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Abstract. Dicyclohexylcarbodiimide (DCCD) is a car- Burkhard, 1986) and the renal cortical MdCO; co-
boxyl group modifier and it is an inhibitor of various transporter (Ruiz & Arruda, 1992; Bernardo, Kear &
ATPases. Present experiments, using an in vitro prepaArruda, 1997). DCCD is an ATPase inhibitor mostly
ration, were designed to study whether DCCD affectedaffecting the FF, H-ATPases (Fillingame, 1976) and the
the transporters of the bullfrog cornea epithelium, spevacuolar H-ATPases (Forgac, 1989). The phosphorylat-
cifically, the Na/K* ATPase pump located in the baso- ed ATPases are affected to a lesser extent by DCseB (
lateral membrane. For this purpose, corneas were imfable 1, Forgac, 1989).
paled with microelectrodes and experiments were done The frog cornea has an epithelium that provides the
under short-circuit currenti{) conditions. Addition of means for easy and reproducible physiological studies
DCCD to a concentration of I ™ to the tear solution with or without microelectrodes. For this reason, it is
gave a marked decreaseliry a marked depolarization an excellent model to test the biological effects of toxic
of the intracellular potentialy,; and a significant de- and other substances that affect epithelial transport. ClI
crease in the apical membrane fractional resistaffie, is actively transported by the cornea epithelium from
There were small and variable although significantstroma to tear. The primary active transport is thé/Na
changes in the transepithelial conductange,The ef- K" ATPase pump located in the basolateral membrane
fects may be explained by a decrease in the basolateréCandia, Bentley & Cook, 1974; Carrasquer et al., 1985;
membrane K conductance, in combination with a partial Carrasquer et al., 1987). Other transporters that play an
inhibition of the Nd/K*-ATPase pump located in the important role on Clsecretion are the Clconductance
basolateral membrane. There is also evidence for an inecated in the apical membrane (Nagel & Reinach, 1980;
crease in the apical membrane €bnductance. Reus et al., 1983; Nagel & Carrasquer, 1989) and the K
conductance (Candia, Bentley & Cook, 1974; Carrasquer

Key words: Dicyclohexylcarbodiimide — Frog cornea et al., 1985, 1987) and the NaCl symport located in the

(R. catesbeiana— Na'/K*-ATPase — K conductance basolateral membrane (Zadunaisky, 1972; Frizzel, Field
— Short-circuit current — Microelectrode technique & Schultz, 1979; Candia, 1982; Reus et al., 1983; Nagel

& Carrasquer, 1989). Study of effects of toxic or other

substances of the corneal epithelium is important. Al-
Introduction though the endothelium is responsible for corneal trans-

parency, the epithelium contributes to this function.

Dicyclohexylcarbodiimide (DCCD) has been used as a In the present study on the frog_cprnea epithelium,
coupling agent in the peptide synthesis (Sheehan & Hes{/® have found that DCCD has definite effects on the
1955; Khorana, 1955). DCCD is a carboxyl group modi- asolateral membrane chnductance, t_he NiK

fier (Hoare & Hoshland, 1967) that has been found to/TPase pump and the apical membrane €bnduc-
affect the renal N8H* exchanger (Friedich, Sablotni & t&Nce-

Materials and Methods

E— Bullfrog corneas Rana catesbeiarjavere mounted tear side up in a
Correspondence toG. Carrasquer lucite chamber as previously described (Nagel, 1976; Nagel & Reinach,
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1980). The tissue was supported by a copper grid with a slightly less
radius of curvature than that of the in vivo cornea. An opening of 0.4 Tear Add 10°* M DCCD
cm? communicated the upper (epithelial or tear) chamber (0.2 ml) with Tear Regular solution

the lower (stroma) chamber (0.3 ml). Note that stroma chamber or
solution is used throughout the paper with reference to chamber or Stroma  Regular solution
solution closest to the stroma area of the cornea. Both chambers were

continuously perfused at a rate of about 5 ml/min to insure completewEi 4.5 Isc
exchange in 5-10 sec. A slight negative hydrostatic pressure was apo

