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Laboratory Report

Ability of the Endocrine Pancreas to Attenuate the
Increase of Plasma Potassium Caused

by Succinylcholine

George W. Pettit, Ph.D.,* and Robert L. Vick, Ph.D.1

Succinylcholine was infused (30 ug/kg/min) into
acutely ized 1) and non-
1) dogs under morphine—
pentobarbital anesthesia. During the infusion,
plasma K* increased faster and to a greater
extent in the pancreatectomized dogs; this exag-

d effect is ibuted to the absence of
pancreatic insulin. (Key words: Hormones: insulin;
Metaboli insulin; Ions: Neuro-

1 1 invlicholine.)
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SUCCINYLCHOLINE causes skeletal muscle to
lose potassium (K*) at a rate sufficient to in-
crease the concentration of K* in the blood
plasma.’® Clinical data have shown that
succinylcholine increases plasma K* more
than normally in patients who have been
traumatized or bumed, who have neurologic
surgery, or who have tetanus, and this
augmented plasma K* may cause cardiac
arrest.* Recent work has shown that succinyl-
choline also causes the release of insulin®
either directly, by acting on the pancreas, or
indirectly, by increasing plasma K*.5-% Insulin
lowers plasma K*,? and recent evidence indi-
cates that this action of insulin may help to pro-
tect against increases in plasma K*.1-% Thus,
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when succinylcholine is administered, the re-
sulting secretion of pancreatic insulin should
oppose the succinylcholine-induced increase
of plasma K*. To evaluate this possibility,
we have compared the effects of succinyl-
choline on plasma K* in pancreatectomized
dogs and in dogs with pancreas intact.

Methods

Healthy dogs not selected for sex or breed
and weighing between 10 and 30 kg were
fasted for 24 hours, with water ad libitum,
then were anesthetized with morphine sulfate,
20 mg/kg, sc, and pentobarbital sodium, 5 mg/
kg, iv. The trachea was cannulated to permit
control of respiration by positive-pressure
ventilation, and lead II of the electrocar-
diogram and arterial blood pressure were
recorded. To prevent renal loss of K*, both
kidneys were exposed through bilateral,
paralumbar incisions, and each renal artery,
vein, and ureter was occluded in a mass
ligature. Care was taken not to include the
adrenal glands in the tie. The spleen was lo-
cated through the incision on the left side,
emptied by compression, and tied off to pre-
vent sequestration or extrusion of erythro-
cytes during the experimental procedure.

The pancreas was reached through a midline
abdominal incision. The caudal pancreatico-
duodenal artery and vein and the pancreatic
branches of the splenic artery and vein were
ligated and cut. The cranial pancreatico-
duodenal artery and vein were left intact, and
every fragment of the pancreas was removed
carefully by the avulsion method of Marko-
witz et al.’* This procedure allowed removal
of the pancreas without compromising blood
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TABLE 1. Verification of Completeness of
Pancreatectomy by Infusing

G. W. PETTIT AND R. L. VICK

Isoproterenol
Arterial Plasma Insulin
Concentration® (xU/m)
Number
Condition of Dogs Resting Isoproterenol
Control 6 =7 232274
Pancreatectomy 9 Li= 08 09= 01
* Mean = SE.

flow in the duodenum. To check the com-
pletenesss of the pancreatectomies, we in-
fused isoproterenol, which stimulates secre-
tion of pancreatic insulin,”® in acutely pan-
createctomized dogs and in control dogs, and
measured plasma insulin (see Table 1).

Other investigators have found the half-
life of insulin in the dog to be of the order of
10 minutes.’~*5 To assure that plasma insulin
had fallen to negligible levels, we waited at
least 40 minutes after each pancreatectomy
was completed before beginning our experi-
ments. After an additional 30-minute control
period, succinylcholine chloride (Sucostrin,
Squibb), 30 ug/kg/min, calculated as the salt,
was infused in a total volume of 15 ml,
using a syringe—driver pump, through a
nonoccluding catheter placed in the right
femoral vein. Infusions lasted 30 minutes
and were followed by a 60-minute re-
covery period. Additional control studies in
which only NaCl solution was infused were
done.

