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tion on the  extensor  ac t iv i ty .  W h e n  the  foot pad  was 
s t imulated dur ing  shivering, an inhibi t ion  was seen, 
demons t ra ted  by  a decrease a c t i v i t y  of bo th  types  of 
muscles. The  inh ib i to ry  effect  was no t  fully developed 
unti l  l a te  in t he  period of s t imula t ion ,  F igure  (b). 
Figures (c) and (d) are  examples  f rom ano the r  exper iment .  
In  figure (c) is shown the  inhibi t ion  of shiver ing when  
s t imula ted  wi th  8 V. In  F igure  (d) t he  an imal  was s t imu-  
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EMG records from extensor (Ext) and flexor (Fl) muscles. Anaesthe- 
tized dog with nembutal (33 mg/kg, i.p.) (a) Note that silence of 
flexor muscles was present before shivering (Sh.). (b) Inhibition of 
shivering by stimulation of the foot pad. (c) The same inhibitory 
effect obtained in one other experiment. (d) Flexor reflex activation 
obtained by stimulating the foot pad as in (e) in the absence of 
shivering. (a, b) Recorded from the foreleg muscles; (c, d) recorded 

from the hindleg muscles. Calibration 100 #*V. 

la ted in the  absence of shiver ing as demons t r a t ed  by 
silence of f lexor ac t iv i ty ,  against  a s l ight ly tonus  of the  
extensors  on the  E M G  record. In  this s i tua t ion  the  
s t imula t ion  evokes  a s t r ik ing ac t iva t ion  of the  flexors 
w i thou t  any  response of the  extensors .  I n  a few cases 
there  was a rebound  effect  wi th  faci l i ta t ion of sh iver ing 
af ter  the  period of s t imula t ion .  This  is also i l lus t ra ted in 
the  F igure  (d). 

Conclusions. I t  is concluded t h a t  per ipheral  s t imula t ion  
inhibi ts  t he  E M G  ac t i v i t y  produced  by  the  shiver ing 
a t tack .  This  muscu la r  inf luence is a general ized one and 
affects bo th  f lexor and ex tensor  muscles.  I t  differs f rom 
the  f lexor ac t iva t ion  observed  when s t imula t ion  was per- 
formed in absence of shivering.  The  charac te r i s t ica  of the  
la te  phenomenon  suggest  a process occurr ing  a t  a spinal 
level  and a s imple reflex in nature .  The  inhibi t ion  of 
shivering, on the  contrary ,  could be an  inh ib i to ry  process 
set  up by  afferent  inputs  on the  h y p o t h a l a m u s  or the  
re t icular  fo rmat ion  ~. 

Rdsumd. La  s t imula t ion  de la pa t t e  chez le chien 
anesth6si6, inhibe l ' ac t iv i t6  muscula i re  enregistr6e pen-  
d a n t  les a t t aques  de frisson. Cet effet  peu t  d6pendre  de 
Fac t ion  inhibi t r ice  des influx ne rveux  agissant  sur  l ' hypo-  
tha l amus  ou m~me sur  la fo rmat ion  r6ticulaire,  e t  p e u t  
se d is t inguer  des influences inhibi t r ices  d 'o r ig ine  m~dut-  
taire q u ' o n  observe  quand  la  pa t t e  est s t imul~e en dehors  
des a t t aques  de frisson. 
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Mechanisms of Sympathetic Regulation of  

Arterial Smooth Muscle 

According to recent  da t a  1-3, sympa the t i c  nerve  endings 
have been shown at  the  border  line be tween  the  adven-  
t i t ia  and the  media ;  only  except iona l ly  do they  pene t r a t e  
into the  superficial  layers of the  media.  Several  layers o f  
Vascular smooth  muscle  h a v e  been shown to be a t  a 
considerable d is tance  f rom the  adrenergic  ne rve  endings.  
It has been evidenced 4-~, however ,  t h a t  condui t  vessels 
With several  smoo th  muscle layers,  free of adrenergic  
nerve endings,  cons t r ic t  to  sympa the t i c  s t imula t ion  in- 
duced e i ther  ref lec t ive ly  or  d i rec t ly ;  and the  range  of the  
Sympathet ic  cont ro l  of t he  radius  of t he  condui t  vessel 
has been  formula ted% 

The ques t ion  then  arose by  which mechan i sm is exci ta-  
t ion of t he  smooth  muscle,  pa r t i cu la r ly  of t he  layers  free 
of adrenergic  endings,  realized ? Theore t ica l ly  2 possibili- 
ties mus t  be considered:  (a) conduc t ion  of exc i ta t ion  
from cell to cell, or (b) diffusion of the  t r a n s m i t t e r  
released f rom nerve  endings to the  effect ive smooth  
muscles. The  present  s tudy  is designed as an a t t e m p t  to 
prove the  second possibil i ty.  

