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Na*, K" and Cl~ transport in isolated small intestinal cells from guinea pig.
Evidences for the existence of a second Na* pump
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Isolated small intestinal epithelial cells, after incubation at 4° C for 30 min, reach ion concentrations (36
mM K*, 113 mM Na™* and 110 mM Cl ) very similar to those of the incubation medium. Upon rewarming
to 37°C, cells are able to extrude Na*, Cl~ and water and to gain K*. Na* extrusion is performed by two
active mechanisms. The first mechanism, transporting Na™ by exchanging it for K™, is inhibited by ouabain
and is insensitive to ethacrynic acid. It is the classical Na* pump. The second mechanism transports Na*
with C1~ and water, is insensitive to ouabain but is inhibited by ethacrynic acid. Both mechanisms are
inhibited by dinitrophenol and anoxia. The second Na* extruding mechanism could be the Na* /K* /2Cl~
cotransport system. However, this possibility can be ruled out because the force driving cotransport would
work inwards, and because Na™ extrusion with water loss continues after substitution of C1~ by NO; . We
propose that enterocytes have a second Na* pump, similar to that proposed in proximal tubular cells.

Introduction

In the small intestine, the transcellular move-
ment of sodium is known to depend on cellular
energy and to involve the participation of carriers.
Sodium ion may enter the enterocyte following its
electrochemical gradient in three ways. (a) As an
electrogenic movement of sodium ions across the
apical pole of the cell, without any direct coupling
to the movement of other solutes [1,2]. In this
case, the sodium movement would be associated
with a passive absorption of chloride. (b) Coupled
with the entry of a large variety of organic mole-
cules [3,4] and (c), coupled to the movement of
Cl1™ across the brush-border membrane [5].

Sodium ions are pumped out of the epithelial
cell across the basolalteral membrane against an
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electrochemical gradient by a process that requires
the supply of energy. This energy is derived from
the hydrolysis of ATP. There exists at this site at
least one enzyme responsible for such hydrolysis,
namely the (Na* + K*)-ATPase.

There are several indications that the active
transport of sodium across the basolateral plasma
membrane of the intestinal epithelial cell is not
uniquely dependent on the Na*-K™* exchange
pump. When intracellular sodium is depleted and
its transepithelial movement is abolished by re-
moval of this cation from the mucosal medium,
there is no change in the intracellular concentra-
tion of potassium nor in cell water, and the zrans-
serosal flulx of potassium is unaltered [6]. This
observation indicates that the transepithelial fluxes
of sodium and potassium entry into the cell from
the serosal side are not tightly coupled and that
the transepithelial transport of sodium, as well as
the regulation of cell water, are not entirely depen-
dent on Na*-K™* exchanges.
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In addition, it is known that solutes such as
D-glucose and L-alanine strongly enhance the
transcellular movement of sodium by stimulating
the entry of the cation across the apical pole of the
cell [7]. When the effect of these organic solutes
on potassium exchange kinetics is examined, it is
found that they do not influence the rate of ex-
change of “?K* across the basolateral membrane
[6]. These observations agree with the findings of
Lee and Armstrong [8] who determined the in-
tracellular activities of sodium and potassium in
bullfrog small intestine using cation-selective mi-
croelectrodes and observed that in the presence of
3-O-methylglucose, the ion activities were signifi-
cantly reduced, despite the stimulation of tran-
scellular sodium transport caused by this sugar. If
there existed an absolute relationship between the
transport of sodium and Na*-K* exchange, an
increase in cell potassium would be predicted, if
the leak of K* out of the cells does not increase.
Indeed, these observations have been confirmed
with isolated cells [9] where it was found that
non-metabolizable hexoses elicit no rise in cell
potassium.

