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The effects of the Cl ~ channel blocker, 4-nitro-2-(3-phenylpropylamino)benzoate (NPPB) on active transepithelial Cl ~
transport were measured in the isolated bullfrog cornea. With a Cl ~-free Ringers, stromal-side 10 ~5> M NPPB elicited
a maximum depolarization of the membrane voltage from —72 + 6 to —48 + 9 mV (n =6, P < 0.05) and reduced the
magnitude of the depolarization induced by a 10-fold increase in K* concentration. Subsequent exposure to 10 "¢ M
ouabain decreased the membrane voltage from —41 + 6 mV to —25 1+ 2 mV (n =6, P < 0.05). After stimulation with
10 -5 M amphotericin B of a short-circuit current, I, largely accounted for by tear to stroma K* diffusion, this I
was effectively inhibited by 10 ~> M NPPB on the stromal-side. This decrease reflected a fall in basolateral membrane
K™* conductance. In NaCl Ringers, inhibition of the essentially Cl ~-originated I, either on the tear- or stromal-sides
required instead 10 "4 M NPPB. NPPB depolarized the membrane voltage from —55+ 7 to ~38+ 6 mV (n= 14,
P < 0.05). The direction of the change in the fractional apical membrane resistance (fR,) depended upon its initial
value; in those corneas with a lower value it increased whereas if they had a higher fR,, 10 "4 M NPPB consistently
caused R, to fall. However, following exposure to 5+ 10 ~> M Ba?* and a fall in fR ,, NPPB consistently caused fR , to
increase significantly from 30 + 8 to 53 + 4% (n = 5). Therefore, inhibition of active C1~ transport by 10 ~* M NPPB
may be associated with declines in: (1) a basolateral membrane K* conductance that is distinct from a Ba’®*-sensitive
pathway; (2) an apical membrane Cl~ conductance. Neither of these effects may be the result of a direct effect of
NPPB on a conductance pathway because: (1) the drug was equipotent from either bathing solution; (2) following a one
hour washout the I, had not fully recovered to its control value.

Introduction solution and the cell interior which 1s maintained by the

activity of the Na*/K™* pump 1n the basolateral mem-

The 1solated bullfrog cornea transports C1~ from the
stromal to the tear-side bathing solution [1] The steps
in this process mclude cellular C1™ uptake across the
basolateral membrane through a Na K 2Cl™ symport
followed by exit across the apical membrane through
conductive channels The driving force for Cl1~ uptake
1s the chemucal gradient for Na* between the bathing

Abbreviations Hepes, 4-(2-hydroxyethyl)-1-piperazineethanesul-
phonic acid, NPPB, 5-nitro-2-(3-phenylpropylamino)benzoate
Symbols I, transcellular current under short-circuit conditions, g,
transepithelial conductance, V., mtracellular voltage under short-cir-
cuit conditions, fR,, fractional apical membrane resistance =R,/
(R, +Ry)
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brane The apical membrane 1s essentially Cl™ per-
mselective but 1s also shightly conductive to K* [2] The
basolateral membrane has an appreciable conductance
to K* and 1s also somewhat conductive to Na* as well
as other 1ons [3] K* 1s above electrochemcal equ-
librium because of Na*/K* pump activity and there-
fore 1t recycles between the cell interior and the
stromal-side This recycling in part establishes the driv-
g force for Cl~ electrodiffusion across the apical
membrane 1nto the tears [4]
Diphenylamine-2-carboxylate (DPC) has been de-
scribed as a C1™ channel blocker because 1t decreased
the apical membrane Cl™ conductance 1n the isolated
bullfrog cornea [5] However, DPC was neither very
effective nor potent and 1its effects were poorly reversi-
ble Furthermore, there exists some doubt about 1its
selectivity because 1n the Necturus gallbladder (10™* M
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DPC inhibited C17/HCO; exchange [6] In other epi-
theha, a structural analogue of DPC, 5-mtro-2-(3-phen-
ylpropylamino)benzoic acid (NPPB), 1s a more potent,
effective and direct inhibitor of C1™ conductance than
DPC [7-14] For example, m the thick ascending limb
of the loop of Henle (CTAL), the ECs, for decreasing
the basolateral membrane C1~ conductance was 8 1073
M [7] We thought 1t possible that such high potency
would be accompamed by an increased selectivity for
inhibiting the apical membrane C1~ conductance 1n the
isolated bullfrog cornea Such a finding would make 1t
meanngful to perform DC circuit analysis based on the
effects of NPPB on the electrical parameters

