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Contraction of Frog Stomach Muscle and Heart
in Non-Ionic Solutions

Frog stomach muscle frequently washed with hali-
isotonic (0.112 M) solution of sucrose, continues to con-
tract spontaneously for 24 h at 25-30°C1-3; these con-
tractions are accompanied by conducted action poten-
tials4-8. Frog heart perfused with half-isotonic solution of
sucrose contracts spontaneously for about 2-7 h at 18~
20°C and shows conducted action potentials?-13; at a
higher temperature it passes into a contracture. In the
present research, experiments have been performed to
study the relationship between the spontaneous contrac-
tions of frog stomach muscle and heart and their sodium
content.

Methods. These experiments were performed on the
stomach muscle and heart of the frog Rana tigrina. Frogs
weighing about 300 g were pithed and their stomachs
removed. The stomach was cut longitudinally at the
greater curvature and the mucous membrane removed,
It was first washed with Ringer solution, and then sus-
pended in 100 ml of half-isotonic (0.112M) solution of
sucrose, which was renewed every 15 min. The mechanical
activity was recorded with an isotonic lever. The heart

Table I. Effect of perfusion with 0.112M sucrose on the sodium
and potassium content of frog heart

Time No.of Sodium Potassium
of per- hearts
fusion per- mM/kg of % of mM/kg of % 05.
(min) fused  Wwetmuscle thatin wetmuscle thatin
fresh fresh
heart heart
0 6 24.8 4 0.76 100 72,1 4 3.19 100
15 6 2.8 4 0.16 11 2854+ 1.1 40
30 6 0.06 + 0.0018 0.026 21.5 4 0.44 30
45 6 Not calculable, - 21.24-046 29
less than 0,05
60 6 Not calculable, - 16.1 +£0.39 22
less than (.05
120 6 Not calculable, - 17.14-045 24

less than 0.05

Table II. Effect of washing every 15 min with 0.112 M sucrose solu-
tion on the sodium and potassium content of frog stomach muscle

Time No.of Sodium Potassium

of experi-

wash- ments ™MM/kgof % of mM kg of % of

ing wet tissue thatin  wet tissue that in

{min) fresh fresh

tissue tissue

0 6 53.5+ 1.4 100 69.84+ 1.9 100

15 6 5.8 + 0.26 10.9 53.7+ 2.0 76.9

30 6 1.340.12 2.4 3894 1.4 55.6

45 6 0.17 4- 0.28 0.3 36.1 4+ 2.1 51.6

60 6 Not calculable, - 354+ 1.9 50.6
less than 0.05

90 6 Not calculable, - 33.8 4 1.4 49.3
less than 0.05

120 6 Not calculable, - 30.1 + 1.8 43.0
less than 0.05
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after being taken out was perfused continuously with
half-isotonic solution of sucrose using a Symes cannula,
1ts contractions were recorded with an isotonic lever,

The tissues were removed, dried on filter paper,
weighed and ashed at 580°C. Sodium and potassium
were cstimated by flame photometer.

Results, When washed frequently, or when perfused
with half-isotonic solution of sucrose, both frog stomach
muscle and heart lose 909 of their sodium in the first
15 min, and are sodium-free in 30-60 min (Table I, II).
BozLer? also found that, in the frog stomach muscle,
sodium is completely washed out by isotonic solution of
sucrosein 1 h,

Spontancous contractions in the frog heart, perfused
with half-isotonic solution of sucrose, develop when it
contains no sodium and stop when the heart is again per-
fused with isotonic or half-isotonic sodium chloride or
Ringer solution, thus increasing its sodium content (Fig.
1). The spontancous contractions of frog stomach mustle
also develop when it is free of sodium, and are bigger than
in Ringer solution; they stop when the muscle is re-
immersed in Ringer solution and its sodium content is
increased (Fig. 2).
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Fig. 1. Effect of perfusion with half-isotonic, 0.1121, solution of

sucrose on the sodium content and magnitude of the spontancous
contractions of frog heart,
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Discussion. It has been argued by Brapvy 1 that the
electrical and mechanical activity of frog heart in sucrose
solutions is due to retention of about 109, sodium in inter-
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Fig. 2. Effect of washing every 15 min with half-isotonic, 0.112 M,
solution of sucrose on the sodium content and magnitude of the
spontaneous contractions of frog stomach muscle.
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The Phospholipids of the Tobacco Hornworm,
Protoparce sexta Johan.
(Lepidoptera; Sphingidae)®-2

Studies®* of the phospholipids of lepidopterous insects
have shown phosphorylcholine and phosphorylethanol-
amine to be incorporated into the phospholipids of Celerio
euphorbiae. In Arctia caia moths® the principal phospho-
lipids are phosphatidylcholine and phosphatidylethanol
amine with only small amounts of other phospholipids.

In this study of the hornworm, Profoparce sexta, the
phospholipids of fifth instar larvae and adults were chro-
matographed on silicic acid as described previously®,
Phosphorus determinations? showed two asymmetrical
peaks. The fractions comprising the peaks (I and II) and
the trailing areas behind them (Ia and ITa) were pooled
and the following analyses carried out: esterified fatty
acid8, plasmalogens?®, ethanolamine?, serine!®, choline!,
and an unknown amino compound!®. Qualitative tests
for inositol!? and spingosine 314 were carried out (Table).
These results indicate that both peaks are mixtures of
phospholipids. The major component of the first peak is
phosphatidylethanolamine and the second, phosphatidyl-
choline. Serine containing phospholipids are present in
only small amounts, and neither inositol nor spingosine
could be detected in acid hydrolysates. Plasmalogens
form only a small part of the phospholipids of the adults
{peak I} and are almost absent from the larva.

The unknown amino compound is seen on paper chro-
matograms of phospholipid hydrolysis products. In view
of the high level of free amino acids in insects® and the
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spaces. This argument is untenable as there is no correla-
tion between mechanical activity of frog stomach muscle
and its sodium content. Electrical and mechanical activity
in these tissues continue when they contain no sodium;
in fact the more thoroughly the sodium is washed out,
the better its mechanical activity. Thus the electrical and
mechanical activity of frog stomach and heart could not
be due to retention of sodium in the interspace; sodium is
actually deleterious to such activity after these tissues
have become acclimatized to sucrose. The ionic hypothesis
of Hopaxkin and HuxLEY 8 is thus not applicable to these
tissues 1S,

Zusammenfassung. Herz und Magenmuskulatur des
Frosches verlieren in halb-isotoner Rohrzuckerldsung in-
nert 1 h alles Natrium. Trotzdem bleibt die spontane
Kontraktilitit erhalten. Natrium ist also fiir die Erregbar-
keit dieser Muskeln nicht Voraussetzung.
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ability of phospholipids to solubilize water soluble com-
pounds in lipid solvents!®, it appeared necessary to
identify this compound and to establish that it was part
of a lipid molecule. The compound corresponds to alanine
when chromatographed on paper in the following sol-
vents: methyl ethyl ketone-methyl cellosolve-acetic acid- -
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