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Microelectrode studies of potential difference responses to changes
in stromal K * in bullfrog cornea
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The effects of changing stromal K* were studied using microelectrodes in an in vitro preparation of frog
cornea. The intracellular potential (¥;) responded in two opposite ways under short-circuit conditions: (1)
depolarization (normal response) when stromal K * was increased from 4 to 20 or to 79 mM, about 30 mV
per 10-fold K* concn. change; (2) a hyperpolarization (anomalous response) of 10 mV maximum when
stromal K* was increased from 0 to 4 mM. The increase from 4 to 20 or 79 mM decreased or even reversed
the short-circuit current (I, ). The transepithelial conductance (g,) increased when K* was increased to 79
mM but no change occurred in the apical membrane fractional resistance (fR,). Increase of stromal K*
from 0 to 4 mM increased I,, and minimally changed g, and fR,. Ouabain (10 > M) abolished the
anomalous responses, that is, the increases in ¥; and I, when stromal K* was increased from 0 to 4 mM.
These results are interpreted in terms of two K™ conductive pathways in the basolateral membrane of the
corneal epithelium, a Nernstian conductance and an electrogenic (Na* + K ¥)-ATPase pump transporting
more Na* than K™ ions per cycle. The normal or anomalous potential difference responses to changes in
stromal K* appear to depend on the relative resistance of the two pathways at the time stromal K* is
changed.

Introduction primary transport mechanism appears to be a

(Na* + K*)-ATPase pump, located in the baso-

The corneal epithelium can actively transport
C1™ from stroma to the tear side [1] and to a lesser
extent Na* from the tear to the stroma side [2].
Under conditions of increased apical membrane
permeability, i.e., in the presence of amphotericin
B in the tear solution, the transport of Na™ can be
markedly increased and active transport of K*
from stroma to tear may be also observed [3]. The
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lateral membrane of the epithelial cells facing the
stroma, which is directly responsible for the trans-
port of Na* and K*. A Na*/Cl~ symport [4,5],
located also in the basolateral membrane, together
with the (Na* + K*)-ATPase pump, appears to
be responsible for the active transport of C17. As a
result of the (Na* + K*)-ATPase pump the in-
tracellular Na* concentration is maintained low
inducing a forced ion-coupled diffusion of Na™
and Cl~ with C1~ moving against its electrochem-
ical potential gradient {4], therefore, achieving the
high intracellular electrochemical potential of CI~
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[6]. The (Na* + K*)-ATPase pump is sensitive to
ouabain and vanadate [7,8] and transports more
Na™* than K* ions per cycle, that is, the pump is
electrogenic [3,8]. The basolateral membrane has a
conductive pathway for K* [5,8].

Using the ion substitution method, we have
demonstrated the presence of the K™ simple con-
ductive pathway and the electrogenicity of the
(Na* + K*)-ATPase pump [8]. The electrogenic-
ity of the pump may be enhanced by addition of
amphotericin B to the tear solution in the presence
of Cl -free (SO;~ substituted) solutions [9]. The
simple K™ conductive pathway may be inhibited
by the presence of Ba’* in the stromal solution
[10]. The response of the emf of the pump to
changes in K™ in the stromal solution is opposite
to the response of the simple conductive pathway
located in the same membrane as previously ob-
tained in frog gastric mucosa [11]. The demonstra-
tion of the electrogenicity of the pump was accom-
plished by adding 4 mM K™ to the stromal solu-
tion after bathing the cornea in K*-free solution
for 5-10 min. Presumably the resistance of the
simple K*-conductive pathway increased in K*-
free solutions to the point that, with an increase in
K™ from 0 to 4 in the stromal solution, the emf of
the pump dominated, with an increase in potential
difference (PD) (stroma more positive) which was
opposite to the change expected from a simple
conductive pathway. This was designated as an
anomalous response, in contrast to the usual nor-
mal response, i.e., a decrease in PD with an in-
crease in K concentration [8].

In the above mentioned studies, PD and resis-
tance were recorded across the entire corneal epi-
thelium and responses to changes in stromal solu-
tion were assumed to be mostly due to PD and
resistance changes across the basolateral mem-
brane, since the cornea is a tight, high resistance
epithelium. To test the verity of the assumption,
experiments were performed using microelec-
trodes and recording the effects on PD and resis-
tance due to changes in stromal K* not only
across the entire epithelium, but also across the
apical and basolateral membranes.

