
A S T U D Y  OF THE A C T I O N  OF C A T H O D I C  AND A N O D I C  

P O L A R I Z A T I O N  ON THE FROG R E S P I R A T O R Y  C E N T E R  

DEPRESSED BY E L I M I N A T I O N  OF A F F E R E N T  I M P U L S E S  

(UDC 612.282 : 612.014.424]-084) 

Z .  D. D o n t s o v a  a n d  N.  V. D e m e n t ' e v a  

Department of Human and Animal  Physiology (Head, Professor P. E. Motsnyi), 
Dnepropetrovsk State University 
Presented by Active Member AMN SSSR A. V. Lebedinskii 

Translated from Byulleten' ~spe r imen ta l ' no i  Biologii i Meditsiny, Vol. 59, No. 2, 
pp. 15-19, February, 1965 

Original art icle submitted July 19, 1962 

The phenomenon of respiratory center inhibition in the frog, when the afferent nerve impulses from the aortic 

reflex zone are interrupted [3], is of special interest in connection with the problem concerning the nature of the 

specific act ivi ty of the nerve centers. Our experiments [2] showed that the induction of such inhibition led to a sharp 

decrease in functional level [2] only in the nerve tract elements of the inspiratory center. 

We must determine the means whereby the constant stream of afferent impulses is supplied to the central nervous 
elements during their normal activity;  we must determine also the conditions under which the normal respiratory cen-  

ter is able to exert its specific i n fuence ,  and ascertain what influences are required to restore this activity.  Accord- 

ing to the Wedensky-Ukhtomskii Schooi the greater part of the action on the excitable substrates may exert an in-  
fluence either of the anodic or cathodic type. 

D. A. Lapitskii [4] has shown that the cathode stimulates and the anode depresses normal respiration in the frog 

when the polarization is applied to the region of the medulla.  We have observed this effect in experiments on cath- 

odic stimulation of the inspiratory region in the cat.  Excessive cathodic polarization leads to arrest of respiration 

after a phase of maintained tetanus of the ipsilateral muscles. 

Recently an electrophysiological method has given similar results on the inspiratory neurones of the cat. 

Here we present results obtained by cathodic and anodic polarization of the nervous elements of the inspiratory 

respiratory center in a frog; depression of the center was first produced by suppression of the afferent flow of impulses 
from the aortic receptor zone. 

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

The experiments were carried out on the frogs Rana esculenta and Rana ridibunda, Records were made of the 

respiratory movements of the base of the oral cavity. 

The aortic reflexogenous zone was put out of action by a filter paper soaked in 1.5-2~ novocaine. Polarization 

was produced in the required parts of the respiratory center by means of an exponentially increasing current. The 
active electrode was made of soft nichrome wire 30 g in diameter coated on the sides with glass. The electrode was 

introduced into the required part. The end of the wire was free from glass. The position of the stimulating and lead- 

off mieroelectrode was first determined from the local threshold contractions of the corresponding respiratory muscles 

in response to local stimulation of the corresponding part of the medulla with square-wave pulses; after the exper- 

iments confirmation was made histologically. The indifferent electrode consisted of a plate placed on the  cranium. 

Currents were led off from the ipsilateral respiratory center and taken to a two-channel  cathode-ray oscil- 

loscope containing a balanced amplifier .  The pneumogram was recorded as an electr ical  signal from a semi-conduc-  
tor type photocells whose window was i l luminated during contraction or relaxation of the inspiratory muscles. Con- 

sequently both active contraction of the muscles of the base of the oral cavity during "inspiration" (swallowing of 
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Fig. 1. Act ion of (K) cathodic and (A) anodic polar izat ion of dif-  
ferent parts of the base of the rhomboid fossa (upper third, middle  
and lower angles) during normal  respiration.  Upper c u r v e - n o r m a l  
pulmonary respiration (movement  of the base of the oral cavi ty) ,  
lower cu rve - r eco rd ing  of e lec t romagnet ic  marker  indica t ing  polar-  
iza t ion.  

air into the lungs), and depression of these same muscles below the zero line during "aspirat ion" (the moment  at 
which air is drawn into the mouth, and which in the physiological  sense is part of the act  of inspiration as a whole) 
was recorded in our oscil lograms as an e levat ion  of the pneumogram upwards. "Expiration," i . e .  the moment  when 
air was expel led  from the tungs into the mouth through the act ion of the. external  oblique muscles was recorded by 
a return of the trace to the base l ine.  

