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Summary

The anionic conductance across toadB(ifo viridis) skin
was studied using the voltage-clamp technique following
long-term (more than 10 days) acclimation to NaCl and
KCI solutions. The non-specific baseline conductance was

concentrations induced an increase in anionic conductance
that was insensitive to electrical potential. Furthermore,
external CI~ was not required for the stimulatory effect of
cyclic AMP, and the conductive pathway had low selectivity.

approximately 0.6 mScnt2 and was similar in skins from
all acclimation conditions. The voltage-activated Ci
conductance (ci) was maximal in skins from distilled-
water- and KCl-acclimated toads (>3mScr¥) and was
greatly reduced following acclimation to NaCl solutions.
Cyclic AMP (ECs0=13umolI71) and isobutylmethyl xanthine
(IBMX) (EC s0=69umol 1) exerted different effects on the
activated conductance. IBMX only sensitized the activated
conductance, whereas cyclic AMP (CPTcAMP) at high

The effects of the two agonists were reversible and
depended on the acclimation conditions. Following electrical
measurements, the skin of the toads was removed and
stained with silver to measure mitochondria-rich cell density
(Dmrc). There was no correlation betweerDmrc and CI”
conductance in the present study.

Key words: toad,Bufo viridis skin, anion conductance, IBMX,
NaCl, KCI, N&~, amiloride, mitochondria-rich cell.

Introduction

The CIF conductance Gc)) across amphibian skin technique was undertaken, taking advantage of the large
epithelium has been studied extensively in the past two decadeariability in Gci and Dmrc in Bufo viridis (Katz and Gabbay,
(for reviews, see Larsen, 1991; Katz and Nagel, 1994). Th£995) acclimated to different conditions. In the present study,
transport of Ci is passive, but a selective transepithelialthe effects of long-term acclimation to NaCl and KCI, the
conductance is activated by an inwardly directed (insideeffects of cyclic AMP and IBMX on the anionic conductance
positive)  electrical potential. The voltage-activatedand the density of MR cells in the skin of the toad under these
conductance shows a characteristic, non-linear pattern of timeenditions were investigated.
dependent increase. The pathway is assumed to be localized to
the mitochondria-rich (MR) cells of the epithelium, but this is
still under debate because recent studies could not localize Materials and methods
more than 20% of the total GHlependent current over Toads Bufo viridis were of local origin. They were
MR cells (Nagel et al., 1998). Cyclic AMP and IBMX maintained in the laboratory (19-22°C) with free access to
(isobutylmethyl xanthine) exert different effects ontapwater (40-50 mosmol k¥ approximately 15 mmott CI7)
transepithelial anionic conductance (Katz and Nagel, 1995and fed mealworms once a week. For acclimation, the toads
but the molecular mechanisms involved have not beewere kept in a solution 2-3cm deep of appropriate ionic
resolved. The Clconductance is greatly decreased in the skiromposition; acclimation to high [NaCl] (200 mmd)l was
of toads acclimated to high external [NaCl] (Katz and Larsermachieved in steps over 6—-8 days. No mortality occurred over
1984), and this was paralleled by a decrease in MR cell densitiyie course of the experiments. Plasma (collected from the vena
However, later studies found that, in both frog and toad skiangularis in the mouth) and urine (collected through the cloaca
after acclimation to KClI, the density of mitochondria-rich cellsin plastic tubes) composition were determined using a Wescor
(Dmre) is maintained or increased (Ehrenfeld et al., 1989; Kats520 vapour pressure osmometer (osmolality), a Corning
and Gabbay, 1995). Direct methods have failed to solve th80 flamephotometer ([Na and [K']) and a Radiometer
problem of localization of5c| in amphibian skin. Therefore, (Copenhagen) chloridometer ([QL
an indirect approach using the conventional voltage-clamp Electrophysiological measurements were performed on
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pieces of abdominal skin, as described previously (Katz anTable 1.Plasma and urine composition in toads acclimated to
Nagel, 1995). Briefly, the skin was mounted in a modifiec tapwater, NaCl and KCI solutions

Ussing chamber (area 0.5€nzontinuously perfused at more
than 4 mImin? with Ringer’s solution on both sides. Normal

Acclimation condition

Ringer had the following composition (in mmdi): Na*, 115; 50mmol 200 mmol it

K*, 2.5; C&*, 1; Mg?*, 1; CI, 117; Hepes, 3.5; pH7.6. lonic Tap water KCl NaCl

replacements were made on an equimolar basis. AftPlasma

elimination of Nd transport by the addition of 16noll-t Osmolality 36215 384t 6 416:12

amiloride to the mucosal fluid, tissues were depolarized t  (mosmolkg?)