We report on the effects of NPPB on the trans-
epithelial and mtracellular electrical parameters of 1so-
lated bulifrog corneas NPPB inhibited the essentially
Cl -oniginated short-circuit current, however, this de-
cline was not the result of a selective decrease 1n a single
conductance Therefore, 1t 1s not meaningful to use the
effects of NPPB to perform DC circuit analysis because,
1n order for thus approach to be valid, 1t 1s necessary to
assume that an agent has a selective effect on a single
conductance 1n the equivalent [2]

Materials and Methods

Bullfrogs were double pithed with a needle and the
dissected corneas were immediately placed in either
NaCl, Na,SO, or sodiuum gluconate Ringers equi-
librated with air [3,4] The corneas were mounted hon-
zontally in a modified Ussing chamber for simultaneous
measurements of their transepithelial and intracellular
electrical parameters [3,4] We used a pH of 71 1n this
study because in preliminary experiments NPPB had
larger and more reproducible effects than at a pH of
81 In some experiments, we 1soosmotically mixed two
of the three following modified Ringers (1-3) to 1mpose
a tear-to-stroma directed [K *] gradient (1) Na,SO,, (2)
K,SO, and (3) sucrose The tear-side mixture contamned
Na,S0, and K,SO, Ruingers m a 2 1 ratio The
stromal-side mixture contamed Na,SO, and sucrose in
the same proportion Their respective compositions were
(mM) (1) Na*=55 K*=125, Ca’*=235, Hepes =5,
SO; ™ =5875 and sufficient sucrose was added to ad-
just the osmolanty to 220 mosM, (2) K*= 56 25, Ca**
=25, Hepes =5, SO?~ = 58 75 and sucrose; (3) K*=
125, Ca®?*=25, Hepes =5, SO~ =375 and sucrose
The tear-side mixture contaned Na,SO, and K,SO,
Ringers 1n a 2 1 ratio The stromal-side mixture con-
tained Na,SO, and sucrose also in a 2 1 ratio These
muxtures estabhished a [K*] diffusion gradient of 15 1
from tear to stroma Stock solutions contaiming 10 mM
NPPB were prepared by dissolving the compound di-
rectly 1n the appropnate Ringers Precautions were taken
to muminuze drug exposure to hght All the salts and

sucrose were obtamned from Fisher Scientific except
Hepes (Sigma) and barium chlonde (Mallinckrodt)
Amphoterictn B and ouabain were purchased from
Sigma Chemical Co NPPB, 5-nitro-2-(3-phenylpro-
pylamino)benzoic acid was generously provided as a gift
by Dr Rainer Greger, Freiberg, FRG

All the data are expressed as means + S E The level
of significance was determined by paired Student’s ¢-test

Results

The time dependent effects of 10* M NPPB in
NaCl Ruingers on the I, and ¥, are shown 1n the upper
(A) and lower (B) panels of Fig 1, respectively In a
typical experiment, tear-side exposure to NPPB resulted
in a 81% dechne of the I after about 40 min During
this time, the V.. depolanzed by 31 mV from —73 to
—42 mV A transient tear-side substitution with Na,SO,
Rungers containing 10~ * M NPPB vahdated the impale-
ment there was an additional depolarization of the V.
which was reversible The inhibitory effects of 107% M
NPPB were essentially the same regardless of its side of
addition Washout of NPPB after 1 h resulted in a
return to the control V. value, however, the I only
reached a value that was 45% of its control value
Reexposure to tear-side 10~ M NPPB caused after 20

50

A
404 10-4Mm NPPB

30

10 —4M NPPB
20

IsC (uAlcm?2)

10

0

T T T T T 1 T
0 20 40 60 80 100 120 140 160 180

(Min)

—10
-204
- 30
— 40 VAL

-50-

Vsc (mV)

- 50 - ¥ !

