J. Membrane Biol. 155, 229-237 (1997)

The Journal of

Membrane
Biology

© Springer-Verlag New York Inc. 1997

Hypertonicity Decreases Basolateral K and CI~ Conductances in Rabbit Proximal
Convoluted Tubule

P. Macri, S. Breton, M. Marsolais, J.-Y. Lapointe, R. Laprade
Groupe de recherche en transport membranaire, Univetsitdontrel, C.P. 6128, Succursale Centre-ville, MéatreQuéec, Canada H3C 3J7

Received: 6 February 1996/Revised: 10 October 1996

Abstract. Collapsed proximal convoluted tubules (PCT) Introduction
shrink to reach a volume 20% lower than control and do

not exhibit regulatory volume increase when submittedrhe proximal convoluted tubule is responsible for the
to abrupt 150 mOsm/kg hypertonic shock. The shrinkingreapsorption of the major portion of the glucose and
is accompanied by a rapid depolarization of the basolatamino acids filtered by the glomerula. This process in-
eral membrane potentiaVg, ) of 8.4 £ 0.5 mV, with  yglves cotransport with Naat the apical membrane fol-
respect to a control value of -54.5 + 1.9 mN €& 15).  |owed by passive efflux of the substrates and active
After a small and transient hyperpolarizatidf, further umping out of N& by the N&/K* ATPase across the
depolarizes to reach a Steady depolarization of 19.5 + 1.gaso|atera| membrane. As recognized in previous re-
mV (n = 15) with respect to control. In the post-control yiews on epithelial transport [13, 34], intrinsic regulatory
period, Vg, returns to -55.8 £ 1.5 mV. The basolateral mechanisms must be present to allow solute efflux at the
partial conductance toK(t) which is 0.17 £ 0.01f =  pasolateral membrane to closely match solute influx at
5) in control condition, decreases rapidly to nonmeasurthe apical membrane, when the latter is altered to mini-
able values during the hypertonic shock and returns tgnize changes in cell volume and maintain cell homeo-
0.23 + 0.03 in the post-control period. The basolateraktasis. Of particular interest in this cross-talk between
partial conductance to Clt,), which is 0.05 £ 0.02r{  the apical and basolateral membranes is the upregulatior
= 5) in control, also decreases in hypertonicity to aof the K" conductance which accompanies increased
nonmeasurable value and returns to 0.03 + 0.01 in postansepithelial transport and which allows recycling to-
control. The partial conductance mediated by the Nawards the peritubular milieu of the 'kthat has entered
HCO; cotransportert(cod, Which is 0.48 £0.06r{ = the cell through the increased activity of the ‘N&"

5) in control condition, remains the same at 0.44 + 0.05yymp. In parallel with this increase in"kKconductance

(n = 5) during the hypertonic period. Similarly, the iy the proximal tubule, a substantial cellular swelling is
membrane absolute conductance mediated by the Ngpserved [2, 3, 4, 10], which precedes the increase’in K
HCO; cotransporter Gy, 1icod does not vary apprecia- conductance [22]. The latter observation strongly sug-
bly. Concomitant with cell shrinkage, intracellular pH gests that the volume change and the ensuing membran
(pH)) decreases from a control value of 7.26 + 0.01 togeformation or stretch [33] could act as a trigger or a
7.13+£0.02 (I = 12) and then remains constant. Return modulator to increase the*Kconductance.

to control solution brings back pitb 7.28 + 0.03. From In relation with this, cell volume regulation, which

these results, we conclude that in collapsed PCT, a Sugakes place following cell swelling induced by a hypo-

tained decrease in cellular volume leads to cell acidifi-tonic shock has been shown to involve loss éfdad CI

cation and to inhibition of K and CI' conductances. ions in response to activation of*Kand CI' conduc-
tances [4, 12, 14, 15, 17, 19, 26, 32, 37, 38]. In arecent
study, we compared the temporal behavior of the indi-

