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‘The effeet of extracellulir ealeivm on the Na*-K* pump uctivity in human polymarphanueleir leucocyten and erythrocytes was studied and com-

paved with the aetivity in mixed peritoneal leucogytex fram rats. While there was maximal deeredse in the pump activity (25-30%) of leucocytes

fram both rat and human by calcium 0.6 mM, 4 concentration of 0.1 mM eaused a substantial deerease indicating u high sensitivity for extracellulas

calcivm. In contrast, caleium had no effect on the pump activity in erythroeyies. The effect of caleium an the pump aetivity in leucocytes may

be due to regulation of the influx of sodium across the plasma membrane., since in human leucocytes caleium had no effect on the pump activity
if the cells were loaded with sodium.

Na*-K* pump: Nu* K*-ATPase; Calcium sodium; Potassium; Leucocyte: Erythroeyte
P

1. INTRODUCTION

Previously, evidence -has been provided that ex-
traceliular calcium inhibits the activity of the Na*-K*
pump in intact rat peritoneal mast cells {1,2]. The aim
of this investigation was to study if regulation of the
Na™-K* pump activity by extracellular calcium may be
a more general phenomenon. The effect of extracellular
calcium on the pump activity was determined in human
polymorphonuclear leucocytes and- erythrocytes and
mixed peritoneal leucocytes.

2. MATERIALS AND METHODS

2.1, Isolation of rat peritoneal leucocytes

Two male Sprague-Dawley rats, 330-380 g, were used for each ex-
periment. The rats were killed by decapitation under light ether
anacsthesia, Peritoneal leucocytes were isolated by differential cen-
trifugation of mixed peritoneal cells in a selfgencrating gradient of
Percoll as described previously [1]. The leucocytes were concentrated
in the upper part of the gradient, The cells were harvested by aspira-
tion into a syringe and washed twice by centrifugation (160 x g for 10
min) and resuspension in order to remove the remaining Percoll, Then
the leucocytes were suspended in a calcium-free Krebs-Ringer solu-
tion for the experiments. The whole isolation procedure was perform.-
ed at 4°C. The purity of the leucocyte suspensions was determined by
inspection or smears stained with Toluidine blue. The leucocytes con-
stituted 97-99% (98.5 + 0.5%, mean and SE, n=6) of the cell
population.

2.2, Isolation of human erytrocyles
Whole venous blood (10 m}) from 5 healthy males, age 23-32 an-

ticoagulated with heparin (50 1E/ml) was diluted with 10 ml of a

caleium-free Krebs-Ringer solution. After centrifugation, 160 x g for
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10 min, at4*C the supernatant was discarded and the cells were wash-
ed 3 times by centrifugation (300% g, 15 min, 4°C) and resuspension.
The cells were then suspended in a ealelum-free Krebs-Ringer solu-
tion for the experiments, The erythrocytes constitute 99.3-100% (99.8
+ 0.3%, mean and SE, n=5) of the cell suspension.

2.3, Isolation of humuan polymorphonuclear leucoceyies

Suspensions of intact polymorphonuelear leucocytes were prepared
from whole venous blood by centrifugation on a discontinuous densi-
ty graclient of Percoll. Whole venous blood (30 ml) from § healthy
males, age 23-32 anticoagulated by heparin (50 IE/ml) was diluted
with an equal volume of caleium-free Krebs-Ringer solution, and
mixed with dextran (M. 500 000 Da, final concentration 1.2% w/v),
This solution was left for 30 min at room temperature to allow
sedimentation of the erytrocytes.

The supernatant was removed and centrifuged at 140x g for 10 min
at 4°C. Then the cell pellet was resuspended in a simall volume of
Krebs-Ringer solution, layered onto a discontinuous density gradient
of Percoll and centrifuged at 300 x g for 30 min at 4°C. The gradient
containing two layers of Percoll (1.06 and 1.08 g/m}) retained throm-
bocytes and mononuclear leucocytes and allowed polymorphonuclear
leucocytes and the remaining erythrocytes to pass, Thesc wers remov-
ed by a mild hypotonic lysis, i.e, 10 5 exposure to distilled water
followed by adjustment for-isotonicity to reappear, The polymor-
phonuclear leucocytes were washed once (centrifugation at 140x g, 10
min, 4°C), layered onto a second gradient of Percoll (1.08 g/ml) and
centrifuged (300 x g, 15 min, 4°C) in order to remove the residual cell
debris. Then the cells were washed twice by centrifugation (140x g, 10
min, 4°C) and resuspension, The isolation procedure was performed
with a calcium-free Krebs-Ringer solution in the dose-response. ex-
periment (Fig. 2) and a calcium-free, potassium-free Krebs-Ringer
solution in the Na* -loading experiment (Fig. 4). The purity of the
final cell suspension was tested by inspecting smears stained with
Hemacolor, The polymorphonuclear leucocytes constituted
96.8%-98.5% (97.5 = 0.,3%, mean and SE, n=5) in the
dose~response experiment and 97,5~98.3% (97.8 % 0.3%, mean and
SE, n=5)in the Na* -loading experiment.

