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Abstract. Previous studies in our laboratory have shownrectifying current was also identified in these cells which
that Na absorption across the porcine endometrium ipossessed a reversal potential of =56 mV when the cells
stimulated by PGE, and cAMP-dependent activation of were bathed in standard Ringer solution. This current
a barium-sensitive K channel located in the basolateravas blocked by barium as well as cesium. However, the
membrane of surface epithelial cells. In this study, wecurrent from the human cells did not appear to be acti-
identify and characterize this basolateral, barium-vated by cAMP, indicating that distinct subtypes of in-
sensitive K conductance. Porcine uterine tissues werwardly rectifying K channels are present in endometrial
mounted in Ussing chambers and bathed with KMgSO epithelial cells from different species.

Ringer solution. Amphotericin B (7im) was added to

the luminal solution to permeabilize the apical mem-Key words: K secretion — Na channel — Epithelial ion
brane and determine the current-voltage relationship ofransport — Uterus — PGE

the basolateral K conductance after activation by (LO0

CPT-cAMP. An inwardly rectifying current was identi-

fied which possessed a reversal potential of =53 mMVintroduction

when standard Ringer solution was used to bathe the

serosal surface. The K:Na selectivity ratio was calcu-The mammalian endometrium is composed of surface
lated to be 12:1. Administration of 5wmbarium to the  and glandular epithelial cells surrounded by a vascular
serosal solution completely inhibited the current acti-interstitium containing fibroblast-like stromal cells and
vated by cAMP under these conditions. In addition townhite blood cells. In a recent study, we showed that
these experiments, amphotericin-perforated whole celurface epithelial cells of the porcine endometrium ab-
patch clamp recordings were obtained from primary cul-sorb sodium (Na) and secrete potassium (K) [26]. These
tures of porcine surface endometrial cells. The isolatedindings are consistent with data from pigs and other
cells displayed an inwardly rectifying current under basalspecies which showed that K concentrations were el-
conditions. This current was significantly stimulated by evated and Na concentrations were decreased in uterine
CPT-cAMP and blocked by barium. These results to-fluid relative to serum [16]. Our studies also demon-
gether with our previous studies demonstrate that CAMRstrated that electrogenic Na absorption across the porcine
increases Na absorption in porcine endometrial epitheliadndometrium occurs through amiloride-sensitive Na
cells by activating an inwardly rectifying K channel pre- channels present in the apical membrane of surface epi-
sent in the basolateral membrane. Similar patch clamphelial cells. Na absorption was stimulated by RGF
experiments were conducted using cells from a humamand cAMP. This increase in transepithelial Na transport
endometrial epithelial cell line, RL95-2. An inwardly was due to activation of a barium-sensitive K conduc-
tance located in the basolateral membrane of these cells
rather than by a direct effect of cAMP on apical Na
S channels to increase Na absorption. We proposed that
Correspondence tdS.M. O’'Grady activation of a basolateral K channel hyperpolarizes the
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cell and increases the electrical driving force for Na entrywas KMeSQ Ringer solution containing (in mr: 120 KMeSQ, 30

The purpose of this study was to characterize thé<2HP°4* 10 p-glucose; pH= 7.4. Either standard porcine Ringer
solution or KMeSQ Ringer solution (compositions as above) was used

properties and reQUIat'On of the barium-sensitive basofo bathe the serosal surface as indicated in the figure legend for each

!ater_al K CondUCtan(?? presentin _porcing endqmet_rial €Paxperiment in Fig. 2. Current-voltage\() relationships were obtained
ithelial cells. In addition to experiments involving intact by imposing voltage step commands to the tissue from —150 to +110
and amphotericin-permeabilized tissues, whole cell patcimv (with reference to the serosal solution) in 20 mV increments from
clamp recordings were obtained from primary cultures ofa holding potential of 0 mV. The resulting currents before and 10 min
porcine surface epithelial cells as well as from a humargfter addition of barium to the serosal solution were then subtracted to

endometrial epithelial tumor cell line, RL95-2, for com- obtalp the barlum—sen3|t_|ye component of the‘ current elthgr before or
. . . . 10 min after luminal addition of CPT-cAMP. Linear regression analy-
parison with results from porcine tissues.

sis was used to fit the data in the linear portion of the curves to obtain
the average reversal potential of the current*R0.99). A World
Precision Instruments (Sarasota, FL) epithelial voltage clamp and Da-
gan LM-12 A-D interface (Dagan Corp, Minneapolis, MN) controlled
by P-CLAMP software (Axon Instruments, Foster City, CA) were used
to generate the voltage step commands and record the resulting cur-
rents.