. . vidual basolateral ionic conductances to that of the vol-
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ume, following hypotonic cell swelling on a nonper- conventional glass microelectrodes as described previously [26]. The
fused, and thus nontransporting, proximal tubule [26]__app_arent partia_l conductance of the baso_lateral membrane to a giyen
Interestingly, the delay observed between the increase iﬂ”r']' t"f";'las estimated by means of potential measurements, according
cell volume and that of K and CI conductances was © ¢ olowing approximation:
comparable to that obtained during transport stimulation,
demonstrating that the change in voluper secan ac- t LAV o
tivate the conductances. ' AE
In the light of these results and given that inhibition
of transepithelial transport leads to a sustained cell volwhereAVg, is the instantaneous change in basolateral membrane po-
ume reduction [22], we further explored the correlationtential induced by a step change in the concentration of the ion, cor-
between ionic membrane conductances and cellular voF—eTp°“‘::”9 t‘; a change t"‘d”fs etcﬂlu”ib:“m thetrrl]tiall_Ei- g”_ Avf_gn .
; : : alues have been corrected for the change in the liquid juncti -
ume changes by extendlng pur studies to cell 'shrln'kag ential at the bath bridge (& KCI)-bath squt?on interfacz accjording top
from a ContrOI_Value’ for which no E|ECtr0phyS'O|09lcal Laprade and Cardinal [20]. The step changes in ionic concentrations
data were available. We proceeded to study the changgge to alter the equilibrium potential for an ion were: (i) from 5 to 15
in basolateral membrane potential, intracellular pH asmm for potassium, leading to a change in thé équilibrium potential
well as K", CI” and Na-HCQ partial conductances (AE) of +29.4 mV; (i) from 118.6 to 21 m for chloride, giving a
which accompany a reduction in cellular volume inducedAEc of +46.5 mV; (iii) from 25 to 15 nw for the HCQ,” (keeping pH
by a rapid hypertonic shock. cqnstant), which producedzijNa_Hco3of +20.5 mV, assuming a stoi-
Our results show that the cellular shrinkage whichSMomety of L Nato3HCO, [39]. These step concentration changes
follows a rapid hypertonic shock. induces cellular acidi-at 18-sec mteryals yvere of short duration (1.5 sec) in order not to
e R ! change appreciably intracellular contents, but yet long enough to allow
fication, depolarization of the basolateral membrane, and piateau value foAV,, to be reached.
important decreases in partial conductances to potassium pH, of proximal tubules was measured fluorometrically as de-
and chloride which reach unmeasurable values, whereasribed previously [1, 26] using the pH-sensitive dye 2,7-biscarbox-
the partial conductance mediated by the Na_um_ yethyl-5(6)-carboxyfluorescein (BCECF). The dye was excited alter-
transporter remains unchanged. natively at 450 and 500 nm. Fluorescent light was filtered at 530 nm

. and was measured with a photomultiplier tube by averaging for 300
Altogether the results of our previous work [26] and msec the signal at both wavelengths. The ratio of the intensities of

the present one support the notion that in the PCTemitted light from the two excitation wavelengths was computed after
changes in the cellular volume lead to changes in theorrection for background fluorescence. Calibration of the dye was
same direction in basolateral membrane potential, potagperformed using 1@um nigericin in presence of 120 mpotassium at
sium and chloride conductances, as well as intracellulapH 7.0, 7.25 and 7.5.

pH. Therefore, cell volume can be considered as an im- ~ The values oft, Vg_and pH reported in our results are the
portant modulator involved in the membrane cross-talk2verages of at least 5 measurements taken from stable portions of the

that tak | duri hvsiological iati . . signal in control, hypertonic and post-control conditions.
at takes place during pnysiological variations in proxi- Bicarbonate absolute conductance was measured as describec

mal transepithelial reabsorption. previously [26] using the following equation:
- V- dpH (n-1)-F
Materials and Methods Graricoa™ Br dpH (n-1) @
(tnarcos — 1) - AEyancos  dt n-A

