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Summary. The present study was designed to assess for the influ-
ence of extracellular potassium and of inhibitors of potassium
transport on cell volume regulatory decrease in isolated perfused
straight proximal tubules of the mouse kidney. Volume regulatory
decrease ts virtually unaffected when bath potassium concentra-
tion is elevated from 5 to 20 mmol/liter, and still persists. albeit
significantly retarded, in the presence of the potassium channel
blocker barium on both sides of the epithelium and during virtu-
ally complete dissipation of the transmembrane potassium gradi-
cnt by increasing extracellular potassium concentration to 40
mmol/liter. As evident from electrophysiologic observations, bar-
ium blocks the potassium conductance of the basolateral cell
membrane. Reduction of bicarbonate concentration and increase
of H' concentration in the bath solution cannot compensate for
enhanced potassium concentration and cell volume regulatory
decreasce is not affected in the presence of the K/H exchange
inhibitor omeprazole. Similarly cell volume regulatory decrease
is not affected by ouabain. In conclusion, potassium movements
through potassium channels in the basolateral cell membrane arc
important determinants of ¢ell volume and may participate in cell

volume regulatory decrease. However. a powerful component of

cell volumie regulatory decrease in straight proximal tubules of the
mouse kidney is apparently independent of potassium conductive
pathways, K/H exchange and Na*/K*-ATPase.
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Introduction

Cell volume regulatory decrease involves loss of

potassium in a varicty of tissues [1, 3, 510, 12-17,
19-23, 25-28, 33-35]. In most of these tissuces, in-
cluding proximal renal tubules, potassium is thought
10 be lost via barium-sensitive potassium channels
|7, 12, 14, 15, 20, 27, 28, 32-34]. Potassium loss is

generally believed to be concomitant with loss of

chloride (3. 5, 7. 12, 14, 16, 19, 23, 26-28]. The
low intracellular chioride activity in proximal renal
tubules |4]. however, renders a crucial contribution
of chloride rather unlikely. Accordingly, cell volume

regulatory decrease in proximal straight tubules of
the mousce kidney depends on the presence of bicar-
bonate and sodium, but not of chloride [32]. This
observation is suggestive of involvement of sodium
bicarbonatc cotransport in volume regulation. In
Amphinma red cells, on the other hand, potassium
is thought to be lost in exchange for hydrogen tons
[3]. In cither case, increase of potassium concentra-
tion in the bath should eventually impair cell volume
regulatory decrease, but the concentration of potas-
sium in the bath necessary to impair cell volume
regulatory decrcase may allow for discrimination
between these systems. Furthermore, the persis-
tence of some volume regulatory decrease at high
extracellular potassium concentrations or after in-
hibiting the basolateral membrane potassium con-
ductance may point to a potassium-independent
component of cell volume regulation.

The present study was carried out to define the
influence of extracellular potassium concentration
on cell volume regulatory decrease in proximal
straight tubules of the mousce kidney and to test for
cell volume regulatory decrcase in the presence of
inhibitors of potassium transport.

Materials and Methods

Swiss mice weighing 20-25 ¢ were killed by cervical dislocation
and the left kidney was removed. Proximal straight tubule seg-
ments of 0.2 to (.4 mm length were dissected and perfused follow-
ing principally the method of Burg et al. [2[. Modifications of the
technigue. including track system, pipette arrangement and use of
a dual-channel perfusion pipette have been described in previous
publications [11. 29]. The luminal pertusion rate was ~-10 nl/min.
The bath was perfused continuously at a rate of 20 mil/min and
thermorcgulated with a dual-channel feedback system (W. Ham-
pel. Frankfurt, FRG)Y. The bath temperature was kept constant at
38°C. The composition of the solutions is listed in Table |. Oua-
bain (0.1 mmol/liter). barium ([ or 2 mmol/liter) or omeprazole
(0.1 mmolliter) were added to solutions 1, 2, 3.4, or 17 in the
respective experiments.
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Table 1. Composition of solutions (solutions |—-16 for bath, solutions 17 and 18 for lumen)