Recently, we have found that basolateral plasma
membrane vesicles from enterocytes possess two
distinct Mg?*-ATP-dependent Na™® transport
mechanisms. One transports sodium actively in
the absence of potassium, is insensitive to ouabain,
it is inhibited by ethacrynic acid and furosemide.
In this study experimental conditions were used
which ruled out the involvement of the cation /C1~
cotransport system in the movement of Na* just
described. The second Na™* trnasport mechanism
requires potassium, is strongly inhibited by
ouabain, weakly inhibited by ethacrynic acid and
is insensitive to furosemide [10]. These transport
mechanisms have been found associated with two
different (Mg”* + Na*)-dependent ATPases [11].
Small intestinal basolateral plasma membranes
have an ATPase activity stimulated by the simul-
taneous addition of sodium and potassium, which
is inhibited by ouabain and to a small extent by
ethacrynic acid, but is refractory to furosemide.
This corresponds to the classical (Na*+ K™*)-
ATPase [11]. In addition, another enzyme activity
has been characterised. It is stimulated by sodium
alone (it does not require potassium), is insensitive
to ouabain, but is inhibited by ethacrynic acid and

furosemide [11]. The possible existence of these
additional mechanism has not been directly tested
in the intestinal epithelium. To investigate whether
a second sodium transport mechanism exists in
addition to the Na*/K™* pump in the small in-
testinal mucosa, we decided to use isolated enter-
ocytes.

This preparation is free of inconveniences re-
lated to diffusion delays in the intestinal space
which can result in incomplete access of transport
inhibitors to their sites of action. For examples,
persistance of sodium extrusion in the presence of
ouabain could be due to limited accessibility of
ouabain for its sites of action when whole in-
testine, or rings or mucosal sheets are used. We
decided then to study net ion movements between
cells and bathing medium trying to differentiate
whether the Nat movements described above can
be characterized. Due to the ease of ion substitu-
tion in the isolated cell preparation conditions
were used which allowed to sort out whether the
K*/Na*/2Cl™ cotransport system could explain
part of the experimental results.

In the present work, we demonstrate the ex-
istence of two distinct Na*-transport mechanisms
unrelated to a cation/Cl~ cotransport system.

Part of this work was presented at the 30th
Congress of International Union of Physiological
Sciences, in Vancouver, Canada (1986).

Material and Methods

Materials. *H,0 and [**Clinulin were purchased
from New England Nuclear (Boston). Dulbecco’s
modified Eagle’s medium and ouabain from Sigma
Chemical Co. (St. Louis). Ethacrynic acid from
Merck, Sharp and Dohme (Haarlem). Di-n-
butylphthalate and di-n-nonylphthalate from
Merck (Darmstadt). All other chemicals of ana-
Iytical grade were obtained from Sigma Chemical
Co. or Merck.

Preparative procedure for isolation of intestinal
epithelial cells. Intestinal cells were prepared from
300--350 g guinea-pigs by the procedure described
previously [12]. Briefly, the small intestine was
excised from the duodenal flexure to the ileocecal
junction and then rinsed, filled and incubated for
10 min at 37°C with intracellular-like solution I
(7 mM K ,S0O,, 44 mM K ,HPO,, 9 mM NaHCO,,



10 mM Hepes and 180 mM glucose (pH 7.4; 340
mosmol /1)). The luminal content was discarded
and the intestinal segment was refilled and in-
cubated for 3 min at 37°C with intracellular-like
solution II (0.5 mM dithiothreitol, 0.25 mM ethyl-
enediaminotetraacetic acid (EDTA), 7mM K ,SO,,
44 mM K,HPO,, 9 mM NaHCO;, 10 mM Hepes
and 180 mM glucose (pH 7.4; 340 mosmol1)).
The intestine was then gently palpated and the
luminal content, containing isolated cells, was col-
lected on Dulbecco’s modified Eagle’s medium
(100 m!) at 4° C and then filtered through a nylon
filter (60 pm pore diameter) and centrifuged twice
at 100 X g for 5 min. Isolated cells were resus-
pended in Dulbecco’s modified Eagle’s medium
and stored at 4°C. Dulbecco’s modified Eagle’s
medium ion composition was modified to contain:
116 mM NaCl, 5 mM KCl, 1 mM CaCl,, 1 mM
MgSO,, 10 mM NaHCO,, 1 mM NaH,PQ,, 10
mM K,S0,, 10 mM Hepes (pH 74; 320
mosmol/1).

Centrifugal filtration. For analysis cells were
separated from the incubation medium by centri-
fugation through an oil layer in a 400 pl micro-
centrifuge tube containing 50 pl of the mixture
di-n-butylphthalate / di-n-nonylphthalate (3 : 2
(v/v) density 1.019). Samples of cells containing
1-2 mg protein were placed on top of the oil
layer. On centrifugation (20 s at 13000 X g) the
cells were separated from the incubation medium
by the oil layer. The supernatant was removed and
the tubes were washed three times with distilled
water. Then the oil was removed. Pellets were
resuspended with 200 ul of water, they were
strongly stirred for 3 min to lyse the cells and then
200 pl of 10% trichloroacetic acid was added to
precipitate the proteins. The suspensions were
centrifuged for 5 min at 13000 X g. Supernatants
were used to determine intracellular contents. Pel-
lets were resuspended with 1 M NaOH and cellu-
lar protein was determined by a modified
Coomassie blue method [13].

