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Investigations on models of the cell  membrane have shown that a high-voltage discharge 
sharply aI ters  the vol t -ampere  charac te r i s t i c  curve of the frog skin, increasing the angle 
of the curve and displacing it toward negative values of potential. The action of the dis-  
charge is determined by the ionic composition of the surrounding medium. Adrenalin, 
dinitrophenol, strophanthin, and acetylcholine modify the vol t -ampere  charac te r i s t i c  curve 
of the skin and also affect the magnitude of the changes in its pa ramete r s  during the action 
of the d ischarge .  The authors attribute the effect descr ibed to the influence of the high- 
voltage discharge on permeabil i ty  of cell  membranes .  

Investigations on models of the cell  membrane,  using the frog skin for this purpose, have shown that 
the e lectr ic  pulse induces stepwise changes in rest ing potential, the concentration of sodium and potass ium 
solutions on either side of the skin having a marked influence on this p rocess .  The suggestion has been 
made that the effect observed is based on a momentary  increase  in permeabil i ty  of the cell membranes ,  
with rapid t ranslocat ion of ions leading to changes in the e lec t r ica l  pa rame te r s  of the skin [1]. 

To confi rm this hypothesis a ser ies  of experiments  was ca r r i ed  out to study the effect of a defibri l-  
la tor  discharge on the vo l t -ampere  charac te r i s t ic  curve (VACC) of the f rog ' s  skin. Investigations have 
shown that the VACC can be used as an indicator of the intensity and direction of ionic fluxes determined 
by the degree of permeabil i ty  of cell membranes  [2, 3]. 

EXPERIMENTAL METHOD 

The VACC was plotted from results obtained by an apparatus whose block-diagram is given in Fig. i. 
As a prelude to the study of the action of various compounds, the skin was kept for 15 min before the ex- 
periment in a solution of the corresponding substances (using Ringer's solution as the solvent), after which 
it was rinsed with distilled water. During application of the discharge the electrolytic terminals were re- 
moved, while after the discharge they were immersed in the corresponding compartments of the cell. The 
experiments were carried out at 18-20~ 

EXPERIMENTAL RESULTS AND DISCUSSION 

The electric pulse led to changes in VACC whose magnitude depended on the intensity of the dis- 
charge and the character of the ionic medium (Figs. 2 and 3). These changes consisted of an increase in 
the gradient of the straight lines, accompanied by their displacement toward negative potential values. 
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TABLE 1. Changes in Vol t -Ampere  Character is t ics  under the In 
fluence of High-Voltage Discharges  of Different Intensity 

Parameters of equations 

Intensity of dis- K~n* Na~5 K~+o Nasa ~ Ringer's 
charge (in kV) solution 

- o  b o l b  

0 (con~ol) 0,19 1,9 
0,5 0,58 9,9 
1,0 0,79 6,6 
2,0 0,85 8,6 
3,0 1,00 4,3 
4,0 1,10 8,8 

0,35 
0,45 
0,64 
0,80 
0,81 
0,91 

I 
--1,3 1,08 4,1 1,21 --22,2 I 1,07 6,2 

2:3 2,38 --13,0 4,03 --41,3 8,0 128,8 
4,05 --31,11 4,50 [--27,0[ 11,7 ] 23,5 

4,4 8,5 4,45 --60,0/12,251-104,01 14,01 96,4 
10,0 --145,0 / 13,50[--81,0[ 15,3 / 98,2 

--590 9,25 --92,5/i3,401--19,2}--27,7 / 6,9 

*Here and later  concentrat ions (K and Na) are given in mg%~ 

TABLE 2. Vol t -Ampere  Char-  
ac ter i s t ics  in Relation to Ion 
Con centration 

Concentra- 
tion of ions 
(in rag%) 

1 
4 
8 

16 
64 

350 

Parameters of equations 

K Na  

o t b  ~  
0,19 4,2 0,24 3,6 
0,24 6,7 0,19 3,1 
0,20 I 4,6 0,20 3,2 
0,251 3,6 0,21 1,8 
o,51 [--9,0 0,40 --2,2 

4,14 --11,8 2,08 1--36,2 

+t Z # 

! # 

Fig. 1. Scheme of apparatus for 
determining vol t -ampere  charac -  
te r i s t ic  curve of f rog ' s  skin: 1) 
c e l l  2) defibri l lator;  3) skin; O) 
outer surface of skin; I) inner 
surface of skin; 4) nickel e lec-  
trode; 5) measur ing electrode;  
6) auxiliary electrode;  7) e iec-  
t rolyt ic  terminal ;  8) nickel e lec-  
trode; 9) variable res i s to r ;  10) 
fixed res i s tor ;  11) dry cell; 12) 
key; 13) mic roammete r ;  14) LPU- 
01. 

