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Studies on the Survival of Frog Skeletal Muscle
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Changes of mechanical and electrical responses in frog whole sartorius muscle surviving at a constant
temperature (20:1°C) in normal Ringer solution, Ringer solution which was supplemented with antibiotics
or modified Medium 199 were examined and the following results were obtained.

1. The peak tensions of both twitch and potassium contracture (K-contracture) decreased gradually
with the lapse of time after immersion of whole sartorius muscles in normal Ringer solution. Twelve
hours after the immersion, the peak tensions of twitch and K-contracture decreased to about 55% and
67% of the control, respectively. Sixteen hours after the immersion, the respective peak tensions
decreased to about 109% of the control. However, the peak tension of caffeine contracture did not
change up to 12 hours after immersion, whereas it decreased to about 20% of the control 16 hours after
immersion. Whole sartorius muscles surviving more than 12 hours in normal Ringer solution assumed
a milky color and contained fibers which had a granular appearence. Proliferation of bacteria was
observed in normal Ringer solution in which muscle preparations survived more than 12 hours.

2. In whole muscle surviving in Ringer solution with antibiotics (penicillin 50 U/m/ plus strepto-
mycin 10 #g/ml), the twitch tension decreased gradually with the lapse of time after the immersion and it
decreased to about 10% at 24 hours after immersion. On the other hand, the time course of the inhibi-
tion of the magnitude of K-contracture tension showed two distinct phases; the first phase in which the
tension was inhibited very slowly and slightly (up to 36 hours after immersion), and the second phase in
which tension was inhibited rapidly and completely. In addition, peak tension of caffeine contracture
showed no changes up to 24 hours after the immersion whereas it decreased to about 23% of the control
48 hours after the immersion.

3. The magnitude of resting potential and the amplitude of action potential of fibers immersed in
Ringer solution with antibiotics for 24 hours were quite similar to those of the control. Fourty-eight
hours after the immersion, overshoot of action potential was not observed, although the magnitude of
resting potential showed no changes.

4. Twitch was abolished 6 days after immersion of whole muscle in modified Medium 199, whereas
K-contracture and caffeine contracture were observed even after 18 days of the immersion.

On the basis of these results, the mechanism of inhibition of mechanical responses in surviving
whole muscle was discussed. (Received April 10, 1978 and accepted June 6, 1978)
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Fig. 1 Time course of decrease of twitch ten-

sion in whole sartorius muscle immersed in
normal Ringer solution.

Vertical bar of each point is mean+S.E.
The number of experiments performed is
given in parentheses.
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Fig. 2 Changes of potassium contracture in
whole sartorius muscle at various time after
immersion in normal Ringer solution. Potas-
sium contractures were induced by 190

mM KT,

A: control contracture which was recorded
1 hour after immersion in normal Ringer
solution. B-E: contractures recorded &
hours (B), 12 hours (C), 14 houres (D) and
16 hours (E) after immersion in normal
Ringer solution.
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Fig. 3 Time course of decrease of potassium

contracture tension in whole sartorius muscle
immersed in normal Ringer solution.

Vertical bar of each point is mean+S.E..
The number of experiments performed is
given in parentheses.
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Fig. 4
whole sartorius muscle immersed in normal

Changes of caffeine contracture in

Caffeine contractures were
induced by 7 mM caffeine.

Ringer solution.

A': control contracture which was recorded
1 hour after immersion in normal Ringer
solution. B-D: contractures recorded 12
hours (B), 14 hours (C) and 16 hours (D)
after immersion in normal Ringer solution.
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Fig. 5 Time course of decrease of caffeine

contracture tension in whole sartorius muscle
immersed in normal Ringer soluion.

Vertical bar of eace point is mean+S.E.. The

number of experiments performed is given
in parentheses.
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Fig. 6 Time course of decrease of twitch tension in whole sartorius
muscle immersed in Ringer solution with antibiotics (penicillin 50

U/ml and streptomycin 10 pg/ml).

Vertical bar of each point is mean+S.E. The number of experi-
ments performed is given in parentheses.
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Action potentials recorded 24 hours (B) and 48 hours (C) after

immersion in Ringer solution with antibiotics (penicillin 50 U/m/ and

streptomycin 10 ptg/ml).

At control action potential which was recorded 1 hour after immer-
sion in Ringer solution with antibiotics.

Table 1

Magnitude of resting potential and spike height in sartorius

muscle immersed in Ringer solution with antibiotics (penicil-
lin 50 Ulml and streptomycin 10 pgfml)

after after
control
‘ 24 hours 48 hours
Magnitude of resting 89.4+15 89.2+19 885+1.6
potential (mV) (10) (12)
- ; 108.3+2.6 97.6 3.2 75.8+1.8
Spike height (mV) (10) (12)

Results are given as mean+S.E..

The number of observation is in parentheses.
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Fig. 8 Changes of potassium contracture in
whole sartorius muscle immersed in Ringer
solution [with antibiotics (penicillin 50 U/m/
and streptomycin 10 p#g/ml). Potassium con-
tractures were induced by 190 mM K*.

A : control contracture which was recorded
1 hour after immersion in Ringer solution
with antibiotics. B-E: contractures recarded
12 hours (B), 24 hours (C), 36 hours (D) and
48 hours (E) after immersion in Ringer solu-
tion with antibiotics.

L 1 ! 1

12 24 36 48

Time ( hr )
Fig. 9 Time course of decrease of potassium contracture tension in whole
sartorius muscle immersed in Ringer solution with antibiotics (penicillin
50 U/m/ and streptomycin 10 pg/ml).

Vertical bar of each point is mean+S.E.. The number of experiments
performed is given in parentheses.
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Fig. 10 Changes of caffeine contracture in
sartorius muscle at various time after immer-
sion in Ringer solution with antibiotics
(penicillin 50 U/m/ and streptomycin 10 pg/
m/). Caffeine contractures were induced by
7 mM caffeine.

A : control contracture which was recorded
1 hour after immersion in Ringer solution
with antibiotics. B and C: contractures re-
corded 24 hours (B) and 48 hours (C) after
immersion in Ringer solution with anti-
biotics.
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Fig. 11 Changes of potassium contracture in
whole sartorius muscle at various time after
immersion in modified Medium 199. Potas-

induced by 190

sium contractures were
mM K*.

A : control contracture which was recorded
1 hour after immersion in modified Medium
199. B-D: contractures recorded 2 days (B),
6 days (C) and 18 days (D) after immersion
in modified Medium 199.

4 E B

H =0 whole sartorius muscle & —E & (20+
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Fig. 12 Changes of caffeine contracture in
whole sartorius muscle at various time after
immersion in modified Medium 199. Caffeine
contractures were induced by 7 mM caffeine.

A: contracture which was recorded 1 hour
after immersion in modified Medium 199.
B-D: contractures recorded 2 days (B), 6 days
(C) and 18 days (D) after immersion in
modified Medium 199.
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overshoot 1ZFRH B IILD 5 1.
4:4 Modified Medium 199 F 74 Fhiiz s\ T 6 A%
T twitch 1XiE% L7cas, BE 18 kT K #fF
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