-30mV to deactivate the CtonductanceGc)). To activate ~ Na (mmoll™) 134t 9 142t10 1829
K* (mmol 1) 4.9+0.8 7.20.4 7.6:0.7

Gcl, transepithelial potential was clamped intermittently to
+80mV (serosa-positive). Reported valuesGaf reflect the
difference between the total conductan€) (at —-30 and  Urine

+80mMV. Osmolality 12811 20314 324:22

Dose—response relationships for the effects of cyclic AMF  (mosmolkg?)

CI~ (mmol 1) 115+ 6 116t 2 22011

. -1
and IBMX on the deactivated conductance and on voltage E?Jr(r(nmm”;ﬂ_ll)) Z'ii'g :’;’éi)'g %3&&222
activatedGc| andG; were measured after normalization of the CI- (mmol 1) 15+ 3.2 2615 14821

values to that under the respective control conditions. /
sigmoidal regression function was obtained by data fitting
using a commercial software package (Origin, Microcal
Inc.). CPTCAMP (8-(4-chlorophenylthio) cyclic AMP), the
permeable, non-hydrolysable derivative of cyclic AMP, andstart of each experimertc was 21+41Acm=2 in skins from
IBMX were purchased from Sigma. distilled-water-acclimated toads, 218 cm2 in skins from

The density of MR cellsQ{mrc) was estimated by counting tapwater-acclimated toads and 3¢#cm™2 in skins from
silver-stained cells in the pieces of skin used in the&Cl-acclimated toads. Thi of skins from NaCl-acclimated
electrophysiological analyses. Briefly, the skin was rinsed withoads tended to reduce”’=0.5) for those acclimated in
distilled water, incubated for 5min with 0.25% Agdl@nd 50 mmol 1 NaCl (18+5uAcm™2) and diminished for those
then washed and exposed to strong illumination foacclimated to 200 mmot} (8+5pAcm2) compared with
approximately 30 min. The diameter of the apical aperture dbpwater-acclimated toads. Only in the last group was the value
these cells was measured using a scaled eyepiece micromesgggnificantly lower than in the other grougz<(Q.05).

Statistical analyses were performed using analysis of Movements of Clacross the skin were analyzed in non-
variance (ANOVA). Results are presented as measis.i. transporting conditions after apical application ofuhtol 11

Values are means&£.m. for 4—6 toads from the winter series.

Results

The toads used in the present study were from two series
experiments (40 toads in winter and 12 toads in summer). Tt
animals were acclimated to tapwater and distilled water, to 5
and 200 mmoH! NaCl and to 50 mmott KCI for more than A B C
12 days. Table 1 summarizes the plasma and urine ion
composition in toads (winter series) acclimated to tapwate
50mmolf! KCI and 200mmol! NaCl. The plasma
osmolality remained relatively high in control, tapwater T

100 A

.

conditions inBufo viridis which is a characteristic of this

species, compared with the value in most other amphibiar <«

(Table 1). Urea accounts for the difference between th 2min

measured osmolality and that calculated from measurements

the ionic composition. In all conditions, plasma ion levels

remained fairly stable, but the urine was always hypotonic t~. ) ) o
the plasma. Plasma fKnearly doubled in toads acclimated to Fig. 1. Typical recording of the current response to transepithelial

1 . . voltage perturbation across toad skin (tapwater-acclimated toad),
KCl and 200mmolt™ NaCl (although the difference is not mounted in an Ussing chamber with normal Ringer’s solution on

significant; P=0.053), and plasma [ in the urine was i, siges. The voltage was stepped fre88mV (A) to +80mV (B)
significantly higher than the control value only in the KCl-gnq pack to-30mV (C; deactivation). Note the time-dependent
acclimated toadsP<0.001). increase in current (activated conductance) and the time course of
The physiological state of the skin can be judged from thdeactivation. The transepithelial conductance is calculated from the
short-circuit currentléc active Na transport) recorded at the small current responses to constant external 10 mV pulses.
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Fig. 2. The effects of IBMX (10gmoll~, apical) and CPTcAMP 0.2
(200umol 11, serosal) on transepithelial and voltage-activated 0.0
(+80mV, crossed-hatched bars) conductances. (A) Voltage-activate 1 1'0 1(')0

conductance; (B) voltage-induced conductance. This piece of ski

. . 1
was taken from a KCl-acclimated toagt, total anion conductance. [CPTCAMP] (mol-1)

111 C

amiloride. Similar results were obtained in the two series, an
the data were pooled. Numerical values of current an
conductance were obtained from recordings such as that sho
in Fig. 1. The effects of IBMX and CPTcAMP on the total
conductanceG) are shown for a representative skin in Fig. 2.
Voltage activation (+80mV) was sensitized reversibly by
IBMX, whereas high concentrations of cyclic AMP led to an 0.5 . . .
elevation of the baseline conductance. Moreover, following th 10 100 1000
addition of cyclic AMP, transepithelial conductance was [IBMX] (umol-1)
almost insensitive to voltage activation, and became timeﬁ_ . .
independent within the resolution of the system (Katz an ig. 3. Dose—response relationships for the effects of CPTcCAMP and

. .~~~ IBMX on the anion conductance across toad skin (see Fig. 2). (A)
N"_igel’ 1995)‘ External Clvas not reqUIred. for activation in Reduction of voltage-activated total conductar@g by CPTcAMP,
this condition, and the effects were reversible.