TABLE 3. Changes in Volt- 
Ampere Charac ter i s t ics  with 
Time under Constant Condi- 
tions 

Time 
(in min) 

0 
5 

10 
15 
20 

I Parameters of equation~ 

before discharge I :i~s;~arg e 

K,, I  a,o 

~ 1 7 6  
0,15 3,5 0,28 4,8 0,97 10,6 
0,14 2,7 0,26 4,0 0,97 5,2 
3,!3 2,0[0,24 3,2[],97 3,8 
0,13 1,5 0,23 2,013,9712,8 
~,13 1,1 3,21 1,5 0,97 2,5 

TABLE 4. Changes in Volt- 
Ampere  Charac ter i s t ics  under 
the Combined Influence of a Dis-  
charge and of Various Substances 

.P arameters__ of equation_____~s 

Experi- ] before after 
mental ~ discharge discharge 
conditions | ~ a b a b 

Control 1,29 --32,~ I 6,14 --52,8. 
! 

Adzenalin ] 6,96 --52,C 7,06 42,0 
Acetylcholine I 4,82 --24,C 7,60 63,0 
Strophanthin [ 1,43 --17,2 4,40 --30,0~ 
Dinitrophenol I 9,65 --63,8t11,80 --38,2 

As the graphs show, the VACC of f rog ' s  skin consis ts  as a 
rule of a ser ies  of s traight  lines inclined at a cer tain angle to the 
absc issa  and intercepting par t  of the ordinate. For  analysis they can 
be descr ibed  by the equation for a straight  line y = a x  + b, where 
y is the current ,  x the potential on the membrane ,  b the intercept  
on the ordinate (the current  at ze ro  potential), and a the tangent of 
the angle of inclination of the straight  line to the absc issa .  This 
equation is more convenient for analysis  and i l lustrat ion.  

The changes in VACC under the influence of d ischarges  of 
different intensity are  shown in this form in Table 1. 

In Table 1 the s tr ict ly regular  increase  in the tangent of the 
angle of inclination with an increase  in intensity of the discharge 
will be noted. This suggests that differences in the gradient  of the 
VAAC depending on intensity are connected with the degree of change 
in permeabi l i ty  of the membranes  and, correspondingly,  with the 
quantitative difference in the shifts of ionic gradients .  This view is 
confirmed to some extent by the resul ts  of investigations in which 
the effect of var ious concentrat ions of ions on the VAAC was studied 
(Table 2)~ 

Analysis of these results shows that the parameters of the 
equations are  definitely dependent upon the concentrat ion within 
the range of concentrat ions f rom 16 to 35Q mg%. The changes in 
VAAC within the range of e lectrolyte  concentrat ions f rom 1 to 16 
mg% were not significant. 

To evaluate and disprove the effect of p rocesses  taking place 
in the skin during the experiment,  changes in the VAAC with time, 
while the conditions were kept constant, were  determined (Table 3). 
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Fig.  2. Changes in VACC of frog skin under the influence of a 
high-voltage discharge of increasing intensity (KC1 : H20; K 16 
mg%). 1) Control; 2) 0.5 kV, 3) 1 kV, 4) 2 kV, 5) 3kV, 6) 4 kV. 

Fig.  3. Change in VACC of frog skin under the influence of a 
high-voltage discharge of increasing intensity (NaC1 : H20; Na 
16 mg%). 1) Control, 2) 0.5 kV, 3) 1 kV, 4) 2 kV, 5) 3 kV, 6) 
4 kV. 

These changes were found to be not significant, and their  direction was opposite to that of the action 
of the discharge and of increasing concentrat ions of e lec t ro ly tes .  

Changes occur red  in the VAAC also when Ringer ' s  solution was present  on both sides of the skin. 
Under these conditions it could be used to study the action of the e lec t r ic  pulse in conjunction with the ef- 
fect of various substances (Table 4). 

The resul ts  indicate that these substances,  by changing the VAAC, have some influence on the pe rme-  
ability of the skin for the ions tested. The action of the e lec t r ic  pulse was to increase  the pa rame te r  a, 
and the degree by which this was done was determined by the proper t ies  of the compound. The increase  in 
this pa ramete r  was most  marked for the control  (R inge r -R inge r ) .  Under experimental  conditions the 
changes were less  marked,  especial ly during the action of adrenalin.  It can therefore be concluded that 
the compounds studied have a "protective" effect.  
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