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During mic roe l ec t rode  record ing  of action potent ials  f r o m  cel ls  of  the p a c e m a k e r  region of the 
isola ted sinus node of the f rog hea r t  the sympathe t ic  and in t raneura l  pa ra sympa the t i c  ref lex  
pathways of the hea r t  were  s t imulated s e p a r a t e l y  and toge ther  by cu r ren t s  of nea r - th re sho ld  
s trength.  Separate  s t imulat ion of the i n t r a m u r a l  ref lex  s y s t e m  led to slowing o r  quickening of 
the hea r t  ra te  depending on the t i m e  of yea r .  In both cases  the addition of activation of the 
sympathe t ic  chain, which has a weak posi t ive chronot ropic  effect  on the rhythm,  significantly 
inc reased  both the pa r a s ym pa t he t i c  slowing and the quickening of the rhythm. These ef fec ts  
were  chol inergic  in nature .  Recording i n t r ace l l u l a r  p a c e m a k e r  act ivi ty revealed  complex 
in terac t ions  between the sympathe t i c  and pa r a sympa the t i c  s p i k e - m e d i a t o r  action on slow d i a -  
s tol ic  depolar iza t ion  as a p r e sp ike  p r o c e s s ,  on the polar iza t ion  of the m e m b r a n e ,  and o ther  
p a r a m e t e r s  of the action potential.  The possible  mechan i sms  of this in teract ion are  d iscussed .  

KEY WORDS: ca rd iac  rhythm; p a c e m a k e r ;  act ion potential;  sympa the t i c -pa ra sympa the t i c  in -  
t e rac t ion .  

In modern  physiology of the autonomic nervous  s y s t e m  it is being inc reas ing ly  recognized that the p a r a -  
sympathe t i c  innervat ion of the hea r t  is the main regu la to ry  s y s t e m  for  ca rd iac  activity [5-7]. This  view is in 
ha rmony  with the obse rved  abili ty of  the pa r a sympa the t i c  innervat ion to exe r t  both posit ive and negative chrono-  
t rop ic  influences on the card iac  p a c e m a k e r  [1, 2]. It  has been shown that  both these  influences consis t  e s s e n -  
t ia l ly  of chol inergic  s p i k e - m e d i a t o r  actions [2, 4]. 

The need accordingly a r i s e s  for  a r eexamina t ion  of the regu la to ry  role of the sympathe t ic  innervat ion 
in re la t ion to the card iac  p a c e m a k e r .  In the light of .modern data it has been suggested that  during regulat ion 
of the ca rd iac  rhythm the p a r a s y m p a t h e t i c  and sympathe t i c  innervat ion s y s t e m s  function as a single regu la -  
t o ry  m e c h a n i s m  [1, 2, 4 ]. 

This  hypothesis  se rved  as the basis  for  the p resen t  invest igat ion in which inhibi tory and acce le ra t ing  in- 
f luences of  the i n t r a m u r a l  pa r a s ym pa t he t i c  appara tus  of  the hear t  were  combined with act ivat ion of the s y m -  
pathet ic  innervat ion of the hear t .  

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

Expe r imen t s  were  ca r r i ed  out on male  f rogs  (Rana t empora r i a )  in the s p r i n g - s u m m e r a n d w i n t e r p e r i ~  
of the year .  The p repa ra t ion  used in the expe r imen t  consis ted  of  the i so la ted  sinus region of  the hea r t  with 
d issec t ion  of the vagesympa the t i e  t runks ,  sympathe t i c  chains,  and i n t r a m u r a l  ne rves  of the hear t .  The p r e p a r a -  
t ion was placed in a spec ia l  c h a m b e r  containing R inge r ' s  solution. Separate  and combined s t imulat ion of the 
sympathe t ic  chain and the cen t r a l  end of one of  the i n t r a m u r a l  ne rve s  of the hea r t  was used. The i n t r amura l  
ne rve s  were s t imulated in o r d e r  to act ivate  i n t r aca rd i ac  re f lexes  which, as wasf lhown prev ious ly  [3], a re  
pure ly  chol inergic .  The p a r a m e t e r s  of s t imulat ion were  nea r - t h r e sho ld  (1.1-1.2 thresholds) .  Separate  s t imu la -  
tion of the i n t r a m u r a l  nerve  and sympathe t ic  chain lasted 10-15 sec.  During combined activation, s t imulat ion of  