Materials and Methods

MATERIALS

Tetrodoxin and 8-chlorophenylthio-cyclic AMP (CPT-cAMP), were
obtained from Research Biochemicals, Natick, MA. Prostaglangjn F CeLL CULTURE AND PATCcH CLAMP RECORDING
was purchased from BIOMOL Research Laboratories, Plymouth Meet-
ing, PA. Amiloride, indomethacin, amphotericin B, and high purity Cells were isolated from the luminal surface of the porcine endome-
grade salts were from Sigma, St. Louis, MO. RL95-2 cells were ob-trium by the following method. One end of a 3-inch section of intact
tained from American Type Culture Collection, Rockville, MD. D- uterus was ligated, and the uterus was inverted over a glass rod to
MEM media, fetal bovine serum, collagenase, and trypsin-EDTA wereexpose the luminal surface. The tissue was secured onto the rod anc
from Life Technologies, Grand Island, NY. placed in cold calcium-free standard Ringer solution for one hour.
The tissue was then placed in cadMEM media containing 0.2%
collagenase, bubbled with 95%,/6% CO,, and subjected to centrifu-
TiSSUE PREPARATION AND MEASUREMENT OF gal force to aid in detachment of the surface epithelial cells. This
ELECTRICAL PARAMETERS procedure was carried out for one hour. The detached cells were cen-
trifuged to remove collagenase, resuspended in fresh media with 10%
Porcine uterine tissues used in these studies were collected from 3-#tal bovine serum, plated onto culture dishes, and incubated in 5%
month old (reproductively immature) Yorkshire or Pietrain cross pigs CO, at 37°C. Relatively pure cultures of surface epithelial cells were
purchased from stock herds maintained by the University of Minnesotasolated from stromal cells in this manner and formed incomplete
College of Agriculture. The animals were housed for 5-10 days inmonolayers within 5-7 days of isolation. At this time, individual cells
large holding rooms at 25°C under a 12-hr light-dark cycle with con- were dissociated from the culture dishes with trypsin-EDTA in prepa-
tinuous access to feed and water. The pigs were anesthetized prior t@ation for patch clamp experiments. The perforated whole cell patch
euthanasia with intramuscular ketamine (10 mg/kg), then rapidly killedconfiguration was used in these experiments in order to retain regula-
with intravenous euthanasia solution (2 mls/50 Ib) containing 6 grs/mltory compounds within the cells which are typically lost during stan-
pentobarbital and 3.75 mg/ml potassium chloride. The intact uterusdard whole cell recordings. Pipette electrodes were pulled to a resis-
was removed immediately and placed in ice-cold porcine Ringer solutance of 2—-4m(Q) from 7052 glass (Garner Glass, Claremont, CA).
tion containing (in nw): 153 Na, 6 K, 143 Cl, 3 Ca, 1 Mg, 20 HGO  The pipette tip was filled with KMeS©ORinger solution consisting of
0.3 H,PO,, 1.3 HPQ, 10 p-glucose; pH=7.4. The serosal muscle (in mm):130 KMeSQ, 5 KCI, 1 CaC}, 10 HEPES, pH 7.2. The pipette
layers were removed by careful dissection. The tissues were themwas then backfilled with the same solution containing 2gnl am-
mounted in Ussing chambers (0.64 Ymbathed on both sides with  photericin B. High resistance seals were formed between the pipette
identical Ringer solution (composition as above) at 39.5°C, andand the cell membrane, and amphotericin was allowed to partition into
bubbled with 95% Q5% CO,. Transepithelial potential difference, the membrane to obtain the whole cell configuration prior to recording
tissue conductance and short circuit currég) (vere measured using currents. The mean access resistance and whole cell capacitance fo
voltage clamp circuitry from JWT Engineering Corporation, Overland the isolated porcine cells were 7.8 + 4 and 15.6 + 1.7 picofarads,
Park, KS. The mean bask|. and mean tissue conductance were simi- respectively. The mean access resistance and whole cell capacitance
lar to those published previously [26]. All tissues were pretreated withfor the isolated RL95-2 cells were 9.9 + Qvif) and 18.4 + 1.3 pico-
tetrodotoxin (0.2wm) added to the solution bathing the serosal surfacefarads, respectively. Both solutions were either KMg&ihger solu-
and indomethacin (1lm) added to both luminal and serosal solutions tion or standard Ringer solution, as indicated in the figure legends for
at least 10 min prior to the beginning of experiments. These com-Figs. 4, 5, 6 and 7. The standard Ringer solution for patch clamp
pounds had no effect on either tissue conductande_or experiments consisted of (innm: 130 NaCl, 5 KCI, 1 CaGl 1 MgCl,,
Experiments involving measurements of apical membrane K per-10 HEPES, pH 7.4. Whole cell currents were obtained in response to
meability in endometrial epithelial cells have been described in detail inthe voltage step protocols described in the figure legends. For tail
a previous manuscript [26]. In this study, current-voltage relationshipscurrent protocols, cells were initially held at 0 mV and then stepped to
of the basolateral K conductance were determined using amphotericin=100 mV to activate the inward rectifier. Cells were then stepped to a
permeabilized tissues mounted in Ussing chambers as described aboweries of voltages from —200 up to +100 mV in 20 mV increments.
Amphotericin B was added to the luminal solution at a concentration ofAn Axopatch 1D voltage clamp and TL-1 A-D interface were used
70 uM to eliminate the apical membrane as a resistive barrier to ion(both from Axon Instruments). P-CLAMP software was used to gen-
movement. The solution used to bathe the luminal surface of the tissuerate the voltage step commands and record the resulting currents.
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sponse to CAMP after barium (par8) was potentiated
when compared to this decrease in response to cAMP
alone (paneh). Cesium and tetraethylammonium chlo-
ride (TEA) at concentrations up to 10mrhad no effect
on I in these tissues when administered to either the
luminal or serosal surface.

