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Exper iments  on single nodes of Ranvier  showed that procaine (0.36 mM), bencain (0.38 mM), 
cocaine (0.29 mM), and anesthesin (benzocaine) (0.3 mM) completely prevent the membrane 
f rom generating an action potential (AP) and slightly increased (by 3-6 mV) the initial r e s t -  
ing potential.  This inhibition is abolished by hyperpolar iza t ion of the membrane by 20-25 mV, 
and AP generat ion in the nodes is res tored .  Similar  res tora t ion  of AP was obtained by in- 
c reas ing  the Ca concentrat ion to 36 mM in the solutions of procaine ,  bencain, and cocaine.  
An excess of Ca in the anesthesia  solution did not res tore  e lect r ical  activity in the node. 
The res tora t ive  effect of the hyperpolar iz ing cur ren t  and an excess of Ca in the solut{on are 
regarded as the resul t  of abolition of inactivation of the sodium conduction sys t em of the 
membranes  induced by the local anesthetics~ It is postulated that the absence of res tora t ion  
of AP with an increase  in the Ca concentrat ion in the solution of anesthesin is due to the un-  
ique s te reochemica l  s t ruc ture  of the molecule of this anesthetic and its physicochemical  prop-  
e r t i es .  The possible mechanism of interact ion between local anesthetics and the membrane  
at the molecular  level is d iscussed .  

The results  of investigations on single nodes of Banvier  demonstrate  that the inhibitory action of p ro -  
caine is due to inactivation of the sodium permeabi l i ty  sys tem (PNa) of the membrane [1, 2, 7, 8, 12]. 

It was accordingly asked whether  the inhibitory effects of other local anesthetics ~ (benzocaine),differ-  
ing in the i r  chemical  s t ruc ture  f rom procaine ,  can also be explained by inactivation of PNa. 

In the investigation descr ibed below changes in the e lec t r ica l  activity of the node of Ranvier were 
studied under  the influence of bencain, cocaine,  and anesthesin in a medium of normal  ionic composit ion,  
in solutions with an increased Caconcentra t ion  [Ca]i n, and during hyperpolar iza t ion of the membrane .  The 
resul ts  of these exper iments  were  compared with changes in e lec t r ica l  activity induced by procaine.  

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

Experiments  were  carr ied out on isolated nodes of Ranvier  of single nerve fibers isolated [19] f rom 
the sciat ic nerve of the frog (Rana temporar ia ) .  Action potentials (APs) were recorded in a special  t r ans -  
parent plast ic chamber  in which one node was kept in the middle compar tment ,  isolated f rom neighboring 
nodes in the side compar tments  by two insulating a i r  br idges .  The stimulating and recording e lec t r ica l  c i r -  
cuits were  connected with the nodes of the nerve fiber by means of nonpolarizing Zn-LnSO 4 e lec t rodes .  

The record ing  c i rcui t  incorporated a cathode follower and two-channel dc amplif ier .  One channel of 
the amplif ier  was intended for recording changes in membrane potential, the other  for recording the maxi-  
ma[ s teepness of the ascending phase of the AP.  For  this purpose the signal f rom the output of the f i rs t  
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amplif ier  was led through a differential RC-ci rcui t  with 
t ime constant of 10 psec (100 pF,  100 k~) to the input of 
the second amplif ier .  Ringer ' s  solutions of the follow- 
ing composit ion were  used: NaCI 110 raM, KC1 1.8 raM, 
CaC12 1.84 mM, tris-HC1 buffer,  pH 7.3. The exper i -  
ments were car r ied  out at 19-21~ 

EXPERIMENTAL RESULTS 

Table 1 gives the results of 20 experiments car- 
ried out with the four local anesthetics: procaine, ben- 

cain, cocaine, and anesthesin. They show that the mean 

amplitude of the AP in Ringer's solution varied in the 

different series of experiments from 75.2 • 3.9 to 82.8 + 
3.9 mV. The maximal steepness of the ascending phase 

