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Suminary. The possibility that sodium from the serosal bathing medium “back-diffuses”
into the active sodium transport pool within the mucosal epithelial cell of the isolated toad
bladder was examined by determining the effect on the metabolism of the tissue of removing
sodium from the serosal medium. It was expected that if recycling of serosal sodium did
occur through the active transepithelial transport pathway of the isolated toad bladder,
removal of sodium from the serosal medium would reduce the rate of CO, production by
the tissue and enhance the stoichiometric ratio of sodium ions transported across the bladder
per molecule of sodium transport dependent CO, produced simultaneously by the bladder
(Na/Jco,)- The data revealed no significant change in this ratio (17.19 with serosal sodium
and 16.13 after replacing serosal sodium with choline). Further, when transepithelial sodium
transport was inhibited (a) by adding amiloride to the mucosal medium, or (b) by removing
sodium from the mucosal medium, subsequent removal of sodium from the serosal medium,
or (c) addition of ouabain failed to depress the basal rate of CO, production by the bladder
[(a) rate of basal, nontransport related, CO, production (J&,,) equals 1.5440.52 with serosal
sodium and 1.5440.37 without serosal sodium; (b) J&, equals 2.1840.21 with serosal
sodium and 2.0940.21 without serosal sodium; (¢) 1.14+0.26 without ouabain and 1.13+
0.25 with ouabain; unite of J&,, are nmoles mg d.w.”! min~']. The results support the hy-
pothesis that little, if any, recycling of serosal sodium occurs in the toad bladder.

The permeability of the basal-lateral plasma membranes of the epi-
thelial cells of toad bladder to sodium from the serosal bathing medium
has been difficult to assess. It is important in understanding the process
of active sodium transport across this tissue to know if sodium from the
serosal medium can gain access to the interior of the transporting layer of
cells and co-mingle there with sodium from the mucosal medium which
is in transit across these cells. Such recycling of serosal sodium would
not contribute to the net reabsorption of sodium which takes place from
mucosa to serosa. It would, however, increase the energy costs of sodium
transport in proportion to the number of sodium ions recycled.
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Equilibration studies reveal that some 80 percent of sodium within
the noninulin space of mucosal epithelial cells scraped from toad bladders
equilibrates with sodium from the serosal medium [10]. The possibility
exists, therefore, that this large proportion of sodium within the noninulin
space competes with sodium of mucosal origin for active extrusion out
of the cell across their basolateral plasma membranes. '

Kinetic wash-out or loading measurements have proven unsatisfactory
as methods with which to measure the “active transport pool” of sodium
or the permeability coefficients of the mucosal cells of the toad bladder
because of the underlying sub-mucosal tissue [10]. We have, therefore,
used metabolic measurements to assess back leakage of serosal sodium
into the cells. If such leakage with recycling occurs, it will require the
expenditure of energy to pump the sodium uphill against an electrochemi-
cal potential. Therefore, the metabolism of the bladder should be reduced
if sodium is removed from the serosal medium making such recycling
impossible. Measurements of the rate of CO, production by isolated toad
bladders revealed no significant changes in the presence or absence of
sodium in the serosal medium. From these findings it is concluded that
no significant back leak with recycling of serosal sodium occurs in this
tissue.

Materials and Methods
Preparation

Dominican female toads (Bufo marinus) were used (National Reagents, Bridgeport,
Conn.). Hemibladders from doubly pithed large toads were mounted between the two halves
of a lucite chamber which exposed 9.3 cm® of membrane to 3.5 ml of medium on each side.
The half bladders were mounted, serosal side down, over a nylon mesh and with a teflon
ring coated with Dow Corning High Vacuum Silicone Grease as sealant at the margins of
the bladder. This means of reducing edge damage of bladders mounted in chambers is shown
in Table 1. Note the reduction in passive conductance, K,', the lower ratio of passive to
total transepithelial conductance (K,/K,) and higher spontaneous open circuit potential
(4 ) of half bladders sealed with the silicone grease as compared with the mixture of petro-
latum and lanolin used previously as the sealant. The inverse relationship between K, and
spontaneous trans-epithelial potential is similar to that reported by Higgins et al. [6].