Similar results to those observed with cAMP were
) obtained with PGE,, as discussed in the figure legend
0 |- CPT-cAMP (100 pM luminal) and in a previous study [26]. Each compound (when
| L L L | administered alone to the tissues) produced a twofold

0 20 40 60 80 100 increase inl,, which remained at near-maximum levels
B 60 for a prolonged period of time (1 hr or longer) as previ-
ously described (26).

A 60 Barium (5 mM serosal)

< | Barium (5 mM serosal) ErFecTs oFCPT c-AMP AND BARIUM ON
= BASOLATERAL K PERMEABILITY
&)
2 Amphotericin-permeabilized endometrial tissues
0 CPT-cAMP (100 uM luminal) mounted in Ussing chambers were bathed on the luminal
. , | , | surface with KMeSQ Ringer solution. Current-voltage
0 20 40 60 80 100 (I-V) relationships of the basolateral membrane were ob-

tained by imposing voltage step commands from -150 to
+110 mV in 20 mV increments. The resulting currents
Fig. 1. Representative, tracings from endometrial tissues mounted in befo_re and aft?r addltlo.n. of barium were subtracted to
Ussing chambersAj Adcdition of CPT-cAMP or PGE, (100 nv, data Optaln the barium-sensitive component Of. the current,
not show to the luminal solution produced a sustained twofold in- Figure 2 (lower panel) shows titie/ relationships for the
crease inl,, which was completely inhibited by addition of barium to barium-sensitive component of the current from experi-
the serosal solution, as shown in the figure € 8 tissues from 4 ~ments conducted in the presence of KMg3nger so-
animals for CPT-cAMP, 6 tissues from 4 animals for BGRB) Treat-  |ution bathing both surfaces of the tissues. As shown in
ment of the tissue with serosal barium alone prodgced only a smalihe figure, a relatively small barium-sensitive current
decrease i, (average= 3.4 £ 0.4pAmps,n = 14 tissues from 6 \\aq resent under basal conditions. After the addition of
a_n_lmals), but significantly inhibited thkgcresponse to subsequent ad- CPT-cAMP. a substantial increase in the barium-
dition of CPT-cAMP or 100 nM PG, (n = 6 tissues for each com- o !
pound from 4 animals). sensitive component of the current was observed. The