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

In the first set of experiments  the different parts of the base of the rhomboid fossa were polar ized  either ca th-  

odical ly  or anodica l ly  during normal  respiration. It was found that the increase of respiration in response to cathodic  
act ion and its depression by anodic s t imulat ion [4] occurs only during the influence of a direct  current appl ied  to the 
upper third of the base of the fourth ventr ic le ,  par t icular ly  in the region where t h e  VII, VIII and IX cranial  nerves 

emerge (Fig. 1). 

It has frequently been shown [8, 12, 13] that in the frog in this region these nerves carry impulses from the 
respiratory muscles and from the mucous membranes of the respiratory organs, and that the fibers concerned con-  
tribute to the fasciculus solitarius. At the point where these nerves enter the brain the nucleus of the tractus solitarius 
lies at a so -ca l led  "strategic point"  of the nervous system in relat ion to visceral  function [12]. The idea has also 

been proposed [5] that the nucleus of this bundle, is a truly "au tomat ic"  center.  

According to our findings [2] the inspiratory center lies precisely at this point.  It is interest ing that other workers 

[9] have found in warm blooded animals  a region of inspiratory neurones lying close to the tractus solitarious on its 
ventral  side and not far from cranial  nerve nuclei  IX and X. In experiments in which cathodic polar iza t ion  was ap-  
p l ied  to the middle  part of the base of the fourth ventr icle  in the frog we obtained only depression of respiration, 
while anodic polar izat ion always enhanced respiration. When loca l  exci ta t ion was appl ied  as short e l ec t r i ca l  dis- 
charges to the dorsal part of this region, loca l  contractions of the external  oblique muscles occurred causing air to 
be pushed out from the lungs into the oral cavi ty ,  i . e .  causing "expirat ion."  The motor region controll ing these 
muscles was centered on C~- 8. The same intensity of polar izat ion appl ied to the lower angle of the base of the fourth 
ventr icle caused no change in respiration. Increased st imulation produced the same effect as did s t imulat ion of the 

middle  region.  

In experiments in which the afferent impulses from the aort ic  reflexogenous zones were e l im ina t ed  and in which 

the u l t imate  effect  was arrest of respiration it was shown that only cathodic s t imulat ion appl ied  to the inspiratory 
center can restore respiration, whereas anodic s t imulat ion can never do so (Fig. 2). 

Thus e l iminat ion  of the constant flow of afferent impulses from the aort ic  reflexogenous zone caused depres- 
sion in the nervous e lements  of the ips i la tera l  region. This depression was e l imina ted  only by cathodic  ac t ion on 
the ips i la teral  side. The influence of the cathode on other regions of the respiratory center  was ineffectual  in restor- 
ing respiration, and the anodic act ion was even less ef fec t ive .  We may note that the restorat ive inf luence of the 
cathode on the respiratory center  under these conditions can be observed only during the first 15-20 min of develop-  
ment of the suppression which we have described,  at a t ime when responses to short single st imuli  could be obtained.  
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Fig.  2. Action of (K) cathodic and (A) anodic polar izat ion on 
the ipsi la teral  center during fiormal pulmonary respiration and 

during e l imina t ion  of respiration by drugs appl ied  to the aort ic  
reflexogenous zone. 1) Onset; 2 ,3 -con t inua t ion  and end of 
t race.  Figures below indicate  intensity of polar iz ing current 
(in ga) .  In each pair of ' t races the upper curve represents respi-  
rat ion,  and the lower indicates the polar izing current. A r r o w -  
t ime of appl ica t ion  of 2% novocaine.  

Therefore these experiments showed that for a normal au tomat ic  ac t iv i ty  of the ipsi la teral  center to develop 
an ini t ia l  depolar ized condit ion is necessary. 

Here we may note that as far back as 1901 N. g. Wedensky, following his theory, proposed that nervous centers 

appeared to be in a condit ion as it  were o f " se l f - exc i t a t ion . "  Subsequently the in i t ia l  depolar izat ion of the nervous 
centers was observed in experiments performed by many workers [6, 7, 11, 14, 15]. 