Methods

Bullfrog corneas (Rana catesbeiana) were
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mounted tear side up in a lucite chamber as
previously described [12,13]. The tissue was sup-
ported by a copper grid with a slightly less radius
of curvature than that of the in vivo cornea. An
opening of 0.4 cm® communicated the upper (epi-
thelial) chamber (0.2 ml) with the lower (stromal)
chamber (0.3 ml). Both chambers were continu-
ously perfused at a rate of about 5 ml/min to
insure complete exchange in 5-10 s. A slight nega-
tive hydrostatic pressure was applied to the lower
chamber to help secure the cornea to the copper
grid. Control solutions contained (in mM): Na*
102; K* 4; Ca* 1; Mg2* 0.8; C1~ 81; SO7™ 0.8;
HCO; 25; phosphate 1; and glucose 10. Na™ was
substituted for K™ in K*-free solutions. K* was
increased in substitution for Na*. Quabain was
added to stromal solution to a final concentration
of 107 M. All solutions were continuously gassed
with 95% O,/5% CO,. The pH of the solutions
was 7.2-7.3. Two pairs of macroelectrodes and
one microelectrode were used to obtain the data.
One pair was used to measure the transepithelial
potential difference (calomel electrodes connected
via KCl bridges to within 0.5 mm of tissue
surfaces); the other pair (AgCl-coated Ag wire
loop electrodes, 4 mm from the tissue on either
side) was used to send current. The intracellular
potential was recorded with 3 M KCl-filled micro-
electrodes which had an input resistance of 15-40
Mohm. In most experiments the corneas were
short-circuited using an automatic clamp device
(Biomed. Inst., Germering, F.R.G.) except for brief
perturbations that lasted about 200 ms, during
which the transepithelial potential was clamped at
+10 mV (stroma side positive). These perturba-
tions were repeated every 1-2 s and were used for
measurement of the transepithelial conductance
(g, =AI1/4V,). Also the apical membrane frac-
tional resistance (fR,= R, /(R, + R;) = AV, /AV})
could be obtained. ¥, and I, are the transep-
ithelial voltage and current, and R, and R; are
the resistances across the apical and basolateral
membranes, respectively. The values of short-cir-
cuit current (I.), g, fR,, and V, were recorded
together with the microelectrode resistance on a
multichannel strip chart recorder (Servogor,
BBC-Mellard). I is defined as positive when the
direction of current is from tear to stroma via the
tissue. The values of the open-circuit transep-



260

ithelial potential were calculated from V,=1_/g,.
These values were checked and confirmed experi-
mentally by briefly opening the circuit and actu-
ally measuring the open circuit potential dif-
ference. In open circuit experiments /. was held
down at zero and, in its place, V, was continuously
recorded. ¥, was used as the symbol for transapi-
cal membrane potential and ¥, for the transbaso-
lateral membrane potential. V,, V; and V, are
defined respectively as the potentials of stroma
relative to tear, of stroma relative to cell and of
tear relative to cell. That is V, = V; — V. Hyper-
polarization of ¥V, or V, is defined as an increase
in their positive value. Depolarization is used as
the opposite of hyperpolarization. All other
parameters were recorded as in the short-circuit
experiments. Student’s z-test with paired observa-
tions was performed to determine the level of
significance, when applicable.

Results

Normal PD responses to changes in K * concentra-
tion in the stromal solution

The stromal solution K* concentration was in-
creased from 4 to 20 or 79 mM in the presence of
control solutions. Fig. 1 shows a representative set
of responses when stromal K* was increased from
4 to 20 mM under short-circuit conditions, and
the data from six experiments are summarized in
Table 1.

The average transepithelial conductance (g,)
and the apical membrane fractional resistance
(fR,) did not change significantly. I, signifi-
cantly decreased by 1.4 pA/cm* at 2 min and by
3.1 at 10 min after increasing K* from 4 to 20
mM from a control value of 6.8 pA/cm’ V,
decreased by 8.2 mV at 2 min and by 21.3 at 10
min.

Table II shows the changes in the electrical
parameters when stromal K™ was increased from
4 10 79 mM. As in the increase to 20 mM K™, fR
did not change. On the other hand, there was a
progressive increase in g,, with an increment at 10
min of 0.50 from a control value of 0.62 mS /cm’.
Changes in I, and V, were qualitatively similar to
those obtained when stromal K* was increased
from 4 to 20 mM but they were quantitatively
greater.
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Fig. 1. Effects of increasing stromal K* from 4 to 20 mM.
Various parameters are plotted versus time. Zero time: when
the K* concn. was changed. FR,,, apical membrane fractional
resistance; g,, transepithelial conductance in mS/cm?; I,
short-circuit current in wA /cm?; ¥, intracellular potential in
mV.