Proximal convoluted tubules (S1 and S2 segments) were dissected from
the midcortex of New Zealand white rabbit kidneys at 4°C with fine where dpH/dt is the initial rate of change in intracellular pH (pH
forceps under 40x magnification in cold preservation solution during the step change in peritubular bicarbonate concentration when
(Na,HPO,: 56 mm; NaH,PO,: 13 mv; sucrose: 140 m). Experiments  returning from low (15 mn) to control (25 nw) bicarbonate $+ is the
were performed using non perfused isolated tubules, as described préstal intracellular buffering power determined from the buffering power
viously [26]. of the CO-HCO;™ pair and the intrinsic buffering power calculated
Peritubular perfusion and solution exchange were accomplishedrom the change in pHvhen CQ is changed from 5% to 3%A is the
as described previously [26]. Briefly, the tubules were transferred intobasolateral membrane ard4,the tubular volumel the Faraday con-
the perfusion chamber and positioned near the end of three paralledtant, n, the stoichiometry of HGOto Na* (3 in the present case) and
glass tubes with a common exit, laying on a thermostated plate, whicl{in — 1)/n represents the number of Faradays transported per mole of
allowed rapid solution exchange (<200 msec) at constant temperaturdicarbonate. Equation 2 assumes that all HC@ux is mediated by
Bathing solutions, when reaching the perfusion chamber, were at thé¢he Na-HCQ cotransporter.
temperature of 38°C. Tubules were magnified 400x using an Olympus IMT-2 micro-
The composition of the bathing solutions used in this study is scope and each image was recorded by a monochrome CCD-72 camer:
listed in Table 1. The pH for all solutions was adjusted to 7.4 after (DAGE-MTI, Michigan City, IN) in conjunction with an IBM 486 DX2
bubbling with a gas mixture of 95% fOand 5% CQ, except for computer equipped with a IP8/AT videographics system board (Ma-
solutions C and G which were bubbled with 97% énd 3% CQ. trox, Dorval, Qc, Canada). Cellular volume is expressed relative to the
The osmolality was 300 mOsm/Kg,B for control solutions and the initial control volume. Images were analyzed with a homemade soft-
experimental solutions were made hypertonic at 450 mOsm/Q@ by ware and cellular volume was estimated from the outside diameter of
addition of mannitol. the tubules for a given length, using a cylindrical configuration as
The basolateral membrane potenti®l() was measured using described previously [7].
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A Table 1. Composition of bath solutions
120
Hyper (+ 150 mOsm) Isotonic solutions
110
£ 100- A B . ¢C D
é Control High K Low HCGOg Low CI
< 90
[ NaCl 100.0 100.0 110.0 2.4
80 KCI 5.0 15.0 5.0 5.0
MgSO, 1.2 1.2 1.2 1.2
70 NaH,PO, 1.0 1.0 1.0 1.0
Glucamine-Cl 10.0 10.0 10.0
B Mannitol
-30- CaCl, 18 1.8 1.8 1.8
40| Na-cyclamate 97.6
VgL 50 Na-acetate 4.0 4.0 4.0 4.0
(mV) Nas-citrate 1.0 1.0 1.0 1.0
-60 Glucose 5.5 5.5 5.5 5.5
70 Alanine 6.0 6.0 6.0 6.0
Na,HPO, 3.0 3.0 3.0 3.0
c NaHCO, 25.0 25.0 15.0 25.0
40
Hypertonic solutions
Vg, 90 E F G H
MmY) g0 Control  High K* Low HCO;  Low CI”
-70-
NaCl 100.0 100.0 110.0 2.4
KCI 5.0 15.0 5.0 5.0
D . MgSO, 1.2 1.2 1.2 1.2
NaH,PO, 1.0 1.0 1.0 1.0
50 Glucamine-ClI 10.0 10.0 10.0
Vel g0 Mannitol 150.0 150.0 150.0 150.0
(mV) cacl, 18 1.8 18 18
70 Na-cyclamate 97.6
-80— Na-acetaate 4.0 4.0 4.0 4.0
— Nas-citrate 1.0 1.0 1.0 1.0
T min Glucose 55 5.5 55 5.5
Fig. 1. Effect of osmglality increase from 300 to 450 szm/Kg. Rel. QZT_:E%4 368 gg 28 3?8
vol. represents relative tubular volume and 100% indicates CommlNaHCQ 25.0 25.0 15.0 250

volume @). The plots ofVg, represent typical recordings of basolateral
potential with superimposed potential changes due to rapid changes
potassium concentration from 5 to 15 mkEH, = 29.4 mV) B), of
chloride concentration from 118.6 to 21 mmE; = 46.5 mV) C)
and of bicarbonate concentration from 25 to 15 mifE(, ycos =

20.5 mV D).

STATISTICS

Data are means s Two-tailed pairedt-test was used with InStat

software (Graph PAD Software).

Results

TuBULAR VOLUME

(golution composition in m. All solutions, except solutions C and G
were bubbled with 5% CO- 95% O, gas.

original osmolality, volume increased rapidly to a value
close to the starting volume and then gradually increased
to reach a value 15% greater than the starting volume
after 5 min.