When we consider this fact in connection with the results obtained in our experiments we are led to conclude 
that a condition of a cer tain degree of in i t ia l  depolar izat ion is one of the fundamental  properties of the nervous cen-  
ters and must p lay an important  part in the organizat ion of their specific ac t iv i ty  (for example  automatism).  Because 
of this condition the centers may readi ly react not only to stimuli but also to the cessation of s t imuli .  As we have 
al ready pointed out it  is in this way that the respiratory center may become suppressed. Our experiments have shown 
that this suppression has its own special  features. In part icular  it is e l imina ted  by cathodic act ion,  and, as exper-  

iments in which measurements of the physiological  parameters  of the inspiratory center have shown [2], its charac-  
teristic features are an increased rheobase, a prolonged chronaxie,  and a reduced accommodat ion  constant, i .  e. 

e l iminat ion  of the original  depolar ized state of the nervous centers leads to a reduction in exc i tab i l i ty ,  to a func- 
t ional lab i l i ty ,  and to an increased rate of accommodat ion .  These features of the depression which we have observed 
may be explained if we assume that the original depolar izat ion of the nerve cells is developed to a moderate  extent 
such as is opt imal  for their ac t iv i ty ,  whereas, as is well  known, exci tab i l i ty  and functional  mobi l i ty  are enhanced 
and the rate of accommodat ion  reduced. With such a degree of depolar izat ion "au tomat ic"  ac t iv i ty  and mul t ip le  
discharges in response to isolated stimuli may appear.  It is well known that these very features are character is t ic  of 
many  neurones. 

Therefore the e l imina t ion  of the ini t ia l  opt imal  depolar izat ion of the nerve cells ought to destroy their original 
heightened functional leve l ,  which our experiments appear in fact to have done. 

To a certain extent  the results of our experiments in which the e lec t r i ca l  ac t iv i ty  from the nerve cells of the 
inspiratory center was recorded (Fig. 3) are in l ine with such a hypothesis. It was found that e l iminat ion  of the af-  
ferent impulses from the aort ic  reflexogenous zone resulted in both a cessation of respiration and comple te  disap- 
pearance of the otherwise mainta ined  e lec t r i ca l  ac t iv i ty  within 3-5 minutes.  Also in many other experiments [2] 
it  has been shown that restoration of these mul t ip le  discharges occurs only under the influence of receptor zones which 
influence the inspiratory center in the same way as does a cathode. 
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Fig. 3. Effects on background electrical  activity of the inspiratory center of e l im- 
ination of the flow of afferent impulses from the aortic reflexogenous zone. In each 
trace (a, b, c, d) the upper curve represents electrical activity, the lower the signal 
from the resistance-photocell.  The first elevation of the line corresponds to aspira- 
tion (drawing air into the oral cavity), and the second indicates that air has been 
swallowed into the lungs, the stage of true "inspiration." The pause indicates expi- 
ration. 

As has been demonstrated many times [2, 4, 9] a mild additional cathodic polarization applied to a normally 
functioning respiratory center will increase its automatic activity, while a strong one will depress it. 

Thus this evidence also confirms the biphasic reaction of the respiratory center to cathodic action and illustrates 
that a slight but optimal degree of depolarization is normally present in the inspiratory center. 

The initial state of depolarization of the inspiratory center and the dependence of the general level of e lec-  
trical activity related to this condition confirms an idea which has been put forward by several authors [6, 7] that 
a condition of depolarization may be responsible for the background activity of nervous centers. Our experiments 
have shown that this condition results in turn from the action of a steady flow of afferent impulses originating in 
various receptor zones. 

S U M M A R Y  

Frog respiration was arrested by elimination of afferent impulses originating in the aortic reflexogenous zone; 
it could be restored only by local cathodic polarization of the nerve cells of the inspiratory area of the respiratory 
center. Elimination of this stream of impulses also caused background e!ectrical activity to cease. 
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All abb rev i a t i ons  of pe r iod ica l s  in the above  b ib l iography are le t te r -by- le t te r  t r ans l i t e r -  

at.ions of  the  abb rev i a t i ons  as  given in the or iginal  R u s s i a n  journal .  Some  or al l  of  t h i s  per i -  

od i ca l  l i t e r a t u r e  m a y  we l l  b e  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete  l i s t  of  the cove r - to -  
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