Depar tment  of Human and Animal  Physiology, Biological  Faculty,  M. V. Lomonosov State Univers i ty ,  
Moscow. (Presen ted  by Academic ian  of the Academy of  Medical Sciences of the USSR V. A. Negovskii .)  T r a n s -  
lated f r o m  Byul le ten '  Eks pe r i m en t a l ' no i  Biologii i Meditsiny, Vol. 87, No. 3, pp. 195-197, March, 1978. Or ig -  
inal  a r t ic le  submit ted F e b r u a r y  28, 1978. 

0007-4888/79/8703- 0177507.50 �9 1979 Plenum Publishing Corpora t ion  177 



A B 

, rx h 25 ~ v L  

b Zr_____4 J ~ - ' - - ~  

~  L 4 _ ~ _  �84 

Fig. 1. Effect  of activation of sympathet ic  
chain on negative chronotropic  effect  during 
st imulation of in t raca rd iac  parasympathet ic  
ne rves  and on AP of pacemaker  cell. A) Ac- 
t ivi ty r eco rded  f rom sinus region, B) AP of 
pacemaker  cell ;  r esu l t s  of  superposi t ion of 
or iginal  A P (continuous line) and A P recorded  
during maximal  effect  of st imulation (broken 
line) are  shown, a) Stimulation of sympathet ic  
chain (arrow above t r ace ) ;  b) st imulation of 
cent ra l  end of  in t r aca rd iac  nerve  (arrow above 
t race) ;  c) combined st imulation of sympathet ic  
chain and in t racard iac  nerve  (time of addition 
of st imulation of in t raca rd iac  nerve  to ex i s t -  
ing stimulation of sympathet ic  chain indicated 
by arrow above trace) .  

the sympathet ic  chain preceded stimulation of the in t ramura l  nerve  by 3-4 sec. E lec t r ica l  activity of the sinus 
region and b ioe lec t r ica l  activity of the pacemaker  cel ls  were recorded  by glass mic roe lec t rodes  with a t ip under 
0.5 ~ in d iameter ,  filled with 2M KC1 solution. To tes t  the media tor  nature of the resul t ing  chronotropic  effects  
atropine sulfate (10 -5-  10 -4 g/ml) and the ~ -ad renob locke r  Obsidan (propranolol) (10 -5 g/ml) were used. 

