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Summary. Salt transport by the Necturus gallbladder epithelium 
is the result of the coupled entry of NaC1 into the cells across 
the apical membrane and the active transport of Na out of 
the cells across the basolateral membrane. The NaC1 entry step 
was studied by measuring the rate of cell volume increase ac- 
companying ouabain inhibition of the N a - K - A T P a s e  in the 
basolateral membrane. When bumetanide, a diuretic analog of 
furosemide, was added to the mucosal bathing solution it rever- 
sibly blocked the entry of NaC1 into the cells and abolished 
fluid transport. A dose-response relationship showed half-maxi- 
mal inhibition of NaC1 entry at a bumetanide concentration 
of 10-9 M; complete inhibition of coupled NaC1 movement oc- 
curred with as little as 10-v u bumetanide. Partial substitution 
of Na or C1 in the mucosal solution failed to demonstrate com- 
petition between bumetanide and either of the ions. The drug 
was also effective in blocking NaC1 entry in the absence of 
ouabain; addition of the diuretic to the mucosal bathing solu- 
tion resulted in prompt cell shrinkage and a decrease in intraeel- 
lular NaC1. Cell volume decrease followed bumetanide addition 
to the mucosal bath because NaC1 entry was blocked but active 
Na transport continued for several minutes until the intraeellu- 
lar Na transport pool was depleted. 
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Introduction 

The mechanism of transepithelial NaC1 and water 
transport in leaky epithelia has been the subject 
of many investigations [2, 3, 6, 7, 9, 10, 16, 20, 
21]. In spite of the well-established fact that NaC1 
enters the cell across the apical membrane, the spe- 
cific mechanisms of this entry step have not been 
defined. Evidence from a number of tissues has 
been reported [2, 3, 6, 7, 10] indicating NaC1 entry 
into cells of leaky epithelia results from the coupled 
transport of the two ions, mediated by a carrier 
in the apical membrane. The driving force for 
NaC1 entry has been proposed to be the favorable 
chemical gradient for the two ions [3, 7, 19]. We 
recently confirmed that NaC1 entry during transep- 
ithelial fluid transport by Necturus  gallbladder 
results from the coupled cotransport of NaC1 into 

the cell across the apical membrane [3]. We also 
reported that NaC1 uptake was reversibly inhibited 
by the diuretic, bumetanide. This drug is an analog 
of furosemide and is much more potent than most 
of its analogs and derivatives [1]. The mechanism 
underlying the action of bumetanide has previously 
been investigated in other systems, such as the 
avian and human erythrocyte [12, 13]. The drug 
appears to be a highly specific inhibitor of ionic 
cotransport in epithelial cells and other tissues. 

In this report we investigate the characteristics 
of bumetanide inhibition of NaC1 entry in the Nec- 
turus gallbladder epithelium. We utilize several in- 
dependent methods for the study of fluid and elec- 
trolyte transport by this epithelium. Fluid trans- 
port was measured in sac preparations, NaC1 entry 
was evaluated by analysis of cell volume changes 
and associated changes in intracellular ionic activa- 
ties. It had previously been reported that inhibition 
of active Na transport lead to cell swelling [3]. 
Swelling results from the increase in cell solute con- 
tent due to the continuing entrance of NaC1 across 
the apical membrane. Thus NaC1 entry could be 
studied by determination of cell volume changes 
following the addition of ouabain to the serosal 
bathing solution. The present investigation demon- 
strates that: 

1) Bumetanide completely inhibits transepithe- 
lial fluid transport when added to the lumen of 
sac preparations of Necturus gallbladder. 

2) The dose-response relation between bume- 
tanide and the rate of NaC1 and fluid movement 
into the cell yields a half-maximal dose of I nM. 

3) The effect of bumetanide was not poten- 
tiated by a reduction in the concentration of Na 
or C1, suggesting that the drug does not compete 
with either of these ions for a binding site. 