reversal potentials of the currents obtained before and

after administration of CPT-cAMP to the tissue under
Results symmetric K conditions were near 0 mV. In the pres-
ence of standard porcine Ringer solution bathing the se-
rosal surface of the tissues, the reversal potential of the
barium-sensitive component of the current after cAMP
fshifted to -8 + 6 mV, as shown in the inset.

Time (minutes)

ErFFecTs oFCPT-cCAMP AND BARIUM ON ISC

As illustrated in Fig. 1, treatment of the serosal surface o
endometrial tissues mounted in Ussing chambers with 5

mm barium produced a small decreaselip(panelB),  WHoLE CeLL PaTcH CLAMP RECORDINGS FROM

indicating a relatively small amount of basal activity of |soLaTeD CELLS

the barium-sensitive conductance when compared with

the barium-sensitive current following treatment of the Figure 3 shows whole cell current tracings recorded from
luminal surface of the tissues with CPT-cAMP (paAgl  an isolated porcine endometrial surface epithelial cell
The cAMP-stimulated increase Ig. following pretreat-  bathed in KMeSQRinger solution. The current tracings
ment with barium showed a slower rise to maximumwere obtained in response to a series of voltage step
levels than the current increase in response to cAMRommands from =160 to +80 mV in 20 mV increments
alone, after which the current dropped back down tofrom a holding potential of 0 mV. The predominant cur-
basal levels (pandB). The time course for this second- rent observed under these conditions had inwardly rec-
ary decrease ih closely matched that observed for the tifying properties, and reversed near 0 mV. Addition of
decrease i after administration of barium to the tissue CPT-cAMP to the bath stimulated an increase in inward
at the peak increase in cAMP-stimulated current (paneturrent, and barium inhibited the inward current to levels
A). In addition, the initial rapid decrease lg. in re-  similar to those observed prior to the addition of CAMP.
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Fig. 2. Current-voltage relationship of basolateral membrane K per- .
meability. Experiments were performed using amphotericin-permeabil- /
ized tissues mounted in Ussing chambers and bathed on the luminal

surface with KMeSQRinger solution. Either standard Ringer solution
or KMeSQ, Ringer solution was used to bathe the serosal surface as
indicated.Upper panel:Representative set of current tracings recorded
in response to voltage step commands from -150 to +110 mV in 20 mV

increments. The current tracings shown were obtained by subractin§id- 3. Whole cell current tracings recorded from a surface epithelial
the current recorded at each voltage step after serosal addition if 5 mcell isolated from porcine endometrium and bathed in KMg&iger
barium from the current recorded after luminal addition of @0  Solution. Currents were obtained in response to a series of voltage step
CPT-cAMP. Tissues were bathed on both sides with KMgB@ger commands from -160 to +80 mV in 20 mV increments from a holding

solution.Lower panel:The component of the current that was inhibited Potential of 0 mV. Top tracing, control currents; middle tracing, cur-
by barium is plotted as a function of transepithelial voltage. Tissuesrents after addition of 10Am CPT-cAMP to the bath; bottom tracing,
were bathed on both sides with KMe$Ringer solution. The barium- ~ currents remaining after addition of 1vmbarium to the bath. The
sensitive component of the current is shown bef? 4nd after @) experiment is representative of 4 cellower panel:Peak current-
treatment of the luminal surface of the tissue with CPT-cAMP=(at  Voltage relationships for the above tracings)control current; @),
least 4 tissues from 3 animals for each condition). The mean reversdiurrent after CPT-cAMP;4), current remaining after barium.
potential for the cAMP-stimulated current under these conditions was