plied to the lower chamber to help secure the cornea to the copper griq} 3.5

Control (regular) solutions contained (invin(stroma): Ng, 102; K, = 25

4.2; C&", 1, Mg*, 0.8; CI, 106.2; SQ*, 0.8; phosphate 1; and

glucose 10; (tear): Na100; K, 4; C&*, 1; CI, 97; HCG", 5; phos- o 095 fRo
phate 2; and glucose 10.*Kvas substituted for Nan high K* stroma S~

solutions. In experiments where teaf as increased in the presence 04 T

of amphotericin B, the control solutions had (invin Na", 27 and

choline 75, then K was substituted for choline in high*ksolutions. 025 L gt

Na* was substituted with choline in low Naoncentration solutions.
CI™ was substituted with sulfate in low Ctoncentration solutions and
sucrose was added for correction of the osmolality.

In experiments reported in this paper, DCCD was added to the

mS/cm 2

022 F \
0.20

tear solution to a final concentration of TOm (MW 206.3). This 50

concentration was obtained by addition of 0.1 ml of 1@ DCCD in g 55 F Vo

alcohol to 100 ml of final bathing solution. Pilot experiments in which 60 F

the concentrations were below v showed no or minimal effects.

DCCD was added to the stroma solution up to a final concentration of 65 *© 20 2 5 10 15
10“wm and 10° M. When used, amphotericin B was added to the tear .

solution to a final concentration of 1®m. TIME (min)

Typical experiments were performed with a pH in the stroma __ 4 . ) .
solution of 7.3-7.4 and a pH of the tear solution of 8.5-8.6. CandiaF'g' 1. Effect of 10™"m DCCD in the tear solution. The pH was 7.3 in

(1973) showed that high pH in the tear solution was favorable for highﬂ_1e t?ath'”g solutpns. Valuzes are means from & e.xpenmer?ts. Short-
| and CI fluxes circuit current,ly, in wA/cm?; apical membrane fractional resistance,
sc -

To rule out the lower pH as the reason for smaller effects of fR,, unitless; transepithelial conductangg, in mS/cn¥; intracellular

DCCD when added to the stroma solution, experiments were performeBOtentlal’V°‘ in mV; all parameters are plotteds. time. Zero time
. ) . when DCCD was added.
with the same solutions and pH were used on both sides of the cornea.
In these experiments, all solutions had 2&/iHCO; and were gassed
with 5% CGO, and 95% Q. The pH of the solutions was 7.3-7.4.
Two pairs of macroelectrodes and one microelectrode were usedResults
One pair was used to measure the transepithelial potential difference
(calomel electrodes connected via KCI bridges to within 0.5 mm of
tissue surfaces); the other pair (AgCl-coated Ag wire loop electrodesEFFECT OFADDING DCCD To A CONCENTRATION OF
4 mm from the tissue on either side) was used to send current. Thd(0™* M IN THE CORNEA TEAR SOLUTION
intracellular potentialy,, was recorded with & KCl-filled microelec-

trodes which had an input resistance of 50—70 Mohgywas recorded .
with reference to the tear solution. Corneas were short-circuited using>€CaUSe of the smaller response to DCCD when it was