The 10 min change in ¥V, per 10-fold increase in
stromal K* concentration was 30.5 mV for the
change in K* concentration from 4 to 20 mM and
29.6 mV for the 4 to 79 mM change. This change
is about half of the expected 58 mV change if the
basolateral membrane had as its conductive path-
way only the simple K* conductance.

Anomalous PD responses to changes in K™ con-
centration in the stromal solution

(1) Under short-circuit current conditions.  As
previously reported for experiments in the gastric
mucosa [11] and cornea [8], anomalous responses
were obtained after bathing the epithelia in K-
free solutions for 20-30 min in the case of the
stomach and for 5-10 min in the case of the
cornea. Fig. 2A presents data from a typical ex-
periment performed under short circuit current
conditions. When stromal K * was raised from 0 to
4 mM there was a quick increase in V, that is,
there was a hyperpolarization of the apical mem-
brane undoubtedly due to an increase of the (Na™
+ K*)-ATPase emf (Ep, Fig. 4) located in the
basolateral membrane (see Discussion). In con-
trast when K* was increased from 4 to 20 or 79
mM there was a depolarization of ¥V, probably
due to an increase of Ex (Fig. 4). The I in-
creased when stromal K* was increased from 0 to
4 mM.



TABLE 1
EFFECT OF INCREASING

STROMAL K* FROM 4 TO 20 mM
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Values are means + S.E. N, number of experiments. Control values obtained before the change in K* concn. The other values are the
changes obtained, respectively, 2, 5 and 10 min after the change in K* concn. Units are: I, pA/cm?; g, mS/cm?; fR, unitless; ¥}
and V,, mV. a, P <0.01; b, P <0.05; n.s., P> 0.05.

Control (N = 6)

Change in parameter

2 min (N =6) 5 min (N = 6) 10 min (N = 5)
I, 6.78 +1.85 -1.35 +041° —224 +068° -3.06 +1.09°
8 0.576 £0.072 0.008 +£0.01 ™* 0.004+0.014 ™~ 0.0174+0.012 ™*
fR, 0.694 +0.040 —0.033+0.017 ** —0.042+0.023 ™~ —-0.018 +0.020 ™*
v, 58.88 +5.45 —822 +267° -17.88 +3.83% —21.26 +6.79°
TABLE 11
EFFECT OF INCREASING STROMAL K* FROM 4 TO 79 mM
See legend to Table I. The number of experiments is given in parentheses.
Control Change in parameter
2 min 5 min 10 min
I, 519 £0.94 (9 —-4.87 £0.77 9)*® —-841 +117 9? —10.05 +1.47 (8)°?
8 0.62340.106 (9) 0.1234+£0.022(9) * 0.259+0.041 (9) @ 0.497+£0.104 (8) *
fR, 0.6841+0.052 (8) —0.027+0.018 (8) ** —0.006 +£0.028 (8) ™* 0.027+£0.038 (7) ™*
v, 64.07 +£3.72 (7) ~23.10 +442 (7)* —-3461 +£3.18 (7)*? ~38.33 3297 (6)°®
TABLE II1

EFFECT OF CHANGING STROMAL K* FROM 0 TO 4 mM

Values are means+S.E. (N =21 experiments). Control values obtained before the change in K* concn. The other values are
parameter changes at, respectively, 2, 5 and 10 min after the change in K* concn., and at the maximal change in ¥, (2-5 min). Units
as in Table I. a, P <0.01; b, P <0.05; n.s., P> 0.05.

Control Change in parameter
2 min 5 min 10 min at max. V,
I, 52 +0.38 09 to01° 1.5 +02° 1.5 +02? 10 02?2
g 0.545+0.035 —0.009+0.003 * 0.007 +0.004 = 0.029+0.005 —0.005 +0.005 ™*
fR, 0.672+0.030 0.037 +0.008 * 0.001 +0.012 ™~ —-0.042+0.018 ® 0.036 +£0.011
v, 65.6 +3.7 73 £14° 23 17" ~-46 +22m™ 101 +1.4°%
TABLE IV
EFFECT OF INCREASING STROMAL K* FROM 0 TO 4 mM UNDER OPEN-CIRCUIT CONDITIONS
See legend to Table II1. The number of experiments is given in parentheses.
Control Change in parameter
2 min 5 min 10 min at max. V,
0.592 +0.061 (6) 0.097 +0.003 (6) * 0 +£0.004 (6) ™~ 0.008 +0.005 (6) ™= 0.007+0.003 (5) ©

o 0.708+0.048 (6)
8.65 +221 (6)
60.52 +3.98 (6)
69.47 +£3.69 (6)