BASOLATERAL MEMBRANE POTENTIAL

Typical recordings of the basolateral membrane potential
are shown in Fig. B, CandD. Tubules were exposed to
the control solution4, Table 1) for at least 5 min before
they were submitted to the hypertonic soluti@) Table

The effect of hypertonic shock on tubular volume is 1) for 5 min. after which the control solution was rein-
shown in Fig. AA. An abrupt increase in bath osmolality troduced. The increase in bath osmolality from 300 to
induced a rapid decrease of volume of 20%. After 5 min4d50 mOsm/Kg produced a rapid depolarization of the
in hypertonicity the tubule did not display regulatory basolateral membrane followed by a small and transient
volume increase. When the tubule was re-exposed to thieyperpolarization and finally by a slow depolarization,
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Fig. 2. Effect of hypertonicity on partial Kconductancet, (n = 5) rapidly decreases to nonmeasurable values following the hypertonic shock
and slowly reaches a value above control at the end of the post-control period.

the membrane potential reaching a relatively stable valuenembrane depolarizations (FigCL This was due to

at the end of the experimental period. The average bathe change in the bath-bridge liquid junction potentials as
solateral potential for 15 tubules under control conditionsdiscussed in previous studies [20, 26]. However, after
was -54.5 + 1.9 mV. The rapid initial depolarization correction of the data for these liquid junction potentials,
under hypertonic conditions was 8.4 £ 0.5 mV and thethe spikes in the isotonic solution were in the depolariz-
final depolarization 19.5 £ 0.5 m\h(= 15). During the ing direction. Under control conditions the average
post-control period, a rapid hyperpolarization was ob-value was 0.05 + 0.02n(= 5). Figure L shows that
served, followed by a transient depolarization and by aduring hypertonicity the magnitude of the hyperpolariz-
final gradual repolarization to reach -55.8 + 2.5 mV ( ing spikes augmented. The amplitude of the spikes at the
= 15), a value not significantly different from that in end of the hypertonic period was identical to the mea-
control. sured change in bath-bridge liquid junction potential, im-
plying thatt, was negligibly small at the end of the
hypertonic period. Upon return to the isotonic solution,
te, increased rapidly to 0.03 + 0.01, a value not signifi-
cantly different from that in control.

PARTIAL CONDUCTANCE TOPOTASSIUM

Figure B shows a typical tracing of thé;, depolarizing
spikes induced by step changes of bathfiom 5 to 15
mm (AEc = 29.4 mV) under control and hypertonic pagrriaL CONDUCTANCE TOBICARBONATE
conditions. The averagg under control conditions was
0.17 £0.01 0 = 5). Following the hypertonic shock,
decreased to nonmeasurable values within 30 Bec (
0.05), and in the post-control period, gradually recovere
to 0.23 + 0.03, a value not significantly different from the
control value (Fig. 2).

To investigate the partial conductance associated with
q;{he Na-HCQ cotransporter we reduced bath HCO
rom 25 to 15 nm (AEya.nHoz = 20.5 mV) at a constant
pH, of 7.4. We considered a 3HGU1Na" stoichiom-
etry for the cotransporter [38]. Under control and hyper-
tonic conditions, the step changes in bath HCidduced
PARTIAL CONDUCTANCE TOCHLORIDE Vg, depolarizing spikes (Fig.[l). The average value of
bicarbonate partial conductance estimated from these
Step reductions of Clconcentration in the bath solution spikes under control conditions was 0.48 + 0.06< 5).
from 118.6 to 21 mn (AE; = 46.5 mV) induced hy- The hypertonic shock induced a very small decrease in
perpolarizing spikes instead of the expected basolaterdhe amplitude of the depolarization spikes leading to a
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Fig. 3. Effect of hypertonicity on intracellular pH. Are also shown, the changes jppbtiuced by the step changes in HC@&om 25 to 15 nm,
indicated by horizontal bars, (keeping peritubular pH constant), in control, hypertonic and post-control conditions. The latter are used to calc
Gnaricosin EQ. 2.

nonsignificant reduction ofy,.,coszt0 0.44 £ 0.05. In  hypertonic shock, pHdecreased within one minute to
the post-control periodty.cos Slightly increased to  7.13 £ 0.02 P < 0.01) and then remained constant.; pH
reach 0.50 £ 0.07n( = 5), a value not significantly which was 7.12 + 0.03 at the end of the hypertonic pe-
different from that in control. riod, came back to 7.28 + 0.03 in post-control conditions,
a value not significantly different from control.