Determination of intracellular water and trapped
volume. Cells were exposed simultaneously to
*H,0, and [“*Clinulin, to measure intracellular
water and trapped volume, respectively. The in-
tracellular water was calculated as the difference
between the total water content and the volume
trapped in the pellet.
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Cell electrolyte contents. Na™, and K* contents,
were meausred with a Zeiss PMQ II, flame pho-
tometer and Cl~ was mesured with a Buchler
Digital Chloridometer. The amounts of sodium,
potassium and chloride in the pellets were cor-
rected for the sodium, potassium and chloride
contents in the trapped volume, and were divided
by the cellular water to obtain the intracellular
concentration.

Oxygen consumption. OXygen consumption was
measured with a Clark electrode. Cells (1-2 mg
cell protein) were incubated in 3 ml of incubation
medium at 37° C. Oxygen consumption was linear
with time for at least 15 min. Experimental zero
O, concentration in the chamber was obtained by
adding sodium dithionite.

Results

Intracellular ion and water contents after cooling
(4°C) and on rewarming (37 °C)

At the end of the preparative procedure, the
isolated cells were incubated for 30 min at 4°C in
Dulbecco’s modified Eagle’s medium and intracel-

TABLE 1

INTRACELLULAR ION AND WATER CONTENTS OF
ISOLATED SMALL INTESTINAL CELLS

Cells were collected in ice-cold Dulbecco’s modified Eagle’s
medium at the end of the preparative procedure and washed
twice by centrifugation. After this step, the cells were in-
cubated for 30 min at 4°C in the same medium. Part of the
cell preparation was prepared for analysis (A). The rest was
re-incubated at 37°C for 30 min (B). Values presented are
means + S.E. of four experiments.

Content Concentration
(nmol/mg cell protein)  (mM)
At4°C(A)
Na* 714  +315 113
K* 232 4172 36
C1™ 697 +14.8 110
H,0* 6.34+ 0.097 -
At 37°C (B)
Na™* 163 + 7 34
K* 545 +12 114
Ci™ 435 110 o9
H,0* 480+ 0.16 -

® Water content expressed in pl1/mg cell protein.
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lular ion and water contents were determined. Cell
have high Na* and Cl~ and low K* concentra-
tions, similar to that of the incubation medium.
However, upon rewarming to 37°C in Dulbecco’s
modified Eagle’s medium the cells extrude Na™,
Cl~ and water and gain K*, reaching ion con-
centrations similar to those obtained ‘in situ’ [22].
These results are shown in Table 1.

Fig. 1 shows the time course of cell ion con-
tents. Na* and Cl1~ are lost while K™ is gained.
Initial rates were estimated as suggested by Jacquez
[14]. Mean rate of net flux for the first five time-
points were calculated and plotted as a function of
the actual sampling time. These data were fitted
with the equation F = a, + a,t + a,t? by standard
regression techniques. The intercept, a, estimates
the initial rate of ion movements. The values
obtained were 98.6 + 2.43 for Na*, 45.4 + 2.46 for
K* and 51.3 £ 5.48 for C1” in nmol/mg cellular
protein per min. The relationship between the
initial fluxes for Na* and Cl~ extrusion and K*
gain was about 2:1:1.

Effects of some inhibitors on Na*, K*, Cl~ and
water transport in isolated small intestinal cells

Table II shows the effects of ouabain (1 mM)
and ethacrynic acid (1.5 mM) on rewarming-in-
duced ion and water movements in isolated enter-
ocytes. Ouabain, a specific inhibitor of the
Na*/K* pump, only partially inhibited Na* ex-
trusion, abolished K* gain and did not affect C1~
and water movements.

Ethacrynic acid, a diuretic inhibitor of the pro-
posed second Na* pump in the kidney [16}, par-
tially inhibited Na™ extrusion, had no effect on
K™ gain and abolished C1~ and water movements.
The effects of ouabain and ethacrynic acid were
additive. These results indicate the existence, in
the enterocyte, of an ouabain-insensitive Na*, Cl1~
and water transport in addition to a ouabain-sen-
sitive Na* /K * transport.

