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The presence or absence of the adrenal
glands modifies the survival of the eviscer­
ated and the eviscerated-nephrectomized rat
either with or without insulin. This effect of
adrenalectomy can be observed within 2
hours following operation. The data do not
permit a differentiation between the relative
importance of the adrenal medulla and the
adrenal cortex in effecting the survival of the

eviscerated rat.
Summary. The survival of the eviscerated

rat is shortened by either nephrectomy or
insulin. Insulin shortens the survival of the
eviscerated-nephrectomized rat. Adrenalec­
tomy at the time of evisceration shortens the
survival of the eviscerated and eviscerated­
nephrectomized rat either with or without
insulin.
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Rosenblueth and Cannon! observed that
intra-arterial injection of KCI, during indi­
rect stimulation of muscle in the cat at a
high frequency, produced marked depression
of muscle tension. More recent studies'':"
have shown that intraperitoneal injection of
KCI improved neuromuscular transmission in
the rat and that intra-arterial injection of
KCI in the nerve-muscle preparation from
the frog first augmented and then depressed
neuromuscular transmission. The present
paper is concerned with the effect of varied
rates of intra-arterial injection of KCI on
the development and maintenance of muscle
tension during stimulation of the nerve at
a high frequency. Nine dogs anesthetized
with sodium barbital were used in the experi­
ments. Both Triceps surae were prepared as
previously described for the rat." Spring
levels were used for the recording of muscle
tension. The muscles of each leg were stim­
ulated simultaneously through the cut sciatic
nerves with electrodes connected in parallel
and led from a Thyratron stimulator. The
stimulus strength was about 6 times threshold
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and the frequency of stimulation was 275 to
300 shocks per second. The duration of
stimulation was usually 5 or 10 seconds with
an equal interval of rest between periods of
stimulation. In some experiments stimula­
tion was continuous during the period of in­
jection. In a few experiments the muscles
were stimulated with single shocks during
the period of injection. Injections were made
into the femoral artery. Two rates of in­
jection were employed: slow, 2 to 3 mg of
KCI (1.120/0 solution) per second; fast, 15
mg of KCl (4.2% solution) per second.

Results. During indirect stimulation at
300 shocks per second the peak of tetanic
tension was followed immediately by a rapid
decline of tension to a much lower level which
was either maintained or slightly increased
during continued stimulation (Fig. 1, lA).
Slow injection of KCI gradually reduced the
rate and the extent of decline of tension in
the perfused muscles during successive peri­
ods of stimulation. The maximal enhance­
ment of tetanic tension was attained approxi­
mately one minute after the beginning of
injection (Fig. 1, IB). In the contralateral
muscles, not subjected to KCI perfusion, lit­
tle change in the tension curve occurred dur­
ing the same interval (d. 2A and 2B of Fig.
1) . By the end of 2 minutes of slow injection
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Fig. 1. l\Iyograms sho,,-ing the cff'ect of intra-arterial injection of KCl on the response of
the Triceps surae to electric stimulation of the cut sciatic nerve. Time signal: I-second inter­
vals. Elevations of the time line show periods of injection.

lA to IE: Recordings of tension from muscles perfused with 2 mg of KCl (1.12% solu­
tion) per second for ~ minutes and stimulated during alternate 5-second intervals with 300
shocks per second. lA: Before injeetion. IB: After 1 minute of injection. Ie: After ~

minutes of injection. ID: One minute after injection was stopped. IE: Ten minutes after
injection was stopped. 2A to 2E: Recordings of tension from the contralateral muscles stim­
ulated in parallel with the muscles recorded in lA to IE.

IF: Muscles perfused with 3 mg of KCI (1.12% solution) per second for 54 seconds during
continuous sfrmulation at 27;) shocks per second. 2F: The contralateral muscle stimulated in
parallel.

IG: Muscles perfused with 15 mgofKCl (4.2% solution) per second for 7 seconds during
continuous stimulation at 275 shocks per second, 2G: The contralateral muscles stimulated in
parallel.

IH: Muscles perfused with 3 mg of KC1 (1.12 % solution) per second for 68 seconds during
stimulation at 1 shock per 5 seconds. 2H: The contralateral muscles stimulated in parallel.