-70
-80

T T T UL T T T
0 20 40 60 80 100 120 140 160 180

(Min)
Fig 1 Time-dependent effects of tear-side 10~* M NPPB 1n NaCl

Ringers on the electrical parameters Top (A) and bottom (B) panels
show the effects on the I, and V., respectively



mun the I, and V. to decline agan to their previous
mhibited values On the average in six experiments,
10™* M NPPB (tear-side) decreased the I, by 75%
(from1514+21t038+08 pA/cm?) and decreased g,
from 0 50 + 0.05 to 0 37 + 0 05 mS /cm’

Two different types of response of the fR  were seen
to tear-side 10™* M NPPB (cf Figs 2A and B) Note
that n both A and B 10> M NPPB was without effect
on erther the tear or stromal-sides The impalement
appeared adequate because tear-side substitution with
Na,S0, Rungers resulted 1n reversible depolarization of
the V. and an increase in fR, In both groups, tear-side
10~% M NPPB depolanzed the V. but only in group A
did 1t increase the fR_ In contrast, with group B the
typical response was a decrease m fR, The effect of
tear-side 10™* M NPPB on the V,, for the two groups
was a depolarization of the V. from ~55+7to ~38 £
5 mV In group A, the fR increased from 52 + 6% to
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75+ 7% (n=28, P<005) whereas in group B the fR,
decreased from 68 + 9% to 41 + 5% (n=6, P <005)
These effects are not consistent with a selective decrease
by NPPB of the apical membrane Cl~ conductance
Such a decrease can only be associated with hyperpolar-
1zation of the V. and an increase in fR

The effects of stromal-side NPPB on the V, and fR,
were measured 1n Na,SO, Ringers to determuine 1f NPPB
affects other conductances besides C1~ Under this con-
dition, the I 1s nearly zero because the apical mem-
brane Na* conductance 1s msigmificant [2] A typical
recording showing the effect of 107> M NPPB on the
I 1s shown 1n the inset to Fig 3 The I, was 04
pA/cm’ and was unaffected by NPPB Nevertheless,
the Na*/K* pump 1s functional because there 1s a
significant net Na* tear to stroma flux [15] A typical
record shown 1n Fig 3 indicates that 10~ M NPPB was
ineffective whereas 107> M NPPB elicited a maximal
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Fig 2 (A and B) Typical tme course of effects of tear-side 10* M NPPB on intracellular electrical parameters Panel A shows the typical effects
1n a group of corneas (n = 8) n which NPPB depolarized the ¥, and increased fR,, Panel B shows the typical effects in a group of corneas (n = 6)
n which NPPB depolarnized the V. but decreased fR
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Fig 3 Typical ume course of concentration-dependent effects of stromal-side NPPB on intracellular electrical parameters in Na,SO, Ringers

Following successive exposures to NPPB at concentrations from 107° to 10™% M, a transient subsutution of Na,SO, with NaCl Ringers was

performed These responses reflect a vahid impalement The presence of Na*/K* pump activity was assessed by measuring the effect of 10™* M
ouabain on the ¥V,

change mn the ¥, and no change m fR, Ths dis-
crepancy between the maximal effective concentration
for depolanzing the ¥, in NaCl and Na,SO, Ringers
indicates that NPPB affects the conductance of a non-
C1™ pathway 1n the basolateral membrane whose sensi-
tivity to NPPB 1s increased by the removal of C1~ Also
shown are the results of a validation procedure, namely,
a transient substitution with NaCl Ringers which hyper-
polanzed the V,, and decreased the fR , Finally 1074 M
ouabamn depolanized the V. by about 5 mV showing
that NPPB 1s not an inhibitor of the Na*/K* pump