Samples of blood were taken from the left
femoral artery at specified intervals through-
out the experiments. A portion of each sample
was collected in a heparinized tube for
measurement of plasma K+, and the remainder
was collected in an EDTA tube for measure-
ment of plasma insulin. All samples were
centrifuged immediately after collection. As-
suming a blood volume equal to 7.9 per cent of
body weight in the dog,'® no more than 6 per
cent of any animal’s blood was removed during
any experiment. Plasma K* was determined
using an internal-standard flame photom-
eter. Plasma insulin was measured by radio-
immunoassay, using the double-antibody sys-
tem of Morgan and Lazarow.}” The technique
was modified by using porcine insulin as
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standard, *I-labelled porcine insulin as
tracer, and dextran-coated charcoal instead of
the second antibody.!* Although insulin meas-
urements obtained by this assay are porcine
equivalents and do not represent absolute
concentrations of dog insulin, it has been
shown that this assay gives a valid representa-
tion of changes in canine g-cell activity.”

Results

Table 1 shows the mean concentrations of
insulin in the arterial plasma of six control
dogs, with pancreas intact, and nine pancrea-
tectomized dogs, before and after infusion of
isoproterenol, 2 pg/kg/min, for 10 minutes.
These experiments show that pancreatectomy
removed all significant sources of insulin se-
cretion. Additional control studies in which
NaCl, rather than succinylcholine, was infused
in five pancreatectomized dogs and in seven
dogs with pancreas intact were performed.
After an initial increase in the pancreatecto-
mized group after pancreatectomy, arterial
plasma K* did not change significantly in
either of these control experiments.

Figure 1 illustrates the results of infusing
succinylcholine at a rate of 30 pg/kg/min in
six pancreatectomized dogs and in six dogs
with pancreas intact. Data were calculated as
difference from time 0 for each animal. The in-
crease of plasma K* which occurs after pan-
createctomy is related to the morphine used
in the anesthesia and is discussed below. After
the infusion of succinylcholine was begun,
plasma K+ increased in both groups of animals,
but the increase was greater in the pancrea-
tectomized group. The normalized values of
the two groups were significantly different at
minutes 30 (P < 0.01), 40, 50, 70, and 80 (P
< 0.05).

Discussion

Morphine—pentobarbital anesthesia was
chosen for these studies because, with this
combination, normal arterial blood pressure,
heart rate, and heart rhythm (i.e., normal
sinus arthvthmia) are retained. Morphine has
the disadvantage of causing release of pan-
creatic insulin by stimulating medullary vagal
nuclei®** and by producing hyperglycemia,
secondary to the release of epinephrine from

20z Iudy 60 uo 3sanb Aq ypd°| 1L000-00060%.6 L-Z¥S0000/870562/6.L2/€/ L ¥/}Pd-01on1e/AB0|0ISUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V1, No 3, Sept 1974

.
2]
T

FiG. 1. Effects of infusing suc-
cinylcholine chloride, 30 ug/kg/
min, on arterial plasma K* in six
acutely pancreatectomized (PANX)
dogs, with spleen and kidneys
removed, and in six degs with
spleen and kidneyvs removed but
pancreas intact (NONPANX). Total
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elapsed time between taking sam-
ple before pancreatectomy and min-
ute —30 is time for operation plus
40 minutes recovery period. Data
are mean differences (=SE) from

CHANGE OF [K*]: mEq/liter
[e]

[}
o]
(5]

SUCCINYL-
PANX CHOLINE

minute 0. ' : ' I : f L L ' : ! ' .