Solution 1 2 3 4 5 6+ 7 8 9 10 11 12 13 14 15 16 17 18
NaCl 70 70 65 65 55 55 45 45 35 35 45 45 i3 33 40 40 120 8S
KClI 5 5 10 10 20 20 30 30 40 40 40 40 20 20 40 40 5 40
NaHCO, 20 20 20 20 20 20 20 20 20 20 10 10 40 40 20 20 20 20
CaCl, 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
MgCl, 1 1 1 1 1 ] 1 1 i 1 1 1 1 1 1 1 ! 1
Na.HPO, 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Na-acetate 10 10 10 10 10 10 10 10 10 10 10 10 10 10 — — — —
Giucose 5 5 S 5 5 5 5 5 5 5 5 5 5 5 3 3 e —
Na-lactate — — — — — — — — — — — — — — hf S — —
L-glutamine  — — — — — — — — — — — — — — 2 2 — —
Mannitol 80 — 80 — 80 — 80 — 80 — 80 — 80 — 80 — 3 N
2 308 228 308 228 308 228 308 228 308 228 308 228 308 228 308 228 308 308

“ All solutions were equilibrated with 5% CO. and 95% O,. Concentrations are expressed in mmol/liter (X = sum of concentrations).

The potential difference across the basolateral membrane
(PDy;) was measured with a high input-impedance electrometer
(FD 223, WPI, Science Trading, Frankfurt, FRG) connectedto the
electrode via an Ag/AgClhalf-cell. The electrodes used for record-
ing PDy, were pulled from filament capitlaries (1.5 mmo.d., 1.0 mm
i.d., Hilgenberg, Malsfeld. FRG) with a Narishige PE 2 vertical
puller. which wasadjusted todeliverelectrodes withtipresistances
between 100 and 200 MQ. The microelectrodes were filled with |
mol/liter KCI solution immediately before use. For impalement.
the electrodes were advanced rapidly with a piezoelectric stepper
(M. Frankenberger, Germering. FRG) mounted on a Leitz micro-
manipulator (E. Leitz, Wetzlar, FRG). A recording was accepted
only when the penetration of the cell membrane resulted in a rapid
deflection of the reading. Furthermore. PD had to be more negative
than —50 mV and stable (£2 mV) for at least 1 min.

As shown In a previous paper [29], impalements most fre-
quently result in a PD between —60 and —70 mV. Impalements
below —50mV were rarely stable and thus considered to be leaky.
Withdrawal of the electrode had to be followed by an immediate
return of the electrode reading to the baseline value (£2 mV). The
resistance of the electrodes was checked by passing short current
pulses and had to be constant during the impalement (£209). In
one series intracellular potassium activity was assessed utilizing
ion-selective microelectrodes with a slope of >52 mV/decade K~
concentration in mixed extracellular solutions [34].

Before, during and after exposure to hyposmotic solutions,
photographs were taken at a magnification of 400 x using interfer-
ence-(Nomarski) contrast (ICM 405 microscope. Zeiss, Ober-
kochen, FRG) focused on the center of the tubule. For evaluation.
tubule segments were selected in which the borders of the cells
were in focus throughout the experiment. The negatives were
enlarged 50-fold and mean outer radius (r) and cell height (/1) were
determined in each print of one cycle. The evaluation was made
by the experimenter and, as a control, by a person not knowing
the experimental protocol (blind). The respective results did not
differ significantly. Apparent cell volume per unit tubule length
(V) was calculated from:

V=all = — k] = 7Qrh — I,

The data are expressed in fractions of the apparent volume
(V,) calculated for tubules prior to hypotonic swelling. No sig-
nificant difference in cell volume changes were observed between
tubule segments close to the perfusion pipette and tubule seg-
ments close to the collecting pipette.

