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Summary. Conventional microelectrodes were used to study
the effects of SITS (4-acetamido-4'-isothiocyanostilbene-2,2'-
disulfonate) on the basolateral membrane potential Vb/ of the
superficial proximal straight tubule (PST) of the rabbit kidney
perfused in vitro. Addition of 0.1 mm SITS to the bathing solu-
tion resulted in a slow and irreversible hyperpolarization of Vb!
from —42.5 = 1.17 (37) mV to —77.3 = 0.83 (52) mV. The new
steady-state potential was reached in 10 to 15 min and was ac-
companied by visible cell swelling. Associated with this Vb! hy-
perpolarization was: 1) an increased steady-state depolarization
(from 6.2 + 0.77 (17) mV to 25.7 = 0.83 (29) mV) in response to
increasing bath potassium concentration from 5 to 16.7 mMm
(HK); 2) a decreased transient depolarization (from 19.8 = 1.88
(8) mV to 0.43 = 0.37 (8) mV) in response to decreasing bath
bicarbonate concentration from 22 to 6.6 mM at constant bath pH
(L-HCO5); and 3) inhibition of a depolarizing overshoot and a
decreased steady-state depolarization (from 35.9 = 1.84 (12) mV
to 4.7 £ 1.37 (13) mV) in response to reducing bath sodium
concentration from 144 to zero (0-Na). Sodium, chloride and
NMDG (N-methyl-D-glucamine) were used as the substituting
ions, respectively. These results are consistent with the presence
of a coupled sodium-bicarbonate carrier in the basolateral mem-
brane which is electrogenic and SITS inhibitable. Comparison of
the time course of SITS effects on these ion-substitution re-
sponses suggests that the inhibition of the bicarbonate exit path-
way(s) is the primary event and that the changes in Vb and in the
steady-state Vbl responses to HK and 0-Na are secondary events
which may be related to changes in intracellular composition
and/or basolateral membrane properties.
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Introduction

The stilbene disulfonates SITS (4-acetamido-4'-iso-
thiocyanostilbene-2,2'-disulfonic acid) and DIDS
(4,4’-diisothiocyanostilbene-2,2'-disulfonic  acid)
have been used extensively to characterize anion
exchange in the red blood cell membrane [10]. In
systems other than red blood cells, inhibition of
transport by SITS or DIDS is usually taken as evi-
dence for the involvement of anion transport in the

process. In addition to, and perhaps resulting from,
the inhibition of chloride and bicarbonate transport,
these inhibitors also affect the regulation of intracel-
lular pH [21] and volume [17] in a variety of cells,
and this is frequently linked to the transport of so-
dium ions in an electrogenic or charge-carrying
manner [15, 17, 19].

Bicarbonate transport in the proximal tubule in-
volves both luminal sodium-hydrogen exchange and
the exit of bicarbonate across the basolateral mem-
brane. Several pathways for bicarbonate exit have
been proposed which appear to be highly species
specific. In the rat proximal tubule perfused in vivo
bicarbonate exit is conductive and is considered to
be in the form of CO, and hydroxyl ion [8, 9, 25].
Burckhardt et al. [8] have shown that this pathway
is not associated with the movement of sodium ions
and is “‘instantaneously’’ blocked by 0.1 mm SITS
in the peritubular perfusion solution. Peritubular
SITS has also been shown to inhibit net bicarbon-
ate reabsorption in the rat proximal tubule [13].

In the amphibian proximal tubule, bicarbonate
exit is linked to the movement of sodium. Boron
and Boulpaep (7] have characterized a 2 HCO;: 1
Na electrogenic transporter in Ambystoma proxi-
mal tubule. Guggino et al. [15] demonstrated the
presence of sodium-linked chloride-bicarbonate ex-
change in the basolateral membrane of Necturus
proximal tubule which may also be associated with
charge movement. Matsumura et al. [19] have, in
addition, demonstrated a conductive bicarbonate
pathway in parallel with this system in the Nec-
turus. These systems are also blocked by SITS.