In a Cl™-free (¢ g SO7~) Ruingers, fR, can be greater
than 90% because the apical membrane resistance ex-
ceeds that of the basolateral membrane by more than
10-fold Even relatively large changes 1n the basolateral
membrane conductance have only a small effect on the
fR, To better assess the effect of NPPB on the baso-
lateral membrane, the sensiivity of fR, to detect an
increase 1n basolateral membrane resistance was 1n-
creased by incubating the tear-side of the cornea (n = 5)
with 107® M amphotericin B This 1s a submaximal
concentration which depolarnized the V. from —92 + 4
to —37+ 3 mV, decreased the fR, to 52 + 4%, m-
creased the I, and g, t021 +2 pA/cm’ and 025 + 001
mS /cm’, respectively, through an increase 1n the cation
permselectivity of the apical membrane 10 puM NPPB
(stromal-side) depolanized the V. to —22 + 1 mV, sig-
mficantly decreased the 7 to 15+ 1 pA/cm?, the g, to
022+ 001 mS/cm* and the fR, to 35+ 3% Subse-
quent exposure to 10°* M ouabain depolanized the ¥
by 7 mV to —15 + 3 mV but 1t had no effect on the
fR,

In Fig 415 an example of one of six determinations
of the effects of a 10-fold increase 1n stromal-side [K*]
to 25 mM mn SO?~ Rungers on the V,, and fR, This
change elicited a 36 mV depolanzation of the V. and a
small increase in fR, Both of these changes were re-
versible following washout with 25 mM K™* These
effects are consistent with the previously reported ap-
preciable basolateral membrane K* conductance [3,4]
10 pM NPPB (stromal-side) subsequently depolanzed
the V,, to the same level as 25 mM K* With 107° M
NPPB, 25 mM K* only depolarized the V,, by about 10
mV suggesting that NPPB had partially blocked the
basolateral membrane K™ conductance but not the
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Fig 4 Typical time course of effects of stromal-side NPPB on

mtracellular electrical parameters 1n Na,SO, Ringers Prior to NPPB

exposure, the sigmficant basolateral membrane K* conductance was

vahdated based on the reversible change 1n the ¥, following a 10-fold

increase mn [K*] from 25 to 25 mM This substitution was subse-

quently performed with 10~ M NPPB followed by exposure to 10~ *
M ouabain



TABLE 1

Consecutwe effects of 25 mM K*, 10=° M NPPB and 10™* M
ouabain on V,, in Na,S0O, Ringers (n=6)

Values are given as means+S E

Condition V. (mV)
(a) Control 25 mMK™) ~80+6
(b)25mMK™* —42+6*
(c) Control —-72+6
(d) NPPB —48+9*
(¢) NPPB, 25 mM K* -41+6
(f) Ouabain —2542*

* P <005 (with respect to previous period)

Na*/K* pump (1e, ouaban depolarized the V) A
summary of these results for six corneas 1s provided n
Table I A comparison of the effects of substitution
with 25 mM K* on the average changes in the V
before and after exposure to 107> M NPPB show that
the transference number for K* decreased from 0 66 to
012

To further document that NPPB 1s an mhibitor of
the basolateral membrane K* conductance, corneas
were exposed to a tear to stroma directed K* gradient
(see Methods) and the cation permselectivity of the
apical membrane was maximally increased with 1075 M
amphotericin B on the tear-side The resultant I re-
flected Na*/K™* pump activity and K* diffusion The
average for eight experiments of the concentration-de-
pendent effects of NPPB on thus I are shown in Fig 5
At concentrations between 107¢ and 107> M, stromal-
side NPPB had dose-dependent inhibitory effects on the
I, With 107> M NPPB, the dechine mn the I, was
about 80% of the increase elicited by amphotericin B

5x10=6Mm
" NPPB

Isc uA

10-4M
Ousbain
06 gyims)

Min)

Fig 5 Tume course of average concentration dependent inhibition by
stromal-sitde NPPB of amphotencin B stimulated current elicited by
tear to stroma K* diffusion Tear-side was mcubated with a mixture
m a2 1 ratio of Na,SO, and K,SO, Rungers, respectively Stromal-
side contammed a mixture m a 2 1 ratio of Na,SO, and sucrose
Ringers The [K*] gradient directed from tear to stroma was 15 1
(e, tear K* 375 and stroma K* 25 mM) In eight other corneas
preincubated with 10% M ouabam, the amphotenicin B stimulated
current required to voltage clamp the transepithehal voltage to zero
was 100% mhibited by 10~° M NPPB on the stromal-side
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Fig 6 Time course of typical consecutive effects of stromal-side

