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Experiments with radioactive potassium
(K%2) have demonstrated the continuous ex-
change of this ion between the intra- and the
extracellular phase of most tissues including
the red cells of the blood(1). Within the
limits of this exchange a considerable net
transport of potassium across the membrane
of the erythrocytes would be possible. A net
transport of potassium into the red blood
cells is most likely to occur in erythrocytes
with abnormally low potassium concentra-
tion. Low potassium concentration of the
erythrocytes is an unusual finding even in
potassium deficiency but was encountered by
the authors in a case of extreme persistent

* These investigations were supported by grants
from The King Christian X Funds and from Anders
Hasselbalck’s Fond til Leukzmiens Bekempelse. The
radioactive K was generously supplied from the
Institute of Theoretical Physics, University of
Copenhagen, through Dr. Hilde Levi.

1. Hevesy, G., Radioactive Indicators, New York,
1948, 483.

potassium depletion. A quantitative estima-
tion of the exchange of potassium in normal
cells and in potassium deficient cells and an
evaluation of the rate of potassium net
transport into potassium deficient cells would
be of great clinical interest providing a
measure of the optimal rate of therapeutic
supply of potassium to patients with an intra-
cellular potassium deficiency.

In the present study such estimations were
performed in #n vitro experiments with blood
samples from normal non-hypopotassemic per-
sons and from a case of severe persisting
hypopotassemia. The factors limiting the
net uptake of potassium, i.e., the possible
exchange of Na or other cations with K mov-
ing into the cells have not been investigated
in this study.

Experimental. Blood samples from non-
hypopotassemic persons and from a case of
severe persisting hypopotassemia were used.
In the controls (Experiment A and B) the
plasma potassium concentrations were 5.12
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TABLE 1.
Potassium Uptake of Human Red Blood Cells Incubated for 6 Hours at 37°C in Plasma with

Different Concentrations of Potassium.

For calculations and the potassium concentrations of

the erythroeytes, see text.

PI-K K42-decrease, K-uptake
Exp. (mEq/L) % Hematoerit (mEq/L R.B.C.)
B 5.09 72.0 38.5 5.8
A 5.12 53.3 30.0 6.3
B 7.56 60.7 37.8 7.5
C 9.05 34.1 21.5 11.3
A 9.20 38.0 20.1 8.5
B 9.36 52.4 38.7 7.7
B 13.95 39.2 38.2 8.8
and 5.09 mEq/L and the potassium con- Technic. Potassium analyses were per-

centration of the erythrocytes 98.6 and 100.2
mEq/L respectively. The corresponding val-
ues for the hypopotassemic blood sample
(Experiment C) were 1.84 mEq/L in plasma
and 87.2 mEq/L in the corpuscles. Blood
clotting was prevented in all samples by ad-
dition of heparin 2.5 mg per 10 ml of blood.
As the hypopotassemic blood was rather
anemic the controls had to be diluted with
plasma from the same donors thus establish-
ing more adequate hematocrit values. In
each experiment aliquots of blood with an
added amount of K*? were used; in some of
the aliquots the plasma potassium concen-
tration was raised by addition of KCl: in
Experiment A from 5.12 to 9.2, in B from
5.09 to 7.56, 9.36 and 13.95 in separate ex-
periments, and in C from 1.84 to 9.05 mEq/L.
The entrance of potassium into the cells dur-
ing 6 hours at 37°C was determined in all
samples except the 1.84 specimen, which was
lost. The total amounts of potassium ions
having entered the red blood cells (K influx)
from plasma were calculated from estimations
of the plasma potassium concentration at the
start of the experiment and the decrease
in plasma K*2 activity during the 6 hour
period neglecting the simultaneously emi-
grated labelled potassium ions. By use of
the relative plasma-corpuscle ratio these fig-
ures were converted into the potassium en-
trance into 1000 ml corpuscles. In Experi-
ment C a net transport of potassium into the
cells was calculated from a decrease in plasma
potassium concentration. In the controls
(Experiment A and B) no demonstrable net
transport of potassium into the cells occurred.

formed in a flame photometer with a lithium
internal standard. Hematocrit readings were
carried out directly on capillary glass tubes
at 3000 r.p.m. until constant volume; the
blood column was 60 mm, bottom 170 mm
from axis of the centrifuge. Each estimation
is the mean of 6 readings.

Specific activity of the K2 used was about
1 million counts per minute per mg K. The
B-emission was determined directly on samples
of plasma in open special cuvettes; the layer
thickness of plasma was 4 mm(2). The
incubation of blood samples was performed
in stoppered vials placed 11 cm from the
axis of a gramophone disc rotating at 80
revolutions per minute; the disc was placed
with an inclination of 45°. With this technic
a gentle but thorough mixing was secured
and no demonstrable hemolysis occurred.
Plasma glucose and lactic acid was not
measured but the pH at the end of the
experiments was found to be 7.3.