In the rabbit proximal tubule perfused in vitro
the mechanism for bicarbonate exit remains uncer-
tain. Initial reports were unable to demonstrate ei-
ther a significant bicarbonate conductance [2, 3, 6]
or a sodium dependence of the basolateral mem-
brane potential [2]. With improved techniques of
bath exchange, however, it has been possible to



26

Table 1. Steady-state values of Vbl and the Vb! responses (AVbI)
to ion substitutions under control conditions and following addi-
tion of 0.1 mm ISTS to the bathing solution

Control SITS
Vbl (mV) —425 11737 ~77.3 = 0.83 (52)
AVbl:
L-HCO; (mV) 19.8 + 1.88 (8) 0.4 = 0.37(8)
0-Na (mV) 359 = 1.84 (12) 4.7 + 1.37 (12)
HK (mV) 6.2 =077 (17 25.7 = 0.67 (17)

2 Values are mean = SE (number of cells).

provide evidence for both a conductive bicarbonate
exit and a sodium-dependent pathway which is
SITS sensitive [5].

It was the purpose of these studies to examine
in greater detail the effects of SITS on bicarbonate
transport in the rabbit proximal straight tubule per-
fused in vitro. The results show that SITS rapidly
blocks both the conductive and sodium-dependent
pathways. Secondary to this blockage is a marked
hyperpolarization of the basolateral membrane po-
tential which can be associated with an increased
potassium selectivity of this membrane. In the
steady state, these effects are accompanied by
marked cell swelling.

Materials and Methods

The techniques for isolation and perfusion of individual nephrons
from rabbit kidneys were similar to those used previously for the
measurement of basolateral membrane potentials and potassium
activities in the proximal straight and convoluted segments
[3-6].

The basic “*control’ solution contained, in mm/liter: NaCl
118, KCl 5, NaHCO; 22, MgSO, 1.0, CaCl, 1.8, NaH,PO, 2.0,
Na-acetate 2.0, glucose 8.3, and alanine 5.0. When equilibrated
with a gas mixture of approximately 5% C0,/95% O,, this solu-
tion had a pH of 7.3 to 7.4. The osmolality was in the range of 290
to 295 mOsmy/liter and all experimental solutions were adjusted
to be equal to the measured value of the control solution.

Ton substitutions were made in the control solution in order
to decrease bicarbonate (L-HCQ;), increase potassium (HK),

_and reduce sodium concentrations (0-Na). Bicarbonate concen-
tration was reduced to 6.6 mM by replacement with Cl. A gas
mixture with approximately 1% C0,/99% O, was used to main-
tain constant pH. Potassium concentration was increased to 16.7
mM by substituting for sodium.

Solutions with reduced sodium concentration were made by
totally replacing sodium with N-methyl-p-glucamine (NMDG)
and a component of choline. The NMDG stock solution was
titrated with HCl to a pH of 7.4 before mixing the test solution.
The zero-sodium solution contained, in mm/liter: NMDG 118,
KCi 5, choline HCO; 22, MgSQ, 1, KH,PO, 2, CaCl, 1.8, K
acetate 2, alanine 35, glucose 8.3.

The luminal perfusate consisted of a low bicarbonate solu-
tion containing 6.7 mM HCO; and, in addition, glucose and
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Fig. 1. The responses of the basolateral membrane potential Vb!
to a decrease in bicarbonate concentration at constant bath pH of
7.4. Both tracings were obtained from the same PST cell. The
upper panel shows a typical ‘‘control’”’ response and the lower
panel the absence of a response after 0.1 mm SITS had been
added to the bath and a new steady-state Vh{ had been obtained.
Note the hyperpolarization of Vb from —43 to —78 mV

alanine were replaced with 13.3 mM mannitol. This solution re-
sembles that found in the late proximal tubule in vivo.

