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E x p e r i m e n t s  on cats  in which adrenerg ic  drugs  (phenylephrine,  phentolamlne,  i soproterenol ,  
and propranolol)  were  injected into the la te ra l  vent r ic le  showed that ~ - a d r e n e r g i c  r e c e p t o r s  
are  included in the s y s t e m  act ivat ing cold sh iver ing  and f i -adrenergic  r e c e p t o r s  in the sy s t em 
inhibiting it. 
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The role  of ad renerg ic  med ia to r s  in the cen t ra l  regula t ion of body t e m p e r a t u r e  is insufficiently c l ea r  
because  of qual i tat ively con t rad ic to ry  r e s u l t s  obtained even in an imals  of the same  spec ies  following injection 
of noradrenal tn  into the bra in  [2, 3, 5-8] .  In the light of m o d e r n  views regard ing  the duality of adrenergLc 
recep t ion  [1, 10] it mus t  be cons idered  that one or other action of noradrena l in  on the cen t ra l  m e c h a n i s m  of 
the rmoregu la t ion  may be due to its action predominant ly  on oz- or f l -adrenerg ic  r e c e p t o r s  [4, 9, 11]. 

The r e su l t s  of an invest igat ion of the functional ro le  of o~- and f l -adrenerg ic  r e c e p t o r s  in the m e c h a n i s m  
of cen t ra l  regulat ion of heat  production by sh iver ing  in cats  a re  desc r ibed  below. 

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

Expe r imen t s  were  c a r r i e d  out on 34 cats  anesthet ized with ch lora lose  and urethane (50-500 mg/kg) ,  a f te r  
oxyphenonium premedica t ion  (2.5 mg/kg) .  Cold sh iver ing  was induced by lowering the ambient  t empera tu re .  
The bra in  t e m p e r a t u r e  and subcutaneous t e m p e r a t u r e  on the do r sum of the left  and r ight  feet  of the hind l imbs  
were  m e a s u r e d  by thermocouples  and r eco rded  on an N-3020 f ive-channel  automat ic  wr i t e r .  Pa ra l l e l  r e c o r d -  
ings on the same  wr i t e r  were  made of the integral  EMG of the left and r ight  s a r t o r i u s  musc les .  The ampl i f i e r  
of the "Medieor"  e l e c t r o m y o g r a p h  with an in tegra tor  was used as the p r e l i m i n a r y  EMG conver te r .  The 
a - a d r e n o m i m e t i c  phenylephrine,  the a - a d r e n o l y t i c  phentolamine hydrochlor ide ,  the f l -adrenomimet ic  i so-  
p ro te renoI  (Novodrin}, and the f i -adrenolyt ie  propranolo l  (Obsidan) were  used for the analysis .  The drugs  were  
injected through a cannula into the ex te rna l  jugular  vein or injected, diluted in py rogen- f r ee  bid[sti l led water ,  
through a cannula implanted s t e reo tax ica l ly  into the r ight  l a te ra l  vent r ic le  in accordance  with coordinates  f rom 
MarSala '  s a t las  (AP§ 4 L3V+ ~) in a volume of 0.15 ml. 

EXPERIMENTAL R E S U L T S  

Propranolo l ,  injected in t ravenously  in a dose of 5 m g / k g  against  the background of cold shivering,  had 
no effect  on the dynamics  of sh iver ing  or on the subcutaneous t empe ra tu r e  in all 12 exper iments .  Phentolamine 
(5mg/kg ,  intravenously)  comple te ly  inhibited cold sh iver ing  in 13 of 14 expe r imen t s  1-3 min af ter  injection; 
the subcutaneous t e m p e r a t u r e  meanwhile  was increased  by 3-6~ The inhibitory action of phentolamine on 
cold shiver ing cannot, however,  be at t r ibuted to its effect  on c e n t r a l m e c h a n i s m s ,  because  of the mark ed  pe r iph -  
e r a l  effect  on the cutaneous blood flow. 

Blocking cen t ra l  f l -adrenerg ic  r e c e p t o r s  by injection of propranolo l  into the l a te ra l  vent r ic le  (Table 1) 
led in all expe r imen t s  to an inc rease  in the intensi ty of cold shiver ing;  this ef fec t  was pa r t i cu la r ly  m a r k e d  if 
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TABLE i ,  Effect of In t raventr icular  Injec-  
tions of o~- and /9-Adrenergic Drugs on Cold 
Shivering 

Drug 

Propranolol 
Isoproterenol 
Propranolol 

after isopro- 
pmterenol 

Phenylepbxine 
Phentxolamine 

~ u m -  
Iber of 
lexpen- 
i ments 

12 
11 
14 

Dose, 
gg 

200 
50 

200 
100 
500 

cold Time of Effect on onset of 
shivering effect, 

! see 

Potentiation 40--70 
Abolition 20--40 

Restoration 40--150 

Potentiation 20--90 
A bolition 30-- t 50 

Jr5 

46Z 
. 

c~_ -_ . . . . . . .  0 
C - -  11 i l  i l  II I - -  o 

O, 20- sec O, 2S, sec 

Fig. 1 Fig. 2 

Fig. 1. Dynamics  of interference EMG of sa r tor ius  muscle during cold shivering together with ac-  
tivation and blocking of centra l  3 -adrenerg ic  recep tors :  a) beginning of shivering induced by gen- 
era l  cooling; b) regular  shivering; c) 5 rain after in t raventr icular  injection of isoproterenol  
(50 ~g); d) 10 rain after in t raventr icular  injection of propranolol  (200 ;~g). Here and in Fig. 2, 
numbers  on right denote number of pulses of integrator  per minute. 