To investigate the mechanism responsible for the
acidification observed during the hypertonic shock, we

To determine the behavior of the absolute conductanc8@Ve repeated the same experiment, but 5 min after
mediated by the Na-HCQcotransporter and conse- P0cking the Na-HCQ cotransporter by the addition of
quently the absolute conductance to potassium and chid> ™ SITS (Fig. 4). Following SITS addmor_l, in all
ride during the hypertonic shock, we used Eq. 2 and® experiments performed, pldecreased transiently to

followed the procedure we had developed in a previous?ome back. close to its original value in 5 min. This isin
paper [26]. Figure 3 shows the changes in pkbduced contrast with what has been observed in the perfused
by the step changes in peritubular bicarbonate concerfuPulé where the same maneuver lead to an alkaliniza-
tration from 25 to 15 m. As shown in Table 2dpH/dt tion, a behavu_)r that was attrlbu.ted to_ |nh|p|t|on of ba-
decreased approximately by a factor 1.35 during the hySolateral HCQ™ exit (1). Compatible with this, the pre-
pertonic shock and the intrinsic buffering powgrin- sent results would then suggest that the observed acidi-
creased by approximately a factor 1.22 as expected fro cation in the collapsed tubule would be due to blockade

the concentrating effect of cell shrinkage. However, to-PY SITS of basolateral entry of HGQ Also, in all of
tal buffering power; did not change due to the reduc- the present experiments, and in contrast to what is seen ir

tion in intracellular HCQ™ (decrease in ppl The cal- absence.of SITS, pHnitially alkalinized following the
culated values of the ratQio of bicarbonate (’:):Jnductances jjypertonic shock (meapH;: 0.08 + 0.008P < 0.05)
experimental and control conditions show t8.cos and gradually returned to its orlglnal value (7.19 + 0.08
decreases slightly although not significantly during the@t the end of the hypertonic period compared to 7.17 +
hypertonic period. Therefore, the decreasédrandt, 0.08 before the shock, a nonsignificant change).

in hypertonic conditions can be attributed solely to de-

creases irG, andGg,. Discussion

ABSOLUTE CONDUCTANCES

INTRACELLULAR PH In a previous paper, we have shown that the volume
regulation observed following cell swelling caused by a

Figure 3 also shows the behavior of pHUnder control  hypotonic shock was correlated with increases in baso-

conditions, pHwas 7.26 + 0.01r( = 12). Followingthe lateral potential, potassium and chloride conductances,
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Table 2. Intracellular buffering power and ratio of bicarbonate conductances

dpH, Bi(m) Br(m) (Graricod ™
dt (Graricod“™
Control 0.023 £0.002 0.032 £ 0.005 0.052 +£0.008 1.00
Hypertonic 1 0.017 £0.001* 0.039 +£0.003 0.063 £ 0.006 0.67£0.15
Hypertonic 2 0.019 +£0.003 0.038 + 0.006 0.068 £0.01 0.79+0.32
Post-control 0.022 +£0.004 0.035 + 0.006 0.065 +£0.01 1.25+0.49

Values = 6) of the instantaneous variations in pilring the step changes in bicarbonate concentration;(dpH unit/s), of intrinsic cellular
buffering power g,), total intracellular buffering poweiBg) and the ratio of bicarbonate conductanc@4,c9™"/(Grancold“ ' (SeeMaterials

and Methods). The measurements were done in control condition, 1 min after the hypertonic shock (Hypertonic 1), 5 min after the shock (Hyper
2) and in post-controlseeFig. 3). *Values significant with respect ot contrd? € .05).