2.4. Incubation procedure
Samples of cells having the same cell density in a final volume of 0.3
ml were preincubated at 37°C for 5-60 min with various combinations

153



Volume 279, number |

of qalcium, polasshun and suabaln, A coulter counter (Madel 134,
Antlys Instrument A, Sweden) was usedd (o count the number of
cells. The number of rut leucoeytes varied between 6.78 = 10° and
#.26 % 10°, human polymorphenuclear leucacytes between 890 =
10° and 4,08 « 10* and human erytrocytes between 2.68 ¢ 10% and
3,88 = 10% For further details concerning preineubation and incuba.
tion conditions, see legends to flgures.

2.5, Measurement of Na™-K'" pump activity :

For determination of ¢elfular patasslum-upiake (K* **Rb" ).
uptake), 100 4l of a solution, ¢ontaining, in addition 1o potasdum,
trace amounts of *Rb ™, were added 1o the samples. The radioative

- congentration during the incubation was mean 1.5 aCizml (1.2-2.2
aCirml). The incubation with the K= ¢"*Rb " J-solution lasted for
2=10 min and was terminated by the additon of 9.5 ml ice-chilled
Krebs=Ringer solution. The cells were washed twice by centrifugation
at 300« g for 15 min at 4°C followed by the addition of 0.5 ml of an
agueons solution of NaOH (47.6 mM) to the vamples, The whole con.
tent of each sample was then transferred to a seintillavion vial and
mixed with Ecoseint. Cellular K* (**Rb * Juptake was measured in
Mark 111 Liquid Seintillation Speetrometer (Nuclear Chicago) using
the preset window for 2P, The specific activity of patassivay in the exe
tracellular medium wag used. 1o caleulate the cellular uptake of K °
(‘“Rb » ’.

2.6. Presentation of data :

Statistical analysis was performed by use of Mann=-Whitney U-test,
P <0.05 was considered statistically significant, Data are presenied as
mean x standard error of the mean.

2.7. Solutions

The calcium-free Krebs-Ringer solution had the following com-
position (mM): NaCl 136.8, KClI 4,75, MgS0a 1.2, Tris-FHCI 12.5.
When the concentrations of ¢caleium and potassium varied the concen-
tration of sodium was varied accordingly in order to maintain
isotonicity, All solutions contained bovine serum albumin, 1 mg/ml,
and glucose, I mg/ml, The pH was 7.4 (room temperature),

2.8. Materials

Bovine serum albumin was supplied by Sigma (St. Louis, USA),
Hemacolor and glucose by E. Merck (Darmstadt, W.Germany), Dex-
tran and Percoll by Pharmacia Fine Chemicals (Sweden), Ecoscint by
BN Plastics (Helsinge, Denmark) and **Rb* by Amersham (Buck-
inghamshire, UK). The radioactive rubidium was always used within
3 months of manufacture in order to minimize complications
resulting from the progressive increase in '**Cs* relative to 8¢Rb*.
Ouabain (Mecobenzon, Denmark) and all other chemicals were of
analytical grade.