SITS was obtained either from Pierce Chemical Co., Rock-
ford, Ill. or from ICN Biochemical, Cleveland, Ohio, and was
added to the bath solutions in a concentration of 0.1 mm. In
general, a new steady state in Vb/ and in the responses to Vbl to
the experimental solutions was reached approximately 10 min
after exposure to SITS. In those experiments where the time
course of SITS effects was examined, SITS was first added to the
experimental solution to examine the instantaneous response.
Subsequent control and experimental solutions contained SITS.
In one series of experiments 0.1 mm DIDS was used to compare
the effects on Vbl.

The basolateral membrane potential Vbl was measured us-
ing single-barreled microelectrodes. They were pulled from thick
wall capillary tubing containing an internal fiber (Frederick Haer,
o.d. = 1.2 mm). Electrodes were filled with 1.0 M KCl at the time
of use and had a resistance in the range of 80 to 150 MQ. A thin
chlorided silver wire was inserted into the back of the microelec-
trode and used to connect the electrode to the input of a high-
impedance electrometer (FD 223, W-P Instruments, New Ha-
ven, Conn.). The output from the electrometer was displayed
and stored on a digital oscilloscope (Nicolet Instrument Corpora-
tion, Madison, Wis.) and tracings of the original responses were
made on an X-Y recorder (Hewlett-Packard, Model 7035B).

Bath solution pH, Cl, K or Na were monitored depending
upon the principle ion substitution being examined. Miniature
ion-selective electrodes were constructed using ion-exchange
resins and the methods used for K-selective microelectrode con-
struction [6]. These had a tip diameter of approximately 40 um
and were positioned S0 to 100 wm from the cell under study.
These electrode systems were used to quantitate the speed of
solution exchange during each experiment. An exchange time of
one second or less was accepted as satisfactory [4, 5].

Female New Zealand White rabbits were sacrificed by a
blow to the head, and proximal straight tubules were dissected
from the superficial cortex in a chilled bath of control solution
and 10% rabbit serum. The initial values of Vbl were measured
with control solution in the bath. Changes in Vbl (AVbl) were
referenced to the control value where a positive value of AVbl
indicates a depolarizing response as the intracellular potential
becomes more positive relative to the bathing solution.
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As mentioned previously, 10 to 15 min were required to
achieve a new steady-state condition after SITS addition. Since
the changes in any of the examined parameters were not revers-
ible following 1 to 1.5 hr of perfusion with the control solution,
the effects of SITS are essentially irreversible. For this reason,
ion-substitution responses were measured in two to three cells
under control conditions before SITS addition. True paired dif-
ferences thus could only be made in one cell per tubule. A total
of 65 cells were studied from 29 proximal straight tubule seg-
ments.

The results are expressed as means + SE with the number of
cells in parentheses. Statistical significance was determined us-
ing the Student’s r-test for mean differences compared with zero.
Statistical significance was accepted at P < 0.05.

Results
STEADY-STATE EFFECTS OF SITS

A summary of the steady-state effects of 0.1 mm
SITS in the bath solution is presented in Table 1 and
examples of the transient responses to ion substitu-
tions before and after SITS are illustrated in Figs. 1
and 2. The characteristic Vbl responses to the ion
substitutions before SITS are shown in the upper
panels of Figs. 1 and 2, and have been described
previously [5]. Reducing bath bicarbonate concen-
tration produced a transient spike depolarization
with a peak value of 19.8 mV and a steady-state
value within 5 mV of the control value. The zero-
sodium solution also resulted in a transient depolar-
ization but with a considerably larger steady-state
depolarization (35.9 mV). The mean difference be-
tween the peak and steady-state values in the zero-
sodium experiments was 7.3 = 0.99 (12) mV. In-
creasing bath potassium resulted in a step
depolarization of 6.2 mV.

