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LETTERS TO THE EDITORS 
The Editors do not hol,d themselves responsible 
for opinions expressed by their correspo_nde'!"'ts. 
No notice is taken of anonymous communications 

Is Muscular Relaxation an Active Process? 
WHEN a single shock i.s appf1ed to a muscle it con

tracts and relaxes ; at constant length its tension 
rises and then falls, and under constant load it 
shortens and then lengthens. It has long been 
debated whether relaxation is an active or a passive 
process, whether lengthening after shortening is due 
to some positive internal activity, or merely to the 
effect of the external load in drawing the muscle out 
as its active contractile state disappears and its 
resting plasticity returns. Several independent 
observations (see ref. 1) favour the second view: (1) 
no heat is produced in relaxation, except such as can 
be attributed to the mechanical energy of the falling 
load ; (2) over a wide range of lengths less than the 
normal length in the living animal, a resting m~scle 
after relaxation shows a small but measurable tens10n ; 
and (3) over this range of lengths the mechanical 
latent period (the interval between stimulus and 
onset of contraction) is practically constant. The 
latent period is an extremely sensitive index of 
'slack' , for shortening, particularly at shorter lengths, 
is relatively slow. If the muscle, or its fibres, or 
its ultimate contractile linkages, lengthened after 
a previous contraction, the slack would have to be 
taken up after the next stimulus and the latent 
period would be greatly ~xtende~. . 

Recent improvements m technical detail have pro
vided convincing evidence of the constancy of the 
latent period at all lengths. The accompanying graph 
is a direct copy of a single plate on which the early 
stages of five isometric twitches were recorded at high 
constant sensitivity and speed. A frog 's sartorius 
(98 mgm., 31 mm. long in the_ body), rested i~ Ringe~'s 
fluid at 0° C. in contact with a Perspex plate m 
which were inlaid a number of thin silver wires, the 
surface being milled flat and polished so as to be 
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as frictionless as possible. The silver wires were for 
stimulating, numbers 1, 3, 5 ... joined together being 
the anodes of a super-maximal condenser discharge, 
numbers 2, 4, 6 . . . the cathodes. This multiple
electrode arrangement ensures that the whole muscle 
is excited simultaneously. The muscle was held by 
a clamp at the acetabulum, and an oiled linen thread, 
tied to the tendon, passed up vertically to a sensitive 
electrical tension recorder. The system was very 
carefully levelled, so that the muscle and thread lay 
in a vertical line : adjustment was con~inued until 
the thread showed no lateral wobble when the muscle 
was stimulated, which ensured that there was no slack 
between muscle and recorder. These details are impor
tant,sincea verysmallamod:ntof slack greatly prolongs 
the latent period and makes the take-off less definite. 

In the experiment shown, the muscle was set at 
length 18 mm. and a few preliminary shocks :"~re 
applied. It was gently stretched to 20 mm. by raismg 
the recorder, and the bottom twitch was recorded. 
It was then stretched successively to 21, 22, 23 and 
29 mm. and a twitch was recorded at each length. 
The shortest length, 20 mm., is only about 65 per cent 
of the length in the body, far less than ever during 
life. It is evident, however, that the latent period is 
the same within about 1 msec. over the whole range. 
At the shorter lengths the maximum velocity of 
shortening, even when the contraction had been fully 
developed, could not have been m ore than about 10 
mm./sec., or 0·01 mm./msec. Thus, there cannot 
have been more than 0·01 mm. slack at any length. 

It might be objected that the muscle was prevented 
from lengthening freely during relaxation by sticking 
to the 'Perspex plate'. This objection is met as 
follows: (1) the plate was smooth and the line of the 
thread was parallel to it; (2) the muscle was in 
Ringer's fluid ; (3) if the muscle as a. whole ':"ere p~e
vented from lengthening that need not hmder its 
fibres or their contractile linkages, from going into 
folds 'and so providing slack, were there an active 
tendency to lengthen; and (4) if contact with the 
plate hindered lengthening,. i~ would_ presumably 
hinder shortening also, a:p.d irregulan~ies due to 
stickiness would be evident on the tens10n records ; 
in fact, however, if such irregularities occur they are 
certainly.less than 1 mgm., that is, about 1/40,000 of 
the maximum tension developed by the muscle. 

The frog's sartorius is made up of Ion~ str:1-ight 
parallel fibres with a minimum of connective tissue. 
Muscles of complex anatomical structure might show 
a different result, not because their contractile 
elements are different, but because elastic constraint 
might force the relaxing fibres to lengthen. The 
accompanying graph, however, shows that a muscle 
with straight parallel fibres may remain taut, after 
contraction, even at quite short lengths. Such a 
muscle lengthens in relaxation only if an external 
force is applied. 

In a recent letter, Katchalsky and Eisenberg• refer 
to a model of muscle consisting of a polyvinyl phos
phate thread which contra_cts str<;mgly_ ~n concen
trated acid and expands rapidly to its ongmal length 
when returned to distilled water or dilute alkali. It 
would be interesting to know whether this expansion 
still occurs in the absence of any external force on 
the fibre. 

Biophysics Research Unit, 
University College, London. Aug. 25. 
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