When cells were rewarmed in the presence of
dinitrophenol or in anoxia (which was achieved by
using N, instead of O,) both mechanisms were
abolished as shown in Table III, indicating their
dependence on cellular metabolism.
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Fig. 1. Net ion movements in isolated small intestinal cells. Effect of rewarming (37 ° C). Positive values indicate gain and negative
ones loss. Initial rates are estimated as indicated in results. Values presented are means + S.E. of four experiments



TABLE II

EFFECT OF OUABAIN (OU) (1 mM) AND ETHACRYNIC
ACID (EA) (1.5 mM) ON INTRACELLULAR ION AND
WATER CONTENTS OF ISOLATED SMALL INTESTI-
NAL CELLS

Cells were preincubated at 4°C for 30 min and then rein-
cubated at 37° C for 30 min. The differences, (B—A), (C—A),
(D~—A), and (E— A) are net ion movements. Values presented
are means + S.E. of four experiments.

Condition  Intracellular content
Ion (nmol /mg cell protein) Water
Na* K+ 1 (pl/mg cell
protein)
A, 4°C 739425 241415 720417  6.331+0.03
B,37°C 155+ 9 548+17 415+ 8 4.44+0.09
C,37°C,
+0U 405+19 196+ 9 426+ 9 4.3510.06
D, 37°C,
+EA 480+22 566+20 741126 6.35+0.07
E, 37°C,
+0U
+EA 750+30 217413 713+20 6.48+0.09
Rewarming
(B—A) —584 +307 -305 -1.89
+0uU
(C-A) —-334 —45 —294 -1.98
+EA
(D-A) —259 +325 +21 +0.02
+0U
+EA
(E-A) +11 -24 -7 +0.15
TABLE III
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TABLE IV

OXYGEN CONSUMPTION OF ISOLATED SMALL IN-
TESTINAL CELLS. EFFECT OF OUABAIN (1 mM) AND
ETHACRYNIC ACID (1.5 mM)

Oxygen consumption was measured using a Clark oxygen
electrode at 37° C. Values presented are means + S.E. of three
experiments.

Conditions Oxygen consumption
(nmol/mg cell protein)
Control 11.7+1.06
+ ouabain 5.9+0.60
+ ethacrynic acid 5.3+0.43
+ ouabain + ethacrynic acid 1.24+0.07

Table IV shows the effects of ouabain and
ethacrynic acid on oxygen consumption by iso-
lated enterocytes. Quabain reduces the oxygen
consumption by 50 + 5% and ethacrynic acid by
55 + 4%. The effects of ouabain and ethacrynic
acid were additive.

Effect of substitution of CI~ by NO;~

One additional explanation for our results is
that the observed ouabain-insensitive Na™*, Cl~
and water extrusion is due to the action of a
Na*/K*/2Cl~ cotransport mechanism as de-
scribed in some tissues {5,15]. This cation/Cl™~
cotransport system is able to transport Na* against
its electrochemical gradient by obtaining energy

INTRACELLULAR CONTENT OF ISOLATED SMALL INTESTINAL CELLS. EFFECT OF ANOXIA (N,) AND DI-

NITROPHENOL (DNP) 1 mM

Cells were preincubated at 4°C for 30 min and then incubated at 37°C for 30 min. Values presented are means+S.E. of four

experiments.
Condition Intracellular content
Ion (nmol/mg cell protein) Water (ul/mg cell protein)
Na* K* Cl™
A, 4°C 739+24.8 2411154 720+17.1 6.3310.031
B,37°C 155+ 82 548+16.8 415+ 7.5 4.4410.094
C,37°C+N, 7234235 230+£11.7 719+25.1 6.26 +0.075
D, 37°C+DNP 7124292 177+ 89 738+27.5 6.51 +0.098
(B—A) —584 +307 -305 -1.89
(C—-A) -16 -11 -1 -0.07
(D—A) -27 —64 +18 +0.18
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from the K* and/or Cl1~ downhill movement. In
fact this is a mechanism passive for K* and/or
Cl™ and ‘secondary active’ for Na*. One char-
acteristic of the cation/Cl™ cotransport mecha-
nism is its strong dependence on Cl~. When Cl is
substituted by NO; this mechanism is inhibited
[15,21]). Table V shows ion and water movements
when cells were prepared and incubated in NO; -
containing media without Cl™. After 30 min at
4°C, cells have similar Na* and K* contents to
cells prepared and incubated with C1™. Upon re-
warming, enterocytes incubated with NO; ex-
truded Na™, and water and gained K*. Quabain
partially inhibited Na™* extrusion, abolished K*
gain but did not affect water movements.
Ethacrynic acid partially inhibited Na* extrusion,
had no effect on K* gain and totally inhibited
water transport. The effects of ouabain and
ethacrynic acid were additive.

