
perature (9). In each case the sharp 
transition to the superconducting phase 
in the annealed samples is almost cer- 

tainly representative of the equilibrium 
properties of metallic gallium antimon- 
ide; it seems reasonable to conclude 
that the transition temperature is 4.24? 
? 0.10?K. 

The first change of the detector coil 
from the normal state on cooling at 
different magnetic fields can be taken 
as the definition of He-. So defined 

He2 is 2640 gauss at 3.5?K for the an- 
nealed samples, and it decreases almost 

linearly with temperature to the tran- 
sition. 

The transition temperature for GaSb 

(4.24? :- 0.10?K) is higher than that 
for InSb [2.1?K (5)] or Sn (3.7?K) 
which have similar crystal structures. 
This trend is similar to that in the 

superconducting phases of Group IIIB 

elements-Tl, 2.36?K; In, 3.396?K; 
Ga(II), 7.5?K (10)-but opposite to 
that of Group VB elements-Bi(III), 
7.25?K at 28 kb (11, 12); Bi(II), 
3.92?K at 25 kb (12); Sb, 2.6?-2.7?K 
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Sodium Pump: Its Electrical 

Effects in Skeletal Muscle 

Abstract. The variations in the mem- 
brane potentials of skeletal muscle fibers 
which follow high rates of sodium ex- 
trusion are not due to changes in the 
ionic concentrations of the fiber; ex- 

periments suggest that sodium is ex- 
truded by an electrogenic mechanism. 

One of the problems in studying the 
mechanism by which ionic concentra- 
tions in nerve and muscle are main- 
tained in a steady state at rest, in spite 
of the electrochemical gradient, is that 

of determining whether the sodium 

pump is electrically neutral or not. 
The possibility of an electroneutral 

pump moving a potassium ion inward 
for each sodium ion that passes out 
was first suggested for red cells by 
Shaw (1) and by Hodgkin and Keynes 
(2) for nonmyelinated nerve fibers; a 

linkage between the fluxes of both ions 
has also been suggested for skeletal 
muscle (3). According to the results 
obtained by Kernan (4), Keynes and 

Rybova (5), and Mullins and Awad 
(6), however, the sodium pump is not 
electroneutral in skeletal muscle; Mul- 
lins and Noda (7) hold that if there is 
a linkage between the sodium and po- 
tassium pumps, the coupling ratio can- 
not be higher than one potassium ion 

pumped in for each three sodium ions 

pumped out; this makes the mechanism 
nonelectroneutral. In this report new 
evidence is presented in favor of the 

non-neutrality of the sodium pump in 
the skeletal muscle of the South Amer- 
ican frog. 

If there exists in the muscle mem- 
brane a potassium pump linked in some 

way to the sodium extrusion mecha- 
nism, the equivalent electric circuit of 
the membrane (8) may be expanded 
by adding two direct-current (constant 
or not) generators, representing the 

pumps, as shown in Fig. 1. 
In such a circuit, the membrane po- 

tential difference V, - Vi may be al- 
tered by two mechanisms; (i) by chang- 
ing the currents iNa,p and iK,, generated 
by the pumps; (ii) by causing a change 
in the electromotive forces EK, EN,, and 

Ec(, which represent, respectively, the 

equilibrium potential for K+, Na+, 
and Cl-. If the two pumped currents 

compensate each other (the pump being 
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Table 1. Changes in membrane potential and 
extrusion of sodium. 

Extrusion Membrane Cor- 
of Na potential rected 

Expt. (mmole poten- 
liter-l A tial 

3?C 25?C min-1) (mv) (mv) (mv) 

A 0.18 79 96 10 
B .50 46 92 42 
C .36 46 76 26 
D .29 63 86 17 
E .23 61 76 9 
F .24 63 77 8 
G .15 61 73 6 
H .11 63 77 8 
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Vi Vi 

Fig. 1. Equivalent electric circuit of the 
membrane. Ey., EK, and Eci are the equi- 
librium potentials of Na+, K+, and Cl-, 
respectively; Cm is membrane capacity; 
i.N, iK, and icl are the passive currents of 
Na+, KI, and C1-. P., and PR are ion 
permeabilities; iNa,p and iK,p are the cur- 
rents generated by the Na and K pumps; 
Vo and Vi are potentials outside and in- 
side the membrane. 
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Fig. 2. Membrane potential plotted against 
time for muscles A, E, F, and H (see 
Table 1). Each point is a mean of 10 to 
12 punctures. 
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Fig. 3. Changes (corrected) in potential 
plotted against sodium extrusion. Circles 
represent values taken from Table 1. 

electrogenic. The second mechanism 
will always lead to a change of the 
membrane potential (regardless of pump 
neutrality), but only because of changes 
in ionic concentrations produced by the 
pump. Such an alteration requires time 
for significant changes in ion concen- 
trations to occur. According to this line 
of reasoning, the mechanism by which 
membrane potentials are generated may 
be deduced by recording the change in 
membrane potential with time in re- 
sponse to changes in the rate of ion 
pumping. Change in the rate of pump- 
ing can be initiated by change in tem- 
perature (9). 