’ ) ICs0=9umolI1; (B) stimulation of voltage-inducedG: by
The concentrations of cyclic AMP and IBMX used werecptcamp, EGe=13umolI'L; (C) sensitization of the voltage-

supramaximal, as is evident from dose-response Curviactivated Ci conductanceGel) by IBMX, ECso=69umol L. Values
(Fig. 3) with either CPTcAMP (Fig. 3A,B) or IBMX (G, Gg)) are normalized to the maximal valu®: frax Gclma)-

(Fig. 3C). The EGp values calculated from these experiments

were 9—131mol I for CPTCAMP and 6@mol =1 for IBMX.

The baseline transepithelial conductance-30(mV  separately for the deactivated and activated conductances in
depolarization) and the voltage-activated (+80mV)™-Cl Fig. 5. The effects in the deactivateeBQ mV) condition in
specific conductanceGg|) are shown in Fig. 4 for control skins from all acclimation groups are shown in Fig. 5A. IBMX
(tapwater) and other conditions of acclimation. The non{100umoll™) had a very small and usually only transient
specific conductance (hatched columns) was similar under affect (not significantly different from the control value in all
acclimation conditions. The voltage-activated (+80mV)-Cl groups), while cyclic AMP (20Amol I=1) greatly increased the
dependent conductanGz) (open columns) varied among the transepithelial conductance in this condition. Similar results
various acclimation groups. The higher the [NaCl] in thewere obtained under hyperpolarized (+80mV) conditions
acclimation solution, the lower the absolute value of th&€hatched columns), showing that the conductance is insensitive
activated conductance. Note that this conductance was lastthe transepithelial potential. Only in the skins from distilled-
from the skins of toads acclimated to 200mmbNaCl. The and tapwater-acclimated toads was the difference between the
high G¢| values of skins from KCI- and distilled-water- deactivated and activated conductances in the presence
acclimated toads did not differ significantly from each other.of cyclic AMP significant P<0.05). Inhibition of the

The effects of IBMX and CPTcAMP are summarizedNa'/K*/2CI- cotransporter by bumetanide (Jj0@oll=;

GCI/ GC:I,max
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Fig. 4. The effect of ionic acclimation to 50 mmd NaCl or KCI or ]
200mmoltl NaCl on anion conductanceSf across toad skin. II I
Hatched columns show the baseline, deactivated conductan I I
(-30mV). Open columns show the steady-state voltage-activate < 2
(+80mV) conductanceGcl. The two columns together represent the &
total maximal conductance in each condition. The apical solutio g T
contained amiloride (Z®moll™1) throughout. Values are means + =
sEM.; N, number of animals), number of skin pieces. DW, distilled (5 1
water; TW, tapwater.
serosal side) did not affect the response to cyclic AMP (nc
shown). Fig. 5B shows the voltage-activated time-dependel . . = ﬁ - . .
conductancé&c) in control conditions and following treatment 0 DW  TW 50Nacl 200NaCl 50KCl
with IBMX (stippled columns) or cyclic AMP (hatched n=28 n=61 n=42 n=23 n=35
columns). The stimulation ofci by IBMX was most N=7 N=19 N=11 N=6 N=9

pronounced in skins from NaCl- and tapwater-acclimatea. -
toads compared with their control. The lower the cordg| Fig. 5. (A) Effects of CPTCAMP an_d IBMX on transepithelial
the greater was the relative effect of IBMX on the activate(conductance %) across toad skin. Stippled columns, steady-state

. - . conductance in the deactivatet8Q mV) condition in the presence of
conductance. Thuszc in skins of distilled-water- and KCI- |gyx (100pmolI-Y). Hatched columns, effects of CPTCAMP
acclimated toads, which was already at its maximal level, wei2oopmol 1) under depolarized -80mV; left-hand hatched

not affected significantly by IBMX. A completely different columns) and hyperpolarized (+80 mV; right-hand hatched columns)
response was observed upon application of CPTCAMP. Trconditions. IBMX did not significantly affect the deactivated
time-dependent voltage-activated conductance was greaiconductance in the skin of any of the groups of toads. The increase in
reduced; in skins from NaCl-acclimated toads, it wastotal conductance®) in response to cyclic AMP under depolarized
abolished. The response became virtually time-independeand hyperpolarized conditions differed significant only in the
within the time frame of activation (see Fig. 2). distilled-water- and tapwater acclimated toaBs(Q.01). (B) Effects

