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Role of the Grotthuss Mechanism for 
Protonic and Electronic Transport in the 
Transmission of Impulses along Muscle 

Fibres 
THE rate-determining step in the Grotthuss mechanism 

for protonic conduction in aqueous solution at ordinary 
pressures is tho rotation of water molecules to assume the 
particular H-bonded mutual orientation necessary for the 
actual proton flip 1 • Our present work on the activation 
energy of protonic conduction in 0·1 0 M aqueous solution 
of hydrochloric acid in the 0°-10° c region has failed to 
disclose a maximum in this parameter at the temperature 
of maximum density in contrast to sea water2 and 0·1 0 M 
potassium chloride solutions•. 

This and other evidence strongly suggest that, so long 
as 'free' water is available, protonic conduction is con
fined to the 'free', easily rotatable water monomers 
between the clusters and that the path of protonic con
de~ction avoids the ice-like structure of the clusters. 

Recently, on the basis of nuclear magnetic resonance 
investigations, Bratton, Hopkins and Weinberg• report 
that in relaxed muscle fibre the water molecules are bound 
to the protein in a relatively tight and orderly manner 
much as in ice, but that the water is released and set 'free' 
when the muscle contracts. Thus, in its contracted but 
not in its relaxed state, a muscle fibre can sustain trans
port processes by the Grotthuss mechanism in the hydra
tion sheath of its protein molecules. While in such a 
state, electrical impulses can be transmitted by protonic 
conduction or, since certain electron-exchange reactions 
can occur over extended bridges of water molecules by the 
Grotthuss mechanism5 •6 , chemical energy resulting in very 
long-range redox reactions can also be transmitted. Bind
ing and setting 'free' water molecules can be said to 
function as an off-on switch for the transmission of energy. 
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Effect of Antidiuretic Hormone on 
Non-osmotic Flow across Frog Skin 

THERE have been numerous investigations recently on 
the effect of antidiuretic hormone (ADH) on frog skin1-•. 

Experiments have demonstrated that ADH increases the 
osmotic permeability of the skin, while leaving the 
diffusion permeability to water nearly unaltered, by 
increasing the size of 'pores' in the outer membrane. 
Moreover, ADH is known to increase the active rate of 
sodium transport across the skin5 •6 • 

Across frog skin, like many other epithe!ia, there exists 
a net 'inward' flow of water in the absence of hydrostatic 
and osmotic pressure gradients. This non-osmotic flow 
was first discovered by Reid7 and has been investigated 
recently by other workers8 ·• who found evidence against 
a close relationship between the fiows of sodium and water. 
No investigation has been reported on the effect of ADH 
on non-osmotic flow across the skin, and such experiments 
may help to decide whether or not water and active 
solute flow are linked during stimulation. 

The abdominal skin of Rana temporaria was used. Net 
water transport was measured by a gravimetric chamber 
t echnique (to be described elsewhere) permitting simul
taneous measurement of potential differences and short-

circuit current. The basic m edium was: 97·5 l:Ih'Vi sodium 
chloride, 2·5 mM potassium chloride and l mM calcium 
chloride. This Ringer was buffered with tris at pH 
7·6-7 ·7, and in some experiments various amounts of 
sucrose were added to increase its osmotic pressure. In 
all experiments the tissue was equilibrated with the media 
for 1 h before commencing the two-hourly weight measure
ments. ADH ('Pitressin', Parke Davis) was always added 
to the internal solution to give a final concentration of 
0·1 u (mi. after an initial 2-h control period of measurement 
had elapsed. Net water fluxes were expressed in mgfcm 2 h . 

Fig. 1 shows a typical result of experiments on the effect 
of ADH on non-osmotic flow and short-circuit current 
(SCC) across frog skin. Strikingly there is a transient 
increase in the water transport while there exists a sus
t a ined increase in active sodium transport. This transient 
is also evident in the presence of osmotic flows across the 
skin after the addition of ADH (Fig. 2). The broken line 
represents the calculated regression lines for the control 
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Fig. 1. Effect of ADH on short-circuit current and non-osmotic flow 
across frog skin. ADH was added at a time indicated by the arrow 
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Fig. 2. Net water flux as a funct ion of osmotic gradient across the skin. 
Each point represents the average value of 10 measurements on five 
skins. The bars indicate ± S.E. a, and C, are the concentrations of 
sucrose in the internal and external Ringer solutlon.s. Each skin served 
as its own control; the broken line represents the control period while 
the solid lines, A and B, represent the first and the second two-hour 
periods after treatment with ADH. 0, Control period: 0 and e, first 

and second period after addition of ADH 
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