-0.8 + 0.4 mV. The mean reversal potential for the current in standard . L
Ringer solution (shown in the inset) was3-& 6 mV (the experiment Whole cell current tracings similar to those observed

is representative of 4 tissues from 3 animals). from porcine cells were obtained from isolated human
endometrial epithelial cells (RL95-2) in response to stan-
I-V relationships from the current tracings at steady-statelard voltage step (Fig. 5) and tail current (Fig. 6) proto-
conditions are shown in the lower panel of Fig. 3. Wecols. The data shown in Figs. 5 and 6 are representative
were unable to determine the reversal potential for theof inwardly rectifying currents obtained under basal con-
inward rectifier under conditions where cells were ditions. In contrast to the porcine cells, no further acti-
bathed in standard Ringer solution due to the presence afation of current was observed after addition of CPT-
an outwardly rectifying current observed under thesecAMP to the bath. The peak current-voltage relation-
conditions. Figure 4 shows the near-instantaneous cuiships from current tracings obtained in the presence of
rent-voltage relationship recorded from a porcine surfacé&KMeSO, Ringer solution and in the presence of standard
epithelial cell in response to a tail current protocol fol- Ringer solution in the bath are shown in the lower panel
lowing the addition of CPT-cAMP to the bath (KMegO in Fig. 5. The reversal potential of the current in the
Ringer solution). The magnitude of the outward currentspresence of high K in the bath was 0 mV, and shifted to
recorded at positive voltage steps during tail current proa negative reversal potential (-56 mV) in the presence of
tocols and standard voltage step protocols were similarstandard Ringer solution, indicating that K was the pre-

-160 -120 -80 -40 0 40 80
Voltage (mV)
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Fig. 4. Whole cell current tracings recorded from a porcine endome-Fig. 5. Whole cell current tracings recorded from a human endometrial

trial surface epithelial cell in response to a tail current protocol in the epithelial cell (RL95-2) bathed in KMeS(Ringer solution. Currents

presence of high external K solution after addition of CPT-cAMP to the Were obtained in response to a series of voltage steps from ~160 to +80

bath. The cell was initially held at 0 mV and then stepped to —100 mVin 20 mV increments from a holding potential of 60 mV. The experi-

to activate the inward rectifier. The cell was then stepped to a series ofent is representative of 6 cellsower panel:Peak current-voltage

voltages from —200 to +60 mV in 20 mV increments. The experiment relationships for the above tracing®), and for current tracings re-

is representative of 6 cellsower panel:Peak current-voltage relation- ~corded from a cell bathed in standard Ringer solut®), 6 = 5 cells).

ship for the above tracings. The reversal potential for the current in standard Ringer solution was
-56 mV.