7.50
| Control Hyper (+150mOsm)
+ SITS 0.5mM
7.25
pH; 1
7.00
- f—T—T—— 7
-2 0 2 4 6 8 10 12
TIME (min)

Fig. 4. Effect of hypertonicity on intracellular pH in the presence of SITS.

and in intracellular pH [26]. In the case of hypertonic tion observed following the hypertonic shock is compat-
shock we now report a sustained cellular volume de-ible with Na-coupled exit of HCQ, due to the out-
crease which is accompanied by an acidification of in-wardly increased chemical gradient for Nand HCQ~
tracellular milieu and a reduction in potassium and chlo-following exit of water, while the gradual depolarization
ride conductances i.e., a mirror image of what is ob-is quite probably linked to the gradual decrease ih K

served in hypotonicity. conductance. Indeed, due to the large reduction in po-

tassium and chloride conductances together with the
HYPERTONIC SHOCK AND BASOLATERAL nonsignificant change in sodium-bicarbonate conduc-
MEMBRANE POTENTIAL tance, the basolateral potential would then approach un-

der these conditions, the equilibrium potential of the Na-
In parallel to tubular volume reduction, we observed thatHCO; cotransport. However, opening of a nonspecific
the basolateral membrane depolarized first, transientlyconductive pathway could also be responsible for the
and then gradually, to reach a final depolarization of 19.50bserved depolarization since it has been previously re-
+ 1.5 mV. ltis interesting to note again that this behav-ported that hypertonic shrinkage activates a large non
ior of the membrane potential following hypertonicity is selective cation conductance in airway epithelial [11]
the mirror image of what happens in hypotonicity where,and renal epithelial [36] cells. To investigate this, we
after a rapid hyperpolarization (blockable by SITS, ref.submitted the basolateral membrane of PCT to step
26) followed by a transient depolarization, we observedchanges in Na (from 164 to 64nm by replacement of Na
a gradual hyperpolarization. The rapid initial depolariza-by N-methylb-glucamine, in the absence of HGQre-
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placed by CI) so as to eliminate the Na-HG@onduc- increased rate of entry of solutes at the apical membrane.
tance. In all of the five experiments performeeqults  As the increase in cell volume triggers an increasgn
not show), we could not detect any measurable hyper-and G, and thus an exit of these solutes through the
polarization in response to the step changes in Na, botbhasolateral membrane, further increase in cell volume is
in control and hypertonic conditions, indicating nonsig- then hindered and so, changes in volume minimized.
nificant nonselective cationic conductance at the baso€onversely, if transepithelial transport is decreased, a
lateral membrane of the PCT. decrease in cell volume will rapidly take place. The re-
sultant increase in intracellular*Kand CI' concentra-
tions due to exit of water following preferential exit of
loNIC CONDUCTANCES AND TUBULAR SHRINKING Na* by the Na/K pump would then promote their en-
hanced exit and hence a further decrease in cell volume.
The present study shows that a hypertonic shock induceherefore, a reduction i, and G, will prevent this
a sustained shrinkage of proximal tubule cells that is noexit of K* and CI' and thus prevent further volume re-
followed in the short term by a regulatory volume in- duction. On the other hand, contrary to the situation in
crease (Fig. A). This result is in agreement with previ- hypotonic conditions, volume recovery cannot take place
ous data reported in the literature [14, 19, 25, 31]. Inin hypertonicity simply because the electrochemical gra-
parallel with this decrease in cellular volume, the mag-dients for K" and CI ions can only favour their exit, not
nitude of partial basolateral conductances to potassiurtheir entry, so volume recuperation cannot take place
and chloride rapidly decreased to nonmeasurable valuarough this osmolyte pathway. It is interesting to note
(Fig. IBandC and Fig. 2). Indeed, andtc, are already that the RVI, observed in hypertonicity in the presence of
undetectable 30 sec after the beginning of the hypertoniputyrate [31], was associated with an increase it &tad
period. The dramatic reduction ix and tc,, together  CI™ indicating that part of the RVI was due to increased
with the nonsignificant change iGy,cos (Table 2)  uptake of these ions promoted by butyrate. So, in sum-
during the hypertonic period, clearly indicate that potas-mary, our findings, both in hypotonic and hypertonic
sium and chloride absolute conductances decreased tmnditions, would be in agreement with the concept that
negligible values. The fact thaf, and t; decreased a change irG, andG, in the same direction as that of
while tyanco, did not increase may appear somehowthe volume contributes to minimize changes in volume
paradoxical. However, although the sum@§ G, and  during alterations in the rate of transepithelial transport.
Gnanco, Certainly constitute the major portion of the
basolateral membrane conductance, we cannot exclude
the possible presence of additional, yet unidentified con/NTRACELLULAR PH AND VOLUME CHANGES
ductances, in control or hypertonic conditions, which
could then largely mask the otherwise expected increasBespite the dramatic decreases @ and Gg,, cell
in tyanco, It is interesting to point out that the present shrinking during the hypertonic shock did not induce
finding of a reduction in basolateral PCT Konductance significant changes iGy,cos (Table 2). This is con-
is in agreement with those of Ritter et al. [30] and thosesistent with our previous observations that hypotonicity,
of Simmons & Tivey [35] in MDCK cells, who observed although it increased importantly *Kand CI' conduc-
that mannitol-induced hypertonicity induced a reductiontances had negligible effects on bicarbonate conductance
of basolateral K conductance. [26] indicating that specific mechanisms are involved in
Given the mirror behavior of membrane potential the modulation ofG, andGg,. It is interesting to recall
and conductance as well as pbetween hypertonicity that while in the present study, hypertonicity leads to an
and hypotonicity, we may inquire why the volume doesacidification, hypotonicity induced an alkalinization
not recuperate following the initial shrinking. We may [26]. This suggests that the changes in intracellular
also inquire about the possible significance of the acHCO;™ are likely induced by the movement of HGO
companying decrease 6, and G, with respect to through the Na-HCQ cotransporter via the volume-
transepithelial transport regulation and cell homeostasisnduced changes in intracellular Na concentration.
especially in the light of the numerous studies dedicatedndeed, the exit of HCQ in hypertonicity cannot be
to RVD following an hypotonic shock. The latter studies produced by the changes in membrane potential since it
were conducted largely with the underlying rationale thatis in the direction opposite to that expected. Such a
the mechanisms responsible for RVD likely operated inmovement of HCQ  in a direction opposite to that ex-
minimizing volume changes during alterations of trans-pected from the change in membrane potential had also
port. They have shown that an enhanced exit 6fakd  been observed by Beck et al. following an hypotonic
CI™ following increases ifs, andGg, [26, 38] is largely  shock (1). In the latter study, inhibition of the Na-HEO
responsible for the observed RVD. So, in the particularcotransport with SITS prior to the hypotonic shock pre-
case where transepithelial transport is stimulated, an inivented the alkalinization, hence demonstrating the impli-
tial increase in cellular volume occurs, due to the latencycation of this cotransporter in the observed alkaliniza-
of the basolateral transport mechanisms to adapt to thgon. The finding in the present study that SITS prevents
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the acidification observed in hypertonicity further con-
firms the role of the Na-HCQ cotransporter in the
changes of pHduring changes in cellular volume.