4) There was no dependence of NaC1 entry on 
the presence of K in the mucosal bath. 
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5) T h e  a d d i t i o n  o f  b u m e t a n i d e  to the b a t h i n g  
so lu t ion ,  in  the absence  of  o u a b a i n ,  caused  r a p i d  
cell sh r inkage ,  as w o u l d  be expected  f r o m  the inh i -  
b i t i on  o f  NaC1 ent ry .  B u m e t a n i d e  caused  a de- 
crease in  i n t r ace l l u l a r  Na ,  C1 a n d  an  increase  in  
i n t r ace l l u l a r  K as m e a s u r e d  wi th  ion-sens i t ive  mi -  
croelec t rodes .  

Materials and Methods 

The experiments were performed on adult Necturus maculosus 
that had been kept in an aquarium at 15 ~ for at least one 
month prior to the experiment. They were anesthetized by im- 
mersion in a 0.1% solution of tricaine methanesulfonate 
(Finquel, Ayerst, N.Y.). The gallbladder was removed, drained 
of bile and kept in oxygenated Ringer solution. 

Sac Preparations 

Transepithelial fluid transport was calculated from the change 
in weight of the gallbladder tied as a sac to the end of a polyeth- 
ylene tube. The sac was suspended in Ringer solution, blotted, 
and weighed every 10 min. After a control period of 40-60 min, 
the luminal solution was switched to Ringer to which 10 -4 M 
bumetanide had been added. After 40-60 rain 10 -4 ouabain 
was added to the serosal bathing solution, and the weight of 
the sac was determined for the next 60 rain. To rule out leaks 
due to damaged areas of the epithelium, experiments were con- 
sidered acceptable only if ouabain completely abolished fluid 
transport. The rate of transepithelial volume flow was calcu- 
lated from a least squares fit of the change in weight as a 
function of time. The surface area of the sac was calculated 
from the volume of the luminal fluid assuming a spherical 
shape. 

Cell Volume Measurements 

The epithelium was dissected free of most of its connective 
tissue and mounted in a miniature Ussing chamber as pre- 
viously described [3, 14]. The epithelial cells were visualized 
and analyzed with a microscope-video system [14]. A recording 
of the cell was made every 60 sec. Cell volume was determined 
by planimetry of stored video images of "optical sections" of 
the epithelial cell. The area and perimeter of each optical section 
were determined from tracings of the cell outline. Cell volume 
was computed from the areas and displacements of focus as 
previously described [14]. 

Solutions 

The composition of the control Ringer solution was the follow- 
ing (in raM): 90, NaCt; 2.5, KC1; 10, NaHCO 3 ; 0.5, NaHzPO4 ; 
1.8, CaCI2; and 1, MgC12. The solution was gassed with 99% 
air and 1% CO2, pH adjusted to 7.6, osmolality about 
200 mOsm/kg. The serosal bath was perfused either by control 
Ringer solution or by the same solution to which 10-4M 
ouabain (Sigma Chemical Co., St. Louis, Mo.) had been added. 
The diuretic, bumetanide, was added to the mucosal perfusion 
solution in concentrations varying from 10-11 to 10-s M. Bu- 
metanide was a generous gift from Hoffman-LaRoche, Inc., 
Nutley, N.J. A 10-3 M bumetanide stock solution was prepared 
by dissolving the drug in a small volume of dilute NaOH solu- 
tions at pH 10. 