In the steady-state conditions following addi-
tion of SITS to the bath, Vbl was significantly hy-
perpolarized (—42.5 vs. —77.3 mV). The bicarbon-
ate transient was reduced to a value not different
from zero. The zero-sodium response no longer in-
cluded an initial peak and the steady-state depolar-
ization was significantly reduced from 35.9 to 4.7
mV. In contrast, the depolarizing response to po-
tassium was significantly increased from 6.2 to
25.7 mV.

In another short series of experiments involving
two PST, 0.1 mm DIDS was added to the bathing
solution. A similar hyperpolarization of Vbl from
—44 = 6.9 (4) mV to —70 = 4.3 (5) mV was seen,
and this was also irreversible.

Time CouRrse OF SITS EFfFECTS

The above results are consistent with the inhibition
of both a bicarbonate conductance and a sodium-
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Fig. 2. Tracings taken from the same PST cell before and after
SITS addition to the bath. The upper panel illustrates the initial
puncture, and typical zero-sodium (0-Na) and high-K (HK) re-
sponses under control conditions. The lower panel illustrates
these responses after SITS and also shows the withdrawal of the
microelectrode back into the bath solution

dependent bicarbonate pathway. An underlying
question in the present experiments is whether the
ion-substitution responses do indeed reflect two
pathways in parallel, or perhaps the effects of inhi-
bition of a single mechanism.

Burckhardt et al. [8] have described the SITS
inhibition of bicarbonate buffer conductance in the
rat proximal tubule as ‘“‘instantaneous.” It seemed
possible, therefore, that a close examination of the
time course of SITS effects might provide informa-
tion relevant to distinguishing primary and second-
ary effects of the inhibitor.

In these experiments, 0.1 mm SITS was first
added to the ion-substituted solution to evaluate a
possible instantaneous response, and the various
ion substitution responses were examined at differ-
ent times after the initial application of SITS. The
results of these experiments are summarized in
Figs. 3 to 5 and in Table 2.

INHIBITION OF THE BICARBONATE RESPONSE

Figure 3 illustrates the changes in the bicarbonate
response at several times between the control and
final steady-state response at 11.5 min. In practice,
15 to 30 sec are required to execute a solution ex-
change sequence, but for clarity, only those trac-
ings are shown which illustrate the progression of
the changes.

Several points should be noted. First, the initial
spike depolarization is rapidly inhibited. In fact, the
height of the peak in the first trial (instantaneous
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Fig. 3. Tracings taken from the same PST cell illustrating the
time course of the SITS blockage of the low bicarbonate re-
sponse. Tracings were taken 45 sec, 2.5, 5.5 and 11.5 min after
addition of 0.1 mm SITS to the bathing solutions. Each trace was
adjusted on the time axis so that the times for the low bicarbon-
ate solution exchanges all coincided. Each trace is positioned to
reflect the true value of Vb! at each time point

response) was 80% of that measured before SITS
addition. Second, at a time when the peak tran-
sient is almost completely inhibited at 45 sec Vbl
has hyperpolarized very little; and, what appears to
be the repolarization phase of the spike response is
still present and is now seen as a hyperpolarizing
response relative to the baseline value of Vbl.
Third, this hyperpolarizing response decreases
and finally disappears as the Vb! itself hyperpolar-
izes to the final steady-state value of —79 mV.

INHIBITION OF THE ZERO-SODIUM RESPONSE

In Fig. 4 several zero-sodium responses have been
superimposed on the same baseline in order to bet-
ter illustrate the change in the shape of this re-
sponse after SITS. The control response, repre-
sented by the bold line, had a control Vbl of —59
mV and the final trace at 10 min had a Vbl of —87
mV. Several points should again be noted. First, the
initial peak, or overshoot, is rapidly inhibited. At 30
sec, in this case, it has completely disappeared.
Second, a significant depolarizing response re-
mains for several minutes. This gradually decreases
until a 10-mV depolarization remains after 10 min of
SITS exposure.