1 Glossary of Symbols: Jeo,=rate of total CO, production (nmoles per mg d.w. per min;
Ji,=rate of suprabasal CO, production or sodium transport related CO, production;
J&o,=rate of basal, nontransport related, CO, production; F =Faraday; Jy, =short circuit
current (pamp); 4y =transepithelial electrical potential difference (mV); K, =total trans-
epithelial electrical conductance (10~* mho/cm?); K ,="passive” transepithelial electrical
conductance; K,=transepithelial conductance dependent on active sodium transport;
Jna/Jco, = stoichiometric ratio of sodium ions transported across the bladder per molecule
of sodium transport dependent CO, produced simultaneously by the bladder.
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Table 1. Total (Ky), passive (K ), active (K,) conductances and electrical potential gradient
(4y) in toad bladders mounted with and without silicone sealant

KT KP Ka Kp/Kt 4 'ﬁ
(10~ *mho/cm?) (mV)

A. Without silicone 2754050 121+015 1.534+044 0504008 60.8+7.7
(n=10) :

B. With silicone (n=9) 25940.34 0874001 172+030 035+004 796473

Total transepithelial conductance, K, was determined from the deflections in the current
caused by the 10 mV potential difference imposed across the bladder wall for one sec every
three min. K, the passive conductance, was similarly determined after all transepithelial
sodium transpott was blocked by amiloride. The difference between K, and K, is considered
to be the conductance through the active sodium transport pathway.

After mounting, the half bladders were rinsed with 3 to 5 washes of the appropriate
Ringer’s solution over a period of at least one hr before experiments were commenced, but
the spontaneous open-circuit electrical potential was monitored continuously. CO,-free air
was bubbled through the chamber. The CO,-free air was prepared by bubbling room air
through two one meter tall columns in series each containing 2 to 3 M sodium hydroxide to
absorb CO,. To deliver a constant pressure of CO,-free air, the incoming air was vented
through two similar columns of 2M sodium chloride solution. Teflon tubing was used to
join parts of the system with rubber connections as necessary to allow flexibility, but reduced
to minimal length to avoid ingress of CO, into the CO,-free system.

Methods

Sodium transport was measured as the short circuit current by the method of Ussing
and Zerahn [15]. CO, production by the half bladders was measured simultaneously, es-
sentially as described by Al Awqati [1] based on the method of Malffly [12] with the following
modifications to increase sensitivity and stability of the CO, determination:

1. The tank serving as the reservoir for the 1.0 mM sodium hydroxide was closed to the
atmosphere by a teflon ring upon which the lid rested.

2. The magnetic stirrer in the sodium hydroxide solution was rotated by an air driven
rotor to reduce the electrical noise and the heating effects of the conventional electrical rotor.

3. A high flow rate of CO,-free air was bubbled through each chamber giving a rate of
30 bubbles per min through the glass coil of the differential conductometric system. This
gave a more stable tracing of CO, production at recorder speeds of 0.07 to 1.0 inch per min.

4. The differential conductometric apparatus was calibrated by injecting a known volume
of gas of known CO, concentration from a gas-tight syringe directly into the conductometric
apparatus at a slow rate —2.5 to 10.0 ml of gas mixture in 2 to 3 min. The area under the curve
of the CO, tracing, representing thus a known quantity of CO,, was used to calculate the CO,
produced by the bladder.

Gas tanks containing the CO, for calibration of the apparatus were obtained from
Medical Technical Gases, Medford, Massachusetts. The CO, concentration of this standard
gas mixture was checked by three different methods: (a) pH measurements were made of a
0.100 mM solution of NaHCO; equilibrated with the standard gas. This method gave non-
reproducible results and consumed large volumes of the standard gas mixture. (b) The CO,



68 M. Canessa, P. Labarca, and A. Leaf

concentration was determined by mass spectrometry (courtesy of Dr. Stanley Rosenthal,
Harvard-MIT Biomaterials Research Project). (c) A primary gas standard of known CO,
concentration was prepared by mixing in a special 1500 ml gas-tight syringe (Hamilton
Laboratories, Reno, Nevada) highly purified 100 %, nitrogen with 3 vols. percent of CO,
calibrated by mass spectrometry. Different volumes of this gas mixture were then injected
through the conductometric apparatus and a calibration curve prepared from the integrated
area and the known CO, content of the gas. The CO, concentration of the standard gas mix-
ture from the tank was then measured from this standard curve and subsequently served as a
secondary standard for daily use in calibrating the CO, measurements. The last two methods
were in good agreement and gave reproducible results. The secondary standards in the two
tanks used in these studies had concentrations of CO, of 0.022 and 0.028 vols. percent, respec-
tively.