Electrophysiological Methods 

Microelectrode measurements were performed in separate ex- 
periments from those used for volume determination. Voltage- 
sensitive microelectrodes were fashioned from glass capillaries 
(Kwik-Fil, WPI Instruments, New Haven, CT) and filled with 
1 M KC1. Single-barrel, ion-sensitive electrodes were pulled from 
the same glass, equilibrated for 1-3 hr at 25% relative humidity, 
and siliconized by immersing the tips for 5 see in a 50/50 
mixture of xytene and trimethylchlorosilane (Pierce Chemical 
Co., Rockford, Ill.). C1 electrodes were filled with ion exchange 
resin (Orion) and equilibrated overnight in 1 M NaC1. K and 
Na electrodes were filled and used immediately. The K ion 
exchanger was 5% K-tetrakis-(p-chlorophenyl)-borate in 3-0- 
nitroxylene. The Na ion exchanger, 10% sodium ligand (ETH 
227 Fluka Chemical, Hauppauge, N.Y.) in 2-nitrophenyloctyl 
ether (Fluka) with 0.5% Na-tetraphenylboron, (Sigma Chemi- 
cal, St. Louis, Mo.) was a generous gift of Drs. S. Weinman 
and L. Reuss (Washington University, St. Louis, Mo.). The 
electrodes were calibrated in pure solutions of NaC1 or KC1 
and tested in Ringer solution. The chloride electrodes had an 
average slope of 52.4_+1.0 mV/decade change in C1 activity. 
The potassium electrodes had an average slope of 
56.3___0.4 mV/decade and a selectivity over Na of 50.1,+8.0. 
The Na electrodes had a slope of 52.7_+ 1.6 mV/decade and 
a selectivity of 20.4_+4.0 over K. The Na activities were calcu- 
lated from the electrode voltage after correction for membrane 
potential and K interference caused by an assumed cell K activi- 
ty of 97 mM. 

The gallbladder was either mounted in a fast flow chamber 
as previously described [5] or pinned serosal side down in a 
dish. Two cells were punctured simultaneously, one with a volt- 
age-sensitive electrode and one with an ion-sensitive electrode. 
Voltage electrode punctures were accepted only when the poten- 
tial dropped quickly to a stable value greater than - 5 0  mV 
without measurable change in input resistance, and the elec- 
trode reading returned to within 3 mV of zero upon withdrawl 
to the mucosal bath. Ion-sensitive electrodes were calibrated 
and calculated ion activity was displayed continuously by an 
on-line computer system as previously described [18, 21]. Ion- 
sensitive punctures were accepted only if the initial voltage def- 
lection upon puncture was followed by tile rapid attainment 
of a steady reading ascertained by the agreement of two succes- 
sive readings taken 8 sec apart which did not differ by more 
than 0.1 mV [18, 21]. Agreement of the voltage divider ratio 
of ion-selective and voltage-sensitive electrodes was used as a 
criterion for acceptability in the initial measurements. Voltage 
divider ratio was not measured in subsequent experiments per- 
formed with the tissue pinned down in a dish. 

Data Analysis 

A linear regression from at least 4 points during the linear 
phase of cell volume change was used to calculate the rate 
of swelling of the cells. The rate of the water movement, J~, 
was calculated from the rate of swelling and the apical surface 
area of the epithelial cell. All data are presented as mean +_ SEM. 
The Student's t test was used to test the significance of differ- 
ence. 

Results 

Six d i f fe ren t  series o f  e xpe r i me n t s  were p e r f o r m e d  
to charac te r i ze  the ac t i on  of  b u m e t a n i d e  o n  the 
N a C l - c o u p l e d  e n t r y  step across  the ap ica l  m e m -  
b rane .  Fi rs t ,  f lu id  t r a n s p o r t  was  m e a s u r e d  in  sac 
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preparations and the inhibitory action of the drug 
evaluated. Second, a dose-response relation was 
developed for bumetanide inhibition of coupled 
NaC1 entry. Third, we tested for competition be- 
tween bumetanide and Na or C1. Fourth, the K ~ 5 
dependence of NaC1 entry was tested by determi- 

o 

& 
nation of  the rate of  ouabain-induced swelling in ~. 
the presence of a K free mucosal bath. Fifth, we -~ 
examined whether NaC1 entry was blocked by bu- 
metanide while the basolateral N a - K - A T P a s e  
was operating normally. Sixth, we determined 
changes in intracellular ionic composition caused 0 
by inhibition of the entry step by bumetanide. 