NNNR®

0,014+ 0.009 (6) ™
176 +0.90 (5) ™
432 +1386 (6) ™~
577 £242 (6) "

—0.039+0.019 (6) ™

2.80 +0.88 (5)°

—213 +£226 (6) "
0.18 +2.60 (6) ™

—0.098£0.021 (6) *

228 +0.37 (5)*
—9.77 +295 (6)°
~-7.92 +2.75 (6)°

0.02940.011 (5) ™
148 +0.78 (5) ™
718 +143 (5)*
8.66 £1.97 (5)°
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Fig. 2. Effect of increasing stromal K* from 0 to 4 mM: (A)
under short-circuit conditions; (B) under open-circuit condi-
tions. Cornea exposed to a K™ free solution for more than 10
min on stromal side before the change in concentration. fR,
and g, and time as in Fig. 1. ¥, measured transepithelial
potential; V,, transapical membrane potential; V;, transbaso-
lateral membrane potential (V, =V, + V).

Table II1 presents data from 21 experiments
performed under short-circuit current conditions
like the experiment presented in Fig. 2A. Values
were from measurements obtained right before
stromal K* was increased from 0 to 4 mM (con-
trol) and at 2, 5 and 10 min after the change in
concentration as well as when V, reached a maxi-
mum increase. The maximum ¥, increase occurred
between 2 and 5 min following the increase in
stromal K* from 0 to 4 mM. The value of I

increased progressively reaching an increment of
1.5 pA/cm? at 5 min and remained there at 10
min, from a control value of 5.2 pA/cml. The
value of g, did not change to any great extent but
the small decrease of 0.009 mS/cm® at 2 min as
well as the increase of 0.029 mS/cm? at 120 min
from a control value of 0.545 mS/cm? were statis-
tically significant. The value of fR also had very
small changes with a significant increase of 0.037
in 2 min and a decrease of 0.042 at 10 min from a
control value 0.672. V, increased initially reaching
a maximum of 10.1 mV change between 2 and 5
min, from the control value of 65.6 mV. By 5 and
10 min ¥, had returned to the control value.

(2} Under open-circuit conditions. Fig. 2B shows
data from a typical experiment performed under
open-circuit conditions (I, =0). The PD across
the basolateral membrane, V,, was obtained from
the values of the PD across the apical membrane,
V,, and the transepithelial PD, V, (V= V,+ V).
There was an initial and temporary hyperpolariza-
tion of both V; and V, and an increase in V. Small
changes in g, and fR were observed.

Table IV presents data from six experiments
performed like the experiment presented in Fig.
2B. A maximum hyperpolarization of V, and V,
was observed between 2 and 5 min after stromal
K™ had been increased from 0 to 4 mM. This
maximum increase was 8.7 mV for V; and 7.2 mV
for ¥V, over the respective control values of 69.5
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Fig. 3. Effect of increasing stromal K* from 0 to 20 mM, after
exposure to 0 mM K™* for more than 10 min. Meaning of time
and symbols as in Fig. 1.



TABLE V

EFFECT OF INCREASING STROMAL K* FROM 0 TO 20 mM

See legend to Table I1I. N, number of experiments.
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Control (N =7) Change in parameter

2min(N="7) Smin(N=7) 10 min (N = 6) Atmax. V, (N=1)
I. 456 +1.18 026 +0.31"* ~0.21 +0.58 " —2.36 +0.75° 0.11 +£0.10 ™
g 0.524+0.078 ~0.012+0.009 0.049+0.010 0.070+0.020 ® ~0.00240.001 ™
fR, 0.656 4 0.051 ~0.020+0.014 ™= ~0.073+0.016 * —0.080+0.027 ® 0.020 +0.009 ™
v, 48.43 +4.23 —043 +£2.95" —11.43 +2.72° ~17.12 +345° 456 +1.10 ®