The mechanisms by which cell shrinking is able to
inhibit so dramaticallyG, and G, while not affecting
Grancozare presently unknown. Chis unlikely to be
involved. Indeed, we have shown that the PCTdén-
ductance is C#-independent and moreover, that al-
though hypotonicity triggers increases in intracellular 7.
Ca™, these play no role in the RVD process [2, 6]. Al-
though the decrease in phhight in principle contribute
to the decrease iy, it could only be to a very modest
extent, given the known pH-dependenceGyf [1] and
the relatively small decrease in plébserved here. o
Although we have shown previously that the basolateral
Gy of the PCT is ATP sensitive [18], ATP unlikely
played a role in the activation dB, in hypotonicity,

5.

given that intracellular ATP should have then been'®

modulated mainly by cell water content so that the tem-
poral behavior of the increase & should have paral-
leled that of volume, which was not the case [26]. A role

for ATP is even less likely here, considering that the1s.

changes in volume are quite small, especially when com-
pared to the total inhibition 06,. On the other hand,
the cytoskeleton, in a way still to be uncovered, might be

involved in this process as it has been shown that actid4:

filaments are implicated in volume-activated” @han-
nels in cultured distal tubule cells [29]. This aspect is15
certainly worth investigating.

In summary, a 20% reduction in cellular volume
reduces intracellular pH and decreasésafd CI con-
ductances to nhonmeasurable values but does not affect
the Na-HCQ cotransporter. From this and our previous
findings on cellular swelling [26], we conclude that in

the proximal convoluted tubule, changes in cellular vol-17-

ume induce changes in the same direction in intracellula!'L8
pH, and in potassium and chloride conductances. These
findings clearly demonstrate that cell volume plays an

important role in the regulation of transepithelial trans-1g,

port in the PCT.
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