Transepithelial Fluid Transport 

The rate of transepithelial fluid transport measured 
in nine sac preparations bathed in normal Ringer 
solution was 6.55+1.19 gl/cm2.hr. As shown in 
Fig. 1, the addition of  10-4M bumetanide to the 
luminal bathing solution reduced the fluid trans- 
port rate to 0.7+0.5 gl/cm2.hr, not significantly 
different from zero. The control transepithelial 
fluid transport rate is less than that previously re- 
ported from this laboratory, 8.86 + 0.93 gl/cm 2. hr 
[14]. The stringent criterion that all acceptable 
preparations must be completely inhibited by 
ouabain eliminated several preparations whose ra- 
pid weight loss was probably due to damage to 
the epithelium. Elimination of these damaged 
preparations reduced the average rate of fluid 
transport compared to our previous observations. 
The rate observed in the present study, 6.5 gl/cm 2. 
hr, probably more closely represents the transepi- 
thelial fluid flux in our preparations. 

Dose-Response 

The ouabain-induced swelling of epithelial cells 
previously described [3] was used to determine the 
rate of NaC1 and water movement into the cell 
across the apical cell membrane, .Iv. In each experi- 
mental series the mucosal bath was perfused for 
30 min with solutions containing bumetanide. Ad- 
dition of 10-4M ouabain to the serosal bath re- 
sulted in rates of  cell swelling which depended on 
the concentration of  bumetanide present in the 
mucosal bath. Bumetanide concentrations lower 
than 10- lO M resulted in values of  J~ not statisti- 
cally different from control (Fig. 2). The control 
influx agreed well with the previously measured 
rates of NaC1 and water influx into cells of the 
Necturus gallbladder [3, 14]. Bumetanide concen- 
trations of 10-9 and i0-8  M resulted in significant 
inhibition of  swelling. Bumetanide concentrations 
greater than 10-7 U resulted in total inhibition of 
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BUMETANIDE 10-4M 
Fig. 1. Rate of transepithelial fluid transport measured in sac 
preparations bathed in control Ringer during the exposure of 
the mucosal surface of the bladder to 10 4 M bumetanide 
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Fig. 2. Effect of bumetanide (structure shown) on the rate of 
volume flow into the gallbladder epithelial cell as a result of 
ouabain inhibition of active transport. The volume flow rate, 
& is plotted on the ordinate against the concentration of bume- 
tanide in the mucosal perfusate (abscissa). Each point shows 
the mean and standard error. The line was drawn by eye 

ouabain-induced cell swelling. The dose-response 
relationship exhibited a typical sigmoid curve, with 
a half-maximal effective dose ICso, of 1.0 x 10 -9 M 
(Fig. 2). Bumetanide did not cause any adverse 
changes in the appearance of the cells, even at 
doses of 10-4 M. 

Competition 

The Na or CI concentration in the mucosal perfu- 
sion solutions was reduced to test for competition 
between bumetanide and either of these ions. It 
was not technically feasible to vary the concentra- 
tion of inhibitor and Na or C1 over a wide range 
to evaluate any interaction between the drug and 
the transport ions. We chose instead to examine 
the effectiveness of two doses of inhibitor in the 
presence of a reduction in the Na or C1 concentra- 
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tion of the mucosal perfusate. The concentration 
dependence of the NaC1 entry step has previously 
been reported [3]; J ,  was reported to be reduced 
by about 50% when the Na or C1 concentration 
in the mucosal solution was lowered to about 
20 mM. We tested the effectiveness of bumetanide 
in the presence of a lowered Na or C1 concentra- 
tion in the mucosal perfusate, Na was replaced 
by N-methyl-D-glucamine and C1 was substituted 
by gluconate. The rationale of this experimental 
procedure was the following: If  there were compe- 
tition between bumetanide and Na or C1, we would 
expect to find that the drug would be more effec- 
tive at lowered Na or C1 concentration. A bume- 
tanide concentration (0 .5x10-gM) was chosen 
which would not cause significant inhibition unless 
competition occurred with Na or C1. As shown 
in Fig. 3 there was no potentiation of the action 
of bumetanide by reduction in C1 or Na. To verify 
that the bumetanide was an effective inhibitor 
when the mucosal perfusate contained a tow con- 
centration of C1, the half-maximal inhibitory dose, 
1 riM, was added to a mucosal perfusate containing 
17 mM C1. Ouabain-induced swelling was inhibited 
to the same extent as expected for the unpoten- 
tiated effect of bumetanide alone. This was again 
consistent with a lack of competition between bu- 
metanide and Na or C1 in agreement with a pre- 
vious report about noncompetitive inhibition of  
transport in the avian erythrocyte [13]. The ex- 
tremely high affinity of the NaC1 transporter for 
bumetanide made the direct demonstration of 
competition very difficult. We can conclude only 
from our results that competition could not be de- 
tected rather than that the drug inhibits noncom- 
petitively. 