the adrenal medulla.?2-2 In other studies, we
found that basal plasma insulin in dogs sub-
jected to similar morphine-pentobarbital an-
esthesia was 27 = 7 uU/ml. This contrasts with
levels in unanesthetized dogs, which Hiatt et
al.” found to be 14 x2 pU/ml. Thus, we
assume that, in the present studies, plasma in-
sulin and background levels of catecholamine
were increased to above normal by the action
of morphine. Insulin and epinephrine both
cause the uptake of K* by tissues®*-*® and
probably were responsible for the low values
of plasma K* in our anesthetized animals.
Removal of the pancreas in these animals re-
moved essentially all plasma insulin, per-
mitting plasma K* to return toward values
found in unanesthetized animals.

According to conventional theory, K* moves
out of the cell along a chemical activity gra-
dient and into the cell along an electrical
gradient and as a result of the expenditure of
metabolic energy.®” Acetylcholine and suc-
cinylcholine both increase the conductance of
small cations, but not of anions, at the motor
end-plate.** Both substances increase the
influx of Na* along its activity and electrical
gradients, depolarizing the cell, reducing the
electrical gradient acting on K*, and per-
mitting K* to leave the cell, along its activity
gradient. It has been estimated that suc-
cinylcholine can cause the loss of about 1
per cent of total muscle K*3? and this
efflux should cause a transient and localized
increase of extracellular K* in the area of the

end-plate, contributing to further depolariza-
tion of the end-plate region.®®* In fact, it
has been observed that the end-plate potential
is decreased by succinylcholine to the greatest
extent soon after application, and, as inter-
stitial K* is washed away, the potential in-
creases again to a steady level about halfivay
between the resting value and maximum de-
polarization.®! Influx of K* into these partially
repolarized tissues may account for some of the
decline of plasma K* after the infusion of suc-
cinylcholine was stopped (fig. 1).

The increase of plasma K* that occurs during
the infusion of succinylcholine in the group of
pancreatectomized dogs appears to follow an
exponential time course (fig. 1). By contrast,
the time course of the increase of plasma K+
in the nonpancreatectomized group is more
erratic. These data support the hypothesis that,
in the nonpancreatectomized animals, plasma
K* firstincreases rapidly and triggers release of
pancreatic insulin, which lowers plasma K* by
stimulating tissue uptake of K*. Plasma insulin
decreases, and plasma K* begins to increase
again, causing more insulin to be released,
which, once again, causes plasma K* to de-
crease. This interplay between insulin and K*
may account for the erratic time course of
plasma K* seen (fig. 1) during the initial
stages of the infusion of succinylcholine in the
nonpancreatectomized dogs. The exponential
increase of plasma K* in the pancreatec-
tomized group supports the hypothesis that in
this group tissue uptake of K* from the
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extracellular space is altered; an exponen-
tial time course would Le expected if K*
were exchanged passively between extracel-
lular and intracellular spaces along an electro-
chemical gradient.

The observation that succinylcholine causes
an abnormully large increase of plasma K*
in patients and animals after muscle denerva-
tion with loss of motor function has been
attributed to an increased area of succinyl-
choline-sensitive membrane in such muscle,®
i.e., succinylcholine depolarizes the entire
sarcolenmima, rather than merely the area of the
motor end-plate, thus causing greater loss of
K- from the muscle. It has been pointed out
that the hyperkalemic effect of succinyl-
choline in traumatized patients without
neurologic damage may be related, in fact,
to muscle atrophy caused by prolonged bed
rest33 The present study demonstrates that in
animals the kalemotropic effect of succinyl-
choline is enhanced by removal of the pan-
creas. Hyperkalemia, in a clinical sense, did
not occur. However, these results support the
prediction that the hyperkalemic effect of
succinvlcholine might be exaggerated in dia-
betic patients.

The authors acknowledge the valuable techni-
cal assistance of Mr. Charley Roberson and thank
\ls -\nna M. Swander, who performed the insulin
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