dominant current-carrying ion through the inward recti-
fier channel in these cells. brane. The results of experiments using standard porcine
Figure 7 shows a comparison of results obtainedRinger solution to bathe the serosal surface of the tissue
after addition of barium and cesium to porcine and hu-showed that the reversal potential of the cAMP-
man endometrial epithelial cells bathed in KMeSO activated, barium-sensitive current was3-% 6 mV.
Ringer solution. Addition of 1 m barium to the bath Under conditions where KMeSCRinger solution was
inhibited 54 + 7% of the current present after cAMP used to bathe both the luminal and serosal surfaces of the
stimulation for isolated porcine surface epithelial cells, tissue, the reversal potential shifted to near 0 mV, indi-
whereas cesium at concentrations up to & trad no  cating that the channel was selective for K. In addition,
significant effect on the current recorded from thesesignificant inward rectification was present under sym-
cells. Barium and cesium at concentrations of i im- metric K conditions, and the relative magnitude of the
hibited 79 + 6% and 84 + 4%, respectively, of the currentinward component of the current was increased in the
recorded from RL95-2 cells. presence of high serosal K concentrations. These find-
ings demonstrated that the barium-sensitive conductance
present in the basolateral membrane of the epithelium
Discussion was an inwardly rectifying K channel. Using the Gold-
man-Hodgkin-Katz equation and a mean reversal poten-
To determine the ionic basis for tg change produced tial of -53 mV in standard Ringer solution, the K:Na
by barium in endometrial tissues, amphotericin B wasselectivity ratio for this channel was calculated to be
used to permeabilize the apical membrane of surfacd2:1. Results of patch clamp experiments demonstrated
epithelial cells. This technique enabled us to investigatéhe presence of a cAMP-activated, barium-sensitive, in-
the I-V relationship and ion selectivity of the barium- wardly rectifying K channel in primary isolates of sur-
sensitive conductance present in the basolateral meniace epithelial cells from the porcine endometrium. We
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Fig. 7. Histogram illustrating the effects of 1 nmbarium and 1 m
cesium on peak inward currents obtained in response to a standard
— 0=0-0=07 voltage step protocol from isolated porcine and human endometrial
o° epithelial cells bathed in KMeSCRinger solution. For these experi-
o~ ments, the average peak inward control currents were 1480 + 510
-500 + /° pAmps for porcine cells after addition of CPT-cAMP to the bath, and
/° 378 + 69 pAmps for RL95-2 cells. Barium inhibited 54 + 7% of the
o peak inward current for the porcine celts € 4 cells), and cesium had
-1000 L / i no significant effect on peak inward current in these ceills=(3 cells).
/° Barium and cesium inhibited 79 + 6% & 4 cells) and 84 + 4%r( =

) 1 6 cells) of the peak inward current, respectively, for the RL95-2 cells.

o
[e

Current (pA)

-1500 ! 1 1 I
-200 -150 -100 -50 O 50 100

Voltage (mV) ized to the basolateral membrane of these cells [2, 9-11,

13-15, 17, 22, 23, 25]. Modulation of channel activity
Fig. 6. Whole cell current tracings recorded from an RL95-2 cell in by pH, ATP, cAMP and/or calcium has been reported (1,
response to a tail current protocol in the presence of high external k3, 6, 7, 18, 21, 24, 28]. Each of the cloned inwardly
The cell was initially held at 0 mV, stepped to -100 mV to activate the rectifying K channels contains consensus phosphoryla-
inward rectifier, and then stepped to a series of voltages from -200 tgion sites, making them a potential substrate for protein
+100 mV in 20 mV increments. The experimer_]t is r_epresentative of 5kinases. The function of these channels in epithelial tis-
frjsn ster panel: Peak current-voltage relationship for the above sues is not entirely clear. They are thought to be tightly
gs: coupled to the Na/K-ATPase, serving to recycle K
have also shown that an inwardly rectifying K channelbrought into the cell by this mechanism. Several inves-
was present in a human endometrial epithelial cell line tigators have proposed that hyperpolarization of the cell
RL95-2. This channel had similar properties to the in-membrane through the activity of basolateral inwardly
ward rectifier present in porcine cells, but did not appearectifying K channels increases the electrical driving
to be regulated by cAMP, and was inhibited by cesium adorce for anion efflux across the apical membrane of T84
well as barium. Thus, distinct subtypes of inwardly rec-cells [1, 3, 6, 28]. In addition, modulation of basolateral
tifying K channels appear to be present in endometriainwardly rectifying K channels by membrane potential
epithelial cells from these species. Because RL95-2 cellhas been proposed by investigators who have noted tha
do not form a polarized monolayer with any measurablethe conductance of these channels increases with hyper
transepithelial resistance, it was not possible to furthepolarization [5, 13]. Studies involving basolateral in-
characterize mechanisms and regulation of transepitheliwardly rectifying K channels isolated frodecturusen-
al ion transport in these cells. terocytes and reconstituted into lipid bilayers have sug-
As their name implies, members of the superfamilygested that the open probability of these channels is
of inwardly rectifying K channels conduct more inward correlated to membrane potential, providing an explana-
than outward current. This phenomenon may be due tdion for the apparent synergy between apical Na entry,
voltage-dependent block of the channel pore by intracelNa pump activity, and changes in basolateral K conduc-
lular Mg and polyamines [20], and/or an intrinsic gating tance observed in these cells [5].
mechanism as yet undefined. Since the cloning of the A model summarizing the effects of cAMP on sur-
ROMK1 and IRK1 subfamilies in 1993 [12, 19], a con- face epithelial cells of the porcine endometrium is shown
siderable amount of research in this area has resulted im Fig. 8. We propose that cAMP-dependent activation
the description of at least 5 separate subfamilies based asf an inwardly rectifying K channel present in the baso-
the degree of amino acid sequence similarity in the translateral membrane produces hyperpolarization of the cell,
membrane region of the channels [8]. Inwardly rectify- which increases the driving force for Na entry through
ing K channels have been found in a wide variety ofamiloride-sensitive Na channels present in the apical
epithelial cell types [4, 27], and in many cases are localimembrane. Evidence for the existence of amiloride-
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Fig. 8. Cell model and diagram illustrating the proposed mechanisms 7
for cAMP regulation of Na and K transport across porcine endometrial
surface epithelial cellsséeDiscussion for details). G, G protein; AC,
adenylate cyclase
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. Cartwright, C.A., McRoberts, J.A., Mandel, K.G., Dharmsatha-

