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The investigations of the author have already shown that the exposure of smooth muscle  to a gaseous mixture of 
5% COz and 98% O z is accompanied  by reduction of physical  electromnus,  depression of spontaneous ac t iv i ty  and re-  

duction of exc i tab i l i ty  in the muscle.  The observation of these changes in smooth muscle led to a more deta i led  ex -  

amina t ion  of the effect of CO 2 on physical  electrotonus.  The author has been unable to find any published informa-  
tion on this s u b j e c t .  At the same t ime,  s imilar  investigations on other exc i tab le  tissues indicate  that CO 2 may produce 
a variety of effects on the e l ec t r i ca l  properties of such tissues [6, 10-12]. 

M E T H O D  

The mate r i a l  on which the investigation was carr ied out was the annular smooth muscle  of frog stomach. The 
methods employed  for examinat ion of physical  electrotonus and for 

production of the required gaseous mixture in a sealed moist  chamber 
have already been described [3, 4]. The gaseous mixture was a/~ _ s/4 

02 or N2 and 1/a - 1/4 CO 2. Nitrogen (which, however, contained 2-3% 

02) was used in some experiments in p lace  of 02. The H ion concen-  
tration of Ringer's solution was reduced to 2.0-2.5 by replacing NaHCO s 
with an equivalent  quantity of HC1. A solution of the required pH 
value (which was measured e lec t romet r ica l ly )  could then be obtained 
by adding a suitable quantity of the acid  Ringer's solution to the normal  
solution with a pH of %0. 

Fig. 1. Change in physical  electrotonus 
of muscle  resulting from act ion of 2 : 1 
OJCO2 gaseous mixture,  a) In normal  

state; b, c, d) after ac t ion of gaseous 
mixture for 5, 1~, and 80 rain; e, f) 2 
and 8 min after withdrawal of gaseous 
mixture and removal  of cover from 
moist  chamber .  Upper t racing - c a t -  
electrotonus.  Lower tracing - a n e l e c -  
trotonus. 

R E S U L T S  

Exposure of smooth muscle to the ac t ion of the gaseous mixture 

was accompanied  by suppression of spontaneous ac t iv i ty ,  suppression 
of muscle exc i tab i l i ty  and considerable reduction of physical  e lec t ro -  
tonus, With an exposure of 15-28 min,  physical  electrotonus was re-  
duced by 50-70%, ca te lec t ro ten ic  potent ia l  being reduced much more 
than anelect rotonic .  Continued exposure did not 1cad to any s ignif i -  
cant  further reduction of electrotonus.  When the gaseous mixture was 
withdrawn and the cover removed from the chamber ,  physical  e l ec t ro -  
tonus regained its in i t ia l  value  absolutely in the course of a few minutes. 

Figure i is from an exper iment  in which the muscle  was exposed 
to a gaseous mixture of O a and CO 2 in proportions of 2 : 1. The 
strength of the polar iz ing current was 9 gA. Before the gaseous m i x -  
ture was brought into contact  with the muscle,  a fair ly considerable 
negat ive  potent ia l  developed towards the end of the ascending part of 
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Fig. 2. Changes in anelectrotonus produced by a 
4:1 O2/CO a mixture, a) In normal state; b,c) af-  
ter action of gaseous mixture for 10 and 20 rain. 
Tracings as in Fig. 1. 
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Fig. 3. Changes in amplitude of anelectrotonic 
potential (black circles) and pH of Ringer's solu- 
tion (crosses) and changes in amplitude of ane- 
lectrotonus (white circles) produced by acidified 
Ringer's solution (pH 5.0). 