INCREASE IN PoTASSIUM RESPONSE

The change in the high-K response is straightfor-
ward. As illustrated in Fig. 5, a small 2 to 3 mV
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Fig. 4. Tracings taken from the same PST cell illustrating the
time course of the inhibition of the zero-sodium response by 0.1
mM SITS added to the bathing solutions. The control response is
drawn as a bold line and the control Vb! was —59 mV. The
responses at the addition of SITS (0), and 30 sec, 1 min 50 sec,
and 3, 6 and 10 min after SITS addition are superimposed on the
same baseline to show the change in the Vbl response (AVD{)
with time. The steady-state Vbl after SITS was —89 mV

response in this cell at a control Vbl of —39 mV
becomes a 20-mV response at a final Vbl of —78 mV
after 11.5 min of SITS exposure. There appeared to
be no other consistent changes in the pattern of this
response in any of the cells studied.

In order to quantitate the differences in the time
responses to SITS, the observed changes were plot-
ted as a percent of the maximal response vs. time
for each of the cells examined. The time required to
reach 50% of the final response was interpolated
and are compared in Table 2. In comparing these
values it is clear that the inhibition of the bicarbon-
ate spike and of the zero-sodium overshoot are sig-
nificantly faster than either the high-K, zero-sodium
steady-state depolarization, or the hyperpolariza-
tion of Vbl. The times for each of these latter
changes were not significantly different from each
other. In general, then, two time scales can be de-
scribed: an initial inhibition of the bicarbonate spike
and zero-sodium overshoot which are 50% com-
plete in approximately 30 sec; and a slower se-
quence of events which occur on a time scale of
approximately 5 min.

Finally, it should be noted that SITS also re-
sulted in marked cell swelling. This effect was not
quantitated, but was clearly visible in the micro-
scope. Cells became rounded, lost definition of the
brush border, and had a granular appearance. Sur-
prisingly, these cells maintained stable intracellular
potentials of approximately —80 mV, and cells from
a given tubule could be sampled with Vb[’s of this
magnitude for 45 to 60 min after SITS addition.
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Fig. 5. Tracings taken from the same PST cell illustrating the
time course of the SITS enhancement of the high-K response.
Each trace was positioned as in Fig. 3 and the times after SITS
addition are indicated. The final steady-state Vbl and HK re-
sponse are illustrated by the 11 min 30 sec trace

Discussion

The results of these experiments demonstrate that
basolateral SITS produces profound changes in the
characteristics of the proximal straight tubule per-
fused in vitro. There is the strong indication that
these involve both primary and secondary effects
on this membrane border and on the intracellular
volume and ion composition.

The interpretations placed upon the normal Vb!
responses to the ion substitutions are critical to the
evaluation of the SITS effects. As discussed previ-
ously [5], the lack of intracellular activity data, par-
ticularly with regard to sodium and pH, requires a
fundamental assumption. This is that the Vbl re-
sponses to bicarbonate and sodium, because of their
similarity to responses in other systems, reflect the
transport pathways for bicarbonate which have
been described in the rat [8, 9, 25] and amphibian [7,
15, 19] proximal tubules. Thus, it is assumed that
the bicarbonate spike reflects a simple bicarbonate
conductance and that the zero-sodium response re-
flects a sodium-dependent bicarbonate pathway.
This parallel arrangement is similar to that de-
scribed by Matsumura et al. [19] for Necturus proxi-
mal tubule.

