th e  d eep e r m uscle t i s s u e s .  When th e  fo rearm  was warm, on th e  o th e r  hand , 

th e  hyperem ia o ccu rred  in  th e  s k in  as  w e ll  as th e  d eep e r t i s s u e s .  The 

la c k  o f th e  hyperem ic resp o n se  in  t h i s  s tudy  was p ro b ab ly  due, in  p a r t ,  

to  a c o o lin g  e f f e c t .  In  th e  co u rse  o f  th e  experim en ts  th e  lim b s k in  

r e t r a c te d  c o n s id e ra b ly  a f t e r  s e c t io n in g ,  and a la rg e  a re a  o f  m uscle and 

subcu taneous t i s s u e  was exposed w hich would f a c i l i t a t e  c o o l in g . F u r th e r ­

m ore, th e  o c c lu s io n  of th e  fem o ra l a r t e r y  was n o t com plete i n  th e s e  

ex p erim en ts  and th e re  i s  ev id en ce  (T ab les 6 and 7 ) ,  th a t  th e  s k in  b lood  

su p p ly  was n o t  compromised as  much a s  th e  m uscle supp ly  d u rin g  o c c lu s io n . 

The d a ta  show th a t  th e  s k in  flow  d im in ish ed  by 45% w h ile  th e  m uscle flow  

d ec re ase d  by 72%. T h is  f a c t ,  combined w ith  th e  no rm ally  low m e ta b o lic  

re q u ire m e n ts  o f th e  sk in  a p p a re n tly  c o n tr ib u te d  to  th e  absence  o f  th e  

hyperem ic e f f e c t  in  t h i s  bed.



CHAPTER V .

SUMMARY AND CONCLUSIONS

The e f f e c t  o f e x e rc is e  on v e in s  was s tu d ie d  in  an a tte m p t to  

h e lp  e x p la in  changes in  b lo o d  volume th a t  a r e  observed  to  occu r in  

e x e rc is e .  For co m p ara tiv e  pu rp o ses  th e  e f f e c t  o f r e a c t iv e  and m echani­

c a l  hyperem ia on v e in s  was a ls o  in v e s t ig a te d .  V ascu la r re sp o n se s  in  

m uscle and s k in  were observed  in  f o r ty  dogs w ith  d en erv a ted  h in d lim b s . 

Blood flow  d e te rm in a tio n s  were made in  b o th  beds as w e ll  as p re s s u re

m easurem ents a t  s i t e s  in  th e  fem ora l a r te ry , la rg e  and sm all m uscle
»

v e in s ,  and th e  la rg e  and sm all s k in  v e in s .  V ascu la r r e s i s ta n c e s  w ere 

c a lc u la te d  f o r  th e  segm ents from th e  fem ora l a r t e r y  to  th e  sm a ll m uscle 

and s k in  v e in s  r e s p e c t iv e ly ,  from  th e  sm all m uscle and s k in  v e in s  to  th e  

la rg e  m uscle and s k in .v e in s  r e s p e c t iv e ly ,  and from th e  fem ora l a r t e r y  to  

th e  la rg e  m uscle and s k in  v e in s  r e s p e c t iv e ly .  A p p ro p ria te  p re s s u re  and 

b lood  flow  m easurem ents w ere made in  th e  c o n tro l  s t a t e ,  d u rin g  e x e rc is e  

(s im u la te d  by f a r a d ic  s t im u la t io n  o f th e  fem ora l and s c i a t i c  n erv e  tru n k s )  

im m ediately  p o s te x e r c is e ,  (3 to  5 se c o n d s ) , and p o s t - c o n t ro l .  To a s c e r ­

t a i n  w hether o r  n o t in c re a se d  sy m p a th e tic  a c t i v i t y  o ccu rred  w ith  s tim ­

u la t i o n ,  s k e l e t a l  m uscle a c t i v i t y  was b locked  w ith  S u c c in y lc h o lin e  