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

Activation of the in t ramura l  parasympathe t ic  pathways of the hear t  in the fall  and winter caused brady-  
card ia  in most  cases  (ser ies  I), whereas  in the spring and s u m m e r  as a rule tachycard ia  was recorded  (ser ies  
II). The resu l t s  of one exper iment  of s e r i e s  I are  i l lus t ra ted  in Fig. 1. Separate st imulation of the sympathet ic  
chain caused a smal l  inc rease  in hea r t  ra te  (Fig. 1A, a). Recording action potentials (AP) of  the pacemaker  cel l  
revea led  an increase  in the s teepness  of r i s e  of  slow diastol ic  depolar izat ion (SDD), but the remaining pa r ame te r s  
of AP remained unchanged (Fig. 1B, a). Stimulation of the in t ramura l  nerve  led to b radycard ia  accompanied by 
slight hyperpolar iza t ion of the membrane  (Fig. 1A, B, b). Combined activation of the sympathet ic  and para-  
sympathet ic  pathways caused dist inct  bradycardia ,  the effect  being much s t ronge r  than that of separa te  s t imula-  
t ion of the in t raca rd iac  nerve  (Fig. 1A, c). Slowing of the ra te  of r i s e  of  SDD and of hyperpolar iza t ion of the 
membrane  and also a dec r ea se  in the durat ion of the AP were recorded  under  these c i rcumstances  (Fig. 1B, c). 
In the exper iments  of s e r i e s  II activation of the in t raca rd iac  ref lex apparatus at nea r - th resho ld  s t rength caused 
slight t achycard ia  (Fig. 2A, b). This inc rease  in hear t  ra te  was due to an increase  in the s teepness  of r i s e  of 
SDD of AP of the pacemake r  cel l  (Fig. 2B, b). Combination of this st imulation with activation of the sympathet ic  
chain, whose separa te  st imulation slightly increased  the cardiac  rhythm (Fig. 2A, a), led to an even fur ther  in-  
c rease  in the hear t  ra te  (Fig. 2A, c). This inc rease  in the effect  was g r e a t e r  than the resu l t  of a lgebraic  summa-  
tion of the inc reases  in f requency observed  during separa te  st imulation of the two nerve  pathways. Recording 
AP revea led  a st i l l  g r e a t e r  inc rease  in the s teepness  of SDD; somet imes  slight hyperpolar iza t ion of the mem-  
brane  developed at the same t ime (Fig. 2B, c). In some exper iments  (experiment  7 in se r i e s  I and exper iment  
5 in s e r i e s  II), at the e n d o f  combined st imulat ion of the nerve  pathways, atropine (10-4-10-Sg/ml) was injected 
into the perfusion fluid and combined st imulation was repeated.  Atropinization blocked both the negative and the 
posi t ive chronotropie  effects  observed  during simultaneous st imulations of the sympathet ic  and parasympathet ic  
sys tems .  Usually a smal l  inc rease  in cardiac  frequency remained:  This was sympathet ic  in nature for  it  was 
abolished by the f l -adrenoblocker  Obsidan (Table 1). 
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Fig. 2. Effect  of act ivat ion of sympathe t ic  
chain on posi t ive chronotropic  effect  to s t i m -  
ulat ion of i n t r a c a r d i a c  pa r a sympa the t i c  ne rves  
and on AP of  p a c e m a k e r  cell. Notation as in 
Fig. 1. 

TABLE 1. Changes in Chronotropic  Effect  during Separate  and Combined Stimulation 
of In t r aca rd i ac  P a r a s ym pa t he t i c  Nerves  and Sympathet ic  Chain. Effect of Cholinergic 
and Adrenerg ic  Blocking Agents on Chronotropic  Effects  of  Combined Stimulation of 
Nerves  

Chronotmpic effect (in beats/rain),during activation of 
sympathetic chain and inLracardiac nerve 

Series and 
number of 
experiments 

sympathetic 
chain 

~- 1,57• c 

q-1,2+0,51 c 

in~acardiac 
nerve 

--3,75• 

+2,2___0,92 a 

! 
06) 
I1 
(14) 

together 

initially 

--6,36+ 1,01 b 

+5,3+0,89 b 

after atropine, I after Obsidaa) 
10"4-10 -s g/ml [ 10 -s g/ml 

q- 1,32 + 0,37 d 0 

q- 1,03 • 0,42 d 0 

Legend. Effect  marked  by index "b" di f fers  s t a t i s t i ca l ly  s ignif icant ly f r o m  effect  
marked  by index "a".  Effect marked  by index "d" does not d i f fer  s ta t i s t i ca l ly  s ig -  
nif icant ly f r o m  effect  marked  by index "c".  

The expe r imen t s  thus showed that dur ing modera te  s t imulat ion of the irmervation s y s t e m s  sympathe t ic  
s p i k e - m e d i a t o r  action widens the range of r egu la to ry  capaci ty  of the i n t r a m u r a l  pa r a sympa the t i c  s y s t e m  of the 
hear t ,  potentiat ing both the negative and posit ive ehronotropic  effects  of pa ra sympa the t i c  origin.  