of the catelectrotonic potential, after which the tracing became established at a relatively constant level (Fig. la).  
The incremental phase of the catelectrotonic potential lasted o.aa see. After the gaseous mixture had been passing 
through the chamber, there was appreciable reduction of both the negative potential and the amplitude of catelectro-  
tonic potential (Fig. lb). After 15 rain amplitude was down to less than half, and no negative potential developed 
(Fig. Ic) .  The incremental  phase of catelectrotonic potential was then reduced to 0.085 sec. There was littte or no 
further change in catelectrotonic potential as a result of the continued action of the gaseous mixture (Fig. ld). 
Catelectrotonic potential regained its original value and negative potential again developed at the end of the incre- 
mental  phase within a few minutes after withdrawal of the CO a mixture and removal of the cover of the chamber 
(Fig. le,  f). Figure 1 also shows that the amplitude of anelectrotonic potential (deflection downwards) was also con-  
siderably reduced by the action of the gaseous mixture (Fig. 1a-d). The incremental  t ime for anelectrotonic poten- 
tial suffered reduction from 0.5 to 0.3 sec. Just as in the normal state, however, the difference between the values of 
catelectrotonic and anelectrotonic potential was not abolished by the action of the gaseous mixture, and the ampli-  
tude of anelectrotonus remained somewhat greater than the amplitude of catelectrotonus. 

Figure 2 is from an experiment in which muscle was exposed to a 4:1 mixture of O a and CO S. The strength of 
the polarizing current used was purposely greater than the strength required for tracing change in the "rise" of an-  
electrotonus. 

Under normal conditions, the amplitude of anelectrotonus was considerably greater than that of catelectrotonus 
and, at the end of its ascending part, there was a quite considerable "jump," after which the potential settled at a 
constant level (Fig. 2a). The amplitude of anelectrotonus potential was considerably reduced after 10 rain exposure 
to the CO a mixture, and the "jump" was even more markedly reduced than the amplitude (Fig. 2b). When the polar- 
/zing current was withdrawn, negative potential no longer developed at the end of the descending part of the anelec-  
trotonic tracing. All these changes in anelectrotonus were still more pronounced after exposure to the gaseous mix- 
ture for 20 rain (Fig. 2c). 

Considerable reduction of physical electrotonus was also observed when 02 in the mixture was replaced by N 2. 
This was evidence that the reduction of physical electrotonus, seen under these conditions, was due to the effect of 
CO s on the muscle, and not effects produced by the other gases. 

It is, however, still uncertain whether CO 2 has any direct specific action on muscle or whether its effect is pro- 
duced indirectly, perhaps through CO2-determined change in H ion concentration. 

The pH value of Ringer's solution, placed in a sealed moist chamber, through which a 2:1 O2/CO z mixture was 
passed, was therefore determined. The effect of the acidified form of Ringer's solution on the physical electrotonus 
of smooth muscle was also studied (Fig. 3). 

The pH of the Ringer's solution fell gradually to 5.0 in the course of exposure to the gaseous mixture for 2 h. 
When, after 2 h, the gaseous mixture was withdrawn and the cover of the chamber removed, the pH value rose to 6.0. 
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In contrast to these changes, the ampl i tude  of anelectrotonus was reduced to about half  its in i t ia l  value by ex-  

posure of the muscle to the gaseous mixture for 15 mtn. Its ampl i tude  reached its min imum value after 30 rain and 

then began to increase slightly. Withdrawal of the mixture after 60 rain resulted in rapid restoration of ampl i tude .  

There was thus no direct  relationship between increase of acidi ty  of the Ringer's solution and reduction of ane lec t ro-  

tonus ampl i tude  produced by act ion of the same gaseous mixture.  

Figure 3 also shows that the ampl i tude  of the anelectrotonic  potent ial  increased slightly when the muscle was 
first exposed to the act ion of the acid form of Ringer's solution (pH 5.0), and then decl ined very gradually.  C a t e l e c -  
trotonic potent ia l  underwent s imilar  changes. 

