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to reactive granules (mono and pluri) were indicators
that the antibodies were of adequate specificity.
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Summary. The effect of hyperkalemia on insulin secretion remains undefined. We evaluated portal and peripheral
insulin levels in anesthetized dogs after infusions of KCl. The mean maximal increase in peripheral plasma potassium
at infusion rates of 0.2 mEqg/kg/h was 0.68 + 0.20 mEq/l. There were no significant increases in either portal or
peripheral insulin levels. In contrast, in six dogs whose plasma potassium concentration increased in each case by
more than 2.0 mEq/1 (infusion rate of 0.5 mEq/kg/h), portal insulin levels increased fivefold (p < 0.05). We conclude
that only marked increases in plasma potassium concentration stimulate pancreatic insulin secretion.

Key words. Insulin; potassium; hyperkalemia; portal vein; glucose.

It is well established that insulin promotes cellular potas-
sium uptake and lowers blood potassium concentra-
tion! ™% and that a basal blood level is necessary to allow
normal potassium tolerance ®. The effect of hyperkalemia
on insulin secretion remains undefined, however. The
results of several studies* > 7-® suggest that stimulation
of insulin production is only observed in the presence of
marked increases in serum potassium concentration (e.g.,

greater than 1-2 mEq/1). Unfortunately, in these studies,
sampling from the portal circulation was not performed.
Thus, it is possible that smaller increments in plasma
potassium enhanced insulin secretion, which was masked
because of the capacity of the liver to extract insulin. In
the present study, we evaluated the pancreatic insulin
response to graded degrees of hyperkalemia in anes-
thetized dogs with intact kidneys. The results validate the



Research Articles

previously held impression that only marked increases of
serum potassium concentration stimulate the pancreatic
secretion of insulin.

Materials and methods

Experiment protocol. The studies were performed in six-
teen male or female mongrel dogs weighing 18—22 kg.
The day of the experiment, after an overnight fast, gener-
al anesthesia was induced with pentobarbital (30 mg/kg
b.wt i.v.} and constant ventilation achieved with a Har-
vard respirator. Additional small amounts of pentobar-
bital were administered when necessary. After a midline
incision, a catheter was placed in the portal vein. Addi-
tional catheters were placed in the saphenous vein for
potassium infusion and in the contralateral femoral ar-
tery and femoral vein for blood pressure monitoring and
blood sampling, respectively. The catheters were flushed
with 0.5 ml heparinized saline solution (1 pU/ml) to as-
sure their patency.

After 45 min equilibration, three baseline blood samples
were obtained from the portal and femoral veins for
potassium, glucose, and insulin determinations. In seven
dogs, KCl was then infused at a rate of { ml/min in
amounts calculated to deliver 0.2 mEq of potassium/kg
b.wt/h for 100 min. The KCl was diluted in 0.45% NaCl,
and the potassium concentration in the infusate ranged
from 70 to 80 mEq/l. Blood samples were obtained every
10 min for the first two collection periods and subse-
quently at 20-min intervals. In six additional animals, a
higher rate of infusion of 0.5 mEq/kg b.wt/h was used in
order to increase peripheral vein potassium levels by at
least 1.0 mEq/l. Finally in three control dogs, the exper-
iment was repeated by infusing 0.45% NaCl as above,
without KCl, in order to assess the effect of abdominal
manipulation.

Laboratory methods. Blood samples were analyzed for
potassium by flame photometry and for glucose utilizing
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Changes in portal vein insulin levels (closed circles) and peripheral vein
insulin levels (open circles) in seven dogs infused with KCI (0.2 mEq/kg/
h). Peripheral plasma potassium levels are depicted by open squares. The
vertical lines represent one SE of the mean. The asterisks denote changes
that are significantly different from baseline (p < 0.05).
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an autoanalyzer (Technicon Instruments, Tarrytown,
New York). Insulin was measured by radioimmunoassay.
Statistical analysis. The data shown in the figure and
table 1 were analyzed by analysis of variance followed by
the paired t-test to test for changes in serum concentra-
tion from baseline.

Results

No statistically significant changes from baseline values
were observed during KCl infusion in mean femoral
blood pressure recordings obtained with a pressure trans-
ducer.

As shown in the figure, there was no significant change
in portal vein insulin levels during 100 min of infusion in
the seven dogs receiving KCl at 0.2 mEq/kg/h. The mean
maximal increase in peripheral plasma potassium levels
in these animals was 0.68 + 0.2 (SE) mEq/l. Baseline pe-
ripheral insulin levels were low (8.1 + 1.5 pU/ml) and did
not change throughout the experiments. Portal potassi-
um levels tended to exceed those in the peripheral vein
during the baseline period and during the initial 20 min
of the experiment. Subsequently, the levels in the
peripheral vein were slightly higher than those in portal
blood. Peripheral plasma glucose concentration was
104 4+ 4 mg/dl at baseline, and the levels did not change
during the experiment.