an automatic clamp device (Biomedical Instruments, Germering, FRG)add_Ed to the stroma solution (pH 73)8(3 beloy ex-
except for brief perturbations that lasted about 200 msec, during whictperiments were performed at two different pHs in the
the transepithelial potential was clamped at +10 mV (stroma side positear solution, namely, 7.3 and 8.5. The stroma pH in
tive). These perturbations were repeated every 1-2 sec and were us¢ese experiments was maintained at 7.3. Figure 1
for measurement of the transepithelial conductarge=( Al/AV,). shows the effects of DCCD when added to the tear so-
Also the apical membrane fractional resistanfé, & R/(R, * R) = ytion with pH of 7.3 in both solutions. The curves pre-
AV /AV,) could be obtainedV, and |, are the transepithelial voltage sent the mean values. from six experiments. of the short-
and current, andR, and R; are the resistances across the apical and™. . T P . .
basolateral membranes, respectively. The values of short-circuit curireutt current,ls; the ap'ca! membrane fractional resis-
rent (50 in pAlcm?; g,, in mS/enf; fR,, unitless; and/,, in mV, were _tance,fRo, the transepnhehal CondPCtanCQt. and the
recorded together with the microelectrode resistance on a multichanndntracellular potentialyV/,, plottedvs.time, with zero be-
strip chart recorder (Linseis, TYP 2065) is defined as positive ing the time of addition of DCCD.
when the direction of current is from tear to stroma via the tissue. While Fig. 1 shows the typical time course of a set
Hyperpolarization oV, is defined as an increase in the negativity of the of experiments Table 1 presents numerical data of the
int lul tential. Depolarization i ded th ite of '
o laipaton - Poanzation Is regarded as e OPPoste “mean control values and the mean changes of the param-
yperpolarization. . " .
Student’st-test with paired observations was performed to deter- eters at 15 min after addition of DCCD for all experi-
mine the level of significance when the data could be paired. Othermenffs- The left tWO' columns of Tab_le 1 present the data
wise, Student's-test with unpaired observations was used. obtained at pH 8.5 in the tear solutioh,. decreased by
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Table 1. Effects of adding 10* m DCCD to tear solution with pH 7.3 Table 2. Effects of adding 10" m and 10° m DCCD to stroma
in stroma solution and with two different pHs of 8.5 and 7.3 in tear solution

solution
Control Change in Control Change in
Control Change in Control Change in 10“m DCCD parameter 103 m DCCD parameter
Tear pH 8.5 parameter Tear pH 7.3 parameter
(7 experiments) (5 experiments)
(7 experiments) (6 experiments)
lsc 46 06 -0.7 + 01 49 +05 -16 *0.%
lsc 44 *x05 =27 %02 47 06 -2.0 x0.% R, 0.65+0.03 -0.05+0.01 0.48+0.05 -0.16+0.02
Ry 0.55+0.05 -0.26 +0.03 0.52+0.02 -0.23+0.03 O 0.25+0.01 0.0 = 0.° 0.28+0.01 -0.02 +0.0%

O 0.28+0.02 0.01+0.004 0.23+0.01 -0.03+0.008 V, —-63.3 +2.7 89 +# 08 -559 *26 156 *2H
V, -633 £33 257 19 -635 £36 145 1%

Values are means &£ Symbols and units as in Table 1.

Values are means s£ Control values obtained before the addition of "*P > 0.05.

DCCD. The other values are the changes obtained 15 min after th& = P < 0.02 when comparing the effects of £& with 103m DCCD
addition of DCCD. Units aretgc, pAlcm?, g,, mSen?; fR,, unitless; (Student’st-test withunpairedobservations).

V,, mV.

3P < 0.01;°P < 0.05.

* P < 0.01 when comparing the effects of DCCD with pH 8s5pH 7.3 The effects of adding DCCD to the stroma solution

in tear solution (Student’stest with unpairedobservations). were significantly greater with I8 m were than with
104 ™ but still were smaller than with I8 m in the tear
solution.

Because of the significant effect of DCCD &R,
with minimal and variable effects og,, we decided to
study the effect of DCCD on the two main conductance
s pathways, the K conductance in the basolateral mem-
rane and the Clconductance in the apical membrane.
he ion substitution method was used for this purpose.

2.7 from 4.4p.A/cm? control; fR, decreased by 0.26 from
0.55 control;g, had a very small but significant increase
of 0.01 from 0.28 mS/cfcontrol; andV,, depolarized
by 25.7 from —-63.3 mV control. The right two column
(same experiments as in Fig. 1) show that the effects o
DCCD at pH of 7.3 were similar to those at pH 8.5 in the
tear solution only forfR,. The effects on other param-
eters, that is, oh,, g, andV,, were significantly different 4
at tear pH 7.3 than at tear pH 815; decreased less at pH EFFECTS OF10™ M DCCD IN THE TEAR SOLUTION ON
7.3 than at pH 8.5 (¥s. 2.7 wAlcm?); g, decreased by THE RESPONSE OF THE:rl'RANSPORTPARAMETERS TO A
0.03 mS/criat pH 7.3 while it significantly increased by CHANGE IN STROMA K™ CONCENTRATION FROM4 TO
0.01 mS/crd at pH 8.5; andV, depolarization was 9MM

smaller at pH 7.3 than at pH 8.5 (14/5.25.7 mV).