Results. Potassium uptake of the red cells
(mEq/L) was derived from the following
figures: plasma K at the start of the experi-
ment (PI-K), the percentage decrease in K*2-
activity of plasma (K*2-decrease) and the
hematocrit (H%) using the following for-
mula;

K-uptake (mEq/L. RB.C.) = PI-K X

100—H%
100 HY%

The figures are given in Table I.
The statistical significance of the figures in

2. Davidsen, H. G., and Kjerulf-Jensen, K.,
Scand. J. Clin. and Lab. Invest. 1950, in press.

K42—decrease
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the last column (K-uptake) is sufficient in
regard to the methodical error. The standard
deviation of each estimation of the 6-hourly
K-uptake amounts to 5% of the stated val-
ues. This figure was derived from the highest
occurring standard deviation of each of the
factors in the formula, i.e.:

Standard deviation of single plasma potas-
sium estimations calculated from 13 ten-
fold estimations under identical condi-

tions(4) 3 %
Standard deviation of estimations of
K42-decrease 3.5%
100—H%
Standard deviation of (in this
%
experiment) 1 %

The preceding figures (Table I and Fig. 1)
indicate that the potassium uptake of normal
red blood cells increases with increasing plas-
ma potassium concentrations (Experiment A
and B) ranging between 5.09 and 9.36
mEq/L, i.e. within concentrations which may
be found in clinical conditions. Experiment
C, however, demonstrates a potassium en-
trance into low potassium red blood cells,
which seem to be definitely higher than the
corresponding values obtained from the con-
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4. Ryssing, E., personal communication to the
authors.
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trols, Fig. 1. The net transport of potassium
into the cells encountered in Experiment C,
calculated from the decrease in plasma potas-
sium concentration from 9.05 to 8.34 mEq/L,
amounted to 3.0 mEq per liter of cells when
corrected for an increase in hematocrit from
21.5 to 22.5.

Discussion. When potassium deficient
cells are suddenly given the possibility of
free potassium assimilation it would be de-
cisively interesting to know whether the in-
creased potassium -assimilation is the result
of an increased potassium uptake (K-influx)
or a reduced potassium extrusion during the
general exchange of ions across the cell mem-
brane. In the preceding calculations the di-
lution of K*2-ions passing into the cells with
the preexisting potassium ions of the cell
interior was presumed so considerable that
the number of K*2-jons returning to plasma
was negligible. This assumption should be
permissible for the following reasons: as-
suming a uniform exchangeability of all potas-
sium ions in the cells and that no net trans-
port takes place (as in Experiment A and
B) a mathematical analysis reveals that only
3.7% of all emigrating ions are originating
from plasma during an exchange including
7.5% of all potassium ions in the cells (the
mean degree of exchange in Experiment A
and B). In the case of Experiment C where
in addition a net transport of potassium was
demonstrated about 6% of all emigrated K-
ions would be expected to be returning K#%2-
ions originating from plasma. These cor-
rections if used in the calculations would
heighten the calculated potassium uptake with
3.7 and 6% respectively. Thus the net
transport in Experiment C is sufficiently ex-
plained as the result of the demonstrated
increased potassium influx while the potas-
sium emigration from the erythrocytes (K-
influx — K-net transport) was quantitatively
comparable with that of the controls.

The rate of penetration of labelled potas-

100-21.5

100-22.5
t(9.05 X e

_ 834 X ) X
100 100
100

— = 3.02.

21.5
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sium into the red blood cells of human beings
is relatively low compared with that of other
tissue cells(3). Provided a total body cell
K /red cell K ratio of 15 the calculated mini-
mal 24 hour total cellular potassium uptake
would be about 14 g (358 mEq) K. Actually
this patient in a well controlled period prior
to the experiment received 23 g (588 mEq)
K during 2 days; within this period the
potassium concentration of plasma increased
from 2.28 to 3.45 mEq/L and of the red
blood corpuscles from 94.4-99.8 mEq/L. The
potassium concentration of the muscular tis-
sue was extremely low at the time of the
experiment: 50.9 mEq/kg; Na:107 mEq/kg.
Summary. The potassium exchange of nor-
mal human erythrocytes in wvitro increased
with increasing plasma potassium concen-
tration and approached a constant level at
concentrations above 9 mEq/L.

3. Moore, F. D, J.AM.A. 1949, vi41, 646

BACTERIAL SENSITIVITY TO SULFONAMIDE COMBINATIONS

In an experiment with low potassium ery-
throcytes from a case of persistent hypopotas-
semia in which the plasma potassium concen-
tration was raised the potassium uptake (K-
influx) was found to be increased by 40%
of the corresponding values for normal ery-
throcytes. This increase in the K-influx cor-
responded quantitatively to a demonstrated
net transport of potassium into the low
potassium red blood cells. The simultaneous
emigration of K-ions, however, was not re-
duced, and therefore the net transport of
potassium could not be considered a result
of a reduced potassium emigration from the
cells.

The low potassium concentrations of the
erythrocytes in this particular case seemed
to reflect the potassium depletion of the
body cells.

Received February 21, 1950, P.S.E.B.M., 1950, v74.

In Vitro Sensitivity of Bacteria to Sulfonamide Combinations as Compared

to Single Sulfonamides.*

(17946)
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of Surgery, Harvard Medical School, Boston, Mass.

The therapeutic advantages of a mixture
of several sulfonamides over a single effective
sulfonamide are said to be due to the follow-
ing: (1) A given volume of fluid (e.g. urine)
is capable of retaining several sulfonamides
in solution up to their individual maximum
solubilities, so that larger doses of a mixture
than the maximum for any one sulfonamide
may be given without producing crystalluria.
(2) On a weight for weight basis, such mix-
tures in a large series of cases have been
given with a markedly reduced incidence of
renal toxicity(1-9) and of sensitization re-

* Acknowledgment is due to Annette Freedman
and Elsie Sylvester for technical assistance.
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actions such as drug rash and fever(7). It
is claimed further that mixtures are as ef-
fective antibacterial agents éin vitro as an
equivalent amount of a single sulfonamide
and may in some instances exert a potentiat-
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