Fig. 2. Dynamics of interference EMG of sa r to r ius  muscle during cold shivering with activation 
and blocking of central  o~-adrenergic recep tors :  a) shivering induced by general cooling; 2) 12 rain 
after in t raventr icular  injection of phenylephrine (100 pg); c) 5 rain after int raventr icular  injection 
of phentolamine (500 pg); d) 16 rain after injection of phentolamine - beginning of res tora t ion of 
shivering. 

the drug was injected against  the background of an i r r egu la r  t r emor .  Activation of cent ra l /3-adrenergie  r e -  
ceptors  by isoproterenol  in 11 of 12 experiments  caused complete cessat ion of cold shivering for 1 rain. The 
increase  in subcutaneous temperature  observed after injection of isoproterenol  occur red  in most  experiments 
later, after 4-7 rain. In response  to a subsequent injection of propranolol  the shivering, inhibited by isopr 0- 
terenol, was res to red  (Fig. 1). Activation of central  o~-adrenergic recep tors  by phenylephrine, on the other 
hand, led to an increase in the intensity of cold shivering for 8-15 rain in all 11 experiments  without any sub- 
stantial change in the subcutaneous temperature.  When central  o~-adrenergic receptors  were blocked by 
phentolamine, cold shivering ceased in all the experiments  for 1-1.5 rain, including shivering activated by 
phenylephrine (Fig. 2). Elevation of the subcutaneous temperature  by 3-8~ after intraventr icular  injection of 
phentolamine developed much laser than inhibition of cold shivering, namely after 5-12 rain. 
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The differences in the times of these effects on shivering and on the subcutaneous temperature  suggest  
that the changes in cold shivering do not take place through thermorecept ive  ref lexes from the integument of  
the body, but that they a re  the resul ts  of the d i rec t  action of the drugs on the central  me chanism of th e rmoregu la -  
lion. Usually all the effects of intraventr ieular  injection of adrenergic  drugs on cold shivering and on the sub- 
cutaneous temperature  arose bi lateral ly and simultaneously,  but in some experiments  the effect appeared 
sooner on the contra la tera l  side. 

The resul ts  suggest  that noradrenal ln in cats can behave as the mediator  in the activating and inhibitory 
neuronal sys tems responsible for the central  regulation of cold shivering. The activating effect of noradrenal in 
in this case is mediated through ~ -ad rene rg i c  and its inhibitory effect through f l -adrenergic receptors .  
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D E P E N D E N C E  OF E L E C T R I C A L  A C T I V I T Y  O F  A 

M U S C L E  ON I T S  L E N G T H D U R I N G  D E V E L O P M E N T  

OF A C O N S T A N T  F O R C E  

T. B. K i r e e v a  UDC 612.743:612.741 

The dependence of the integral e l ec t romyogram (E MG) on the length of the muscle during the 
development of constant force was investigated in relat ion to the human biceps brachii  muscle,  
while per forming flexion at the elbow in a horizontal  plane against a constant force of r e s i s -  
tance, Bothwith a static load and during movement  the integral E MG is increased several  
t imes during shortening of the muscle.  The causes of the increase in e lec t r ica l  activity are 
discussed.  

KEY WORDS: biceps brachii  muscle;  integral e lec t romyogram;  change in length. 

In so far as the force developed by a muscle during contract ion is a l inear function of its excitation, the 
surface e l ec t romyogram (EMG), which ref lects  the level of excitation, can also charac te r ize  its strength. In 
most  investigations [1, 4, 9] during isometr ic  contract ion of the muscle a near - l inear  relat ionship was ob- 
tained between the integral EMG and force for small  loads. Attempts to extend this resul t  to movements  with 
a change in length of the muscle showed that the relat ionship is influenced in par t icular  by the charac te r  of the 
movements  (shortening or lengthening of the muscle) [3, 11]. The dependence of e lec t r ica l  activity of the 

Depar tment  of Physics  of Living Systems, Moscow Physicotechnical  Institute. (Presented by Academici~n 
V. N. Cherntgovskti.) Transla ted from Byulleten' l~ksperimental 'noi Biologii i Meditsiny, Vol. 84, No. 8, 
pp. 135-138, August, 1977. Original art icle submitted Februa ry  14, 1977. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N. IT. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $7.50. 

1078 