Mean values are given *+ SEM, statistical analysis was made
by r test, P < 0.05 was accepted as a statistically significant
difference.
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Fig. 1. The potential difference across the basolateral cell mem-
brane (PDy) of isolated perfused proximal straight tubules as
a function of bath potassium concentration in isosmotic (open
symbols, broken line) and hyposmotic (filled symbols, solid line)
bath (means = SEM of steady-state values, numbers in parenthesis
indicate numbers of experiments)

Results

During control conditions (solution 1) the potential
difference across the basolateral cell membrane
(PDy) is —65 £ I mV (n = 38).

As illustrated in Figs. 1 and 2, an increase of
bath potassium concentration from 5 to 10 (solution
3), 20 (sotution 5), or 40 mmol/liter (solution 9) depo-
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Fig. 2. Effect of hyposmotic bath perfusates on the potential difference across the basolateral cell membrane (PDy,) of isolated perfused
straight proximal tubules at 20 and 40 mmol/liter bath potassium concentration (original tracing)

larizes the basolateral cell membrane by +11 = |
mVin=28,+28+1mVin=35),or +43 = I mV
(n = 6), respectively.

Decrease of bath osmolarity by 80 mosmol/liter
by omission of mannitol depolarizes the basolateral
cell membrane within 30 sec by +9 = | mV (n
=, 27) at 5 mmol/liter bath potassium concentration
{solution 2), by +6 = 2 mV (n = 5) at 20 mmol/liter
bath potassium concentration (solution 6}, and by
+6 £ I mV (n = 6) at 40 mmol/liter bath potassium
concentration (solution 10) (see Figs. 1-3).

Reduction of bath osmolarity by omission of 20,
40, 60, 80 and 100 mmol/liter mannitol (Fig. 3) leads
to depolarizationsby 2 = 1,5+ 1,7+ 1,9 = | and
Il =2 mV, respectively (n = 5).

A 60-sec exposure of the tubule segments to
increased bath potassium concentration under isos-
motic conditions leads to significant swelling of the
cells (Table 2). Continued exposure to a 40 mmol/
liter [K "] bath leads to further ceil swelling, followed
by partial volume decrease. At 1, 2, and 5 min of
exposure to a 40-mmol/liter potassium concentration
in the bath, the respective cell volumes were 110 +
2, 115 = 3 0or 109 = 3% (n = 3) of control cell
volume (see Fig. 4).

The photograph series in Fig. 5 and Table 2 dem-
onstrate that isolated segments of straight proximal
tubules are still able to regulate cell volume when
bathed in 20-mmol/liter potassium (solutions 5and 6).

As illustrated in Fig. 6 and Table 2, some impair-
ment of cell volume regulation is observed at 30
mmol/liter [K*] (solutions 7 and 8). Cell volume
regulation is markedly retarded but not abolished

by increasing bath [K *] to 40 mmol/iter in bath
(solutions 9 and 10) or in bath and lumen (solfutions
15, 16, and 18).

Increasing bath bicarbonate concentration from
20 to 40 mmol/liter (at constant Pc,,), in the
presence of 20-mmol/liter potassium (solutions 13
and 14), leads to some impairment of volume
regulatory decrease (Fig. 7, Table 3). However, a
reduction of bath bicarbonate concentration (solu-
tions 11 and 12) from 20 to 10 mmol/liter (at
constant Pco,) does not accelerate volume regula-
tory decrease in the presence of 40-mmol/liter
potassium (Fig. 7, Table 3). Thus, the bicarbonate
or H* gradients across the basolateral cell mem-
brane do not appear to be critical for volume
regulatory decrease.

As shown in Fig. 8 and Table 4, 0.1 mmol/liter
omeprazole does not alter cell volume in isotonic or
hypotonic bath perfusates. Similarly, cell volume
regulatory decrease is virtually unchanged in the
presence of ouabain, provided that the drug is ap-
plied I min before exposure of the tubules to hypos-
motic perfusate (Fig. 9, Table 4).