TABLE V

EFFECT OF SUBSTITUTION ClI- BY NO; ON IN-
TRACELLULAR ION AND WATER CONTENTS OF ISO-
LATED SMALL INTESTINAL CELLS

Cells were prepared and resuspended in media without Cl1-,
preincubated at 4°C for 30 min and then rewarmed at 37°C
for 30 min. n.d., not detectable. Values presented are means +
S.E. of three experiments. OU, ouabain; EA, ethacrynic acid.

Condition Intracellular content
Ton (nmol/mg cell protein) Water
Na* K+ Cl- (pl/mg cell
protein)
A, 4°C 750+ 32 219+20 nd. 6.41+0.05
B,37°C 60+10 500+10 n.d. 3.62+0.18
C,37°C,
+0U 360420 160+11 nd. 3.60+0.20
D, 37°C,
+EA 350+£25 520+11 nd. 6.50+0.19
E, 37°C,
+0U
+EA 745+30 200+18 nd. 6.35+0.11
Rewarming
(B-A) —690 +281 - —2.79
+0U
(C-A) -39 +59 - —-2.81
+EA
(D~A) —400 +301 - 4009
+0U
+EA
(E~A) -5 -19 - —006

The substitution of C1~ by NO; had no effect
on the characteristics of Na*, K* and water trans-
port. These results eliminate the possibility that
the ouabain-insensitive Na*, C1~ and water extru-
sion would be due to the functioning of the
Na®/K™/2Cl* cotransport system.

Discussion

To our knowledge this paper shows for the first
time that isolated small intestinal cells extrude
Na*, C1~ and water and gain K* upon rewarm-
ing, when they have been previously loaded with
Na®*, C1~ and water and depleted of K* by cool-
ing at 4° C (Table I). This fact allows the study of
the mechanisms involved in the iso-osmotic regu-
lation of intracellular ionic and water contents.
Examination of the initial rates for Na* and Cl~
extrusion and K™ gain, obtained from the results
shown in Fig. 1, indicates that two Na™ are lost
when one K™ is gained. The electrical difference
obtained by the net movement of one Na* in
excess to one K% is probably compensated by the
loss of one Cl™. The net movement of NaCl
outwards produces the loss of water. If the
Na*/K* pump, which exchanges intracellular Na*
by extracellular K*, were the single mechanism
implicated in the movement of these ions in the
enterocyte, ouabain, a specific inhibitor of this
pump, should fully inhibit the Na™, C1~ and water
extrusion and K* gain. However, ouabain inhibits
only partially Na* extrusion and does not affect
Cl™ and water transport, but it abolishes K* gain.
On the other hand, ethacrynic acid mainly inhibits
Na™, C1™ and water extrusion. These results sug-
gest the existence of two mechanism for Na™
transport in the enterocyte. One exchanges Na™
by K™, is inhibited by ouabain and insensitive to
ethacrynic acid. The second mechanism extrudes
Na* with Cl~ and water, is inhibited by ethacrynic
acid and is insensitive to ouabain. The observation
that the net Na*/K* movements inhibited by
ouabain keep a ratio of 1 does not imply Na*/K*
coupling rates of 1 for the functioning of the
Na*/K* pump. To evaluate the Na*/K™ cou-
pling by the pump knowledge of the unidirec-
tional (not of the net) ion movements is required.
Willis [23] argued that some Na™ pumps located
in sites inaccessible to ouabain could explain the



persistence of Na™ estrusion in the presence of
ouabain. We believe that the use of isolated enter-
ocytes and of ouabain concentration at least two
orders of magnitude higher than the maximal in-
hibitory concentration of ouabain in the guinea-pig
intestine rules out this possibility.