Figure 2 shows the time course of the effect of increasing
ErrecT oFADDING DCCD To A CONCENTRATION OF stroma K concentration in the six experiments studied,
10*M aND 103 M IN THE CORNEA STROMA SOLUTION before adding DCCD to the tear solution.
Table 3 presents the mean control values and the

These experiments were done at pH 7.3 in the stroma anghean changes of the parameters at 10 min after increas-
pH 8.5 in the tear solution. ing stroma K from 4 to 79 nm in six experiments. The

The left two columns of Table 2 show data on the left two columns of Table 3 present the data obtained
effects of DCCD when added to a concentration 6f*10 before DCCD:l,. decreased by 5.2 from 3;8A/cm? in
M in the stroma solution (seven experimentg). de- 4 mm K*, that is, it became negativéR, did not change;
creased by 0.7 from 4.aA/cm? control; fR, decreased g, increased by 0.06 from 0.26 mS/€im 4 mv K*; and
by 0.05 from 0.65 controlg, did not change; and&/, V,, depolarized by 40.5 from -71.8 mV in 4nmK™.
depolarized by 8.9 from -63.3 mV control. The right two columns of Table 3 present the data ob-

Since the effects of T8 m DCCD in the stroma tained with DCCD in the tear solution, at least 30 min
solution were markedly smaller than when the same conbefore and after changing stroma:K,.decreased by 2.3
centration was used in the tear solution, experimentsrom 0.5 pA/cm? in 4 mv K*; fR, did not changep,
were performed with 1¢ m DCCD in the stroma solu- increased slightly, but significantly, by 0.03 from 0.22
tion. The data from five experiments are presented in thenS/cnt in 4 mv K*; andV,, depolarized by 25.2 from
right two columns of Table 2. With I8 m DCCD inthe  —49.0 mV in 4 mu K*. The changes it (2.3vs.5.2
stroma solution) . decreased by 1.6 from 42A/cm®*  pA/cm?) and V, (25.2 vs. 40.5) due to the change in
control; fR, decreased by 0.16 from 0.48 contrgl;de-  stroma K were significantly lower in the presence of
creased 0.02 from 0.28 mS/émontrol; andV,, depo- DCCD. The effects of increasing stroma fom 4 to 79
larized by 15.6 from —-55.9 mV control. mm on fR, and g, were not affected by DCCD.
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Fig. 2. Effect of changing the concentration of knh the stroma solu-

tion from 4 to 79 nv. Values are means from 8 experiments before Fig. 3. Effect of changing the concentration of Gh the tear solution
DCCD. Symbols as in Fig. 1. Zero time wher ikoncentration was  from 81 to 9 mu. Values are means from 7 experiments. Symbols as in
changed. Fig. 1. Zero time when Clconcentration was changed.

Table 3. Effects of changing stroma’kconcentration from 4to 79m  Table 4. Effects of changing tear Clconcentration from 81 to 9 i
without and with 10* m DCCD in the tear solution (6 experiments) ~ Without and with 10%m DCCD in the tear solution (7 experiments). pH
7.3 in both solutions.

Control A = 10 min  Control A = 10 min
Control A = 10 min  Control A = 10 min
Without DCCD With DCCD _
lsc 33 £03 -52 %02 05 £0.2 -23 +0.% Without DCCD With DCCD

fR, 0.62+0.05 -0.03+0.03 0.56+0.03 -0.03+0.02 lsc 46 +058 22 x03 0.79+0.6 4.4 £0.7

X 0.26+0.04 0.06+0.02 0.22+002 003+0004 fR, 041+£0.03 024+0.01 0.33+003 0.29+0.0r