[+

and 60.5 mV. Both V; and V, depolarized, respec-
tively, by 7.9 and 9.8 mV below the control level
10 min after the increase in stromal K*. The
increase in V; is probably due to the activation of
the electrogenic (Na* + K*)-ATPase pump repre-
sented by Ep in Fig. 4. The increase in V, indi-
cates the presence of an IR drop across the apical
membrane induced by the activation of the (Na™
+ K*)-ATPase pump with the circuit completed
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Fig. 4. Schematic representation of some well-accepted path-
ways in the cornea epithelium. R and E values are the
respective resistances and emf values of the Cl~ conductive
pathway in the apical membrane and the simple K * conductive
and electrogenic (Na* + K™ )-ATPase pump in the basolateral
membrane. Also shown is a Na*/Cl~ symport in the baso-
lateral membrane.

across the intercellular space (see Discussion).
Changes in g, and fR_, were minimal in open
circuit experiments as they were in short circuit
current experiments. A small but significant in-
crease in g, occurred at 2 min and at the max ¥V
(2-5 min), with no significant changes at 5 or 10
min. A small but significant decrease in fR oc-
curred at 10 min with no significant change in this
parameter at 2 and 5 min and at the maximum V.

Effects of increasing stromal K * from 0 to 20 and
79 mM

The response to an increase in stromal K™ from
0 to 20 mM is presented in Fig. 3. With an
increase to 20 mM there were small short-lasting
increases in ¥, and I_. There was an increase in
g, and an unexpected decrease in fR,. The re-
sponses of V, and I, were a mixture of initial
anomalous followed by normal responses.

Table V presents data from seven experiments
performed as that presented in Fig. 3. There was
an initial hyperpolarization of V, of 4.6 mV which
was followed by a return to the control level at 2
min, and a significant depolarization of 11.4 and
17.1 mV below the control level at 5 and 10 min,
respectively, following the increase in K* con-
centration. I, decreased by 2.4 pA /cm® at 10 min
from a control value of 4.6 pA/cm? with no
significant changes at 2 min, 5 min or at maxi-
mum V_ and g, did not change initially but de-
creased by 0.05 and 0.07 ms/cm’ at 5 and at 10
min, respectively, from a control value of 0.52
mS/cm®. Changes in fR_ were also observed only
at 5 and 10 min with a decrease of 0.07 and 0.08,
respectively, from a control value of 0.66.

When stromal K+ was increased from 0 to 79
mM, changes in all parameters were similar to
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those obtained when stromal K™ was increased
from 4 to 79 mM. It appears that the marked
increase in stromal K* quickly reduced Ry (see
Discussion).

Discussion

We have observed two types of responses to
changes in the K* concentration in the solution
bathing the basolateral membrane side of the frog
gastric mucosa and frog cornea epithelia [11,14].
Under control conditions changes in the K* con-
centration results in normal PD responses, whereas
after bathing in zero K* an anomalous response
opposite to the normal response results. There is
evidence for a simple K™ conductance pathway in
the stromal membrane of the corneal epithelium
[5,8] similar to the one in the basolateral mem-
brane of the frog gastric epithelium [14], and the
normal PD responses have been explained on the
basis of this simple conductance. The anomalous
PD responses have been explained on the basis of
an electrogenic (Na* + K*)-ATPase pump on the
basolateral membrane of the gastric mucosa epi-
thelium [11] or of the corneal epithelium [8], that
is, the pump transports more Na* than K* ions
per cycle. The presence of the pump in the cornea
has been documented by Candia and co-workers
[3,15] who have also reported data consistent with
transport of more Na* than K* per cycle [3].

Our conclusions were based on data obtained
from transepithelial measurements [8]. It is from
data using microelectrodes in presently reported
experiments that we can establish the normal as
well as anomalous PD responses as due primarily
to the direct changes in the PD across the baso-
lateral membrane.

Fig. 4 shows schematically the electrogenic
pathways, the simple K* conductive (Rg — E)
pathway and the (Na* + K*)-ATPase pump (R,
— E;) in the basolateral membrane, and the C1™
conductive (R — E¢) pathway in the apical
membrane. From Fig. 4 it follows that

Vo=Ea+I.Rq eY]
Vi=Ryg/(Rg+ Rp)Ep+ Rp/(Rg + Rp) Eg

=~ RpRg /(Rg + Rp) 1 )

where V, and ¥V, are the potentials of the tear and
stromal solutions, respectively, with reference to
the cell, i.e., when V, and V; are positive the tear
and stromal solutions are positive to the cell. E
and R are the respective emf and resistances of
the simple Cl~ conductive (Cl), the simple K*
conductive (K) and the (Na™ + K*)-ATPase pump
(P) pathways. I_ is the transcellular current, con-
sidered positive in the direction from tear to
stroma; I, is equal to the sum of the applied
current and the current through the intercellular
spaces. Under short-circuit conditions the tran-
sintercellular current is zero and under open-cir-
cuit conditions the magnitude of the transinter-
cellular current equals /..

