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The work of Cresci te l l i  [11] has shown that a conduction block developing as a resul t  of cocaine on 
the sciat ic nerve in the frog is intensified in the NaC1 concentration in the solution is low. These findings 
were subsequently confirmed by Condouris [10] in experiments  on nerve trunks deprived of their  per i -  
neural  membranes .  This worker  also showed that an increase in the NaC1 concentration in solution faci l i -  
tates the conduction of excitation through the nerve segment modified by cocaine. 

Because of the importance of these findings for understanding the mechanism of action of local anes-  
thetics and their  clinical application [6 ], in the present  investigation the effect of novocaine was studied on 
the res t ing  potential (RP}, the cr i t ica l  depolarization level (CD), and the amplitude of the action potential 
(AP) of a single node of Ranvier  on a f rog ' s  nerve fiber kept in solution with low and high sodium ion con- 
centrat ions.  

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

The test  object consis ted of isolated sciat ic nerve fibers of the grass  f rog (Rana temporar ia) .  The 
single fiber was separated f rom the nerve trunk by a slight modification of Tasaki ' s  method [18]. The a r -  
rangement of the nodes of Ranvier  (No, N1, N 2) of the dissected nerve fiber in the experimental  chamber  is 
shown in Fig. 1A. The nodes were connected with polarizing (P), stimulating (S), and recording  (O) c i rcui ts  
by three nonpolarizing electrodes (Cu-CuSO4). The activity of nodes N O and N 2 was inhibited by 0.2% Novo- 
cain solution. A highly stable dc amplif ier  with a cathode follower at the input [5] was used for detecting 
and recording  the potentials of node N i. The tes t  stimuli were rectangular  pulses of direct  current ,  6-  
8msec in duration. 

R inger ' s  solution of the following composit ion was used in the experiment :  NaCl -111  mM, KC1-- 
1.34 mM, CAC12-1.81 mM, NaHCO3-2.4 raM. In the solutions with a low NaC1 concentration, isotonicity 
was maintained by an equivalent amount of sucrose ,  using the isotonic coefficients of DeVries [7], or  with 
choline chloride. The experiments  were ca r r i ed  out at 19-21 ~ . 

EXPERIMENTAL RESULTS 

Before studying the effect of a low concentration of sodium ions on the Novocain effect, the concentra- 

tion of Na ions and Of the local anesthetic which alone produced only very slight changes in electrical ac- 
tivity of the nodes of Ranvier were chosen. Novocain in a concentration of 10 -5 g/ml, made up in Ringer's 
solution of normal salt composition, increases the RP and CD, and slightly reduces the amplitude and the 

steepness of the ascending phase of the AP (Fig. 1B). Similar changes in RP, CD, and AP of the node take 

place when the Na ion concentration in solution is lowered to 22 mM (Fig. Id). 

On addition of Novocain in a concentration of 10 -5 g/ml to a solution with this low sodium concentra- 

tion the node becomes completely unable to generate an AP; local responses arise to electrical stimuli, 

and their amplitude increases gradually with an increase in the strength of the current (Fig. If). Similar 

results were obtained in the other experiments. 

A decrease in the sodium ion concentration in solution thus intensifies the inhibitory action of Novo- 
cain. In other words, the effects of these factors are summated, as a result of which a deeper inhibition 
of electrical activity takes place than if one of these agents acts alone. 
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Fig. 1. Scheme of experimental  apparatus (A) and curves  showing 
effect of a decrease  in sodium ion concentration on e lec t r ica l  activity 
of a node acted upon by Novocain (B). P} Polar iz ing circui t ;  S) s t im-  
ulating circuit ;  R) record ing  circui t ;  No, Ni, N2) nodes of Ranvier  of 
a single nerve fiber; a, b} action potentials (AP) in Ringer ' s  solutions 
of normal  composit ion; c} AP in Novocain solution in concentrat ions 
of 10 -5 g /ml ;  d(2) and e(3)} AP in solution with NaC1 in concent ra -  
tion of 220 mM; e(4) and f(4)) local responses  in solution containing 
NaC1 in concentrat ion of 220 mM and Novocain 10 -5 g /ml ;  0) initial 
res t ing  potential (RP); b(i)) change in RP caused by Novocain; 
d(1)) change in RP caused by removal  of Na ions f rom solution; e(2) 
and f(2)) res t ing potentials increased  by Novocain and by deficit of 
Na ions. 

A decrease  in the sodium ion concentrat ion in solution thus intensifies the inhibitory action of Nero-  
cain. In other words, the effects of these factors  are  summated,  as a resul t  of which a deeper  inhibition of 
e lect r ical  activity takes place than if one of these agents acts alone. 

The same conclusion was reached by Uechara  [20], who studied the effect of a general  anesthetic 
(urethane) on the e lec t r ica l  activity of a node in a solution with a low concentrat ion of Na ions. 

To study the effect of an excess  of Na ions on the Novocain effect, the NaC1 concentrat ion in the solu-  
tion was increased  only to 220 raM, because the resul ts  of our own control  experiments  and of investigations 
by other workers  [16, 17] show that the increase  of osmotic  p ressu re  of the solution thus produced has no 
significant effect on e lec t r ica l  activity of the node. 