PriMARY EFFECTS OF SITS

The results of the time-course studies indicate that
the primary event is the inhibition of conductive
and sodium-dependent bicarbonate exit pathways.
This is evidenced by the rapid inhibition of the bi-
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Table 2. Time to reach 50% of the SITS response
Responses Time (min)
Transients:

HCO; spike 0.4 = 0.05 (4)

zero-Na overshoot 0.6 +0224)
Steady state:

zero-Na depolarization 6.1 £ 1.11 (4)

high-K depolarization 4.8 = 1.68 (4)

Vbl hyperpolarization 4.0 = 0.60 (13)

2 Values are mean * SE (number of tubules).

carbonate spike and the initial peak of the zero-
sodium responses. Because electrophysiological
methods have been used, it is not possible to evalu-
ate changes in electroneutral transport systems,
principally of CI-HCO; exchange. Recent evidence,
however, indicates that Cl-HCO; exchange is not a
major pathway for bicarbonate movement across
this membrane [20]. The fact that Vbl is only
slightly hyperpolarized at a time when these path-
ways are blocked indicates that the SITS-sensitive
pathways, as defined by the initial effects of SITS,
normally contribute little to the resting potential in
these cells.

The relatively small immediate effect of SITS
on the zero-sodium response suggests that the prin-
ciple depolarization seen 15 to 30 sec after bath so-
dium is reduced, may not, in fact, be associated
with anion transport. A slower inhibition of some
facet of the transporter mechanism is, of course, a
possibility, and other alternate hypotheses are dis-
cussed below. It is clear, however, that SITS does
influence the initial portion of this response and that
this is consistent with rapid inhibition of a coupled
sodium-bicarbonate exit pathway.

Since both the bicarbonate spike and the zero-
sodium overshoot were rapidly inhibited by SITS,
the data do not allow a distinction to be made be-
tween the presence of two parallel pathways (con-
ductive and Na dependent) and a single sodium-
dependent pathway for bicarbonate exit. While
there is considerable evidence for a bicarbonate
conductance in the rat proximal convoluted tubule
[8, 9, 251, Alpern [1], using direct measurements of
intracellular pH, has recently demonstrated that a
major portion of peritubular H/OH/HCOs transport
is linked to sodium in this segment. Our data are, in
fact, also consistent with the hypothesis that a sin-
gle Na-dependent pathway facilitates bicarbonate
exit in the rabbit proximal straight tubule. The ob-
servation that Vbl changes little when the bicarbon-
ate spike is completely inhibited would argue
against a large bicarbonate conductance in this
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membrane. Thus, the bicarbonate spike and initial
zero-Na depolarization may simply reflect a single
Na-dependent transport pathway. A simple bicar-
bonate-conductive component cannot be ruled out,
however, and until this can be done, it will be as-
sumed that two parallel pathways are present.

SeEcoNDARY EFFECTS OF SITS

The secondary SITS effects which can be reason-
ably explained are the hyperpolarization of Vbl and
the increased response to high-K solution. Clearly
these represent the same effect, namely, an in-
creased relative potassium selectivity of the baso-
lateral membrane. The average HK response of
25.7 mV can be compared with the theoretical maxi-
mum change of 32 mV which is calculated using the
Nernst equation and assuming that intracellular po-
tassium concentration does not change. Consider-
ing the speed of the response (Fig. 5) and the fact
that the change in extracellular potassium was
small, this assumption seems valid. No information
is available regarding the relative membrane and
shunt resistances under these conditions, but the
presence of a shunt resistance would be expected to
reduce the observed Vbl response. Thus, it would
appear that the basolateral membrane approaches a
pure potassium electrode in the new steady state
following SITS application.

Several hypotheses might explain the increased
potassium selectivity of the basolateral membrane.
The first is that the block of bicarbonate exit path-
ways causes an intracellular alkalinization and that
this results in an increased potassium selectivity.
Results from this laboratory have shown a consider-
able dependence of Vbl on the pH of the bathing
solution [3, 4]. Decreasing bath pH decreases potas-
sium permeability and produces a depolarization of
approximately 35 mV/pH unit. If there is a similar
dependence of internal pH, then an increase in K
selectivity would be expected and would be consis-
tent with the observed Vbl hyperpolarization and
increased HK response.

