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Some unstriated muscles relax actively (Singh and Singh, 1950a, 1952).
Agents, both physical and chemical, which denature proteins, also cause active
relaxation of unstriated muscle (Singh and Singh, 1954, 1955). Denaturation
consists of an alteration of the specific internal structure of the protein wherein
the closely folded chains unfold. Contraction of the muscle is considered to
be due to folding of the contractile protein; so relaxation would be due to
unfolding of the muscle proteins. The process of relaxation of muscle would
therefore be similar to the denaturation of proteins. Thus agencies which
denature proteins cause unstriated muscle to relax actively.

rea is a well known reagent which causes denaturation of proteins.
It causes marked active relaxation of unstriated muscle, presumably after
rupture of hydrogen bonds which hold the polypeptide chains in a folded state
causing tonic contraction of the muscle. Though the effect of urea in caus
ing active relaxation has been studied, no experiments have been performed
to note the influence of temperature on such effect. In the present research,
therefore, experiments have been conducted to study the effect of variation of
temperature on the active relaxation produced by urea.

MATERIAL AND METHODS

These experiments have been performed on transverse pieces of the
stomach muscle of the frog, Rana tigrina (Singh and Singh, 1949a). 25 pieces,
taken from the stomachs of several frogs were used to note the effect of any
single temperature. After dessection, the muscles were aerated in saline for
half an hour. This enables them to reach a constant length. They were
then used, freely floating, in 0.224 M urea in petri dishes, which were placed
in a refrigerator or an incubator for 24 hours. The length of muscle was
measured before and after immersion in urea solution at various temperatures,
and the final length was recorded as a percentage of the initial length. Two
sets of observations were made, one on pieces from the cardiac end and the
other on those from the pyloric end.

RESULTS

The temperature in these experiments was varied from 0 to 75°C. in
steps of 5°. The muscles from the cardiac end relaxed markedly from 0 to
45°C. (Fig. I). Beyond this temperature the relaxation was greatly diminished.
The results are shown in Table 1.
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Fig. I. Frog's stomach muscle. Effect of 0.224 M urea on active relaxation.
Shorter piece: muscle in saline before immer ion in urea.
Longer piece: same muscle after immersion in urea for 24 hours.
Temperature 14°C.

TABLE 1.
Frog's stomach muscle. Active relaxation produced by 0'224 M urea at

various temperatures. Each figure represents average of 25 observations.

Temperature; Length of muscle; percent of initial

°c.

o
5
10
IS
20
25
30
35
40
45

Average

50
55
60
65
70
75

Average

From Cardiac end

228 -+- 16
222 + 23
240 -+- 17
241 +. 17
191 -+- 7
218 + 13
218 -+- 16
216 -+- 13
216 ± 15
212 -+- 16
220

143 -+- 10
180 T 16
110 -+- 6
141 ± 8
123 ± 8
128 ± IS
137

From Pyloric end

172 -+- 14
160 -+- 9
176 -+- 13
180 -+- 15
158 -+- 8
166 -+- 16
165 -+- 12
192 -+- 12
170 .+ 13
178 -+- 14
171

132 -+- 12
147 -+- 9
104 -+- 4
130 ± 8
110 ± 4
105 ± 4
121
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These effects shown by variations of temperature can be divided into
two categories, one from 0 to 45"C. when the muscle dies gradually (Singh
and Singh, 1949 a), and the other from 50 to 75°C., when the mmcle is immi
diately killed by heat. The active relaxation of muscles killed by heat is less
than the relaxation of those which are not so killed; the average length of
former muscles in sets of observations shown in Table I being 137 percent of
initial and of the latter, 220 percent.

It is seen from the Table, that variation in temperature does not signi
ficantly affect the relaxation, except at 20°C, when it is least. This is signi
ficant, as at this temperature the living muscle shows a great increase in tone.
There appears to be inverse relation between tone and active relaxation (Singh
and Singh, 1949 b).

The pyloric end of the muscle relaxes less than the cardiac end at all
temperatures.

DiSCUSSION

The living muscle from the pyloric end of the stomach difIl:rs from
that in the cardiac end in several physiological properties (Singh and
Singh, 1950b). The pyloric end muscle does not relax with adrenaline,
the cardiac end muscle being very sensitive. It is also not relaxed by
alternating current, or nervous stimulation. It is not diminished by asphyxia
Dr cyanide, so that it docs not require expenditure of extra energy for its
maintenance. How is this to be explained?

The heated muscle, as Table I shows, relaxes less than the unheated
one. Heat is known to produce coagulative processes in proteins. Coagulation
is supposed to be due to the formation of intermolecular salt bridges
between ionic groups which are displaced to the surface of the particle
through the unfolding of the polypeptide chains. The relaxing properties
of the pyloric muscle resemble those of the heated muscle, so that it
appears that the pyloric end muscle has similar molecular constitution as
coagulated protein. The tone in the pyloric end muscle appears therefore to
be maintained by the development of cross linkages between the folded
polypeptide chains (Singh and Singh, 1954). The relaxation produced by
denaturing agencies shows that contraction is produced by folding of the
polypeptide chains. This folding requires energy, but if the folded condition
is stabilised by the development of cross linkages, then the maintenance
of contraction would not require energy. There appear to be at lea!i.t
three types of such bonds: (a) hydrogen bonds. (b) S-S linkages. (c)
salt linkages. The presence of hydrogen bonds is shown by the active
relaxation produced by urea, distilled water and h~at. The presence of

-S linkages is shown by the active relaxation produced by sodium cyanid
sodium sulphide and sodium sulphite. Salt linkages are indicated by
relaxation produced by salts.
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SUMMARY

1. Variations of temperature from 0 to 45°C. have no significant effect
on the active relaxation of frog's stomach muscle by urea.

2. The active relaxation by urea at temperature from 50°C. to 75°C., is
less than at temperature from 0 to 45°C.

3. The muscle from the pyloric end relaxes less in urea than that from
the cardiac end. It thus resembles heated muscle. Heat produces
coagulative changes, which are accompanied by the development of
cross linkages between the folded polypeptide chains. It is concluded,
therefore, that tone in unstriated muscle, maintained without the
expenditure of energy, is due to stabilisation of the folded polypeptide
chains by the development of cross linkages.

I wish to thank Mr. Iyer, the chief statistician of the National
Physical Laboratory, New Delhi.
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