Brugnara et al. [21] have shown, in human red
blood cells, that substitution of CI~ by NO;
inhibits the Na*/K*/2Cl~ cotransport mecha-
nism. In the enterocyte, substitution of Cl~ by
NOj; has no effect on Na*, K* and water move-
ments observed after rewarming (Table V). This
fact rules out the possibility that the ouabain-in-
sensitive Na extrusion were due to the functioning
of the Na*, K* Cl~ cotransport system.

In addition the following arguments also rule
out that a cation/ Cl~ cotransport mechanism may
explain the extrusion of Na* observed in the
presence of ouabain. Saier and Boyden [15] have
shown, in cells where the Na*/K™*/Cl~ cotrans-
port system is operative, that equilibrium is re-
ached at the relative concentrations predicted by
the following equation

(net driving force) Afi o = Afig + Afina + Afic =0
= RT In[KJouNaJou[ClJ2u/[K]in[Na]ia[ ClJ2s

where the Af terms denote the electrochemical
potential differences for the given ions across the
cell membrane, R is the gas constant, 7 the
absolute temperature, [] are the ion concentrations
in the cell (in) and outside it (out), respectively.
If we analyze our results with this equation we
obtain the following values: at the end of incuba-
tion in the cold, that is the moment when the
rewarming starts, the net driving force is 0.005
kcal /mol directed inwards, (i.e. it is virtually zero).
Under these circumstances the cotransport system
cannot proceed. After 30 min of rewarming the
net driving force is 0.258 kcal /mol again directed
inwards. Therefore under the conditions in which
rewarming was carried out cotransport must work
as an influx system. However, under these condi-
tions, Na*, Cl1~ and water extrusion are obtained.
The present observations are in agreement with
the results obtained with basolateral plasma mem-
brane vesicles of small intestinal cells where two
different Mg?*)-ATP-dependent Na* transport
mechanisms were demonstrated [10]. One trans-
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ported Na™ in the presence of K*, was inhibited
by ouabain, it was weakly inhibited by ethacrynic
acid and it was refractory to furosemide. The
second mechanism transported Na™ in the ab-
sence of K*, was insensitive to ouabain but it was
inhibited by ethacrynic acid and furosemide. Two
different Na*-dependent ATPases associated with
these Na* transport mechanisms have been de-
scribed [11]. Similar transport mechanisms and
ATPase systems have been described in proximal
tubular kidney cells [16-20], where it has been
recently shown that the (Na* + K*)-ATPase can
be totally inhibited under conditions in which the
(Na* + Mg?*)-ATPase continues working. Alter-
natively the latter ATPase can be totally inhibited
while the former continues working, indicating
that these two ATPase activities reflect different
entities [24].

The ATP dependence of Na* transport mecha-
nism in basolateral plasma membrane vesicles and
the existence of two different ATPase systems
associated with each one of them, explains the
dependence of two modes of Na* extrusion on
cellular metabolism (Tables III and IV).

On the other hand, furosemide which inhibits
Na*/K*/Cl™ cotransport [15), and which also
inhibits the ouabain-insensitive Mg2*-ATP-depen-
dent Na™ transport in basolateral plasma mem-
brane vesicles of enterocytes [10], has no effect on
ions and water transport in isolated enterocytes
(data not shown). The difference between the ef-
fects of furosemide in basolateral plasma mem-
brane vesicles and in isolated cells could be ex-
plained if furosemide does not enter the cells and
therefore does not reach the site of action on the
second Na* pump, which would be located inside
the cells, whereas in the inside-out vesicles [10] the
site of action would be directly in contact with the
incubation medium where furosemide has been
added.

The involvement of the Na*—Ca®* exchange or
the Na*™-H™ exchange in the ouabain-insensitive
Na™, Cl and water transport has been discarded
since both the absence of extracellular Ca%* and
changes of the extracellular pH (6.5 to 7.5) did not
affect these fluxes (data not shown).

Based on the present evidence obtained with
isolated cells and the previously shown in baso-
lateral plasma membrane vesicles and ATPase sys-
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tems, we propose that enterocytes regulate their
Na* content by two pumps located in the baso-
lateral plasma membrane. One exchanges Na* for
K*, is inhibited by ouabain and insensitive to
ethacrynic acid and furosemide. The second Na*
pump transports Na* with CI~ and water, is in-
sensitive to ouabain but is inhibited by ethacrynic
acid and furosemide.
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