Changes in b ioe lec t r i ca l  act ivi ty  of  the p a c e m a k e r  cel ls  suggest  the exis tence  of complex in terac t ion  be-  
tween sympathe t i c  and p a r a s y m p a t h e t i c  s p i k e - m e d i a t o r  ef fec ts  on SDD, as a p resp ike  p roces s ,  and on the ini t ial  
membrane  polar iza t ion  and o ther  p a r a m e t e r s  of AP. This in terac t ion  is evidently not antagonist ic.  By acting 
jointly with the pa r a sympa the t i c  innervat ion,  sympathe t ic  influences lose t he i r  r egu la to ry  specif ic i ty ,  which is 
manifes ted  during s epa ra t e  s t imulat ion as accelera t ion .  Strengthening of chronotropic  ef fec ts  of pa ra sympa the t i c  
origin,  a r i s ing  during s imul taneous  s t imulat ion of sympathe t ic  and pa ra sympa the t i c  nerve  pathways,  may  p e r -  
haps be explained by the fact  that  in i ts  function and in re la t ion  to p a c e m a k e r  act ivi ty the sympathe t ic  i nne rva -  
tion has an adap t ive- t rophic  role ,  s i m i l a r  to i ts  r egu la to ry  action on ske le ta l  muscle ,  as r ep re sen ta t ives  of 
Orbe l i ' s  school  have shown. Profound d i s tu rbances  of i n t r ace l lu l a r  me tabo l i sm  and of the reac t ive  p rope r t i e s  
of the m e m b r a n e s  of  p a c e m a k e r  cel ls ,  developing as a resu l t  of  sympathe t ic  s p i k e - m e d i a t o r  action can probably  
c rea te  new conditions for  the r e sponse  of p a c e m a k e r  format ions  to regu la to ry  pa ra sympa the t i c  influences.  
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A C T I V I T Y  IN M Y E L I N A T E D  F I B E R S  OF A CAT 

C U T A N E O U S  N E R V E  IN R E S P O N S E  TO H E A T I N G  

A. V. Z e v e k e  and  V. L .  S h a p o s h n i k o v  UDC 612o816.014.43 

It was shown by the colliding impulses method combined with methods of distinguishing weak 
signals in a nerve from apparatus noise that heating the hairy skin causes a change in the charm 
acter  of activity recorded in fibers of the Ay, A5 t, and A52 groups and in the group of "mixed" 
fibers. A relatively large number of fibers of these groups is excited, and only a fev~ of them 
inhibit their  activity in response to heating the skin receptors.  An increase in the spontaneous 
discharge and relaxation of the skin were shown to take place during heating. 

KEY WORDS: myelinated nerve fibers; afferent impulsation; heating the skin. 

Among investigators who have studied temperature reception in the hairy skin of the cat the view is held 
that heating the skin causes excitation only of those receptors which are innervated by unmyelinated fibers [9, 
11]. However, myelinated fibers which participate in the conduction of afferent impulses arising during heating 
have been found in the skin of the nose and in the tongue of the cat [7]. Activity has been recorded in afferent 
myelinated fibers of the hairy skin of the cat in response to its rapid heating [13]. Similar fibers have been 
found in the cutaneous nerves of primates [8]. 

In the course of investigations of changes in combined activity of a whole nerve during heating of the skin 
receptors contradictory results have been obtained: Some workers consider that spontaneous activity is re-  
duced [12], others found no change in activity in the cutaneous nerves during heating [5], and the third group ob- 
served an increase in activity of the whole nerve during heating [14]. 

The object of the present investigation was to determine the degree of participation of thin myelinated 
fibers in the transmission of information about heating the hairy skin in cats. 

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

Experiments were carr ied out on cats under intramuscular  hexobarbital anesthesia. Nerve structures 
responsible for the perception of cold stimuli are  considered to be located in the superficial layers of the skin 
and those responsible for the perception of heat stimuli in its deeper layers [10]. A dissected skin flap was 
therefore  placed in a thermode, so that the temperature of its superficial and deep layers could be changed 
simultaneously. The skin temperature was changed by changing the temperature of the water flowing through 
the thermode. The rate of heating of the skin, measured on its hairy surface by means of a type TPM-1 ther-  
mometer,  was 1 ~ To ensure that because of inertia of the thermometer  the skin was not heated to an 
injurious temperature  (45"C), in control experiments a calibrated semiconductor thermis tor  was inserted be- 
neath the epidermis.  Temperature changes recorded by the thermis tor  exceeded the values of temperature ob- 
tained by means of the TPM-1 thermometer  by a maximum of 1,5-2.0~ 

The skin tempera ture  var ied from +32 to +42"C. After application of the temperature stimulus and res to-  
a t ionoftheskin temperature to the adaptation temperature,  an interval of 15 rain was allowed before stimula- 

tion was ~epeated. 
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