
©          Nature Publishing Group1965

1300 NATURE September 18, 1965 voL :!07 

membrane(s) rather than by direct action on the sodium 
'pump'1•. 

It is therefore possible that only those membranes 
which allow sodium in on account of a process complying 
with saturation kinetics are capable of response to aldo
sterone which would somehow weaken this diffusion 
barrier. 
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Adenosine Triphosphate and Muscular 
Contraction and Relaxation 

THERE are throe observations which suggest that dimin
ution of the adenosine triphosphate (ATP) content of 
muscle leads to contraction: (a) the ATP and creatine 
phosphate (CP) content of isolated striated muscle is about 
5 times that of smooth muscle1, and the latter always 
shows a state of partial contraction or tonus; (b) diminu
tion of the ATP content of smooth muscle leads to con
traction, and increase to rolaxation2 ; (c) adrenaline, which 
causes relaxation of smooth muscle, increases the ATP 
content of muscle by about 70 per cent in the first 15 sec 3 • 

It may be argued that the contraction of muscle when 
its ATP content diminishes is not physiological, but is 
some sort of rigor; the action of adrenaline, however, and 
the presence of tone, suggests that increase in the ATP 
content of the muscle leads to a physiological relaxation, 
and decrease in the ATP content to a physiological con
traction. It is therefore tempting to assume that the 
normal contraction of muscle is due to sudden diminution 
of its ATP content. 

It may be assumed that the primary event in muscular 
contraction is the breakdown of ATP. The protein-ATP 
complex in relaxed muscle breaks down into protein
ADP complex and phosphate, resulting in tho contraction 
of muscle and release of energy. Tho energy which is re
leased by the breakdown of ATP may be considered as a 
waste in the first instance for the purpose of contraction. 
It may be assumed that this energy is stored in some way 
and is utilized later to regenerate the lost ATP and 
CP; the energy may be stored by raising the energy 
level of some organic or inorganic ion such as magnesium. 
Sodium and potassium are not important for contraction, 
as shown by the fact that when frog stomach muscle is 

frequently washed with half isotonic (0·112 M) solution of 
sucrose, it loses all its sodium in I h (ref. 4), and retains 
only 50 per cent of its potassium (30-35 mM/kg of wet 
muscle) 5, but continues to contract spontaneously for 
about 24 h. Frog heart, when perfused with half-isotonic 
solution of sucrose, loses all sodium in I h and retains only 
22 per cent of its potassium (16 mM/kg) 5, but continues 
to contract spontaneously for 2-7 h 6 • The foregoing 
hypothesis reconciles the findings that the heat production 
in muscle precedes contraction 7 with the view that 
relaxation of muscle is active8 • 9 • 

It has been proposed that adrenaline causes relaxation 
of smooth muscle by producing lactic acid 10. As adrenaline 
causes increase in oxygen consumptionu, the lactic acid 
production is probably a manifestat,ion of increased metab
olism and not the cause of relaxation. It is very likely that 
adrenaline causes relaxation by increasing the ATP content 
of smooth muscle. 
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Inhibition of Aortic Calcification by means of 
Pyrophosphate and Polyphosphates 

SOME years ago we showed that inorganic pyrophosphate 
and other longer-chain condensed phosphates could 
inhibit calcium phosphate precipitation in vitro at con
centrations as low as 10-6 M (ref. 1). Later we found that 
pyrophosphate is a normal constituent of both urine2 

and plasma3, and we suggested that it might therefore be 
important in vivo in preventing collagen and other 
nucleating substances from calcifying3 • 4 ; calcification 
would then proceed only after the inhibitor had been 
destroyed by pyrophosphatase, an enzyme present in 
high concentrations at mineralizing sites5 - 7 • Indirect 
support for the inhibitory role of pyre-phosphate in vivo 
has emerged from studies on urolithiasis. Patients with 
renal stones excrete less pyrophosphate than normaJ3, 8 

and the excretion of pyrophosphate can be raised by 
feeding orthophosphate8 • 9, a procedure claimed to prevent 
stone formation10. 

We have tried to gain more direct evidence that con
densed phosphates can inhibit calcification in vivo. As 
our test system we have used the calcification of the aorta 
in rats treated with large doses of vitamin D. Rats were 
given daily doses of 75,000 units/kg vitamin D 3 orally 
for 5 days, an amount known to induce heterotopic 
calcificationu. When the animals were killed 13 days 
after beginning the treatment, the aorta was nearly 
always heavily calcified. 

When we gave subcutaneous injections of pyrophos
phate or Graham salt (a long-chain polyphosphate, 
n~ 20) to groups of similarly treated animals from the 
day before the first dose of vitamin D 3 until they were 
killed, the calcification was, with the exception of the 
16O-g group receiving 1 mg phosphorus/kg of Graham 
salt, either reduced or completely prevented. Equivalent 
doses of orthophosphate were ineffective. The results of 
the calcium analysis expressed in mM calcium/g dry wt. 
of aorta are shown in Fig. I. Histological analysis of the 
calcification using silver nitrate correlated well with the, 
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