I: Muscles perfused with 15 mg of 1\:('1 (4.2% solution) per second for 40 seconds during
stimulation at 1 shock per l,;j seconds. .T: The same muscles recorded in I showing partial
recovery of neuromuscular transmission 20 minutes after the injection. K: The same muscles
recorded in I showing complete recovery of transmission 25 minutes after the injection.

the perfused muscles showed marked depres­
sion of tetanic tension, while the response
of the contralateral muscles showed only
slight change (Fig. I, lC and 2C). At this
point injection was discontinued. An in­
crease of tetanic tension occurred in each
successive period of stimulation of the mus­
cles which had received intra-arterial injection
of KCI (Fig. 1, ID). Ten minutes after
injection was stopped the tension curve was
almost normal (Fig. 1, IE).

Slow injections made during continuous
stimulation at 275 shocks per second pro­
duced an increase of tension followed by a
decline (Fig. 1, IF). If injections were
stopped shortly after the decline began an­
other rise of tension occurred. If, on the
other hand, injections were continued for sev­
eral seconds after the decline appeared no
increase of tension occurred after cessation
of injection. When fast injections, were given
during stimulation a depression of tension be-
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gan a few seconds after the start of injection.
If the duration of injections was only 6 to
8 seconds an increase of tension followed
shortly after the cessation of injection (Fig.
1, 1G) . Longer periods of injection pro­
duced either a prolonged depression of ten­
sion or complete neuromuscular block.

The typical potentiation of muscle re­
sponse to single shocks was produced by slow
injections (Fig. 1, IH). It is of interest to
note that continuation of slow injection in­
duced slight contracture which was followed
shortly by diminution of response to single
shocks. When injection was stopped at the
onset of depression recovery of the normal
response occurred within 10 to 20 seconds.
Marked contracture and complete neuromus­
cular block were produced by prolonged fast
injections (Fig. II). Twenty to 25 minutes
were required for recovery of the response
to single indirect stimuli (Fig. 1, J and K).
It was shown that the quantity of KCI re­
quired to produce complete neuromuscular
block did not impair the contractile strength
of the muscle stimulated directly with single
or with high-frequency shocks.

Discussion. Direct stimulation in the
curarized muscle of the rar' has shown that
KCI-treatment does not increase tetanic ten­
sion. Therefore, it is assumed that all en­
hancement of tetanic tension observed in this
study, except increases resulting from con­
tracture, is due to improvement of neuromus­
cular transmission. The presence of contrac­
ture usually could be recognized by irregu­
ladties in the tension curve (Fig. 1, IF) .
The slowest rate of injection of KCI (2 mg
per second) produced no contracture although
marked augmentation of tetanic tension oc­
curred (cf. 1A and 1B of Fig. 1). Moreover,
it seems likely that the contracture during
injection of 3 mg per second of KCI pro-
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duced only a small portion of the increased
tension observed at a high frequency of stim­
ulation (cf. the slight increase of tension in­
duced by contracture in IH with the marked
increase of tension during KCI injection in
IF).

The observation that neuromuscular trans­
mission is facilitated by intra-arterial injec­
tion of small quantities of KCI confirmed the
results obtained by intraperitoneal injection
of KCI in the rat." Furthermore, the failure
of the injection to induce similar changes in
the contralateral muscles showed that the re­
sults were not attributable to central effects
on the circulation or respiration. The ob­
servations of enhancement of neuromuscular
transmission with small amounts of KCI and
of depression with large amounts are in agree­
ment with the findings in the curarized nerve­
muscle preparation from the frog." More­
over, the present results in the dog have
shown that both the augmenting effect and
the depressant action of K on neuromuscular
transmission occur in uncurarized muscle.

Summary. 1. Continuous slow injection
of KCI (2 to 3 mg per second of 1.12%
solution) produced initial enhancement and
subsequent depression of neuromuscular
transmission in muscle stimulated indirectly
at 275 to 300 shocks per second.

2. Fast injection of KCl (15 mg per sec­
ond of 4.2ro solution) produced a prompt
depression of neuromuscular transmission.
Continued injection produced marked con­
tracture and complete neuromuscular block.

3. Enhancement of neuromuscular trans­
mission may occur in the absence of contrac­
ture or in the presence of mild contracture.
Amounts of K sufficient to induce marked
contracture usually produced complete neuro­
muscular block.

4. During complete neuromuscular block
by KCI injection the response of the muscle
to direct stimulation was unimpaired.




