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P O S S I B L E  R O L E  OF M U S C L E  R E C E P T O R S  IN R E G U L A T I O N  

OF A R T E R I A L  B L O O D  P R E S S U R E  D U R I N G  D I S T U R B A N C E S  

OF TH E A C I D - - B A S E  B A L A N C E  IN T H E  M U S C L E  

L .  V. F i l i p p o v a  UDC 612.143-06:612.744.014.462.6 
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One of the main problems in the physiology of muscular work is the nature of the stimulus responsible 
for  the cardiovascular and respi ra tory  changes observed during muscular activity. Investigations have shown 
[9, 12, 131 that these changes can be induced by a reflex mechanism from receptors  transmitting information 
about the working muscles along afferent fibers of groups III and IV. There is also evidence that chemical 
substances liberated in the muscle during its work are among the principal factors stimulating these receptors .  
In other words, these receptors  can be regarded as metabolic [7-10, 14, 16]. However, to confirm these ideas 
data are needed on the nature of the adequate chemical stimuli for  perception of which muscle receptors  are 
adapted. It has been shown that during changes in the concentration of potassium ions, lactic acid, and phos- 
phate in the solution perfusing a muscle, activity of the muscle afferents is increased [16]. Meanwhile, during 
intensive muscular  work not only do the concentrations of the above-mentioned agents change, but considerable 
disturbances of the ac id -  base balance also arise in the blood and t issues,  and are  reflected chiefly as a fall 
in the bicarbonate concentration and pH [11, 15]. Previously [1, 4] the wri ter  showed that the interoceptors 
of the small intestine are  sensitive to physiological changes in bicarbonate concentration and pH. 

The object of this investigation was to study the sensitivity of skeletal muscle receptors  to changes in 
a c id -ba s e  balance of metabolic acidosis type. 

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

Experiments were car r ied  out on 26 cats anesthetized by intravenous injection of chloralose (50 mg/kg) 
and urethane (500 mg/kg). The gastrocnexnius muscle was isolated from the systemic circulation, while 
maintaining its innervation intact, by the method in [5] and perfused through the popliteal a r te ry  with Ringer 's  
bicarbonate solution of the following composition (in raM): NaC1125.0, KCI 4.3, CaC122.5, MgCI 21.0, NaHCO 3 
25.0, glucose 5.5; pH 7.4. The value of pCO2, calculated by the Henderson-Hasselbalch equation, was 38 mm 
Hg. Solutions with reduced pH but constant pC 02 were used for stimulation. Changes in pH of the solutions 
were obtained by reducing the bicarbonate concentration. The surface of the solutions was covered with a 
thin layer  of mineral  oil to prevent possible diffusion of CO 2 into the atmosphere. The technique of perfusion 
and preparation of the solutions was described in more detail previously [1, 4]. The ar ter ia l  blood pressure  
was recorded in the right common carotid a r te ry  by means of a bridge circuit,  with the mercury  manometer 
connected into one arm of the bridge. 
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Fig.  1. Reflex changes in a r t e r i a l  p r e s s u r e  evoked by per fus ion  of ga s t rocnemius  musc l e  with 
solutions with b icarbonate  concentra t ion  of 12.7 mM and pH 7.1 (A), 10.1 mM and pH 7.0 (]3), 
and 6.4 mM and pH 6.8 (C). F r o m  top to bottom: a r t e r i a l  p r e s s u r e ,  line of  or ig ina l  level  of 
a r t e r i a l  p r e s s u r e  (its value is indicated on the sca le  on the left), m a r k e r  of  injection of t e s t  
solution; line below f igure  is t ime  m a r k e r ,  1 rain. 

Fig.  2. Reflex changes in a r t e r i a l  p r e s s u r e  evoked by per fus ion  of ga s t rocnemius  musc le  by 
solutions with b icarbonate  concentra t ion of  2.02 mM and pH 6.3 (A) and 1.34 mM and pH 6.1 
(B), Legend as to Fig. 1. 

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

Invest igat ion of the sens i t iv i ty  of the musc le  r e c e p t o r s  to changes in a c i d - b a s e  balance of the metabol ic  
ac idos is  type showed that  to evoke threshold  r e f l ex  changes in the sy s t emic  a r t e r i a l  p r e s s u r e  it was n e c e s s a r y  
~o reduce  pH in the perfus ion solution to 7.1 and the b icarbonate  concentra t ion to 12.7 raM. In f ive of 10 c a s e s  
of  injection of a solution of this composi t ion  the blood p r e s s u r e  was seen  to be r a i s e d  by 2-6 m m  Hg (Fig. 1A), 
and in the o ther  five cases  t he r e  was no effect .  

A fu r the r  dec r ea s e  in the b icarbonate  concentra t ion to 10.1 and 6.4 mM and in pH to 7.0 and 6.8 (Fig. 
113, C) led to the appearance  of r e f l exes  of about the s a m e  magni tude.  Compar i son  of the mean  values of 
ampli tude of  the p r e s s o r  r e f l exes  for  this  r ange  of pH changes (from 7.1 to 6.6), obtained a f t e r  s ta t i s t i ca l  
ana lys is  of  the exper imen ta l  r e su l t s ,  r evea led  only a ce r t a in  tendency for  them to r i s e .  F o r  instance,  the 
m e a n  value of the r e f l e : ~ s  was 1.9 • 0.6 m m  Hg at  pH 7.1, 2.5 • 0.7 m m  Hg at  pH 7.0, 2.7 :~ 0.8 ram Hg at  pH 
6.8, and 2.8 ~- 0.3 m m  Hg at  pH 6.6. When the pH of the solutions subsequent ly  changed to 6.5-6.3,  the re f l exes  
i nc rea sed  significantly to r each  a m e a n  value of 8.4 �9 1.5 m m  Hg and, in some  cases ,  13-16 m m  Hg (Fig. 2). 