phorn, K. 1985. Synergistic action of cyclic adenosine monophos-
phate- and calcium-mediated chloride secretion in a colonic epi-
thelial cell line.J. Clin. Invest.76:1837-1845

. Cooper, K., Rae, J.L., Dewey, J. 1991. Inwardly rectifying potas-

sium current in mammalian lens epithelial cellen. J. Physiol.
261.C115-C123

. Costantin, J., Alcalen, S., de Souza Otero, A., Dubinsky, W.P.,

Schultz, S.G. 1989. Reconstitution of an inwardly rectifying po-
tassium channel from the basolateral membrandseafturusen-
terocytes into planar lipid bilayer®roc. Natl. Acad. Sci. USA
86:5212-5216

. Darmsathaphorn, K., Pandol, S.J. 1986. Mechanism of chloride

secretion induced by carbachol in a colonic epithelial cell lihe.
Clin. Invest.77:348-354

. Devor, D.C., Frizzell, R.A. 1993. Calcium-mediated agonists ac-

tivate an inwardly rectified K channel in colonic secretory cells.
Am. J. Physiol265:C1271-C1280

. Doupnik, C.A., Davidson, N., Lester, H.A. 1995. The inward rec-

tifier potassium channel familyCurr. Opinion in Neurobiol.
5:268-277

9. Dubinsky, W.P., Mayorga-Wark, O., Garretson, L.T., Schultz, S.G.

sensitive Na channels in surface epithelial cells was dem-
onstrated in a previous publication [26]. Increasing K

efflux through the inward rectifier presumably keeps the10.

concentration of K within the unstirred fluid layer near
the basolateral membrane sufficiently high enough to
prevent K from becoming rate limiting with respect to
Na-K ATPase activity. In addition, the increase in con- ;5
ductance of the inward rectifier K channel during hyper-
polarization may be important in sustaining basolateral K
efflux as hyperpolarization decreases the driving force
for K exit from the cell.

Finally, it should be noted that a small, relatively
rapid initial decrease ih,. occurred in endometrial tis-
sues in response to cAMP, which was potentiated in all
cases where tissues were pretreated with serosal barium.
One explanation for this decreasd ipis that, in addition
to stimulating a basolateral K conductance, cAMP may
act to directly stimulate K efflux across the apical mem-
brane. In this case, redistribution of K efflux across the
apical membrane following pretreatment of the serosa
surface of the tissue with barium would be consistent
with potentiation of the initial rapid decreaseli seen
in response to cAMP. Attempts to block this current
response with 4-aminopyridine (4-AP) were unsuccess-

ful. Thus, in addition to the constitutively active 4-AP- 18.

sensitive K conductance which we have previously iden-
tified [26], a cCAMP-activated K conductance may also be

present in the apical membrane of surface endometrialg,

epithelial cells.

20.
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