V, -71.8 +2.8 405 +2B -49.0 +3.6 252 +2% O 0.29+0.02 -0.1 £0.01 0.38+0.03 -0.15+0.02
V, -62.9 £13 138 2% -486 *24 124 1%

Symbols and units as in Table 1. Control values obtained before the ) ) )
change in K concentration. The other values are the changes obtaine@ymbols and units as in Table 1. Control values obtained before the
10 min after the change in“Kconcentration. change in Cl concentration. The other values are the changes obtained
* P < 0.01 when comparing the effects of changing stroniarkthe 10 min after the change in Ckoncentration.

presencers. absence of DCCD (Studenttstest with unpairedobser- ~ * = P < 0.01 when comparing the effects of changing tearigithe
presencers. absence of DCCD (Studenttstest with unpairedobser-

vations).

vations).
EFreCTS OF10™* M DCCD IN THE TEAR SOLUTION ON mean changes of the parameters at 10 min after increas-
THE RESPONSE OF THETRANSPORTPARAMETERS TO A ing tear CT from 81 to 9 nm from seven experiments.
CHANGE IN TEAR CI” CONCENTRATION FROM81 TO The left two columns of Table 4 present the data ob-
9vM tained before DCCDt,. increased by 2.2 from 4.6A/

cn? in 81 mv CI; fR, decreased by 0.24 from 0.44;
Figure 3 shows the time course of the effect of decreasdecreased by 0.10 from 0.29 mS/cin 81 mv CI~; and
ing tear CTI concentration in the seven experiments stud-V,, depolarized by 13.8 from —-62.9 mV in 81mCI".
ied, before adding DCCD to the tear solution. The right two columns of Table 4 present the data ob-
Table 4 presents the mean control values and théained with DCCD in the tear solution, increased by
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Table 5. Effects of adding 10* m DCCD to tear solution with CHree
and 10° m amphotericin B in tear solution (10 experiments)

101

Table 6. Effects of changing stroma and teaf Koncentration from 4
to 79 mv and tear Nafrom 102 to 10 nm

Control Change in parameter Control A = 10 min Control A = 10 min
lsc 4.95+0.37 -0.82+0.71 Without DCCD With DCCD
O 0.19+0.02 0.02+0.02 Change stroma Kconcentration from 4 to 79 m
(5 experiments)
Values are means e Control values obtained before DCCD. The lgc 5.42+058 -1.86+0.22 4.44+0.69 -1.84+0.21
other values are the changes at 10 min after the addition of DCCDg, 0.19+0.03 0.06£0.001 0.25+0.03 0.02+0.0T
EL,JS'LS g’gl?;;n;g%l; = Change tegr K concentration from 4 to 79 m
(5 experiments)
lsc 4.12+0.30 1.75+0.10 2.78+0.12 1.90+0.30
O 0.22+0.03 -0.02+0.02 0.20+0.04 0.02+0.02

4.4 from 0.79pA/cm? in 81 mv CI7; fR, decreased by
0.29 from 0.33g, decreased by 0.15 from 0.38 mSfcm

Change tear Naconcentration from 102 to 10 m
(5 experiments)