Effect of K-free Mucosal Fluid 

The NaC1 cotransport system in rabbit cortical 
thick ascending limb [8] and avian erythrocytes 
[11, 13] requires K in the bathing solution. We 
tested whether neutral coupled NaC1 entry in the 
Necturus gallbladder was dependent on the pres- 
ence of K in the mucosal bath. The rate of 
ouabain-induced swelling was measured when 
mucosal bath was perfused with nominally K-free 
Ringer solution. The K concentration, measured 
in perfusion fluid and mucosal effluent, were equal 
and ranged from 0.03 to 0.06 mM. If  K were re- 
quired either as a cotransported cation or as a co- 
factor for normal operation of  the luminal NaC1 
transport, the rate of ouabain-induced swelling 
should be decreased in the absence of K. The vol- 
ume flow rate in the absence of K was 
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Fig. 3. Relative rate of volume flow into the gallbladder epithe- 
lial cells after ouabain inhibition. The effect of two doses of 
bumetanide (0.5 and 1.0 riM) on J~ are compared when the mu- 
cosal bath contained normal Ringer or Ringer in which the 
C1 or Na concentration was reduced to about 20 mM. Rates 
of volume flow in low Na or C1 solution, in the absence of 
bumetanide, are taken from reference 3 
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Fig. 4. An example is shown of the effect of bumetanide 
(10-s M) on cell volume in the absence of ouabain. Cell volume 
is plotted on the ordinate against time; at the vertical dashed 
line 10-s M bumetanide was added to the mucosal perfusate. 
The points are individual measurements of the volume of one 
epithelial cell. The line was drawn by eye 

1.50 • 0.09 • 10  - 6  cm/sec (n = 14), not significantly 
different from the control value of 
1.69 _+ 0.12 • 10- 6 cm/sec (n = 17). Steady-state cell 
volume prior to ouabain addition was not altered 
by the absence of K from the mucosal perfusate. 
Neutral, coupled NaC1 entry across the apical 
membrane of the Necturus gallbladder epithelium 
does not require luminal K. 

Inhibition in the Absence of Ouabain 

The fifth experimental series was conducted to see 
if there was any influence of the basolateral N a -  
K-pump on the bumetanide inhibition of the NaC1 
coupled entry across the apical membrane. If  bu- 
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Table. Effects of bumetanide on intracellular Na, K and C1 

127 

Ion Mucosal perfusate 

Control 10- 5 M Bumetanide P 

Cell volume gm 3 10267 _+232 (16) 8516 +190 (16) <0.001 

aclmM 22.4_+ 1.2 (43) 7.1+ 0.5 (44) <0.001 
Qclx10-15 moles 295 __ 28 78 ___ 9 <0.001 
Jo  x 10-12 moles/cruZ, sec - 369 

aN. raM 11.6_+ 1.7 (15) 3.8+ 1.0 (15) <0.001 
QN.•  153 _+ 23 41 + 11.5 <0.01 
JNa X 10-12 moles/cm z . sec -- 255 

a~mM 97 • 6.7 (15) 110.9_+ 8 (15) <0.001 
QK• 1277 _+ 94 1210 _+ 92 ns 
ark • 10-12 moles/cm2.sec _ - 1 4 5  

a i, steady-state activity of ion i before or 3 to 5 min after bumetanide addition, Qz, quantity of ion 
in cell, Ji, flux of ion from cell for a 2-rain period after bumetanide addition (negative value indicates 
efflux). The flux is expressed as a function of the apical surface area of the cell; flux across the basolateral 
membrane is approximately 1/3 that across the apical membrane. 