The K* channel blocker barium (1 mmol/liter)
depolarizes the cell membrane to —34 = 6 mV (n =
4) and abolishes the basolateral potassium conduc-
tance. In the presence of barium, an increase of
bath potassium concentration from 5 to 10 mmol/liter
leads to a slight significant hyperpolarization by —2
* 1 mV (n = 4) in isosmotic and to no significant
change (=1 = | mV, n = 4) in hyposmotic perfusate
(solutions 3 and 4).

Exposure of proximal renal tubules to barium in
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Fig. 3. Effects of graded alterations of extracellular osmolarity on the potential difference across the basolateral cell membrane (PD).
In the isosmotic bath solution 50 mmol/liter NaCl weve replaced by 100 mmol/liter mannitol. Alterations of osmolarity (—20. —40.
—60, —80 and — 100 mmol/liter) were achieved by reducing bath mannitol
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Fig. 4. Effect of increasing bath potassium
95 — _.concentration from 5 to 40 mmol/liter on cell
0 1 2 3 4 5 ) 7 8 9 10 volume in isolated perfused proximal tubule
t (min) segments (means = SEM. # = 5)

Table 2. Influence of extracellular K~ concentration on cell volume regulatory decrease in proximal renal tubules”

Condition (solutions") A B C

[sosmotic, Hyposmotic [sosmotic,

(1 min) (0.5 min)

0.5 min 2 min S min

Control (1, 2) 100 116.4 £ 0.9 (8)" 105.7 = 1.3 (8)* — 94.0 = 1.3 (8"
20 mM K (S, 6) 105.8 = 1.6 (18 120.2 = 1.9 (18)° 107.7 = 2.1 (18) — 94,7 = 1.8 (18)
30 mm K (7, 8) 103.7 = 0.9 (7)¢ 126.3 = 2.7 (7)™ 115.6 = 2.4 (7) —_ 95.9 + 3.0 (7)°
40 mm K (9, 10) 110.6 £ 1.6 (15)¢ 134.5 + 2.9 (15) 123.8 £ 2.4 (15 117.8 £ 3.1 (15) 99.8 + 2.2 (15
40 mM K bath+1u (15, 16) 107.5 = 1.8 (6 133.0 + 3.7 (6)¢ 124.0 + 2.7 (6)¢ 108.4 = 2.6 (6) 92.8 + 1.6 (6)

4 Cell volume (% of control, i.e., exposure to solutions 1 and 17} t min following treatment with respective isosmotic solution (A), 0.5,
2 and 5 min following subsequent exposure to respective hyposmotic perfusate (B), and 0.5 min following re-exposure to respective
isosmotic solution (C). Numbers of observations in parentheses.

b Bath solutions (bath) as listed in Table 1; luminal solution (lu) is 17 (Table 1) except in series 40 mm K bath +lu, where the luminal
solution is 18.

¢ Significantly different from value before exposure to hypotonic perfusate.

¢ Significantly different from respective value at 5 mmol/liter K*.
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Fig. 5. Effect of hyposmotic bath perfusate on straight proximal tubule at increased bath potassium concentration («) Tubule exposed
to isosmotic bath solution containing 5 mmol/liter potassium. (h) 60 sec after exposure to isosmotic bath solution containing 20 mmol/
liter potassium. (¢) 30 sec after exposure to hyposmotic bath solution containing 20 mmol/liter potassium. (/) 60 sec after exposure to
hyposmotic bath solution containing 20 mmol/liter potassium. (¢) 120 sec after exposure to hyposmotic bath solution containing 20
mmol/liter potassium. ( f) 30 sec after re-exposure to isosmotic bath solution containing 20 mmol/liter potassium

both, luminal perfusate and bath leads to cell swelling
by 7 = 1% (n = 7) within 1 min. Subsequent exposure
of the tubules to hyposmotic bath leads to an addi-
tional cell swelling followed by retarded cell volume
regulatory decrease (Figs. 10 and 11, Table 4).