586+0.70 -4.12+0.63
0.20+0.02 0.01+0.02

-3.48 + 0.47
-0.06 +0.02

3.08£0.23

in 81 mv CI7; andV,, depolarized by 12.4 from —48.6 s
0.30+0.03

mV in 81 mm CI~. The changes it (4.4 vs.2.2 pA/ &
sz) andg; (0.15vs.0.10) due to the change in tearCl Cl™-free and 10° m amphotericin B in tear solution. Without and with
were significantly greater in the presence of DCCD. Theio* m DCCD in the tear solution (5 experiments). Control values
effects of decreasing tear Gtom 81 to 9 M onfR,and  obtained before the change irf ioncentration. The other values are
V, were not affected by DCCD. the changes obtained 10 min after the changeimKNa" concentra-
To pinpoint the N&K* ATPase pump as the site of tion- Symbols and units as in Table 1.
an inhibitor of the short-circuit current, Candia et al., - < 0:0%"P <0.05">0.05.
(1974, 1984) devised a method by which the inhibitor is
used in the presence of amphotericin B, in-@ke so- Errects oF10 % M DCCD IN THE TEAR SOLUTION ON
lutions. Amphotericin B, added to the tear solution, THE RESPONSE OH . AND g; DUE TO A CHANGE IN K™
opens Na and K" channels in the apical membrane of CONCENTRATION IN THE TEAR AND STROMA SOLUTIONS
the corneal epithelium, resulting in an increase in theano IN Na® CONCENTRATION IN THE TEAR SOLUTION IN
activity of the Nd/K*-ATPase and,. (Candia et al., CI~ FRee SoLUTIONS AND 10> M AMPHOTERICIN B IN
1974, 1984; Carrasquer et al., 1989). By removing Cl| THE TEAR SOLUTION
from the bathing media, the possible effect of the inhibi-
tor on the NaCl cotransporter in the basolateral memTable 6 shows that, with an increase i €oncentration
brane or on the Clconductance pathway in the apical in stroma solution|,; decreased by 1.86 from 5.4A/
membrane is eliminated. Therefore, to further supporcm’ without DCCD and by 1.84 from 4.44A/cm? with
the concept that DCCD inhibits the NK*-ATPase, the DCCD. The increase in stroma‘Kconcentration gave
following experiments were performed. an increase ing, of 0.06 from 0.19 mS/cf without
DCCD, without effect ong, in the presence of DCCD.
One should note the lack of effect of DCCD on the
response to a change in stromd Boncentration fee
Discussion). The decrease of 1.86 was significantly
smaller than the decrease of u2/cm? (P < 0.01) ob-
served when the stroma‘Kconcentration was increased
in control conditions.

EFFECT ONIg . AND g; UPON ADDING DCCD 1O A
CONCENTRATION OF 104 M IN THE CORNEA TEAR
SOLUTION IN THE PRESENCE OF10™° M AMPHOTERICIN
B IN THE TEAR SOLUTION IN REGULAR AND IN CI™
FREE SOLUTIONS

THE EFFECT OFINCREASING K* CONCENTRATION IN

Table 5 shows, 10 min after the addition of DCCD, in TEAR SOLUTION ON lsc AND 0, WERE NOT AFFECTED
Cl™-free solutions, there was a decreasd jnof 0.82 gy DCCD
from 4.95 pA/cm? without change ing,. These effects
further support the concept that DCCD inhibits the"Na The effects of decreasing Na@&oncentration in tear so-
K*-ATPa pump. It should be noted that the control valuelution on I, were not statistically different without or
of I,. was smaller in this group of experiments than thewith DCCD, —4.12vs.-3.48. The decrease in Naon-
value observed in the past (Carrasquer et al., 1991). centration in tear solution gave a decrease;inf 0.06

The effect of DCCD on the amphotericin B-opened from 0.30 mS/crf in the presence of DCCD. The de-
Na“ and K" channels in the apical membrane was evalu<rease in N& concentration did not affect the conduc-
ated with the following experiments. tance in the absence of DCCD. Apparently, DCCD in-
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RP Ussing and Zehran (1951) in frog skin and to Nagel &
_/v\/;‘ Reinach (1980, in the cornea. Since the changegin
(or change iR, was very small, there is an indication
T S that, at least in part, the decreaséjomust be explained
o— —0 by an inhibition of the N&K*-ATPase pump, which is
EC the primary transporter responsible . This interpre-
Rc tation is further supported by the inhibition &, in the
—\/\/\| |—— presence of amphotericin B, in Clree solutions.
The decrease ifiR, with small or no change i,