of the AP (V) varied from 707 + 30 to 874 • 26 V/sec, 

and the critical depolarization level (CDL) varied from 

16.6 �9 1.2 to 19.2 • 3.3 mVo All values were obtained 

without allowing for a short-circuiting factor. Hyper- 

polarization of the membrane by an anodal current in- 

creased the AP amplitude on the average by 13-21% and 

by 23-33%. Under the influence of anodal hyperpolari- 

zation of the membrane CDL was reduced by 19-26% of 
its initial values. Trea tment  of the node with procaine,  
bencain, cocaine, and anesthesin in low concentrat ions 
(0.18, 0.19, 0.14, and 0.15 mM, respectively) reduced the 
amplitude and steepness of the ascending phase of the 
AP and increased CDL. With an increase  in concent ra-  
tion of procaine to 0.36 mM, bencain to 0.38 mM, co-  
caine to 0.29 mM, and anesthesin to 0.30 raM, the node 
became unable to generate APs,  and only local responses  
occurred even to s t rong stimuli.  In these concentrat ions 
the local anesthetics tested caused a shift of the res t ing 
potential by 3-6 mV toward hyperpolar izat ion.  The ac -  
tion of a hyperpolar iz ing current  on nodes treated with 
local anesthetics res tored their  AP generation.  The 
greates t  res tora t ion  of the amplitude and steepness of 
the ascending phase of AP took place in the presence  of 
hyperpolar iza t ion of the membrane by 20-25 mV. Under 
these conditions also,  however ,  the amplitude and s teep-  
ness of the AP were  9-22% less than initially. After 
r insing of the nodes af ter  exposure to the local anes thet -  
ics with Ringer ' s  solution their  ability to generate APs 
was res to red .  The amplitude and ~r were 9-14 and 9-  
28%, respect ively ,  below the initial values.  After r insing 
CDL fell but was still  h igher  than before t rea tment  with 
the local anesthet ics .  

It is also c lear  f rom Table 1 that with an increase 
in [Ca]i n to 36 mM in solutions of procaine (0.36 mM), 
bencain (0.38 mM), and cocaine (0.29 mM) the nodes of 
Ranvier  regained their  ability to generate APs just as 
during hyperpolar iza t ion of the membrane .  However,  
the values of ~ were 17-33% less than initially. Unlike 
procaine,  bencain, and cocaine,  the inhibitory action of 
anesthesin (0.3 mM) was not abolished by an excess of 
Ca ++. In these nodes only local responses  appeared 
even to s t rong st imuli .  
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The resul ts  indicate that changes in the pa rame te r s  of e lec t r ica l  activity evoked by the action of ben-  
cain, cocaine,  and anesthesin on the node membrane are  s imi la r  to the effect of procaine.  This s imi lar i ty  
suggests that local  anesthet ics ,  like procaine ,  prevent an increase in the sodium permeabi l i ty  of the m e m -  
brane (PNa) in response to its depolarization.  

Inactivation of PNa ought to be abolished by hyperpolar iza t ion of the membrane [15]. In fact, in these 
experiments  a hyperpolar iz ing  current  res tored AP generation in nodes altered by procaine,  bencain, co-  
caine,  and anesthesino However,  hyperpolar iza t ion of the membrane is not the only factor  abolishing inac-  
tivation of PNa. Experiments  on the squid giant axon [14] have shown that an increase in [Ca]in, like hype r -  
polar izat ion of the membrane ,  reduces the degree  of PNa inactivation. In experiments with an increase  in 
[Ca]in in solutions of procaine ,  bencaine,  and cocaine res tora t ion  of AP generation was observed.  Similar  
res tora t ion  of AP with an increase  in [Ca]in was observed by other  workers  in neurons of the cat spinal 
ganglion [10] and skeletal  muscle fibers of the frog [4], t reated with procaine.  It was concluded f romthese  
observat ions that Ca cations,  like the hyperpolar iz ing current ,  abolish the inactivation of PNa which lies at 
the basis of the inhibitory action of the local anesthet ics .  However,  some workers  who studied the effect 
of procaine and xylocaine on ionic cur ren ts  of nerve fibers consider  that local anesthetics cause a decrease  
in the maximal value of PNa [11, 1, 17, 20]. The causes of the disagreement  on this question have been 
examined by the wr i t e r  previous ly  [7, 8]. 

It was pointed out above that the effects of anesthesin,  unlike those of procaine ,  bencain, and cocaine, 
are not abolished by an excess  of Ca. The wr i t e r  considers  that this is connected with the s te reochemical  
s t ruc ture  of the anesthesin molecule and its physicochemical  proper t ies .  

The anesthesin molecule has no t e r t i a ry  nitrogen atom in its alkyl chain, which makes it readily 
soluble in lipids but much less soluble in water  [3]. 

Modern views on the molecular  mechanism of the inhibitory action of local anesthetics are based on 
thei r  ability to penetrate into the lipid layers of excitable membranes  [5, 6, 18] and to displace Ca ions 
competi t ively f rom the points of the i r  interact ion with lipid groups [9, 13]~ This behavior evidently disturbs 
the organizat ion of the s t ruc ture  of the membrane with the resul t ing development of PNa inactivation. An 
increase  in [Ca]in brings about the r eve r se  p rocess  : displacement  of the anesthetics by Ca ions f rom the 
membrane  lipids. Unlike procaine and the other  local anesthet ics ,  anesthesin,  with its g rea te r  lipophilieity, 
is probably much more  f i rmly fixed on the membrane lipids. That is why, with an increase  in [Ca]in, it is 
not displaced f rom the lipid s t ruc tures  of the membrane and, consequently,  the ability of the node to gene- 
rate APs is not res tored .  The hypothesis  of the s t ronger  bond between the anesthesin molecules and the 
lipid complexes of the membrane is perhaps supported by the fact that the activity of the nodes is res tored 
much less readi ly after exposure to anesthesin than to procaine ,  bencain, or cocaine. 
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