3. RESULTS

The Na*-K* pump activity of intact peritoneal
leucocytes from rats was inhibited by extracellular
calcium, Maximal inhibition (30%) was observed with
calcium 0.6 mM (P < 0.05), and there was an inhibition
of 25% by calcium 0.1 mM (P<0.05). (Fig. 1). A
similar dose-dependent inhibition in the pump activity
by calcium was found in. intact human polymor-
phonuclear leucocytes (Fig. 2). Calcium 0.6 mM caused
maximal inhibition (25%, P<0.05). However, a
substantial inhibition (20%) could be observed in the
presence of 0.1 mM calcium although the level of
significance was not attained {(P<0.1), The ouabain-
resistant uptake of K* (3Rb™*) in the absence of
calcium was 203 + 9 and 29 + 7 pmol/10° cells/min in
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Fig. 1. Dose~response effect of extraceliular caleivm on the Nu ™K ”*
pump activity in lnwaet peritoneal teucoeytes from rats. The cells were
preineubated in a calkkium-free medium for 60 min ar 37°C in the
presence of potassium, 4.75 mM. The preincubation continued
withoul or with ouabain 1 mM for 15 min, Then calejum, 0.1-10 mM
was added (abscissa) for another 1S min before determination of the
Na™-K* pump activity by incubation with K * (**Rb*) far § min, Or-
dinate scale: the activity of the Na®-K”™ pump in percent of control
value from cells incubated without ealeium: 451 2 39 pmolZ10®
celis/min. The pump activity was caleulated as the total uptake of K *
(*Rb*) into the cells corrected for the ouabain-resistant uptake.
Mean value from 6 experiments; vertical lines show SE.
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Fig, 2. Dose-response effect of extracellular caleium on the Na*-K*
pump activity in intact human polymorphonuclear leucocytes. The
¢ells were preincubated in a calcium-free medium for 60 min at 37°C
in the presence of potassium, 4.75 mM. The preincubation continued
without or with ouabain 10 M for 15 min. Then calcium, 0,1-10 mM
was added (abscissa) for another 15 min before determination of the
Na'™-K* pump activity by incubation with K* (**Rb*) for 10 min.
Ordinate scale: the activity of the Na *-K * pump in percent of control
value from cells incubated without calcium: 109 = 8 pmol/10°
cells/min. The pump activity was caleulated as the total uptake of K*
(®°Rb ") into the cells corrected for the ouabain-resistant uptake,
Mean value from 5 experiments; vertical lines show SE,
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Fig. 3. Dosc-respanse effect of exteacctular calcium on the Na*.K *
pump activity in intact human erychrocyies, The c¢lls were prein-
cubated in'a calcium-free medium for 60 min at 37°C {n the presence
of potassium, 4.75 mM. The preincubation continued without or with
ouabain 10 gM for 15 min. Then caleium, 0.1-10 mM was added
(abscissa) for another 15 min before determination of the Na*-K ~
pump activity by incubation with K* (*Rb*) far § min. Ordinate
scale: the activity of the Na*-K* pump in percent of control value
from cells incubated withou! ealcium; 1335 2 74 pmol/10% celis/min,
* The pump aetivity was caleulated as the total uptake of K* (**Rb*)
into the eells corrected for the ouabain-resistant uptake. Mean value
from § experiments; vertical lines show SE.

the rat and human leucocytes, respectively., These
values were not significantly different from the uptake
by cells incubated in the presence of calcium (0.1-10
mM) (P>0.1 or higher). In contrast, calcium did not in-
hibit the pump activity in intact human erythrocytes
(P>0.1 or higher) when comparing the uptake in a
calcium-free medium (1335 + 74 pmol/10° cells/min)
with the uptake in the presence of calcium (0.1-10 mM)
(Fig. 3). As observed with the leucocytes calcium did
not change the ouabain-resistant uptake of K* (!5Rb *)
into human erythrocytes (P>0.1 or higher, control
value in calcium-free medium: 689 + 70 pmol/10°
cells/min).

The ouabain-sensitive K* (®*Rb*)-uptake by intact
human leucocyies was 358 =+ 30 and 328 =+ 30
pmol/10° cells/min after $ min temperature equilibra-
tion at 37°C in a potassium-free medium in the absence
and presence of calcium (1.2 mM), respectively. The
values were not significantly different (P> 0.1). After
60 min incubation in the presence of potassium but
without calcium the uptake was 146 + 14 pmol/10°
cells/min. If calcium (1.2 mM) was present in addition
to potassium the cuabain-sensitive uptake was decreas-
ed significantly to 96 = 5 pmol/10° cells/min

(P<0.01). The ouabain-resistant uptake was 18.7-26.5 -

pmol/10° cells/min, and this was not influenced by the
various combinations of potassium and calcium.
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Fig. 4. Reversal of the pump inhibition due to calelum by sedium
loiding of intact human polymorphonuclear leucoeytes. The cells
were sodivm loaded dueto the isolation procedure at 4°C (potassium-
free medium). Afcer temperature equilibration at 37°C for Sminina
potassium-free medium in the absence or presence of esleium, 1.2
mM (abseissa), the activity of the pump was determined by ineubation
of the cells for 2 min with potassium, 4,78 mM, using "Rb* as a
tracer. Control samples were incubated in the presence of potassium,
4,75 mM and in the absence or presence of calcium, 1.2 mM for 60
min before determination of the pump activity by incubation with K *
(**Rb*) for 10 min. The ouabain-resistant K* (**Rb* y-uptake was
determined in samples Incubated in parallel with ouabain, 10 M
throughout the incubation at 37°C. The pump activity was caleulated
by correction of thie total uptake of K* (**Rb*) by the ouabain-
resistant, * P>0.1, ** P<0.05.