The CO, produced by the toad bladder was calculated by determining the area under the
tracing of the recorder with a planimeter and comparing it with the area under the tracing
produced by a given volume of the standard gas mixture with known CO, concentration.
The actual calculation then is:

_ (AJHCY2T3)(P—p)
€924 )(22.4)(T)(760) (1) (d.w)

Jeo,= CO; produced —moles per (mg d.w per min); A, =area under tracing of CO, produced
during experiment; A;=area under tracing produced by standard gas mixture; V,=liters of
standard gas mixture used for calibration; C,=liters of CO, per liter of standard gas mixture;
T=absolute temperature; t =time —minutes; d.w=dry weight of bladder exposed in cham-
ber —in mg; P—p=Dbarometric pressure minus water vapor pressure; A, was determined
over periods long enough to minimize errors due to lag in CO, recordings.

Electrical Measurements. For short-circuit current measurements, an automatic
voltage clamp kept the transepithelial potential, Ay, at zero. Before commencing the CO,
recording, the bladder was kept open-circuited and Ay was recorded; a few bladders with
APy <50 mV were discarded. CO,-free air was used and antibiotics and carbonic anhydrase
were present during this equilibration period of two hours [1]. Measurements of short circuit
current and CO, were made from the recorder tracings only after a five min period elapsed
following setting the voltage clamp at 4y =0.

When gas containing CO, is introduced into the Ringer’s solution in the chambers the
transit time until the pulse of CO, is detected and recordered was 1 to 2 min. Thus, measure-
ments of Jeo, and JZ, were commenced from recorder tracings only after five min when both
values had become stable. An example of the data as recorded is shown in Fig. 1.

Solutions. The sodium Ringer’s solution was prepared without bicarbonate and contained
(mm): Na, 119; K, 3.5; Ca, 0.9; Cl, 118; HPO,, 2.4; and H,PO,, 0.57. This solution had a pH
of 7.2 and a solute concentration of 220 mOsm. Sodium-free choline Ringer’s solution con-
tained (mm): choline, 113; K, 4.7; Ca, 0.9; CI, 115; HPO,, 2; and H,PO,, 0.16. The pH of
both sodium-free solutions was 7.2 and their solute concentrations 220 mOsm. The sodium
concentration was confirmed by flame photometric measurements. Sodium concentrations
of the sodium-free solutions were determined by flame photometry at the start and completion
of experiments.

Just prior to use 0.1 mg of K penicillin, 0.01 mg of gentamicin, and 0.05 mg of colistin?
were added per ml to each solution and the medium was filtered through an 0.8 p Millipore
filter to minimize bacterial growth during the experiments. 0.2 mg of carbonic anhydrase
were added per ml of solution to accelerate equilibration of CO,.

2 Since colistin contains sodium it was not used when sodium-free media were employed.
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Fig. 1. A representative record of sodium transport measured as the short-circuit current,
I, in microamperes, uA, and of the simultaneous rate of CO, production, Joo, by the toad
bladder. Note the transient over-shoot of current and CO, production with changes in applied
transmembrane potentials or of bathing solutions. The dips in the CO, measurements at
43 to 45 and at 112 to 127 min were caused when the zero calibrations for the measurements of
Jeo, were obtained by passing the CO,-free gas directly into the conductometric apparatus,
thus by-passing the Ussing chamber. The short-circuit current at the same time was turned
off to obtain the calibration for zero current. The basal rate of CO, production was obtained
by blocking all transepithelial sodium transport with amiloride at the end of the study. The
terminal fall in the CO, measurement represents a final calibration of the zero with CO,-free
air. The short current circuit measurement was simultaneously turned off and no further fall
in I occurred indicating total blockade of transepithelial transport by the amiloride. The small
vertical deflections from the current tracing result from pulses of potential of 10 mV applied
for one sec every three min across the bladder with serosa made positive to mucosa. From
these deflections the transepithelial conductance was calculated

To determine the basal rate of CO, production in the absence of sedium transport, two
methods were employed. The mucosal medium was changed to a sodium-free choline or
magnesium Ringer’s solution or Amiloride was added to the mucosal medium to a final
concentration of 10~*M to block all sodium transport [2]. The latter procedure was preferred
as it obviated the tissue damage and decrease of electrical resistance that often accompanied
changes of medium, it minimized the time for reequilibriation with the CO,-free air, and it
obviated also the small residual current from sodium which failed to be removed from the
mucosal medium in spite of rinses with the sodium-free Ringer’s solutions or from sodium
which diffused from serosal to mucosal media during an experiment.