Intracellular K* activity is 72 = 6 mmol/liter at
5 mmol/liter extracellular K* concentration (Fig.
12). Increase of extracellular [K™] to 40 mmol/liter
leads within 1 min to an increase of intracelular
[K7]by 14 = 6 mmol/liter and virtually abolishes the
K * gradient across the basolateral cell membrane (0
+ 2 mV). Subsequent reduction of bath osmolarity
decreases intracellular K* activity by 15 = 3 mmol/
liter, which remains almost constant (+3 = 4 mmol/
liter) throughout exposure to hyposmotic perfusates
(up to 5 min).

Discussion
At bath K* concentration in the range of 5 to 40

mmol/liter, exposure of proximal straight tubules to
hyposmotic media depolarizes the cell membrane.

This finding parallels similar observations made in
our laboratory in Madin Darby Canine Kidney cells
and in Ehrlich ascites tumor cells [18]. In intestine
{20] and in early proximal tubule of Necturus kidney
{24], on the other hand, hyposmotic perfusates have
been shown to hyperpolarize the basolateral cell
membrane.

One factor contributing to the change in cell
membrane potential is certainly the dilution of intra-
cellular electrolytes and the respective shifts of equi-
librium potentials. Intracellular potassium activity
decreases due to both entry of water and loss of cell
potassium during volume regulatory decrease. The
decrease of cell potassium activity reduces the
chemical gradient and thereby the equilibrium po-
tential for potassium. As a result, the cell membrane
tends to depolarize. Dilution of intracellular anions,
on the other hand, increases the equilibrium poten-
tials for the respective conductive pathways and
tends to hyperpolarize the cell membrane. The net
result of the alterations of equilibrium potentials de-
pends on the selectivity of the cell membrane to the
respective ions: if potassium selectivity is predomi-
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Fig. 6. Effect of hyposmotic bath perfusates on cell volume in isolated perfused proximal tubule segments at various bath potassium
concentrations, i.e., at S mmol/liter (open circles, broken line, n = 8), at 20 mmol/liter {filed circles. solid line, 7 = 18), at 30 mmol/
liter (open triangles, broken line, n = 7) and at 40 mmol/liter (filled triangles, solid line, n = 15). Means = SgM
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Fig. 7. Effect of hyposmotic bath perfusates on cell volume in isolated perfused proximal tubule segments at 20 mmol/iter potassium
concentration (open symbols, broken lines) and cither 20 (open circles, 1 = [8) or 40 (open triangles, 1 = 8) mmol/liter bicarbonate,
as well as, at 40 mmol/liter potassium (filled symbols, solid lines) and cither 10 (filled circles, 7 = 12) or 20 (filled triangles, n = 135)
mmol/titer bicarbonate in the bath. Means + sem
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Table 3. Influence of bath HCO; on cell volume regulatory decrease in proximal renal tubules at increased extracellular K* concentra-
tion*

Condition (solutions") A B C

lsosmotic. Hyposmotic Isosmotic,

[ min 0.5 min

0.5 min 2 min S min

40 mm K. 20 mm HCO; (9. 10) 110.6 = 1.6 (15) 134.5 = 2.9 (15 123.8 = 2.4 (15) 117.8 £ 2.1 (15) 99.8 £ 2.2 (15
40 mMm K. [0 mm HCO, (11, 12) 106.6 = (1.8 (12} 127.3 £ 2.4 (12) 125.8 = 2.9 (12) ISR £ 5.5(3) 102.0 £ 2.1(3)
20 mM K, 20 mm HEO, (5. 6) 105.8 = [.6 (18) [20.2 = £.9 (I18) 107.7 £ 2.1 (I¥) — 947 + (8 (I8)
20 mM K, 40 mm HCO; (13, 14) 107.2 £ 1.3(8) 123.2 £ 2.8 (8)" 113.2 = 1.7 (8)" 103.7 = 4.9 (4) 97.6 = 3.4 (&)

* Cell volume (% of control. i.e.. exposure to solutions | and 17) I min following treatment with respective isosmotic solution (A), 0.5,
2 and 5 min following subsequent exposure to respective hyposmotic perfusate (B). and 0.5 min following re-exposure to respective
1sosmotic solution (C). Numbers of observations in parentheses.

b Bath solutions (bath) as listed in Table 1: luminal solution is 17.

