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In cats anesthet ized with chloralose  and urethane either p r e s s o r  (up to 12 mm Hg) or  dep re s s -  
or (up to 24 mm Hg) ref lexes  or the change from depressor  into p re s so r  ref lexes was observed 
with an increase  in the frequency of stimulation of motor  nerves. Reflex changes in a r te r ia l  
p r e s s u r e  increased  with an increase  in the number of motor  units involved in contract ion and 
in the frequency of stimulating pulses~ Reflex changes in blood p re s su re  in response to con-  
t rac t ion of the muscle  are  evidently evoked by activation of group III mechanorecep tors  and, 
perhaps,  of group IV recep to r s  also. 

An important aspect of the mechanism of the changes in circulation during muscular activity is the 
role of reflexes arising in response to contraction of skeletal muscles [2, 6]. During passive stretching of 
the muscles, the arterial pressure rises [1] or falls [17]. During tetanic isometric contraction of the leg 
muscles evoked by stimulation of the sciatic nerve in spinal cats, pressor reflexes of up to 20 turn develop 
[ii]o During tetanic contraction of the lower limb muscles of cats induced by stimulation of the ventral 
roots of L6, L7, and $1, pressor reflexes of up to 50 mm are observed [7]. 

The object of the investigation described below was to discover how reflex changes in arterial pres- 
sure in response to contraction of the gastrocnemius muscle depend on the number of motor units involved 
in contraction and on the frequency of the impulses reaching them. 

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

Cats were anesthetized (chloralose 30 mg/kg  and urethane 0.5 g/kg in 22 experiments ,  chloralose 
50 mg//kg in three experiments) ,  the left hind limb was secure ly  fixed, and the gas t rocnemius  muscle  
attached by the calcaneus to a s t ra in  gage as descr ibed  previously [4]. All nerves running from motor  
roots L7 and $1 to the limb, except branches to the left gas t rocnemius  muscle were divided. After l aminec-  
t omytheven t r a l  and dorsal  roots  of L7 and $1 were divided on the right~ The brain was flooded with minera l  
oil (38~ and the body tempera ture  was maintained at 37.5-38~ and the muscle  tempera ture  at 36-37~ 
To measu re  the strength of the maximum possible i sometr ic  contraction, segments  of the left motor  roots  of 
L7 and S1 were st imulated with supermaximal  pulses 0.5 msec  in duration and with frequency f =  64 sec -I  
for 2.5 sec~ The amplitude of the pulses was tken reduced to values at which the strength of contract ion was 
approximately 25 to 75% of the maximal.  The response  of the a r te r ia l  p r e s su re  to contract ion of the muscle  
was measured  by an e lec t romanomete r  in the carot id  ar tery .  To avoid injury to the muscle  through p r o -  
longed isometr ic  contract ion with the joints r igidly fixed [9], the reflex changes in a r te r ia l  p r e s su re  were 
investigated while the muscle  was shortened. During these investigations the muscle  c a r r i ed  a load of 350 g. 
The duration of the contract ions was 15-20 sec and the intervals between them 10-15 rain. The pulse f r e -  
quency var ied  from 4 to 64 sec -1. Usually the f i rs t  se r ies  of contract ions was evoked by pulses of super -  
maximal  amplitude, and the next se r ies  by submaximal pulses.  The amplitudes of the pulses corresponded 
to previously  determined strengths of i somet r ic  contract ions.  
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Fig. 1, Changes in a r te r ia l  p r e s su re  during con-  
t ract ion of gas t rocnemius  muscle  induced by s t im-  
ulation of motor  roots  L7 and S1. P a r a m e t e r s  
of stimulation: 1 V, 32 sec -1, 0.05 msec.  a) 
Exper iment  No. 8; b) experiment No. 18; c) the 
same experiment  later  division of the co r re spond-  
ing dorsal  roots .  Arrows denote period of s t im-  
ulation. 
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Fig. 2. Reflex changes in ar ter ia l  p r e s -  
sure  as a function of frequency of s t im-  
utation. Amplitudes of pulses c o r r e -  
spondto strengths of i sometr ic  con t r ac -  
tions indicated on graphs,  ~- = 0.05 msec :  
a) experiment No. 20; b) No. 15; c) No. 5. 
F in kg. 

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

Records  of changes in a r te r ia l  p r e s s u r e  (AP) 
ar is ing during contract ion of the gas t rocnemius  
muscle  are  shown in Fig. 1. After division of the 
corresponding dorsal  roots  the responses  of the 
a r te r ia l  p r e s s u r e  disappeared (Fig. le)~ It thus 
follows that they were reflex in origin. P r e s s o r ,  
depressor  o r  combined depressor  and p r e s so r  
ref lexes  a rose  in different animals. 

Curves showing AP as a function of the f r e -  
quency of stimulation for different amplitudes of the 
pulses a re  shown in Fig. 2. 

1. In nine animals only p r e s so r  reflexes,  not 
exceeding 10-12 mm Hg, appeared in response to 
stimulation of the motor  roots.  With an increase  in 

f the p r e s s o r  reflex also increased (Fig. 2a). In 
four exper iments  there  was no reflex in response to 
frequencies of 4 or 8 sec-l~ 

) 

2. In nine animals only depresso r  ref lexes 
were observed throughout the range of pulse f r e -  
quencies (Fig. 2b). At 4 sec -1 the p res su re  fell on 
the average  by 16 ram, and at 32 sec -1 it fell by 11 
m i l l .  