Dry weight of tissue was determined for the area of bladder exposed in the chamber to
the bathing solutions. Tissues were dried in a tared vessel at 100 °C for 24 hr.

Results

The possibility that sodium from the serosal medium recycles through
active transport pathways and thus contributes to CO, production, Jgo,,
was tested by three different experimental protocols:
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Table 2. The effect of Na-free serosal medium on the Jy,/J2, in toad bladders; mucosal

medium is sodium Ringer’s solution in all experiments

Serosal medium Inal D,
A Na Choline Na
26.66 34.02 46.10
17.80 21.87 24.20
24.60 28.06 27.70
17.00 24.04 21.20
26.23 24.85 26.00
12.04 9.61 7.90
X 4+ SEM 20.74+2.7 2374+3.6 25.54+55
B Na Na Choline
10.95 14.68 16.68
13.56 17.79 25.00
22.59 25.40 28.50
14.62 2642 19.79
6.03 9.79 11.73
6.07 7.51 10.86
6.69 7.02 5.96
X 4 SEM 11.50+2.5 1551+33 16.86+3.3
C Choline Choline Na
7.00 12.40 991
5.46 8.06 5.00
5.62 7.38 16.90
15.80 11.60 8.90
5.90 10.40 8.40
4.60 6.80 4.70
X+ SEM 7.40+1.7 9.40+40.9 8904+1.8

1. The effect of removing sodium from the serosal medium on the
ratio Jy,/Jeo, was determined. With sodium Ringer’s solution bathing
both surfaces of the bladder, J.o,, total CO, production, was measured
simultaneously with the short-circuit current. The serosal medium was
then replaced by a sodium-free choline Ringer’s solution with the bladder
short-circuited and the effect of removing sodium from the serosal medium
on Joo, was examined. Jg, was determined simultancously as the short
circuit current since the latter still measures net transepithelial sodium
transport under these conditions [4].

The effect on the stoichiometric ratio, Jy,/Jco,, of removing sodium
from the serosal bathing medium was determined. As shown in Table 2,
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this ratio was unaffected by removal of serosal sodium. However, there
usually occurred an increase in the ratio with each change of medium and
the washings entailed. By randomizing the sequence of solutions bathing
the serosal medium, the effect of repeated changes was cancelled out—
Parts B and C, Table 2. The mean differences were not significantly dif-
ferent from zero. Thus, the presence or absence of sodium in the serosal
medium was found not to affect the ratio Jy,/Jco,, consistent with no
recycling of serosal sodium through the active transport pathway, but the
disturbing effect of changing the bathing medium might have obscured a
small effect. The lower mean values for Jy,/J&, in Parts B and C as com-
pared with Part A of Table 2 reflect differences obtained with different
batches of toads and seasonal variability, as previously reported [1].

2. The effect of removing sodium from the serosal medium on the
rate of basal CO, production, J&,,, was determined. In these experiments
active sodium transport was first inhibited with amiloride, which prevents
sodium transport by blocking sodium of the mucosal medium from
entering the transporting cells of the bladder [10]. The rate of basal CO,
production, J&,,, was determined. The serosal medium was then replaced
by a sodium-free choline or magnesium Ringer’s solution and the J&,
was again determined. Table 3 shows that, though there was a progressive
small reduction in basal CO, production with time, on the average there
was no change when the serosal medium was changed from a sodium-
containing to a sodium-free choline Ringer’s solution. Table 4 shows
comparable data for sodium-free magnesium Ringer’s solution replacing

Table 3. The effect of replacing serosal medium by choline on the basal CO, production,
J&o,, at Jy,=0 in toad bladder

Experiment Jo,

nmoles (mg d.w.)~! (min)~!

(Period 1) (Period 2) (Period 3)
Serosal medium Na Choline Na
1 1.54 1.33 1.12
2 1.30 1.50 1.38
3 0.57 0.63 0.60
4 1.34 0.93 0.79
5 2.26 1.90 1.67
6 2.94 2.98 2.89
X 1.66 1.54 1.41
4 SEM 0.37 0.37 0.37

Amiloride, 0.1 mM in mucosal medium, Jy,=0.
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Table 4. The effect of replacing serosal medium by magnesium on basal CO, production,
JEo,, at Jy,=0 by toad bladder

Experiment Lo,

nmoles (mg d.w.)~! (min)~!