Sartorius muscles of the South Amer- 
ican frog, Leptodactylus ocelatus, were 
dissected and kept overnight in the cold 
(3?C) in potassium-free Ringer's solu- 
tion (per liter: Na+, 120 mmole; 
Ca++, 1.8 mmole; Cl-, 123.6 mmole) 
to increase the internal sodium concen- 
tration of the fibers. Next morning, 
both muscles of the same pair were 
transferred to normal Ringer solution 
(per liter: Na+, 120 mmole; K+, 2.5 
mmole; Ca++, 1.8 mmole; Cl-, 126.1 
mmole) at 3?C, and the membrane po- 
tential was recorded by the microelec- 
trode technique (10). One of the 
muscles (A) was separated in a crucible 
for analysis, while the other (B) was 
kept in the bathing solution. The tem- 
perature of the bath was then raised as 
rapidly as possible to 25?C, and the 
potential of the membrane was recorded 
for 1 hour by repeated puncturing of 
different muscle fibers. The muscle was 
then taken from the bath and both 
muscles were analyzed for sodium by 
flame photometry. From the initial con- 
centration (of muscle A) and the final 
one (of B) and the time elapsed, an 
estimate was made of the amount of 
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are shown in Fig. 2, where the tempera- 
ture was changed at time zero. As the 
temperature changed, the potential of 
the membrane increased. The rise was 
rather steep at the beginning, but after 
a few minutes it reached a maximum 
and then declined slowly. A maximum 
potential appeared in all the experi- 
ments, and the change in the potential 
AV was always higher than the change 
in potential that would be obtained by 
changing temperature T in the equation 
for the potential of a membrane (11) 

RT PK[K]i + PxN.[Na]i + Pci[C1]o -V F oge Pl [K]o + PN[tNa]o + Pi[ClhI' 

In this equation R is the gas constant, 
F the Faraday constant, PK, PNa, and PcI 
are, respectively, the permeabilities for 
K+, Na+, and C1- and the symbols 
within brackets represent concentration; 
subscripts o and i indicate, respectively, 
outside and inside. After 20 to 30 
minutes the result showed considerable 
variation, although in all the experi- 
ments there was a tendency for the 
potential to decline, as shown by the 
dashed lines in Fig. 2. Table 1 shows 
the changes in sodium concentration 
per unit time, as well as the potentials 
obtained from several experiments. The 
last column gives the maximum cor- 
rected potential with the effect of tem- 
perature taken into account; that is, 
the maximum potential change observed 
minus the change obtained by intro- 
ducing the same temperature change in 
the above equation. Figure 3 shows the 
corrected changes in potential plotted 
against sodium extrusion per unit time. 
It is possible to draw a line passing 
through the origin, which means that if 
there is no sodium extrusion, the po- 
tential does not change. Evidently, there 
is a direct relation between sodium ex- 
trusion and potential change, although 
it is not yet possible to establish a 
function that relates both variables. 

The curves in Fig. 2 show that the 
maximum change in potential occurs in 
a time so short that internal ion con- 
centrations have not changed. For ex- 
ample, in experiments E and F (see 
Table 1) the change in the potassium 
concentration in 6 minutes might be 
1.5 mmole/liter at most, which is not 
enough to explain a potential change 
of about 8 mv observed within that 
period. With respect to chloride, if it is 
assumed that it is passively distributed, 
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across the membrane would increase 
until the passive currents of chloride 
and potassium would compensate its 
effects. This would occur within the 
first 10 minutes at the maximum height 
of the curves. The final decline of the 
curves might be explained by a decrease 
in the rate of the pump as the concen- 
tration of sodium decreases. 

ANTONIO S. FRUMENTO 

Facultad de Ciencias Exactas y 
Naturales, Universidad de Buenos 
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Uracil Mustard: A Potent Inducer 
of Lung Tumors in Mice 

Abstract. Uracil mustard, injected 
intraperitoneally, increased the inci- 
dence and average number of pulmo- 
nary tumors in A/J mice. In compari- 
son to a typical alkylating agent, nitro- 
gen mustard, or to urethan, uracil 
mustard (on a molar basis) was con- 
siderably more carcinogenic. 

The carcinogenic polycyclic aroma- 
tic hydrocarbons (1), urethan (2, 3), 
and both sulfur mustard and nitrogen 
mustard (4) increase the incidence and 
average number of pulmonary tumors 
in inbred strains of mice. This fact is 
the basis of an assay of carcinogens 
that has been used in numerous in- 
vestigations to study the effects of strain, 
age, diet, sex, and other factors (5). 
The system is useful because of the rel- 
atively short latent period before tu- 
mors arise. Also the assay may be 
quantitatively evaluated in both the 
percentage of the tumor-bearing mice 
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Uracil Mustard: A Potent Inducer 
of Lung Tumors in Mice 

Abstract. Uracil mustard, injected 
intraperitoneally, increased the inci- 
dence and average number of pulmo- 
nary tumors in A/J mice. In compari- 
son to a typical alkylating agent, nitro- 
gen mustard, or to urethan, uracil 
mustard (on a molar basis) was con- 
siderably more carcinogenic. 

The carcinogenic polycyclic aroma- 
tic hydrocarbons (1), urethan (2, 3), 
and both sulfur mustard and nitrogen 
mustard (4) increase the incidence and 
average number of pulmonary tumors 
in inbred strains of mice. This fact is 
the basis of an assay of carcinogens 
that has been used in numerous in- 
vestigations to study the effects of strain, 
age, diet, sex, and other factors (5). 
The system is useful because of the rel- 
atively short latent period before tu- 
mors arise. Also the assay may be 
quantitatively evaluated in both the 
percentage of the tumor-bearing mice 
and in the number of individual tumor 
nodules in the lungs. These two cri- 
teria permit accurate correlation of dos- 
age to response and of chemical struc- 
ture to activity. 
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