3. In seven animals,  in response  to stimulation 
of motor  f ibers by pulses at frequencies of 8-16 sec -1 
the p re s su re  fell, but at higher p r e s s u r e s  it rose  
(Fig. 2c). This change from depressor  to p re s so r  
took place at different f requencies  in different 
experiments .  In this group of exper iments  Ap 
ranged f rom -10 to + 18 mm Hg. 

In each of the experiments  of the three groups 
descr ibed above the overall  cha rac te r i s t i c s  c o r -  
responded to one of the types shown in Fig. 2. 

In ten experiments  a family of cha rac te r i s t i c s  
of AP(f)  could be obtained for pa r ame te r s  of s t imu-  

lation corresponding both to 100~0 strength of contract ion and to submaximal contraction. The absolute value 
of AP rose  with an increase  in the number of muscle  units involved (which corresponds  to an increase  in 
the s trength of i sometr ic  muscle  contraction).  

In response  to contract ion of the gas t rocnemius  muscle  induced by stimulation of its motor  f ibers in 
cats  anesthetized with chloralose and urethane, ref lexes of both p r e s se r  and depressor  types can thus 
develop. The changes in p res su re  increase  with an increase  in the frequency of stimulating pulses and in 
the number of fibers.  

Investigations [10, 12, 13] have shown that e lectr ical  st imulation of afferent f ibers of groups I and II 
of muscular  nerves does not induce vasomotor  reflexes.  According to some observat ions [10, 12, 17] 
e lec t r ica l  stimulation of group III afferent f ibers  of muscular  nerves in animals lightly anesthetized with 
urethane leads to elevation of the a r te r ia l  p ressure .  However, with deepening of anesthesia  the reflex be-  
comes  depressor .  Under these conditions the inhibitory component of the response  of vasocons t r ic tor  
neurons to stimulation of the group III f ibers  is evidently increased,  and this causes  the appearance of 
depresso r  ref lexes [3]. Only the ref lexes evoked by selective stimulation of group IV fibers were  always 
p r e s s o r  in cha rac te r  [12]. 

Endings of group III and IV f ibers  are  activated during contract ion [5, 12, 14]. During tetanic con t r ac -  
tion of the gas t rocnemius  muscle  a low-frequency discharge appears  in a lmost  half of the local p r e s su re  
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r e c e p t o r s ,  impulses  f rom which a r e  conducted along group III f ibe r s  [14]. The r e su l t s  of the p resen t  ex-  
p e r i m e n t s  and those of the invest igat ions  ci ted above suggest  that re f lex  changes of a r t e r i a l  p r e s s u r e  in 
r e sponse  to musc le  cont rac t ion  a r e  evoked by act ivat ion of m e c h a n o r e c e p t o r s  of group III and also,  p e r -  
haps,  by group IV r e c e p t o r s .  

The r e su l t s  of the expe r imen t s  with e lec t r i ca l  s t imulat ion of musc le  a f fe ren ts  help to explain the 
r ea sons  why adequate s t imulat ion of musc le  r e c e p t o r s  during cont rac t ion  of the musc le  evokes  re f lex  
changes of a r t e r i a l  p r e s s u r e  of different  c h a r a c t e r  in di f ferent  an imals .  The appearance  of d e p r e s s o r  
r e f l exes  in some of the p r e s en t  expe r imen t s  p e r f o r m e d  on an imals  under mixed urethane and ch lora lose  
anes thes ia  could be a t t r ibuted to cent ra l  blocking of the t r a n s m i s s i o n  of impulses  by group IV f ibers  [15], 
which a r e  l e s s  r e s i s t a n t  to anes thes ia  than cent ra l  t r a n s m i s s i o n  of group III impulses .  Under these con-  
ditions the p r e s s o r  r e f l exes  may  be changed into d e p r e s s o r ,  a phenomenon which is cha r ac t e r i s t i c  not only 
of e l ec t r i ca l  s t imulat ion of af ferent  f ibers  [8]. This view is also suppor ted  by the fact that in th ree  ex -  
p e r i m e n t s  when ch lo ra lose  anes thes ia  was used, only p r e s s o r  r e f l exes  (of the o rde r  of 10 ram) were  
r eco rded .  Also under ch lo ra lose  anes thes ia ,  during m a s s i v e  contract ion of the hind l imb musc l e s  [7] 
p r e s s o r  r e f l exes  of up to 50 m m  w e r e  observed.  This  is unders tandable  if it is r e m e m b e r e d  that the 
number  of motor  units par t ic ipat ing  in such contract ion is definitely g r e a t e r  than in the p resen t  e x p e r i -  
ments .  In spinal an imals ,  in which the inhibitory component  of the r e s p o n s e  of the v a s o c o n s t r i c t o r  neurons 
is absent  [11], only p r e s s o r  r e f l exe s  we re  observed.  In the expe r imen t s  of group 3, the change f rom 
d e p r e s s o r  into p r e s s o r  r e f l exes  was obse rved  with aa  inc rease  in the f requency of the s t imulat ing pulses .  
This  change was probably  due to r e s t o r a t i o n  of the cent ra l  e f fec ts  of impulses  t r ansmi t t ed  along group IV 
f ibe r s  as a r e su l t  of the i nc rea se  in f requency of the i r  d i scharges  with i nc rea sed  s t rength of musc le  
contract ion.  In fact,  the fo rmat ion  of r e s p o n s e s  to e l ec t r i ca l  s t imulat ion of group IV afferent  f ibe rs  of 
muscu l a r  ne rves  r e q u i r e s  t e m p o r a l  summat ion,  and the higher  the f requency of s t imulat ion,  the m o r e  
s t rongly  this summat ion  is man i f e s t ed  [16]. 
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