¢ Significantly different from value before exposure (o hypotonic perfusate.

Table 4. Eftfect of inhibitors on cell volume regulatory decrease in proximal renal tubules
Condition (solutions™ A ‘ B C

[sosmotic. Hyposmotic Isosmotic,

[ min 0.5 min

0.5 min 2 min S min

Controf (1. 2) 100 116.4 = 0.9 ()" 105.7 = 1.3 (8) — 94.0 = 1.3 (8)
I mm Barium (1, 2) 106.2 = 1.0 (1D 125.5 + 2.3 (1« 120.0 + 2.6 (1H 102.3 = 2.1 (10)  88.7 = 1.6 (10)
2 mm Barium bath+1lu (1, 2} 107.0 = 1.4 (7)¢ [25.9 = 2.5 (7)! 117.8 = 4.0 () 103.4 = 3.1 (7) 927 = 2.0(7F
0.1 mm Omeprazole (1. 2) 100.6 = 1.5(5) 118.7 = [.5(5)¢ 106.7 = 3.3 (5)" — 91.7 £ 2.2 (5
0.1 mmM Quabain (1, 2) 100.1 £ 0.8(8) 1164 = [.1(8)" 1055 = [L3(8)" — 948 = 1.4 (B)"

* Cell volume (% of control. i.c., exposure to solutions | and 17) I min following treatment with respective isosmotic solution (A), 0.3,
2 and 5 min following subsequent exposure to respective hyposmotic perfusate (B). and (.5 min following re-exposure to respective
isoSmotic solution (C). Numbers of observations in parentheses.

b Bath solutions (bath) as listed in Table 1: luminal solution is 17.

¢ Significantly different from value before exposure to hypotonic perfusate.

¢ Significantly different from respective value in the absence of the inhibitor.
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Fig. 8. Etfect of hyposmotic bath perfusates on cell volume in

isolated perfused proximal tubule segments in the absence (con-
trol, open circles, broken line, 1 = 8) and in the presence of 0.1
mmolliter omeprazole (filled circles, solid line. 2 = 5). Means
SEM

Fig. 9. Eltect of hyposmotic bath pertusates on cell volume in
isolated perfused proximal tubule segments in the absence (con-
trol. open circles. broken line, » = 8) and in the presence of
ouabain (filled circles. solid line, # = 8). Mcuans = sem
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Fig. 10. Effect of hyposmotic bath perfusate on straight proximal tubule in the presence of 2 mmol/liter barium in both, luminal and
bath perfusate. («) Tubule exposed to isosmotic bath solution without bariam. (h) 60 sec after exposure to isosmotic bath solution with
2 mmol/liter barium. (¢) 60 sec after exposure to hyposmotic bath solution containing 2 mmol/liter barium. () 180 sec after exposure
to hyposmotic bath solution containing 2 mmol/liter barium. (¢) 300 sec after exposure to hyposmotic bath solution containing 2 mmol/
liter barium. (f) 30 sec after re-exposure to isosmotic bath solution containing 2 mmol/liter barium
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Fig. 11. Effect of hyposmotic bath perfusates on cell volume in isolated perfused proximal tubule segments in the presence of 1 mmol/
liter barium in the bath (open symbols, broken line, n = 11) and in the presence of 2 mmol/liter barium in both. the bath and luminal
perfusate (filled symbols, solid line, 1 = 7). Means * SEM



H. Volkl and F. Lang: Cell Volume Regulation

80

80

K™)i [rmmot /Ul

70

60
SOl
L0 *
301
20
10
0<
-104
-20 BT o i el oS o S G
-30
-LO »
-50
-60

(mV)

PDhi

t {min)

Fig. 12. Effects of hyposmotic bath perfusate on the potential
difference across the basolateral cell membrane (PDy) determined
with conventional (open circles, 7 = 10) and potassium-selective
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nant, the cells will depolarize, whereas anion selec-
tivity causes hyperpolarization. In mouse proximal
tubules, potassium conductance amounts to more
than § of the cell membrane conductance and thus
clearly dominates [30].