(Period 1) (Period 2) (Period 3)

Serosal medium Na Mg Na

1 1.24 0.92 0.68
2 0.96 0.81 0.91
3 3.38 2.73 2.83
4 1.57 1.23 0.82
5 2.08 2.04 1.86
6 0.47 0.44 0.40
7 2.42 1.80 1.94
X 1.73 1.42 1.35

+SEM 0.40 0.33 0.36

Amiloride 0.1 mM in mucosal medium, Jy,=0.

the standard sodium Ringer’s solution as the serosal bathing medium.
In both Tables 3 and 4 the CO, production was determined after total
inhibition of sodium transport by amiloride and with the sodium-free
measurements bracketed between prior and subsequent measurements
with standard sodium Ringer’s solution bathing the serosal surface of the
bladder. The absence of any detectable, significant reduction in basal CO,
production when sodium was removed from the serosal bathing medium
supports the hypothesis that recycling of sodium through the active
transport pathway in toad bladder does not occur.

A further series of observations were made in which basal CO, pro-
duction, J&o,, was determined with a sodium-free choline Ringer’s solu-
tion bathing the mucosal surface to stop transepithelial sodium transport.
The serosal sodium Ringer’s solution was then replaced also by sodium-
free choline Ringer’s solution and amiloride was added to the mucosal
medium. As shown in Table 5 in this series, removal of sodium also from
the serosal medium again failed to affect the basal CO, production by the
bladder.

3. Finally, the effect of ouabain on basal CO, production was deter-
mined. With sodium Ringer’s solution bathing both surfaces but with
sodium transport blocked by amiloride, the effect of ouabain 1073m
added to the serosal medium on basal CO, production was determined.
Ouabain at this concentration blocks sodium transport by inhibiting the
Na, K-dependent ATPase at the baso-lateral borders which seems in-
strumental in extruding sodium actively from cell interior to serosal
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Table 5. The effect of replacing Na from the serosal medium by choline on the basal CO,

production, J&,, by toad bladder at Jy,=0

Experiment So,

nmoles (mg d.w.)~! (min)~

1

(Period 1) (Period 2) (Period 3)
Mucosal media Choline Choline Choline + Amiloride
Serosal media Na Choline Choline
1 1.63 1.66 1.49
2 2.35 2.35 1.88
3 242 2.50 2.35
4 2.31 2.28 2.17
X 2.18 2.20 1.97
+ SEM 0.21 0.21 022

Amiloride 0.1 mM in mucosal media.

Table 6. The effect of ouabain on basal CO, production, JEo,» at Jy,=0 by toad bladder

b
JCO;

nmoles (mg d.w.)~! (min)~

1

Amiloride Ouabain A
(10=*m) (1073 m)

A. Serosal sodium 0.62 0.57 —0.05
0.72 0.70 —-0.02
0.57 0.54 —0.03
0.66 0.63 —0.03
261 2.53 —-0.07
1.88 194 +0.06
1.12 1.24 +0.12
2.77 272 —0.05
0.88 0.83 —0.05
0.29 0.31 +0.02
0.51 0.51 0.00

X +SEM 1.1440.26 1.134+0.25 —0.01+0.06

B. Serosal choline 2.53 2.37

0.78 0.76

Amiloride 0.1 mMm in mucosal medium: Jy,=0.

medium. As seen in Table 6, the addition of ouabain had no detectable
effect on basal CO, production, confirming an absence of significant
recycling of serosal sodium through the active transport pathway. Ouabain
did not affect J&,, when choline replaced sodium in the serosal medium,
as shown in the last two observations of Table 6.
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Discussion

The present observations confirm other recent reports which have
noted a considerable variability in the sodium ions transported per mole-
cule of supra-basal oxygen consumed [14, 16] or CO, produced [1].

There has been great interest in the magnitude of the “sodium trans-
port pool” within toad bladder epithelial cells. This is the quantity of
sodium within transporting epithelial cells which is destined for extrusion
across their basolateral plasma membranes and which is miscible with,
but not necessarily limited to, that sodium which enters the epithelial
cells from the mucosal medium. The indeterminate variable has been the
accessibility of this transport pool to sodium in the serosal medium. If
only sodium entering the cells through their apical surfaces i1s destined
for active extrusion at the serosal surface, then transepithelial transport
of sodium will be maximally efficient in that every sodium ion extruded
from cell to serosal medium will be a contribution to transepithelial
sodium transport. To the extent that sodium from the serosal medium
can enter this active transport pool, there will have to be more than a
single sodium ion actively transported outward across the basolateral
cell membranes for each unit charge contributing to the short circuit cur-
rent or net transepithelial transport of sodium.