Method. In  a series of tests  on 7 dogs, anaes the t ized  
wi th  t h iopen ta l  (70 mg/1 kg b.w.) the  range  of the  
sympa the t i c  control  of the  d i ame te r  of dorsal  peda l  
a r t e ry  was followed. The  ar ter ial  d i amete r  was recorded 
by  means  of a different ial  induc t ive  t r ans fo rmerL  St imu-  
la t ion of the  per iphera l  s t ump  of the  cu t  s y m p a t h e t i c  
t r unk  by bipolar  p l a t inum electrodes was appl ied (be- 
tween LG3-LG4) by  means  of square  wave  pulses of 5 
msec durat ion,  a t  a f requency  of 0.5-15 c/see. The  repro-  
duc t ion  of original  recordings (Figure 1) represents  
cont rac t ion  (d iameter  decrease) of the  dorsal  pedal  a r t e ry  
a t  var ious  frequencies  of sympa the t i c  s t imula t ion .  
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The relation of the size of contraction to the stimulation 
frequency (mean values and standard deviations) for the 
whole series of tests is shown in Figure 2. 

Maximum contraction (taken as 100% in the construc- 
tion of this curve) ranged between 105.0 and 420.0 
microns, i.e. an average of 14.08% of the resting diameter. 
The frequency-response curve is similar to tha t  described 
for the femoral arterye and for resistant vesselsS Mathe- 
matical analysis proved that  this frequency-response 
curve does not  differ from the hyperbola (interrupted 
line) of the given formula. 

In  a second series of experiments on 9 dogs, mono- 
amines in the wall of the dorsal pedal artery were studied 
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Pig. 1, Decrease of diameter of dorsal pedal artery during stimulation 
of the right sympathetic trunk (square wave impulses, supramaximal 

intensity, 5 msec duration) with various frequencies. 
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laig. 2. Frequency-response curve of sympathetic control of dorsal 
pedal artery (full-line); abscissa-impulses/see, ordinata-decrease of 
diameter in % of maximal response. Dotted line: hyperbola of the 

given formula. 

histochemically, according to FALCK x. TO prevent cate- 
cholamine degradation, both monoaminooxidase (MAn) 
and catechol-o-methyltransferase (COMT) were inhibited 
by  pyrogallol (200 mg/kg) and nialamide Pfizer (100 

"mg/kg) pretreatment  respectively. At the moment  of 
maximum contraction produced by stimulation of the 
peripheral s tump of the sympathetic trunk, the artery 
was frozen (propanbutan mixture at the temperature of 
liquid nitrogen) and a segment of about 15 mm length 
was excised. Under similar conditions bu t  without 
sympathetic stimulation, the contralateral artery was 
excised. The tissue was lyophflized and examined histo- 
chemically according to the method referred to above. 
30/~ thick paraffin sections were mounted in liquid 
paraffin on a single glass plate and photographed in im- 
mediate succession in a fluorescent microscope. 

I t  was shown that  (1) the dorsal pedal artery belongs 
to the type of vessels where adrenergic fibres penetrate 
some upper layers of the media; they have never been 
found, however, within the inner half of the media next 
to the intima. (2) Fluorophore cloudlets may be noticed 
around the nerve endings. Occasionally the media was 
entirely or partially diffusely infiltrated with fluorescent 
material. 

In  66% of vessels excised during sympathetic stimula- 
tion, the level of diffusively dispersed fiuorophore was 
considerably higher as compared with the contralateral 
(non-stimulated) sections. 

These findings are illustrated in Figure 3, The control 
left dorsal pedal artery was excised 30 min after cutt ing 
the left sympathetic chain. The right dorsal pedal artery 
was removed (30 rain after transsection of the right 
sympathetic chain) during stimulation of the sympathetic 
t runk - as described above (frequency 15 imp/see). 

The results strongly support the hypothesis tha t  
smooth muscle layers considerably remote from the 
adrenergic nerve endings are activated by diffusion of 
catecholamines released at  nerve endings - with post- 
ganglionic stimulation. 

Conclusions. (1) The sympathetic control of the radius 
of the dorsal pedal artery has been investigated and the 
range of this control established. The stimulation fre- 
quency-response relationship (similar to other vascular 
segments hitherto studied) has been stated to have a 
hyperbolic character. (2) Evidence is presented tha t  
monoamine transmitters,  released by sympathetic stimu- 
lation, diffuse from the nerve endings to smooth muscle 
layers remote from the nerve terminals 9. 

Zusammenfassung. Der Wirkungsbereich der Quer- 
schnittsregulation der A. dorsalis pedis durch den 
Sympathikus bei Hunden wurde erfasst und die Relation 
Reizerfolg-Reizfrequenz dutch eine Hyperbel charak- 
terisiert. Mittels Fluoreszenzmethode gewonnene Befunde 
weisen cl~rauf lain, dass die durch Sympathikusreizung 
freigesetzen Monoamine zu den nervenfreien Media- 
schichten diffundieren. 
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Fig. 3. Section of dorsal pedal artery. L left control, R right during 
stimulation. 
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