was evaluated by studying"Kconductance in the baso-
::ig- 4. '_Etﬂ“:_"el"zr':/‘lgmuti; a?oss th"e lff°9 C‘?r?ea Epitt';e”‘ﬁl‘_jst the |ateral membrane (Candia, Bentley & Cook, 1974; Car-
ransepitnelal , the transcellular resistancy,,, the resistance = .
of the [;aracellular picthwa)T. andSrefer to the teaerpand stroma side, ras.quer etal., 1985, 1987) and 'Fhe Gbnductance in the
respectively. apical membrane (Nagel & Reinach, 1980; Reus et al.,
1983; Nagel & Carrasquer, 1989) by the ion substitution
technigue. An increase in stroma” KKoncentration re-
creased the sensitivity of the Naonductance in the sults in a decrease of thie, an increase irg, and a
apical membrane, induced by amphotericin B. depolarization o/, without changing théR,. If DCCD
decreased the basolateral membrafe#hductance, the
, ) change in the parameters induced by an increase in stro-
Discussion mal K*, would be smaller with than without DCCD in
the tear solution. This effect was observed in present
- ’ experiments. Therefore, the data support the concept
depolarization ofV, and a decrease ifR,. The four that DCCD decreases the basolateral membraneo-

me_tjor pathways that contribute to the in the cornea . ductance, except in the presence of amphotericise® (
epithelium are the electroneutral NaCl cotransporter "belovx) '

the basolateral membrane (Zadunaisky, 1972; Frizzel, . .
Field & Schultz, 1979; Candia, 1982; Reus et al., 1983;, 1 Parallel to the above reasoning, the increasig of

Nagel & Carrasquer, 1989) and three electroconductivéjecrease 0f;, increase ofR,, and depolarization 0¥,

+ when CI' concentration is decreased in the tear solution
pathways, namely, the NiK * ATPase and the Kcon i}would be affected by DCCD, if the latter affects thé CI

ductance in the basolateral membrane (Candia, Bentle -
& Cook, 1974: Carrasquer et al., 1985, 1987) and the Cl onductance. DCCD enhanced the change in the param-
: ! I ' eters induced by a decrease in the teard@hcentration,

conductance in the apical membrane (Nagel & Reinach; o , .
1980; Reus et al., 1983; Nagel & Carrasquer, 1989). Ite?(pem for t_he depolquzatlon 0’9 which was not sig-
should be noted that, with 4w(or greater) K solutions, ~ nificantly different with than without DCCD. These
the N&/K* ATPase conductance is much smaller than/ndings, in particular the higher increaseligwhen CT

the K* conductance (Carrasquer et al., 1985, 1987). Afvas increased with DCCD in the tear solution, support
inhibition of any of the four pathways by DCCD could thg concept that DCCD increases th.e a_plcal membrane
have been responsible for the decrease inThe simul- €I conductance. The small changegnwith the defi-
taneous depolarization o, and a small but significant Nite decrease ifiR, by DCCD can be explained by the
change ing, suggest that DCCD affected one or more of combination of the effects on the apical Gind baso-

the three conductive pathways: the N&@" ATPase, the lateral membrane Kconductances.

K* conductance and/or the @onductance. The signifi- Of interest is the fact that, in the presence of am-
cant decrease ifR, by DCCD could be explained by an photericin B in the tear solution and Ciree solutions,
increase in the basolateral membrane resistance, a dBCCD had no effect on the responsel gfto an increase
crease in the apical membrane resistance or both. Th@ the stroma K concentration. This finding could be
combination of both effects in the apical and basolateragxplained by a decrease in the basolateralckinduc-
membranes is supported by the fact that the change ifance as a result of a decrease in the intracellular K
conductance was minimal. Under short-circuit condi-concentration (Carrasquer et al., 1991) induced by am-

The main effects of DCCD were a decreaseldp a

tions (seeFig. 4), photericin B. As a matter of fact, the decreasd jnof
1.86 in amphotericin B/ Clree solutions was signifi-
E. = I« R (1)  cantly smaller P < 0.01) than the decrease of 5.2/

cn? observed when the stroma’kconcentration was
whereE, is the EMF responsible for the active transportincreased in control conditions.
across the celllg. is the short circuit currentR; is the DCCD at a concentration of I m or even at a
transcellular resistanc®, is the resistance of the para- concentration of 1% m in the stroma solution had
cellular pathway.E, is equivalent to the NaEMF of  smaller effects than at a concentration of 18 in the
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tear solution. Two factors may be responsible for the tericir_1 B of active Na transport across amphibian correa. J.
difference: One, the thickness of the stroma layer be- Physiol.226(6)1438-1444 N
tween the stroma solution and the basolateral membrarfg?ndia. O-A., Reinach, P.S., Alvarez, L. 1984. Amphotericin B-