Records  of one of the experiments  demonstra t ing the effect of an increase  in sodium ion concentrat ion 
in the solution on the e lect r ical  activity of the node before and after  application of Novocain are  shown in 
Fig. 2. These records  show that an increase  in Na ion concentration to 220 mM causes  ~light depola r iza-  
tion of the membrane,  an increase  of CD and an increase  in the amplitude of the AP. At the same t ime the 
ascending phase becomes steeper ,  as a resul t  of which the duration of the AP is shortened (Fig. 2B}. 
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Fig.  2. Effect  of an i n c r e a s e d  sodium 
ion concent ra t ion  in solut ion on e l e c -  
t r i c a l  ac t iv i ty  of a node t r e a t e d  with 
Novocain.  A) Action potent ia l  (AP) in 
R i n g e r ' s  solution; B) AP in solut ion 
with NaC1 in concent ra t ion  of 220 mM, 
C) the same;  but a f t e r  addi t ion of Novo- 
ca in  to the solut ion in a concen t ra t ion  
of 2 �9 10 -5 g /ml ;  D) AP in solut ion of 
Novocain in concen t ra t ion  of 2 �9 ] 0 -5 
with a n o r m a l  NaC1 concent ra t ion ;  
O) in i t ia l  r e s t i n g  potent ia l  (RP); 
I) change in RP under  the influence of 
an excess  of NaC1; II) change in RP 
under  the influence of Novocain. 

Addit ion of Novocain to th is  solut ion in  a concent ra t ion  of 
5 �9 10 -5 g / m l  causes  only a s l ight  d e c r e a s e  in ampl i tude  of the 
AP.  This  is  accompanied  by an i n c r e a s e  in CD and an i n c r e a s e  
in the dura t ion of the AP, typ ica l  of the Novocain effect  [3j 4, 8]. 
This  solut ion with an i n c r e a s e d  Na ion concent ra t ion  and with 
Novocain was then r ep l aced  by a solut ion with a Novocain concen-  
t r a t i on  of 5 �9 10 -5 g / m l ,  but made up in R i n g e r ' s  solut ion with 
a n o r m a l  NaC1 concentra t ion.  This causes  h y p e r p o l a r i z a t i o n  
of the membrane ,  a marked  i n c r e a s e  in CD, and a marked  de-  
c r e a s e  in the ampli tude of the AP (Fig.  2F). In o ther  words ,  
the e l e c t r i c a l  ac t iv i ty  is  modif ied,  a c h a r a c t e r i s t i c  fea ture  of 
the ac t ion of Novocain in this  concentra t ion .  

As the r e s u l t s  of the o ther  expe r imen t s  showed, an in -  
c r e a s e  in the Na ion concent ra t ion  in solut ion always weakened 
the inh ib i tory  act ion of Novocain. 

The r e s u l t s  of e a r l i e r  inves t iga t ions  showed that  Novo- 
cain  lowers  the pe r m e a b i l i t y  of the m e m b r a n e s  of the giant axon 
of the squid and on the node of Ranvier ,  and prevents  an in -  
c r e a s e  in i t s  p e r m e a b i l i t y  dur ing sudden depola r iza t ion ,  i .e . ,  it  
causes  inact ivat ion of PNa [1-4, 8, 9]. F r o m  this  point of view 
the r e s u l t s  obtained in the p re sen t  invest igat ion,  demons t r a t ing  
the influence of a low sodium ion concent ra t ion  in the solut ion 
on the Novocain effect,  can be c l e a r l y  unders tood.  

A d e c r e a s e  in the Na ion concent ra t ion  in the medium is  
known to reduce the incoming sodium c u r r e n t  [12-14]. As a r e -  
sul t  of th is ,  the AP and CD a re  i n c r e a s e d  and the ampli tude and 
s t eepness  of the ascending  phase  of the AP a re  lowered.  
C l e a r l y  in the case  of a low sodium ion concent ra t ion  in so lu -  
tion, Novocain, by inact iva t ing  PNa, causes  deepe r  inhibi t ion of 
e l e c t r i c a l  a c t i v i t y  of the node than in a solut ion with a no rma l  
sodium ion concentra t ion.  

An i n c r e a s e  in the Na ion concent ra t ion  in the medium has a d i r e c t l y  opposi te  influence on the Novo- 
ca in  effect .  Changes in RP and in the ampli tude of the AP and i ts  s t eepness  in the ascending  phase in a 
solut ion with high Na ion concent ra t ion  a r e  explained by Hodgkin and Huxley [13] on the grotmds that  in 
these  condit ions the equ i l i b r ium sodium potent ia l  is  i nc reased ,  the reby  i n c r e a s i n g  the inflowing sodium 
c u r r e n t  through the r e s t i n g  and ac t ive  m e m b r a n e  of the nerve  f iber .  This  leads  to a reduc t ion  in the RP of 
the node and to an i n c r e a s e  in i ts  AP.  

In these  condit ions inac t iva t ion  of sodium p e r m e a b i l i t y  caused  by Novocain in a concent ra t ion  of 5 . 
10 -5 g / m l  is  insuff ic ient  for  comple te ly  s u p p r e s s i n g  AP genera t ion .  An i n c r e a s e  in the Na ion concen t r a -  
t ion in solut ion thus f ac i l i t a t e s  r e s t o r a t i o n  of the ampl i tude  of the AP of the novocainized nerve f iber .  
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