C h lo rid e  d u rin g  s t im u la t io n  in  seven  ex p e rim en ts . In  a number o f 

experim en ts  o f th e  e x e rc is e  s e r i e s  th e  oxygen c o n te n ts  o f m uscle and 

sk in  b lood  w ere d e term ined  and th e  h e m a to c r i ts  w ere m easured. Hemato­

c r i t s  w ere a ls o  m easured in  a numbe% o f r e a c t iv e  hyperem ia ex p erim en ts .
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In  t h i s  s e r i e s ,  p re s s u re  and flow  m easurem ents w ere made in  th e  c o n t ro l  

s t a t e ,  d u rin g  p a r t i a l  c o n s t r i c t io n  o f  th e  fem ora l a r t e r y ,  on r e le a s e  o f 

c o n s t r i c t i o n  and in  th e  p o s t - c o n t ro l  s t a t e .  In  a n o th e r  s e r i e s  th e  same 

v a s c u la r  m easurem ents were made a s  th e  b lood flow  th ro u g h  th e  limb was 

p ro g re s s iv e ly  in c re a se d  w ith  a pump (m ec h an ica l-h y p erem ia ), and when 

th e  b lood flow  was h e ld  c o n s ta n t a s  th e  lim b was e x e rc is e d .

An in c re a s e  in  th e  m uscle venous r e s is ta n c e  was observed  in  

e x e rc is e  t h a t  co u ld  n o t be a t t r i b u t e d  s o le ly  to  th e  p a s s iv e  a c t io n  o f  

th e  s k e l e t a l  m uscle  on th e  a d ja c e n t v a s c u la tu r e ,  s in c e  th e  v a s o a c t iv i ty  

p e r s i s t e d  p o s te x e rc is e .  Venous h e m a to c r i t  d e te rm in a tio n s  appeared  to  

r u le  o u t in c re a s e d  v i s c o s i ty  as a f a c to r  in  th e  in c re a se d  m uscle v e in  

r e s i s t a n c e s .  Changes in  m uscle v e in  dynam ics in  r e a c t iv e  hyperem ia 

and m ech an ica l hyperem ia in d ic a te d  th e re  was l i t t l e  l ik e l ih o o d  th a t  an 

a r t i f a c t  in  th e  e x p e rim e n ta l p r e p a ra t io n  was re s p o n s ib le  f o r  th e  h ig h  

m uscle v e in  p re s s u re s  m easured in  e x e r c is e .  In  a d d i t io n ,  i t  i s  un­

l i k e ly  t h a t  in c re a s e d  sy m p a th e tic  a c t i v i t y ,  r e s u l t in g  from s t im u la t io n  

o f  th e  lim b n e rv e  t ru n k s ,  could  be a c a u s a t iv e  f a c t o r ,  o r  t h a t  m uscle- 

to - s k in  sh u n ts  cou ld  be in v o lv e d . The resp o n se  o f  th e  s k in  v a s c u la tu r e  

to  e x e rc is e  was c h a ra c te r iz e d  by an a p p a re n t d e c re a se  in  th e  s k in  v e in  

r e s i s t a n c e  th a t  d id  n o t p e r s i s t  p o s te x e rc is e .

Venous r e s i s ta n c e  in  m uscle d id  n o t  change d u rin g  r e a c t iv e  

hyperem ia . S in ce  m uscle venous r e s i s ta n c e  f e l l  d u rin g  m ech an ica l h y p e r­

em ia, in c re a s e d  m uscle v e n o a c t iv i ty  fo llo w in g  r e le a s e  o f a r t e r i a l  

o c c lu s io n  i s  su g g e s te d .

These f in d in g s  su g g e s t t h a t  th e re  i s  an in c re a s e  in  v a s o a c t iv i ty  

o f  m uscle v e in s  in  e x e rc is e  and a s im i la r  b u t l e s s  pronounced re sp o n se
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in  v e in s  in  r e a c t iv e  hyperem ia . T hese re sp o n ses  may c o n t r ib u te  to  th e  

r i s e  i n  c a p i l l a r y  h y d r o s ta t i c  p r e s s u re  and hence to  f l u i d  e f f lu x  from 

th e  c a p i l l a r y .
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