Ba2*, NPPB and ouabamn on intracellular electrical parameters m

sodium gluconate Rungers Each succeeding compound was added
together with the previous compound

The remaining I, was effectively inhibited by 1074 M
ouabain showing again that NPPB does not directly
decrease Na*/K™* pump activity In six other experi-
ments, the same protocol was followed except the
corneas were preincubated with 10™* M ouabain The
amphotericin B stimulated I, was 100% inhibited by
10~°> M NPPB All of these results indicate that 1075 M
NPPB effectively decreases a basolateral membrane K*
conductance

A barium-sensitive K* conductance was identified in
the basolateral membrane of the corneal epithelium [4]
To assess 1f this conductance 1s also NPPB sensitive,
another series of experiments, an example of which 1s
shown 1n Fig 6, was performed These experiments
were performed 1in sodium gluconate Ringers to assure
that any change in V_, and fR essentially reflected an
effect on a basolateral rather than an apical membrane
conductance 5 mM Ba2* (stromal-side) depolanzed the
V,. by 18 mV without any significant change in fR, 10
uM NPPB, 1n the presence of Ba?*, further depolanzed
the V., by another 18 mV and shghtly increased the
fR, These changes may in part reflect inhibition of a
previously identified small apical membrane K* con-
ductance [2] However, this change was not significant
in five experiments (cf Table II) The V. depolarized by
an additional 12 mV following exposure to 10™* M

TABLE II

Effects of 5 10~° M Ba®*, 10~° M NPPB and 10~ * M ouabain on
intracellular electrical parameters in sodium gluconate Ringers (n = 35)

Values are given as means+ S E

Ve (mV) R, (%)
Control ~T76+2 8743
Ba?* —5343% 81+3
NPPB —3314* 79+3
Quabain -2444* 7942

* P <005 with respect to previous penod
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Fig 7 Time course of typical consecutive effects of stromal-side

Ba?*, NPPB and ouaban on transepithebal intracellular electrical

parameters 1n NaCl Ringers In the top panel, 1s shown the I, The

Vi ( ) and fR, (O © O) are shown 1n the bottom panel Note

that stromal-side 10~4 M NPPB was required to depolarize the V.,

and 1t nearly reversed in all cases the dechne in fR, followng
exposure to Ba2* alone

ouabain The additivity of their effects on the V. indi-
cated 1n Table II shows that the basolateral membrane
K* conductance 1s separable mto Ba%*- and NPPB-sen-
sitive pathways

The experiment illustrated in Fig 6 was repeated but
mstead 1n NaCl Ringers to determine 1f preinhibition of
a Ba’*-sensiive K* conductance i the basolateral
membrane would resolve any effect of NPPB on an
apical membrane conductance A possible indication of
an apical membrane interaction with NPPB 1s that
under this condition NPPB would consistently increase
fR, A typical record of their individual effects on the
I, and the intracellular electrical parameters are shown
n the top and bottom panels of Fig 7, respectively The
mhibitory effects of Ba>* and NPPB on the I, and the
V,, were additive and Ba>* significantly decreased the
fR, below 1ts control value However, in contradistinc-
tion to Ba?*, 107 M NPPB on the stromal-side con-
sistently increased the fR, and nearly restored 1t to its
control level This increase could mean that NPPB has

TABLE III

Consecutie effects of 5 10> M Ba’~, 10~* M NPPBand 10™* M
ouabain electrical parameters in NaCl Ringers (n=5)

Values are given as means+ S E

Condition I A fR, V.
(pA/cm’)  (mS/cm?) (%) (mV)
Control 173422 0264003 5612 —73%2
Ba’* 88+13* 0241003 30+8* —5042*
NPPB 56+20* 0224001* 53+4* —3543*
Ouabain 10+£03* 0224001 4543 —2943*

