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as high as those following intramuscular injections of 
500,000 units suspended in peanut oil and beeswax. 
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Di-isopropyl fluorophosphate (DFP) abolishes the 
nerve action potential, but this effect is reversible for 
a limited period of time. D F P  is a strong inhibitor 
of cholinesterase. A striking parallelism between the 
reappearance of the action potential and cholinester- 
ase activity in' nerve can be demonstrated during the 
recovery from D F P  poisoning. The inhibition of 
cholinesterase by D F P  can also be reversed i n  vitro 
during a period of time compaIable to that in the 
experiments on nerves (1). These observations are 
consistent with the concept that cholinesterase activity 
and, consequently, the release of acetylcholine are 
essential events in the conduction of the nerve impulse. 

I t  is generally considered that the mechanisms of 
the axonal and end-plate potentials are basically iden- 
tical (4). The role of acetylcholine in the end-plate 
potential is supported by the relation between the 
activity of cholinesterase and the action potential of 
the electric organ, which may be considered analogous 
to the end-plate potential (5). Further support is 
found in the persistence of the high cholinesterase 
concentration at the motor end plate after complete 
degeneration of the axon (soleplate) (2, 3). 

No facts are available concerning the chemical 
mechanism involved in the action potential of muscle, 
although many physiologists believe that the electrical 
manifestations of nerve and muscle are fundamentally 
identical. Muscle fibers and nerves are the only tis- 
sues which contain specific cholinesterase (6).  This 
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makes possible the assumption that acetylcholine plays 
a role in both tissues. However, the presence of an 
enzyme alone does not permit an interpretation of its 
function. We have .therefore tested whether D F P  
abolishes the action potential of muscle as it does that 
of nerve. ' 

Frogs (Rana pi@ens) were curarized with crystal- 
line d-tubocurarine chloride ( Squibb) . After curari- 
zation, the sartorius muscle was excised and mounted 
in a specially constructed chamber. The action poten- 
tials evoked by single electrical stimuli were recorded 
by means of a cathode-ray oscillograph. When not 
stimulated, the muscle was kept immersed in a Ringer 
solution containing 0.1 mg./cc. of curarine. This solu- 
tion was then replaced by an 'ideptical solution con-
taining DFP. Under the effect of DFP  the action 
potential of the muscle rapidly disappears. With a 
concentration of 2 mg. of DFP/cc., the action poten- 
tial is abolished in as little as 8 minutes. With a con- 
centration of 1mg. of DFP/cc., the abolition takes 
longer (20-30 minutes). After washing with the 
curarine Ringer solution (without DFP)  the reap- 
pearance of the response is observed. 

These experiments present the first evidence that 
acetylcholine may play a role in the muscle action 
potential. They are consistent with the idea that the 
natures of axon, end-plate, and muscle action poten- 
tials are basically identical. 
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The second law of thermodynamics is commonly 
derived by means of an extended series of differential 
equations not easy to follow and involving so many 
assumptions and limitations that the result is not alto- 
gether convincing. I ts  physical interpretation is given 
in a wide variety of statements. That a number of 
the fundamental relations of thermodynamics may be 
simply and directly derived from it appears to have 
been entirely overlooked. I t  is here derived as a by- 