metanide had its action soley on the entry step, 
we would expect to see a cell volume shrinkage 
when perfusing the mucosal bath with a solution 
to which bumetanide, at an effective dose, had 
been added. Inhibition of NaC1 entry leads to cell 
shrinkage because active transport continues and 
depletes the cell of  NaC1. The rate of shrinkage 
is therefore a direct measure of the rate of water 
and solute loss from the cell and the magnitude 
of the shrinkage reflects the quantity of solute 
leaving the cell [11, 19]. After Ringer solution per- 
fusion of the mucosal bath, the solution was 
switched to one containing 10-SM bumetanide. 
The shrinkage seen in a typical experiment is 
shown in Fig. 4. The most striking finding here 
is the rapid onset of  the bumetanide effect. A few 
seconds after the switch, the cell volume has de- 
creased significantly. The rate of  this rapid shrink- 
age was estimated at 3 .11_0 .22x10  -6 cm/sec 
(n = 16), from linear regression of the first three 
to five points during the volume decrease. This 
rate is comparable to the previously reported rate 
of active NaC1 transport by the Necturus gallblad- 
der epithelium [3, 14]. The Table shows that 
2 4  min after the addition of bumetanide the cell 
volume reached its minimum and the change 
amounted to - 1 7 . 2 + 0 . 6 %  (n= 16). It could be 
concluded that the inhibitory action of bumetanide 
on the apical membrane was not dependent on the 
presence of ouabain in the serosal bath. 

Inhibition of NaC1 entry by bumetanide and 
subsequent cell shrinkage had significant effects on 
the intracellular activities of  Na, C1 and K. As 
shown in Fig. 5, the addition of bumetanide to the 
mucosal bathing solution caused a rapid decrease 
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Fig. 5. Examples are shown of the effect of bumetanide (10-5 M) 
on intracellular ionic activities of C1, Na and K as well as 
the apical membrane potential (PD). Each tracing shows mea- 
surements at 5-sec intervals (indicated by dots) connected by 
lines drawn by eye. Measurements were made by simultaneous- 
ly puncturing two cells in the same region of the gallbladder 
and determining the PD in one cell and the intracellular ion 
activity in another 

in intracellular Na and C1 and an increase in intra- 
cellular K. There was no significant change in the 
apical membrane potential from the control value 
of ,71 .9_+1.5mV (n=79). The Table indicates 
that approximately 75% of  the intracellular NaC1 
was lost during the first 90 sec after addition of 
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the inhibitor. Intracellular K activity increased 
during that time period, but the total quantity of 
K did not change significantly. Paired analysis 
showed that the increase in K activity amounted 
to 14.3_+1.8%, slightly less than would be pre- 
dicted from the cell volume decrease. 