. L . induced active transport of 'Kand the Na-K* flux ratio in frog
and two, the liposolubility of DCCD. The latter facili- corneal epitheliumAm. J. Physiol247 C454-C461

tates the _ent_rance _|nto the cell af:ross the apmal_mem‘,‘arrasquer, G., Ahn, S., Schwartz, M, Rehm, W.S. 1985. Electroge-
brane which is in direct contact with the tear solution. nicity of the Na-K ATPase pump in bullfrog cornefam. J. Physiol.
The pH of the solution influenced the effects of  249F185-F191

DCCD on the transport parametégs V, andg, without ~ Carrasquer, G., Nagel, W., Rehm, W.S., Schwartz, M. 1987. Micro-

influencing the effect of DCCD ofR,. The decrease of electrode studies_ of_PD responses to changes in stromah K

.. and depolarization 0¥, were smaller at tear pH 7.3 __bullfrog ComeaB'o"h'th'Ophys' A°;900258‘26_6

than at tear pH 8.5. Perhaps penetration of DCCD intocar;fsq”er' G., Wu, X., Rehm, W.S., Schwartz, M., Dinno, M.A. 1991.
. ect of amphotericin B and Cremoval on basolateral membrane

the cell was g_reater at pH 85 While the Chang_es .Were K™ conductance in frog corneal epitheliuBiochim. Biophys. Acta

small, DCCD increased significanty at pH 8.5 while it 1069181186

decreased significantlyg, at pH 7.3. The dual effect of Filingame, R.H. 1976. Purification of the carbodiimide-reactive pro-

decrease in K and increase in Clconductances may tein component of the ATP energy-transducing system of Esch-

explain the results. At pH 8.5, the increase i €bn- erichia coli.J. Biol. Chem251:6630-6637 _

ductance may predominate while at pH 7.3 decrease iﬁorgaq M. 1989. Structure and function of vacuolar class ATP-driven

T - proton pumpsPhysiol. Rev69:765-796
K” conductance may be the predominant factor. Th&. .. " 3 "sapiotni, J., Burckhard, G. 1986. Modification of the

lack of 'nﬂ.ue.nce of pH_on thQ effect of DCCD dR, Na'/H"* exchanger with N,Ndiclohexylcarbo diimide (DCCD) and
could be similarly explained, since both conductance ef-  amjjoride analoguesl. Membrane Biol94:253-266
fects result in a decrease iR, Frizzell, R.A., Field, M., Schultz, S.G. 1979. Sodium-coupled chloride

In summary, we have shown that DCCD at a con- transport by epithelial tissuesm. J. Physiol236:F1-F8
centration of 10* m in the tear solution bathing the frog Hoare, D.G., Koshland, Jr., D.E. 1967. A method for the quantitative
cornea epithelium reduces the short circuit current and Modification and estimation of carboxylic acid groups in proteins.
depolarizes the intracellular potential. The effects may, ;r'a i‘:":gerqggg:zﬁsiﬁziisﬁ of carbodimiden. Rev
be explained by a decrease in the basolateral membrane .. /o ;¢ ' Y T
K conduE:taPce, in combination with a partlal inhibition Nagel, W. 1976. The intracellular electrical profile of the frog skin
of the Na/K"-ATPase pump located in the basolateral gpithelium.Pfluegers Arch365:135-143

membrane. An increase in the apical membranecGh- Nagel, W., Carrasquer, G. 1989. Effect of loop diuretics on bullfrog

ductance combined with the decrease in tHeckinduc- cornea epitheliumAm. J. Physiol 256:C750-C755
tance can explain the decreaseﬂ:ﬂa with small changes Nagel, W., Reinach, P. 1980. Mechanism of stimulation by epinephrine
in g,. of active transepithelial Cl transport in isolated frog cornga.

Membrane Biol 56:73-79
Reus, L., Reinach, P.S., Weinman, S.A., Grady, T.P. 1983. Intracellular
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