The  b iphas ie  c h a r a c t e r  of the change in ampli tude of the p r e s s o r  r e f l exes  depending on b icarbonate  con-  
cent ra t ion  and pH will be seen  m o r e  c l ea r l y  in the g raph  in Fig. 3. Curves  of this type were  obtained by the 
w r i t e r s  p rev ious ly  when studying the sens i t iv i ty  of  r e c e p t o r s  of the smal l  intest ine to changes in a c i d - b a s e  
balance of r e s p i r a t o r y  and metabol ic  ac idos is  type [4]. The s imi l a r i t y  between the cu rve  given in Fig.  3 and 
those  obtained prev ious ly  is seen  in the fact  that  all  these  curves  cons i s t  of two regions  with different  angles 
of  slope to the absc i s sa :  Anini t ia l  port ion with a gradual  r i s e  of blood p r e s s u r e  is followed a f t e r  the point of  
inflection by a sha rp  i nc r ea s e  in intensi ty of  the p r e s s o r  r e f l exes .  Cha rac t e r i s t i ca l ly ,  for  r e c e p t o r s  both of 
the sma l l  intest ine and of skele ta l  musc le ,  the point of inflection l ies  in about the s a m e  pH region (6.6-6.4). 
The p r e sence  of an inflection indicates inclusion of a new mechan i sm,  t r i g g e r e d  when the pH r eaches  a ce r ta in  
value, in the r e sponse .  This  mechan i sm is evidently the s a m e  for  in t e rocep to r s  of  different  o rgans .  In view 
of Ideas r ega rd ing  the exis tence  of two types  of  p r e s s o r  r e f l exes  ( interocept ive and nociceptive) [6], it can 
be tentat ively sugges ted  that  the init ial  region of the curves  r e f l ec t s  the r e sponse  of the r e c e p t o r s  to phys io-  
logical ly  adequate changes in the a c i d - b a s e  balance,  whereas  the second region is l inked with d i rec t  exci tat ion 
of ne rve  f ibe r s  and const i tu tes  the vascu la r  component  of the nocicept ive r e sponse  of the individual to the 
act ion of  subs tances  in algogenic concent ra t ions .  Significant d i f ferences  also ex is t  in the r e s p o n s e  of r e c e p t o r s  
of  the s m a l l  intest ine and gas t rocnemins  m usc l e  to metabol ic  ac idos is .  According to our  own observa t ions  
[1, 4], r e c e p t o r s  of the smal l  intest ine a r e  m o r e  sens i t ive  to changes in pH and b icarbonate  concentrat ion.  
T h e i r  th resho ld  l ies  within the region of pH 7.3 and a b ica rbona te  concentra t ion of 20.2 raM, and a fu r the r  
d e c r e a s e  in pH to 7.1 and in the b icarbonate  concentra t ion to 12.7 raM, i .e. ,  to values cha rac te r i z ing  the s ta te  
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Fig. 3. Dependence of amplitude of p ressor  
reflexes on pH and bicarbonate concentration 
in perfusion solutions (abscissa}. Ordinate, 
a r ter ia l  pressure,  in mm Hg. Each point on 
curve is mean of 8-12 determinations. 

of the a c id -ba s e  balance of ar ter ia l  blood during muscular exertion [11, 15], leads to a significant increase 
in the intensity of the p ressor  ref lexes.  It could be concluded from these data that receptors  informing the 
CNS about the intensity of metabolic processes  taking place in the individual or  animal concerned, are  present  
in the tissues of the small intestine. As regards the gastrocnemius muscle, this conclusion is premature,  
for  although the threshold of sensation of muscle receptors  lies within the physiological region of changes in 
pH and bicarbonate concentration, the change in pH from the threshold value (7.1) to the point of inflection 
(6.6) does not lead to a significant increase in amplitude of the reflexes.  The possibility cannot be ruled out 
that the cause of this may be the inadequate sensitivity of a parameter  such as the systemic ar ter ia l  pressure ,  
because of the small mass of the gastrocnemius muscle,  ra ther  than the low threshold of sensitivity of the 
muscle receptors  themselves to changes in the ac id -base  balance. Under natural conditions, not one single 
muscle but a whole group of muscles takes part  in muscular  activity, and for that reason the global effect 
in such cases will be g rea te r .  Support for  this suggestion is given by data in the l i terature on the amplitude 
of p ressor  reflexes evoked by contraction ei ther  of all the limb muscles of a eat [2, 9] or  of the gastrocnemius 
muscle alone [3]. In the f irs t  case the blood pressure  rose  by 10-35 mm Hg, but in the second case by only 
6-7 mm Hg. Reflexes arising during perfusion of the gastrocnemius muscle by solutions simulating metabolic 
acidosis are  thus close in amplitude to reflexes observed during stretching of the gastrocnemius muscle or  
in response to its direct  electr ical  stimulation. 
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