The present study tested the possibility of recycling of serosal sodium
by three experimental protocols. The basis of each, however, was to
measure the effect of the presence or absence of sodium in the serosal
medium on tissue metabolism. Without sodium in the serosal medium
there is no possibility of recycling, and CO, production by the tissue
should be reduced. Since some 80 %, of the sodium in the noninulin space
of scraped epithelial cells equilibrates with sodium in the serosal medium
[10], removal of sodium from the serosal medium should significantly
reduce CO, production by the bladder if this sodium were entering the
active sodium transport pool and being recycled.

The most direct experimental approach would be to determine Jy,/
Jeo, with a sodium Ringer’s solution bathing both surfaces of the bladder
and then to replace the serosal medium with a sodium-free Ringer’s
solution. Unfortunately, changing the serosal medium was associated
with some changes in Jy,/Jco,- The mean values showed no effect from
removing serosal sodium on this stoichiometric ratio when the sequence
of changes of the serosal medium were varied. Other experimental ap-
proaches, however, were tried.

With sodium removed from the mucosal medium or its entry into the
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mucosal cells blocked with amiloride, transepithelial sodium transport
stops. Recycling of serosal sodium could still occur and its energy require-
ment would contribute to the rate of basal CO, production, J&,,. How-
ever, removal of serosal sodium had no effect upon J&o, as shown in
Tables 3, 4, and 5. Finally, ouabain at concentrations which inhibit all
transepithelial sodium transport when added to the serosal medium
failed to depress Jo, in the presence of serosal sodium. At the concentra-
tions of ouabain used, 103 M, all net transepithelial sodium transport
stops. Since sodium from the serosal medium which could enter the active
transport pool would be indistinguishable from sodium entering this pool
from the mucosal medium, ouabain would block recycling of serosal
sodium through the sodium pump. The absence of an effect of ouabain
on J@o, thus further supports the hypothesis that no recycling, in fact,
occurs. This finding also indicates that ouabain-sensitive sodium transport,
which must be occurring in the connective tissue, epithelial and smooth
muscle cells of the submucosal structures, contribute little to J&,,. These
experiments, however, provide no evidence for or against the possibility
that sodium from the serosal medium may enter some compartment in
the epithelial cells but not be miscible with the active sodium transport
pool.

The argument developed here assumes that transepithelial sodium
transport involves entry of the transported sodium into some or all of
the mucosal epithelial cells of the bladder. That the pathway of sodium
transport is through mucosal cells seems established. (1) These cells have
adenosinetriphosphatase lining their basolateral but not their apical
margins [13]. (2) Stimulation of transepithelial sodium transport by
vasopressin and aldosterone is associated with an increased sodium
content of the epithelial cell layer [5, 8, 11]. (3) Amiloride which blocks
active sodium transport has no effect on the passive ionic permeability of
toad bladder as indicated by a lack of effect on the transepithelial fluxes
of Cl, K in either direction, or in Na flux from serosa to mucosa [7].
Morphological evidence supports the view that the pathway for passive
permeation is via the intercellular route [3]. (4) Inhibition of transepithelial
sodium transport by ouabain results in a reciprocal loss of potassium and
gain of sodium in the epithelial cell layer [9].

The evidence presented here based on metabolic requirements for
active sodium transport supports other evidence summarized by Mack-
night, Civan and Leaf [10] that sodium from the mucosal medium which
traverses epithelial cells in the course of trans-epithelial transport does
not mix within the cells with sodium from the serosal medium. The data
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support the view that the basal-lateral plasma membranes of cells engaged
in active transepithelial transport effectively rectify in that they facilitate
movement of sodium from cell interior to serosal medium; passive back
leak or return of sodium through the pump mechanism does not occur to
a significant extent in such cells.

The results do not provide evidence to determine whether trans-
epithelial transport of sodium is a function of all mucosal epithelial cells
including both the granular and mitochondrial-rich cell types or restricted
to only one of these two possible candidates. The results also fail to locate
the large fraction of sodium within the noninulin space of scraped epithelial
cells which equilibrates with sodium of the serosal medium. If this sodium
is within the epithelial cells it is neither miscible with sodium entering
these cells from the mucosal medium nor is metabolic energy required to
limit its accumulation; it must be in some compartment which equilibrates
passively with serosal sodium.

This work was supported in part by grants from the U.S. Public Health Service; grants
HE-06664 from the National Heart and Lung Institute and AM-04501 from the National
Institute of Arthritis, Metabolic and Digestive Diseases.
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