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Deactivation of Contractility Induced by Active
Shortening in Frog Skeletal Muscle
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Muscle shortening produced deactivation of the contractile mechanism. The
property and nature of this deactivation were investigated by means of decreases in
the capacity to bear a load and in the capacity to shorten during isotonic contraction.
Materials were the sartorius muscle and a small bundle of the semitendinosus
muscle fibers. The muscle was at first allowed to shorten under a small load
and then was subjected to heavier loads at different times after the start of
shortening. Thus, the muscle was once lengthened and then shortened again
under the initial load plus additional loads. Adjustment of the amount and time
of loading was performed by electro-mechanical transducers. The degree of
lengthening was measured by a photoelectric device and changes in muscle tension
were measured by an RCA 5734 tube.

The ratio of the degree of lengthening to the increase in muscle tension is indica-
tive of instantaneous stiffness or the capacity to bear a load. This capacity was
sufficiently large when measured by loading at the initial stage of shortening, but
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it decayed as the shortening advanced. The extent of this deactivation was also

load-dependent.

After lengthening, the muscle started to shorten again. The

velocity of re-shortening, however, was always smaller than that in the ordinary

afterloaded contraction. The results suggest that active shortening deactivates

the contractile machinery in a - manner that it decreases both the capacity to

bear a load and that to shorten.
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Fig. 1. Diagram of the experimental arrangement. The
muscle fibers (M) were immersed in the inner cham-
ber, and the cold water was circulated through the
outer chamber.
force output, P: photocell for length transducer, L:
length output, V: current-to-force converter.

R: force transducer RCA 5734, T:
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additional load is 7.5g in A and 20g in B. Sartorius muscle
length 35 mm. Muscle was stimulated for 0.7 sec at 33/sec.
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Fig. 2. Length changes after sudden load-

ing at different times during an isotonic

twitch. Initial load is 3.1g and addition-

al load is 10.1g. Sartorius muscle length

34 mm, tetanus tension 39 g. Calibra-

tions are 50 msec/box and 0.85 mm/
box. 1°C.

Fig. 3. Length changes after sudden loading at different times

Initial load is 1.0 g in all experiments,

Trace T shows tension (positive tension, upwards) and trace

0.08LL T/ EFfD
b &T, FRIERINE

L the length (shortening, downwards). Calibrations are 20g,
5 mm and 1 sec.

3°C.
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Fig. 4. The same experiment as the one in Fig. 3, but
the muscle preparation is a small fiber bundle obtained :
from the semitendinosus muscle.
tension (positive tension, upwards) and trace L (short-
ening, downwards) length.
total load is 0.42g in A and 0.82g in B. Maximum
tetanus tension 1.61g.
and 100 msec. 3°C.

Trace T shows
Initial load is 0.17g and

Calibrations are 2mm, 1g
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Fig. 5. Relationship between tension step of loading
and resulting length change, obtained from the ex-
perimental records shown in Fig. 3. Two results

from different frogs are shown in A and B. The
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timings of loading are 190 msec (@), 280 msec
(M), 480 msec (W) and 680 msec (A).
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Fig. 6. Force-velocity relationship for an
ordinary isotonic afterloaded tetanus
(@) and for re-shortening after having
once been lengthened by sudden loading
(W). Timing of loading is 340 msec
after the start of contraction in all ex-
periments. Results from small bundle
of 5 muscles are indicated.
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