4. DISCUSSION

This investigation demonstrates that the activity of
the Na*-K* pump of human polymorphonuclear
leucocytes and mixed peritoneal leucocytes from rat is
sensitive to the extracellular concentration of calcium.
In both cases almost maximal inhibition of the pump
activity was observed with 0.1 mM calcium. In contrast,
the pump activity in hurnan erythrocytes was insensitive
to extracellular calcium unless in high concentration
beyond the physiological range. A sensitivity to ex-
tracellular calcium similar to our observations with the
leucocytes was reported for the Na*-K* pump activity
in rat peritoneal mast cells [1]. Inhibition by ex-
tracellular calcium of the Na*-K* pump activity in
isolated myocytes from guinea pigs have also been
reported [3], and omission of extracellular calcium in-
creased the ouabain-sensitive uptake of ¥Rb* into
cultured rat vascular smooth muscle cells [4].

Isolation of the cells was performed at 4°C, and at
this temperature the pump activity is considered to be

- blocked allowing accumulation of sodium to occur in-

side the cells. This isolation procedure is responsible for
the high level of pump activity found in the human
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polymorphonuclear leucocytes after the temperature
cquilibrution (Fig. 4). Incubation of the cells with
potassium for 60 min reduces the pump activity con-
siderably due to transport of intracellular sodium to the
extracellular space, and this decreases the stimulation
of the pump from inside the cell. The significant dif-
ference in pump activity in the presence and absence of
calejum may be due to differences in the permeability of
the plasma membrane to sodium. The presence of
calelum in the medium seemed to  decrease the
permeability and thus to decrease the stimulation of the
pump by sodium, This view is supported by the obser-
vation that calcium did not ¢hange the pump activity
when the cells were loaded with sodium (Fig. 4),
Similarly, in rvat peritoneal mast cells extracellular
caleium seemed to regulate the permeability of the
plasma membrane 1o sodium [2]. Since in these cells the
activity of the ouabain-sensitive Na*-K* pump is
mainly regulated through stimulation of the pump from
inside the plasma membrane by sodium (1,2,5}, ex-
tracellular calcium has a major influence on the pump
activity. This mechanism is possibly also relevant con-
cerning the regulation of the pump activity in the
leucocytes.. However, extracellular calcium may be less
important for the regulation of the pump activity in
leucocytes than in rat mast cells due to the fact that the
maximal pump inhibition by calcium in mast cells was
about 80%, while the maximal inhibition in the
leucocytes was 25% and 30%.

I'n addition to our observations above on leucocytes
and rat mast cells data in the literature support the view
that extracellular calcium may participate more general-
ly in regulation of the permeability of plasma mem-
branes. Increased sodium permeability of the plasma
membrane upon removal of extracellular calcium has
been observed in amphibian ococyte [6], and in a
calcium- and magnesium-deficient medium the
permeability of the plasma membrane to monovalent
cations increased [7]. Increased turnover rate of the
Na*-K* pump of isolated myocytes from guinea pigs
in the absence of calcium is likely to be caused by an in-
creased stimulation of the pump due to an increased
sodium permeability of the plasma membrane [3]. The
omission of extracellular calcium increased the in-
tracellular - concentration of sodium in cultured rat
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vascular smooth muscle cells [4). Evidence for increased
sodium permeability of rat heart myecytes due 10 a
decrease of caleium in the medium was provided by
Hoh! et al. [B). A decreased sodium. permeability
measured as decreased PNaCl efflux due to ex-
tracellular ¢alvium in rhe micromalar to millimolar
range has been observed in outside out orientared
plasma membrane vesicles from cat pancreas (9],

In conclusion, we have provided evidenee that
calcium plays animportant role in the regulation of the
pump activity in leucocytes from man, and this is likely
to be relevant also in leucoeytes from rat. The
mechanism of regulation is considered to be the same as
that previously observed to affect the pump activity in
rat mast cells. The present data and the data in the
literature support the view that extracellular calcium
may have a major influence on the sodium permeability
of plasma membranes and hence their Na*-K* pump
activity, However, this effect of calcium does not in-
clude the human erythrocyte.
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