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Effect of insulin on short-circuit current acr.o~ isolated frog skin 
in the presence of calcium and mmjnesium 

The short-circuit current is defined as the external current necessar?" to decrease the 
potential difference across the frog skin to zero,. The sho, t-circuit current cow,  ~*'~-lds 
to the net flux of actively transported ions across the skinL 

In the present work the effect of insulin on short-circuit current in controls 
and in calcium- and magnesium-treated skins was studied. Paired experiments were 
made using symmetrical halv~q of abdominal skins of Rana pipiens. One skin half 
served as "control" for the other which will be called "experimental" half. Each 
skin half was mounted as a flat sh~ t  between solutions contained in 2 lucite chambers. 
The short-circuit current was measured following the method of USSL~G AND ZERAHN 1. 
The area of the skin exposed was 3.14 tin-'. 

The solutions used are shossm in Table I. Sodium concentration remained un- 
changed at 09.o raM. boiution A, which was used as control, contained 44.8 mM choline 
and no calcium. In the experimental solutions B and C, choline was replaced by 
22.4 mM of either calcium or magnesium. 

T A B L E  I 

COMPCSITION Ol ~" B.s, TI : ING SOLUTIONS* 

Solution Soaium Choline Ca&~c.m Magnesium 
(raM) CraM) (raM) (raM) 

A 6 9 . 0  4 4 . 8  - -  - -  
B 6 9 . 0  ~ 22 .  4 - -  

C 6 9 . 0  - -  - -  22 .4  

* O t h e r  i o n s  p r e s e n t :  p o t a s s i u m ,  2. 4 m M ;  c h l o r i d e ,  I x 3 . 5  r a M ;  b i c a r b o n a t e ,  2 .4  r a M .  

To study the effect of insulin on calcium-treated skins, a genes of 7 experiments 
was made. Initially, both sides of botk skin halves were bathed in Solution A, which 
was calcium free. o. 4 mM EDTA (tetrasodium salt) was added to the solution bathing 
both sides of the control skin half, and only to the outer side of the experimental 
skin half. When a steady short-circuit current was obtained, the solution bathing 
the outer side of the experimental skin half was replaced with solution B, containing 
22.4 mM calcium. The short-circuit current would fall after the addition of calcium. 
When a steady level was attained, insulin (glucagon-free) was added to both sides ot 
both skins halves to obtain concentration of 4 units/ml solution. From results given 
in Table II, ;t may be seen that calcium reduced the short-circuit current to about 
a half of the control values and insulin restored it to about 3/4 of the control values. 
Insulin increased the short-c'rcuit current only in the calcium-treated skin halves. 
In the calcium-free controls practically no change was observed. The effect of insulin 
on the calcium-treated skin halves and on the controls may be compared in terms 
of the fractional increase in the short-circuit current of the skin half. Fractional in- 
crease is defined as I / I  o -  x, where I is the current in the presence of insulin and I t  
is the c ~ t  in the absence ot insulin. The fl'actional increase in current due to in- 
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suiin is much greater  in the caicmm-treated sgtn~ . . . . . . . . . .  tnztll in tneL . . . . . . . . .  ct,,=tro~. The ditIerences 
t reated as paired data  are stat ist ically significant at the P < 0.05 level. 

q o s tudy the effect of insulin on magnesium-treated skins, a series of 6 experi- 
ments  was made in which the procedure described above was followed with the 
difference tha t  Solution C ( 2 2 . 4  mM of magnesium) was used, instead of Solution B, 
as the solution bathing the outer  side of the experimentM skin half. 

As m a y  be seen in Table I I I ,  magnesium reduced the short-circuit current  to 

about  a fourth of the control values, and insulin restored it  to about  half the control  
values. A rise in short-circuit current  was observed only in the magnesium-treated 

/. 
skin halves. In the magnesium-free controls, p~ c t i c a l l y  no change was observed. 
The effect of insulin on the magnesium-treated skin halves and on the controls were 
compared in terms of the fractional increase in current.  The fractional increase in 
current  due to insulin is much greater  in the magnesium-treated skin halves than 

TA~L~ l ! 

EFFECT OF INSULIN ON THE SIIORT-CIRCUIT CURRENT 
OF CALCIUM-~REATED AND CONTROL SKINS 

Expt. 
Calcium-temEed skins Control skins" 

1 . "  I * * *  1 / I .  - -  t 1~ I .  I I I I ,  - -  t 
(tJA) (t~A) (IJA) (pA) 

1 42  72 O.7X t 2 6  120 - -C .O  5 
2 62  84 0 . 3 5  1OO 92 - - 0 . 0 8  
3 34  60  0 . 7 9  I 3 4  150 O. IZ 
4 12o  i 3 o  0 . 0 8  2 o o  185 - - 0 . 0 7  
5 5 ° 82 0 . 6 4  I 3 4  144 0 . 0 8  
6 x l o  I 3 5  0 . 2 4  19o I9O o . o o  
7 I I O  115 0 . 0 5  215  215  O.OO 

* 0.4 mM EDTA adued to the solutions bathing both sides of the skin. 
"" Current in the absence of insulin. 

° *" Current after insulin addition. 
! 1 / I  o --  i is the insulin-induced fractional increase in cu-rent. 

TABIE IlI  

EFFECT OF INSULIN ON TI lE  SHORT-CIRCUIT CURRENT OF 
~qAGNESIUM-TREATED AND CONTROL SKINS 

Expt. 
M ngnssism-lvcattd skins Co~rol s~a,s* 

1. ' "  1 " "  i / 1 . - -  t | I .  1 
(t,A) (~A) (t~A) ( .A) 

!1".--  t 

t 34 70 !.o6 28o 28o o.oo 
2 56 8o • ~3 275 250 --o.x9 
3 4 4  xo2 L3~ 122 12o --0.02 

4 18 52 x.89 6x 73 o.x9 
5 2 6  4 2  0 . 6 2  3 8  3 3  - - u . l ~  
6 30 76 L53 158 x3o --0.78 

"0.4 mM EDTA added to the solutions bathing both s/des of the skin 
"" C u r r e n t  in the absence of insulin. 

""" C u r r e n t  alter insul/n mldit/on. 
! I l l  e - -  I r epresen t s  t h e  i n su l i n - i nduced  f rac t iona l  increase  m curren t .  
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in the controls. The differences, treated as paired data, are statistically significant 
at the P < o.oI level. I t  had been found sufficient to add insulin to the outside solution 
to obt~,in : - effect. 

Thus, insulin appears to increase the short~ircuit current across frog skin only 
if calcium of magnesium are present in the solution bathing the outer side of the skin. 

I t  has been reported that insulin increases the membrane potential f tl ........ "-~,. 
muscle of rat t, that  insulq;n and ar-tidiuxetic hormone share some metabolic action 3. 
and that insulin and lactate stimulate active sodium transport in musclO. 

- ~  j Insulin 

Control 

lnsuliqt I C e  

Fig. I. Con ' inuous  record of short-circuit current  during a typical experiment.  The experiment  
begins at the f ight-hand side and ends at left due to the direction of movement  of the chart.  
The upper  record shows the current  in the control experiment,  without calcium or magnesium. 
Insulin produces only a slight increase in current. The lower record shows the effect of insulin 
on the short-circuit current  after it ha~ been pa~ia!!y inhibited by calcium. Insulin produces 

a large and maintained increase in the current. 

The present experiments demonstrate an increase of the short-circuit current 
by insulin, in frog skins immersed in solutions without glucose or any other metabolic 
substrate. Further experiments are required to ascertain whether this action is on 
the active-transport mechanism or on the permeability of the skin. 
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