The reduction of physical  electrotonus by ac id  Ringer's solution (pH 5.0) thus fa i led to coincide,  ei ther  in t ime  
or in magn i tude ,  with the reduction produced by act ion of the gaseous mixture.  Even with stil t  more ac id  Ringer's 
solution (pH 3.0) reduction of physical  electrotonus,  though sti l l  considerable,  proceeded more slowly than with the 
gaseous mixture.  Furthermore. subsequent washing of the muscle  with normal Ringer's solution fai led to restore the 
value of physical  electrotonus,  even when continued for 1'/2 h. 

All  these results indica te  that  the changes in physical  electrotonus, observed to result from exposure to the gas- 
eous mixture,  were connected with the direct  specific act ion of CO x on the muscle,  and not w,th the act ion of hydro-  
gen ions. It is suggested that  the reduction of physical  electrotonus under the conditions described was due to in-  
creased permeabi l i ty  of the membranes  of the smooth muscle cel ls  for ions as, other things being equal,  increase of 
physical  electrotonus depends on the state of membrane  permeabi l i ty .  This may also be the explanat ion for the re-  
duction of potassium ion concentrat ion produced in striated muscle by the act ion of CO 2 [5]. 

The specif ic  and very rapid a t tenuat ing effect  of CO 2 on physical  electrotonus is probably connected with its 
act ion on cer ta in  excessively sensitive me tabo l i c  processes control l ing the permeabi l i ty  of the cytoplasmic  membrane .  
Root [14] has shown, for example ,  that  CO a inhibits oxidat ive  metabol i sm in nerve. Meves and V01kner [11] found 

that depolar ized muscle  fibers, exposed to CO2, became  repolar ized or even hyperpolar ized.  If, however, the muscle 
fibers exposed to CO 2 had been depolar ized with dinitrophenol,  repolar izat ion did not occur and, in fact, there was 
further dec l ine  of resting p o t e n t i a l  

The changes in electrotonus produced by acid  Ringer's solution were tess marked.  The resting membrane  po-  

tentials  of str iated muscle  fibers also showed l i t t l e  change when the ac idi ty  of Ringer's solution was increased to 5.0 

and 4.0 [9-11, 13]. The in i t i a l  slight increase of electrotonus in smooth muscle  was probably connected with the a c -  
tion of ca lc ium ions, as ca lc ium dissociation is known to increase in ac id  solution. The subsequent reduction of e l e c -  
trotonus was apparent ly  due solely to increase of membrane  permeabi l i ty  produced by hydrogen ions. 

Increase of ca lc ium ion concentrat ion in Ringer's solution was, in fact,  associated with increase of electrotonus 
in these experiments .  Heene [8] has also observed this ca lc ium effect  in nerve in ac id i f ied  Ringer's solution (pH 5.0). 

S U M M A R Y  

Under the inf luence of a carbonate  gas mixture (2/a J / 4  02 + 1/3-1/4 COD the physical  electrotonus (PE) of the 

c i rcular  smooth muscles of the frog s tomach very quickly decreases 5 0 - 7 0 % ,  while the exc i t ab i l i ty  and spontaneous 
ac t iv i ty  of the muscle  are comple t e ly  inhibited.  These changes are quickly and easi ly reversible and are not con-  

nected with the ac t ion  on the muscle of H + forming under the influence of CO 2 inasmuch as in a de l ibera te ly  ac id ic  
Ringer's solution with pH reduced to a leve l  close to that seen after the passage of a carbonate gas mixture,  the PE 
at  first s l ightly increases and then very slowly and only insignif icantly lessens. Changes in the e l e c t r i c a l  properties 
of the smooth muscle,  and, in par t icular ,  the dec l ine  of the PE under the influence of the carbonate gas mixture  are 
apparent ly  associated with the d i rec t  specif ic  ac t ion of CO 2 on the permeabi l i ty  of the protoplasmat ic  membrane .  
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  the  a b o v e  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the  o r i g i n a l  R u s s i a n  j o u r n a l  Some or  all o[  th is  per i -  

od i ca l  l i t e ra ture  may  wel l  be  a v a i l a b l e  in Eng l i sh  t rans la t ion .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  th i s  i s s u e .  
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