* P <005 with respect to previous period

mhibitory effects on not only a basolateral but also an
apical membrane conductance However, the interpreta-
tion of this increase mn fR, may be more comphcated
because the effects of tear-side substitution of Na,SO,
Ringers on the V. and fR, were essentially unaffected
by NPPB NPPB was not completely effective at either
of these membranes because the overall decrease of the
I was 68% Ouabaimn (10~* M) further mhibited the I,
and depolarized the V,, showing that neither Ba** or
NPPB mhibit the Na*/K* pump A summary of the
results of five stmilar experiments 1s provided in Table
II

Discussion

NPPB 1s a selective and direct inhibitor of Cl~-
conductance 1 some tissues based on measurements of
the effects of NPPB on either single channel acuwvity or
the intracellular electnical parameters [7-14] With
bath-side application of NPPB to the thick ascending
limb of the loop of Henle (CTAL), the EC,, for a
decrease 1n the basolateral membrane C1~ conductance
was 8-107% M based on increases 1n the fractional
basolateral membrane resistance and hyperpolarization
of the membrane voltage On the luminal side, the EC;,
increased to 3 107> M At concentrations above 107>
M, some of the less potent analogues of NPPB de-
polanzed rather than hyperpolanized the membrane
voltage which was interpreted as a nonselective effect in
the CTAL [7] A basolateral membrane Cl~ conduc-
tance in the macula densa was identified based on
hyperpolarization of the membrane voltage by lumi-
nally applied 107° M NPPB [14] In the thin ascending
Iimb of the loop of Henle, NPPB addition to either side
of the tissue decreased the relative permeability of Cl1™
to Na* but its potency was dependent on its side of
addition NPPB was morre effective from the bath side
on a molar basis and 1ts ECsy was 3 107° M based on
the assumption that 1ts maximum nhibitory dose was
1073 M [16] However, such an assumption may not be
warranted, because 1n excised cell membrane patches of
the rat exocrine pancreas, 10°* M NPPB directly in-
hibited Ca?* sensitive nonselective cation channels n
the basolateral membrane [17] In cultured rat mesangial
cells, another effect of NPPB has been identified in the
same concentration range at which 1t 15 a selective
mhibitor of Cl~ conductance 1in other tissues [18] Be-
tween 1 and 10 micromolar 1t was a potent inhibitor of
prostonoid biosynthesis 8§ uM NPPB inhibited prosta-
glandin E, release by 50% Therefore, with any use of
NPPB and 1ts related compounds 1t 1s first necessary to
ascertain their effectiveness and selectivity before usimng
them to derive conclusions about mechamsms of 10n
transport

In the cornea, NPPB had effects on the intracellular
electrical parameters over the same concentration range



at which 1t selectively decreased a Cl~ conductance 1n
some other tissues However, 1ts effects in the cornea
did not reflect a direct decrease in apical membrane
Cl™ conductance NPPB consistently depolarized the
V.. m both Cl™-free and NaCl Ringers and had vanable
effects on the fR, All of these effects are not consistent
with a direct and selective inhibition of a C1™ conduc-
tance because such an effect requires a hyperpolariza-
tion of the ¥, and an increase 1n fR

In those tissues 1n which NPPB selectively decreased
Cl™ conductance, the potency of NPPB was affected by
its side of addition whereas in the cornea it was
equipotent This side dependence 1s a reflection of
NPPB’s selectvity because of its accessibility to the
membrane with which 1t interacts Presumably this
accessibility 1s greater from the bath facing the mem-
brane contaming the conductance with which 1t mnter-
acts In the cornea, NPPB may be equipotent from
either bath because NPPB 1s directly modifying an
intracellular regulator of these as well as other conduc-
tances For example, 1f NPPB inhibited prostanoid bio-
synthesis 1n the cornea, as described in cultured rat
mesangial cells, this change may have effects on a
number of parameters