Discussion 

Our results offer additional evidence that NaC1 
enters the Necturus gallbladder cell across the 
apical membrane by means of mediated cotrans- 
port. No requirement for potassium could be de- 
tected, ruling out the possibility that a Na, K, C1 
carrier is responsible for salt and water absorption 
by the gallbladder. Previous experiments from our 
laboratory demonstrated that NaC1 cotransport 
was not the result of parallel N a - H  and C1-  
HCO 3 exchange [3]. All of the evidence from our 
present and previous investigations of NaC1 entry 
support the conclusion that salt entry occurs by 
means of the coupled, mediated movement of Na 
and C1 ions across the apical membrane. The dose 
of bumetanide needed to achieve a 50% inhibition 
of NaC1 cotransport by Necturus gallbladder, 
1 x 10 .9 M, is substantially less than that required 
in other cells [4, 12]. It is useful to have a specific 
inhibitor of NaC1 entry for further characterization 
of the NaC1 cotransport process. Bumetanide is 
ideally suited to the analysis of apical NaC1 entry. 
The inhibitor has an extremely high affinity for 
the transporter in Necturus gallbladder, inhibits 
rapidly, and could not be shown to compete with 
Na or C1. Recently Weinman and Reuss [22] re- 
ported the existence of N a - H  exchange in the 
apical membrane of Necturus gallbladder epitheli- 
um. They suggest that a fraction of Na entry dur- 
ing transepithelial salt and water transport may 
be due to this exchange process. The effectiveness 
of bumetanide as an inhibitor of transepithelial 
fluid transport in the sac preparation and the rapid 
and complete inhibition of NaC1 entry in the pres- 
ence or absence of ouabain all argue strongly 
against the possibility that Na- -H  exchange is in- 
volved in transepithelial Na transport. It seems 
more likely that  this exchange process is required 
for the maintenance of intracellular pH as dis- 
cussed by these authors [22]. It was previously 
shown that the inhibitory effect of bumetanide was 
also rapidly reversible [3]. About 80 analogs of 
bumetanide have been synthesized and tested for 
diuretic potency [4, 12]; many of these agents are 
readily available for binding displacement studies. 
It seems possible that bumetanide and its ana- 
logues could be used as a probe for the future 

isolation of the NaC1 cotransporter in the apical 
membrane of Necturus gallbladder epithelium. 

The addition of bumetanide to the mucosal 
perfusate causes the rapid depletion of intracellular 
NaC1. The resultant cell shrinkage reflects the de- 
pletion of the cell Na pool resulting from active 
Na transport. Two points are of interest: (i) The 
Na pool is rapidly and virtually emptied by the 
pump. (ii) The time course of C1 loss parallels 
that of Na. These results show that all of the intra- 
cellular NaC1 is available for transport and that 
the cell has only enough NaC1 in it to sustain trans- 
port for 1-2 min after cessation of entry. The total 
quantity of intracellular C1 is approximately twice 
that of intracellular Na (Table). The loss of three- 
fourths of the intracellular Na and C1 leads there- 
fore to a C1 flux which is twice that of Na. Some 
of the C1 is probably lost together with K, possibly 
by a cotransport process at the basolateral mem- 
brane [15, 16]. Although the intracellular K con- 
centration rose during bumetanide-induced cell 
shrinkage, the increase in K was less than expected 
from the volume change alone. If no change in 
the quantity of intracellular K occurred during the 
inhibition of NaC1 entry, cell K activity should 
have risen to 117 mM. The K activity observed, 
110.9___8 raM, is less than this value, but scatter 
in the measurements precludes any detailed quanti- 
tative analysis of this issue. Potassium actively 
transported into the cell must normally be lost, 
because intracellular K activity is in a steady state 
and above equilibrium (16 and Table). Inasmuch 
as both the apical and basolateral cell membranes 
of Necturus gallbladder epithelial cells have sub- 
stantial K conductance [15, 17], the loss of K could 
be largely due to diffusion. The exit of C1 is not 
so easily understood. 

Several investigators have examined the mode 
of C1 movement across epithelial cells [2, 3, 6, 7, 
15-18, 21]. The means by which C1 moves across 
the basolateral membrane of the Necturus gallblad- 
der epithelium is not known. It has been shown 
that the C1 conductance of the basolateral mem- 
brane is insufficient to explain the observed C1 flux 
by diffusion [15]. Similar results have been re- 
ported for Necturus proximal tubule epithelial cells 
[18]. Although the mechanism of C1 exit is un- 
known, the results in Fig. 5 and the Table show 
that C1 leaves the cell rapidly after inhibition of 
entry. 

In summary, the diuretic bumetanide is a valu- 
able agent for the study of NaC1 entry and exit 
from Necturus gallbladder epithelial cells. The ex- 
traordinarily high affinity of the inhibitor suggests 
that this compound will be of great use in the isola- 
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tion and characterization of the NaC1 cotrans- 
porter in the apical membrane. 
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