Table 1 shows the peripheral plasma potassium levels
and the levels of insulin in the portal vein in the six
animals infused with KCl at 0.5 mEq/kg/h. In each dog,
the increment in peripheral plasma potassium was
greater than 2.0 mEq/l. Portal vein insulin increased
markedly in each animal but peripheral insulin levels
were undetectable in two animals and increased only in
one dog.

The levels of potassium and insulin in both peripheral
vein and portal vein in control animals (not infused with
potassium) are shown in table 2. In these animals, potas-
sium and insulin levels remained unchanged or decreased
during the experiment.

Discussion
Insulin promotes potassium transfer from ECF to ICF
independent of glucose uptake by increasing the activity

Table 1. The effect of high rate KCl infusion (0.5 mEq/l/kg/h) on periph-
eral and portal insulin levels in six dogs

Time K™ (mEq/l) Insulin (uWU/ml)
(min)  Peripheral Portal Peripheral Portal
0 423+014 430 + 0.07 63412 319412

10 459 +002* 4524077 5.3+ 0.81 272+ 6
20 478+007* 479 +0.097 5.9 + 0.68 50.6 + 18
40 s527+001t  s504+008t 6.4+ 0.34 58.0 + 11
60 585+0207  s82+0307 914+1.5 103 + 30
80  636+0387 64310457  185+59 105 + 24

100 705+0497  711+056T 162+52 150 + 31+

Data are X + SE; *p < 0.05; Tp < 0.005 from baseline.
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Table 2. Potassium and insulin levels in three control dogs that did not receive potassium infusions

Time K* (mEq/l)

Insulin (WU/ml)

(min) Peripheral Portal Peripheral Portal
Dog Dog Dog X +SE Dog Dog Dog X+ SE Dog Dog Dog* X + SE Dog Dog Dog X+ SE
1 2 3 1 2 3 1 2 3 1 2 3
0 477 3.63 366 402+037 472 354 364 397+038 46 110 <2 56+28 303 106 144 50.2 4282
10 490 360 3.69 406+042 481 352 367 4.00+040 4.0 70 <2 42416 151 121 11.2 491 4+ 350
20 490 364 349 401+045 491 361 3.63 4.05+043 4.6 80 <2 47418 21.7 107 228 50.5+28.2
40 495 343 339 3924051 490 340 340 390£050 7.0 52 <2 46416 209 272 96 192+ 51
60 482 364 326 390+047 492 355 327 391+0.51 2.4 70 <2 36417 149 432 184 255+ 89
80 491 356 324 3904051 467 339 327 377+045 1.8 54 <2 29412 126 361 304 263+ 71
100 470 340 320 3.834+043 464 320 326 3701047 25 55 <2 32412 150 458 139 249+104

* X calculated assuming a value of 1.5 wU/ml for peripheral insulin values of dog N° 3.

of (Na' 4+ K*)-ATPase®. Furthermore, there is evi-
dence that hyperkalemia may stimulate insulin release
from the pancreas® 8. These studies indicated that this
response occurs only after substantial increments in plas-
ma potassium concentration (greater than 1 to 2 mEq/1),
and that it is not observed with lesser changes in plasma
potassium levels.

Because of the substantial hepatic extraction of insulin,
the sampling from peripheral vein utilized in the previous
studies might have missed small increases of insulin se-
cretion. In the present study, we simultaneously mea-
sured both peripheral and portal insulin levels following
KCl infusions designed to produce relatively small in-
creases of plasma potassium concentration (from 0.3 to
0.8 mEq/]). There was a tendency for portal insulin levels
to increase but the results did not achieve statistical sig-
nificance. No significant changes in peripheral insulin
levels were observed. On the other hand, portal insulin
levels increased markedly in the dogs infused with a
greater amount of potassium so that plasma potassium
levels increased by more than 2.0 mEq/l. Because of sub-
stantial hepatic extraction peripheral insulin levels in-
creased in only one of these animals.

In one previous study '°, sampling for insulin from the
posterior superior duodenal veins was performed in four
dogs infused with KCl. Three dogs had a bilateral
nephrectomy, however. In these animals, increases in
plasma potassium concentration of 0.6—1.0 mEq/l re-
sulted in increases in both central and peripheral insulin
levels. In the only dog with intact kidneys, insulin levels
increased from 82 to 202 pU/ml five min after the begin-

ning of the experiment while plasma potassium increased
only from 4.8 to 5.1 mEq/L

The present findings suggest that relatively small changes
in plasma potassium concentration (less than 1 mEq/l)
do not result in significant changes in plasma insulin
levels, whereas marked increases (greater than 2 mEq/1)
stimulate insulin release by the pancreas.
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