The effects of NPPB were measured on the electrical
parameters ;n Cl -free Ringer’s solutions to determine
if any change 1n the basolateral membrane conductance
could account for inhibition of the essentially Cl™-
ongmated I, Such a change could explain the inhibi-
tion because the electrical dnving force for Cl™ efflux
across the apical membrane into the tears stems in large
part from K* recycling between the stromal-side bath
and the cell interior across the basolateral membrane
[4] One of these pathways 1s Ba?" sensitive because in
NaCl Ringers Ba®* depolanzed the V., inhibated the I,
and decreased fR_, In Cl -free (gluconate) Ringers,
10~° M NPPB was maximally effective in depolarizing
the V.. m Na,SO, and sodium gluconate Ringer’s solu-
tions Inhibition by NPPB occurred across a pathway in
parallel with the Ba?*-sensitive pathway because their
depolanzing effects were additive in NaCl and sodium
gluconate Ringers Further indications of an effect by
107> M NPPB on a basolateral membrane K* conduc-
tance m SO?~ Rungers include (1) a sigmficant de-
crease m g, of 12% following exposure to 107° M
amphotericin B and (2) a 82% decrease in the trans-
ference number for K* (cf Table I) Therefore mnhibi-
tion of active Cl™ transport 1s 1n part explained by a
decrease 1 a basolateral membrane K* conductance
that 1s distinct from the Na*/K* pump and the Ba®*-
sensitive pathway

Another approach to determine a basolateral mem-
brane mteraction with NPPB was to measure 1ts effects
on the electrical parameters in Cl™-free Ringers follow-
mg incubation with amphotericitn B This procedure
permuts easier resolution of any NPPB interaction with
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the basolateral membrane because amphotenicin B 1n-
creased the cation permselectivity of the apical mem-
brane Even though amphotericin B alters intracellular
1on composition and depolanizes the V,, which could
result in changes 1n cell pH and volume and basolateral
membrane conductance, none of these effects comprom-
1se Na*/K* pump function because the I, sttmulation
15 sustained and stable Despite any changes in the
baseline membrane conductance, this techmique sull
permutted identification of any qualitative changes in
the basolateral membrane resistance based on the direc-
tion of the change 1n fR following exposure to NPPB
Following exposure to a submaximal concentration of
amphotericin B (1e, 107 M), fR, decreased 10 uM
NPPB was maximally effective in further decreasing
fR, and depolanzing the V,, This effect of NPPB
coupled with 1ts dose-dependent decrease of the ampho-
tericin B stimulated I, accounted for in large part by
tear to stroma K* diffusion, further suggest that NPPB
increases the resistance of a K* pathway 1n the baso-
lateral membrane

The dose dependent relationship for inhibition of
active Cl~ transport by NPPB 1s remarkably steep
because 107> M NPPB was without effect whereas 10~ *
M NPPB was maximally effective This finding suggests
that the pathways in the basolateral membrane affected
by NPPB are also remarkably sensitive to chlonide It 1s
not possible to identify how the presence of Cl™ de-
creases the effect of NPPB on the basolateral membrane
conductance An even more profound anion-dependent
effect on the sensitivity of a basolateral membrane K*
conductance to Ba>* has been described 1n the 1solated
toad and rabbit urinary bladders [19,20] In these tis-
sues, this conductance’s sensitivity to Ba?™ disappears
following the substitution of NaCl with sodium gluco-
nate Ringers

Even though NPPB consistently depolanzed the V,
1t had varnable effects on the fR as shown in Fig 2 It
1s possible that NPPB elicited in corneas with a higher
fR, (1e, R,> R,) a larger increase in the basolateral
membrane resistance which caused fR, to fall Con-
versely, 1f the fR ;was lower (1e, Ry, > R,), then NPPB
elicited a relatively larger increase in the apical mem-
brane resistance which instead caused fR to increase
In contradistinction, after exposure to Ba?*, NPPB
consistently increased the fR , perhaps because the in-
crease m the apical membrane resistance was larger
than that of the Ba®*-blocked basolateral membrane
However, there exists some doubt as to whether or not
NPPB increased the apical membrane resistance be-
cause the presence of NPPB did not appear to affect
any of the changes mn the V. and fR, following a
transient tear side substitution of NaCl with Na,SO,
Ringers This uncertainty may stem from the possibility
that NPPB’s effects on conductances and net C1~ trans-
port are an indirect effect If this 1s the case, an effect
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by NPPB on an intracellular regulator may cause more
changes than those accounted for by this study
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