The hyperpolarizing response to reduced bicar-
bonate concentration observed during the transition
to the SITS steady state (Fig. 3) may provide sup-
port for the above interpretation. The repolarization
phase of the control response has been interpreted
to represent the loss of intracellular bicarbonate fol-
lowing the reduction in the bath concentration [9,
21]. With bicarbonate exit blocked, the decrease in
bath CO, may now play a more critical rote. If intra-
cellular CO, decreases without a change in intracel-
lular bicarbonate concentration, an intracellular
alkalinization, increased K permeability, and Vbl
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hyperpolarization could result. As the membrane
becomes more K selective and approaches Ek (the
Nernst equilibrium potential across the basolateral
membrane), changes in K selectivity would have
less of an effect on Vbl. This agrees with the disap-
pearance of this response as Vbl hyperpolarizes and
the HK response increases. Clearly, a direct evalu-
ation of the potassium gradient across the basolat-
eral membrane following SITS will be of interest.
Previous estimates of Fk under control conditions
gave a value of —68 mV [6] which, when compared
to a Vbl of =77 mV, suggests that intracellular K
may increase secondary to SITS.

It should be noted that, in the above discussion,
an increase in relative K selectivity of the basolat-
eral membrane could result from either a direct
increase in potassium permeability or from a de-
crease in the permeability to another ion whose
equilibrium potential is positive relative to Ek. Ei-
ther or both of these possibilities would result in an
increased relative potassium permeability of the ba-
solateral membrane. The relatively slow hyperpo-
larization of Vbl, however, argues that the block of
a major conductive, depolarizing pathway is not a
primary effect of the inhibitor. A direct evaluation
of membrane conductances may provide a means to
evaluate these possibilities [12].

A second hypothesis to account for an in-
creased K selectivity of the basolateral membrane
involves interaction with intracellular calcium regu-
lation. It has been shown that DIDS can inhibit the
Cat*-ATPase of the red cell membrane [11], and
there is evidence for a similar calcium pump in the
basolateral membranes of both rat [14, 22] and rab-
bit [18] proximal tubules. If SITS inhibits the cal-
cium pump, a rise in cell calcium might result and
produce an increase in K permeability. Calcium de-
pendence of potassium transport has been demon-
strated in a variety of systems [24].

Finally, the observation that the cells swell fol-
lowing SITS suggests a third hypothesis: that cell
swelling increases potassium permeability. An in-
crease in net K and Cl loss is a common finding for
the volume regulatory decrease in osmotically en-
larged cells [18]. A similar increase in K permeabil-
ity may be induced by cell swelling following SITS.

The nature of the zero-sodium depolarization
which is not immediately inhibited by SITS remains
unclear. A slow inhibition resulting from a low-af-
finity interaction with an electrogenic sodium-bicar-
bonate coupled system is a possibility. As discussed
previously [5], several other interactions at the ba-
solateral membrane may also be possible. These in-
clude: 1) an inhibition of the Na-K pump resulting
from decreased intracellular sodium activity [12]; 2)
a passive permeability to the major substituting cat-
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ion, NMDG:; 3) an interaction with the organic an-
ion and/or organic cation transport systems of the
proximal tubule [16, 23]; and 4) an effect on electro-
genic Nat—Ca** exchange in this membrane [14].
Any of these alternate mechanisms may, in fact,
play a role in the observed zero-sodium response.

Further clarification, however, of the zero-so-
dium response, as well as support for the con-
clusions drawn above, will require intracellular ac-
tivity measurements of the ions involved. The
requirement for fast time resolution in such mea-
surements is underscored by the speed of the ion-
substitution responses of Vbl in these cells. Recent
advances in double-barreled microelectrode fabri-
cation indicate that such measurements may be pos-
sible [25].

The author wishes to thank Ms. Barbara Brown for her excellent
technical and editorial assistance. This work was supported by
Public Health Service Grant AM-30694.
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