Another factor possibly influencing cell mem-
brane potential during cell swelling is a change in ion
selectivity of the cell membrane due to stimulation or
inhibition of conductive pathways during volume
regulatory decrease. In a previous study we ob-
served a decrease of potassium selectivity and an
increase of bicarbonate selectivity of the cell mem-
brane during exposure of isolated perfused proximal
straight tubules to hyposmotic perfusates [31]. Po-
tassium selectivity was similarly reduced by swelling
of MDCK- and Ehrlich ascites tumor cells [ 18]. The
reduction of potassium selectivity certainly contri-
butes to the observed depolarization. The hyperpo-
larization upon exposure to hyposmotic perfusates
observed in intestine [20], Necturus gall bladder [ 19]
and in early proximal tubule of Necturus kidney
{24] has been explained by stimulation of potassium
conductance. The decrease in potassium selectivity
observed in our laboratory (see above) appears to
contradict this assumption. The lack of cellular cable
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analysis, however, precludes safe predictions of al-
terations of any particular conductance.

Obviously, potassium cannot leave the cell with-
out being exchanged for some other cation or being
accompanied by some anion. In previous studies,
we have shown that cell volume regulatory decrease
is unaffected in the absence of chloride but is im-
paired in the absence of bicarbonate and sodium
[32]. Furthermore, the bicarbonate selectivity in-
creases during exposure to hyposmotic solutions
[31]. These observations preclude a crucial role for
chloride and are compatible with involvement of
sodium-bicarbonate cotransport in cell volume regu-
latory decrease. The present observation that cell
volume regulatory decrease is virtually unaffected at
20 mmol/liter bath potassium concentration despite a
depolarization of the cell membrane below —35mV
strongly suggests that a potent cell volume regula-
tory mechanism is operative in straight proximal
tubules of the mouse kidney, which does not depend
on potassium channels and is not likely to be medi-
ated by conductive pathways at all.

To test for the possible involvement of K/H ex-
change, which mediates cell volume regulatory de-
crease in Amphiuma red cells [3], we have altered
bath bicarbonate concentration in parallel to bath
potassium concentration. Although increase of bath
bicarbonate concentration to 40 mmol/liter leads to
some increase of cell volume and to some slowing
down of cell volume regulatory decrease, reciprocal
alterations of bicarbonate and H™ concentrations do
not compensate for the effects of altered potassium
concentration. Thus, cell volume regulatory de-
crease s apparently not mediated by passive K/H
exchange or a thermodynamically equivalent sys-
tem. At 40 mmol/liter [K "] in the bath, intracellular
[K*] remains virtually constant during regulatory
volume decrease. Thus, cellular [K*] is lost in paral-
lel to the loss of volume, and potassium remains
close to passive equilibrium across the basolateral
cell membrane. If volume regulatory decrease were
accomplished by loss of potassium salts or exchange
of K* for H*, intracellular [K*] should decrease
below passive equilibrium.

In conclusion, cell volume regulatory decrease
in proximal straight tubules is paralleled by cell
membrane depolarization, is virtually unaffected at
20 mmol/liter bath potassium concentration, and
only retarded by raising bath [K*] to 40 mmol/liter,
or by complete inhibition of potassium conductance
with barium. These observations strongly suggest
the involvement of a nonconductive volume regula-
tory mechanism, which is not likely to be K/H ex-
change, considering the limited influence of changes
in extracellular bicarbonate and H* concentrations
and the constancy of intracellular K* concentration.
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