From the definition of apical membrane frac-
tional resistance,

fR,=Ra[Ra+ Ry R, /(Ry + Rp)] ™! 3

under short-circuit conditions we obtain from
Eqgns. 1-3

Vo=Vi=(1—fR,)Eq +{R,[EpRy /(Rx + Rp)
+ EgRp/(Rg + Rp)] 4)

If we assume that the R values do not change,
as it usually happened in present experiments, the
values of ¥V, will depend on the emf values of the
circuit, When stromal K* is increased, Ep should
increase and Ey should decrease (see Refs. 8 and
11 for details). A decrease in stromal K* should
result in the reverse changes of Ep and Eg. The
change in ¥, will depend on which of the terms
containing Ep or Ey dominates. If the term con-
taining Ep dominates, ¥, will increase (hyper-
polarize) when stromal K* is increased and vice
versa. If the term containing Ey dominates, the
term V, will decrease (depolarize) when stromal
K* is increased and vice versa. Changes of V,
presented in this paper suggest that under control
conditions (4 mM stromal K) the term containing
Egx predominated, that is, ¥, decreased (normal
response) when stromal K* was increased from 4
to 20 or 79 mM. On the other hand, the initial
increase in ¥, (anomalous response) following the
increase in stromal K* from 0 to 4 mM after
exposure to 0 mM K7 suggests that the term
containing Ep, predominates under these condi-
tions.



The prevalence of one or the other terms de-
pends on the magnitude of the coefficients of Ep
and Ey at the time stromal K* is changed. Thus,
under control conditions the resistance of the sim-
ple K* conductive pathway is relatively low;
therefore, the term containing Ey prevails. After
exposure to 0 mM K%, Ry apparently increases
to the point where the term containing E, be-
comes the dominant one. We assume that Ry
depends strongly on the intracellular concentra-
tion of K™, that is, during exposure to zero stromal
K™, the intracellular K* decreases which produces
an increase in Ry. In support of this concept are
recent data obtained in our laboratory [16]. We
kept the intracellular K* elevated during the period
of exposure of the stroma to 0 mM K* by adding
10~° M amphotericin B to the tear solution to
increase the permeability of the apical membrane
to K* [3], and increasing the K* concentration of
the tear solution to 79 mM. Under these condi-
tions we found as expected that the transepithelial
PD decreased when stromal K* was increased
from 0 to 4 mM, ie., a normal response was
obtained indicating the dominance of the term
containing Ex and supporting the concept of the
importance of the value of Rg in obtaining nor-
mal or anomalous responses at the time stromal
K™ is changed. These results indicate that high
intracellular K* maintains a high K* conductance
of the simple K* pathway even when stromal K*
equals zero.

Under open-circuit conditions, when stromal
K* was increased from 0 to 4 mM after exposure
to zero K™, there was an increase in V. This
increase lasted for a brief period, suggesting the
presence of open circuit current from cell to
stroma, counter-acting the emf of the pump (see
third term of Eqgn. 2). The current could be the
transport of more Na* ions from cell to stroma
than K* ions from stroma to cell via the pump
and/or the movement of K* from cell to stroma
through the simple K* conductance pathway. The
circuit may be completed by the movement of C1~
from cell to tear and, for example, the movement
of Na™ from stroma to tear via the intercellular
space. In addition, Na* and Cl~ could enter from
stroma to cell via the symport. This scheme is
supported by data from Klyce [17] who observed
in rabbit cornea net movement of Na* and Cl1~

265

from stroma to tear under open-circuit conditions.

We note that as the stromal K* is increased
from O to higher and higher concentrations, the
anomalous response is diminished and eventually
abolished. For example, an increase to 20 mM
gives a very small and short-lived anomalous re-
sponse, while an increase to 79 mM abolishes the
response. We surmise that with greater changes in
concentration the decrease in the resistance of the
simple K* conductance pathway is more rapid.

We further note that in the presence of 107° M
ouabain an increase in stromal K* from 0 to 4
mM gave no hyperpolarization and no increase in
I..

In conclusion, data with microelectrodes have
been obtained which support the presence of two
K™ conductive pathways in the basolateral mem-
brane of the corneal epithelial cells: a simple
conductive pathway and an electrogenic (Na* +
K*)-ATPase pump transporting more Na* than
K™ ions per cycle.
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