Fig. 6 relates all the values for the voltage-activate(Of IBMX and CPTCAMP on steac_iy-state voltage-activated (+8.0 mv)
(+80mV) transepithelial conductanc&d)) under control conductanceGci) across toad skin. Open columns, control; stippled

. . ) columns, treated with IBMX (1Q@moll-1); hatched columns,
condition to the corresponding MR cell densiBimtc). The treated with CPTCAMP (200molI-%). Apical solution contained

calculated  regression line ha@_' a very S_haHOW slopGmiloride (165molI-1) throughout. Values are meanss£m.; N,
(y=0.001k+0.93) that was not significantly different from nymper of animalsp, number of skin pieces. DW, distilled water:;

zero. Separate calculations of regression lines are given Tw, tapwater. Toads were also acclimated to 50 or 200 noll
Table 2 for skins of all acclimation groups in the two seriesNaCl or 50 mmoli! KClI.

(winter and summer). Similar values were obtained in al

calculations, including those for the tapwater- and distilled

water-acclimated groups calculated separately. the apical membrane of the cells (Whitear, 1972; Katz et al.,
Silver-stained MR cells from the five acclimation groups are2000). The diameter of the apical silver-stained aperture of the

shown in Fig.7. It has already been demonstrated MR cells was largest in the skins of distilled-water- and KCI-

histological cross sections that the silver deposit is confined tacclimated toads (mean diameter 13.8+(u37 N=8). Note
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6 cyclic AMP and IBMX on the anionic conductance across the
1 skin are influenced by the ionic acclimation of the animals.
5 The CI conductance across amphibian skin is controlled by
i [-adrenergic receptors (Willumsen et al., 1992; Nagel and Katz,
o 1998) that activate adenylate cyclase, leading to increased
cellular cyclic AMP levels and activation of protein kinase.
0o Cyclic AMP and IBMX affect the transepithelial anion
o o conductance in fundamentally different ways (Katz and Nagel,
X o 1995), although cellular cyclic AMP levels must be increased
i o by IBMX because of inhibition of phosphodiesterase (PDE;
A P o o Ukena et al., 1993). Two steps can be distinguished in the
o o8 3 o movement of anions across toad skin, activation and
N S conductance (Larsen, 1982; Nagel and Katz, 1997). In this
‘ | scheme, Ctdependent voltage activation is followed by anion
0 400 800 1200 1600 conductance (Larsen, 1991; Lacaz-Vieira and Procopio, 1988;
Diyre (cells mm-2) Nagel and Katz, 1997). IBMX may have a structural effect,
different and separate from its inhibition of PDE that sensitizes
and control steady-state voltage-activated (+80mV) conductanc\éon.ag? activatiqn. Inde.e d’. it'Was reported recently that xanthine
(Gcy) in all experiments. Acclimation condition®, distilled water; em_/at',ves If”mkmg an inhibitory effect on PDE stimulated the
O, tapwater; A, 50mmolf! NaCl; &, 200mmoltl NaCl; x, cystic fibrosis transmembrane cppductance rggulgtor (CFTR),
50mmol i1 KCI. The slope of the regression line (not drawn) isWhereas no such effect was elicited by specific inhibitors of
y=0.001%+0.93; P<0.09,N=59, which is not significantly different PDE (Chappe et al., 1998). At high concentrations, cyclic AMP
from zero. exerts a more profound effect, proximal to the voltage sensor,
and the pathway becomes insensitive to voltage, keeping the
that MR cells with two distinctly different appearances areconductive path open to the passage of anions.
detected in the skin of KCl-acclimated toads. A smaller cell The effects of cyclic AMP and IBMX on the anion
aperture was measured in the skin of tapwater- and 50 mmol Iconductance of the skin were influenced by the conditions of
NaCl-acclimated toads (mean diameter 9.4+Qm5N=6). In  acclimation of the toads. IBMX was effective only on the
the 200 mmolil NaCl acclimation conditions, skin MR cell activated conductance, particularly when the initial value had
density changed little in the first 6—7 days (not typical) and wasot attained its maximal level. It had only a small and transient
similar to the value for the 50 mmotlacclimation condition. effect on the deactivated conductance, which could be the
The number and appearance of these cells was subsequemégult of a temporal increase in cellular cyclic AMP levels. The
decreased, as shown in Fig. 7E,F. The anion conductance intrease in transepithelial anionic conductance in response
these skins was reduced similarly. to a high concentration of cyclic AMP was insensitive to
transepithelial potential and became independent of external
[CI7]. Because the total anionic conductances, after voltage
Discussion activation or in response to cyclic AMP, were similar in
Our data extend previous studies (Katz and Larsen, 198magnitude, they may represent the same conductance pathway.
Katz and Gabbay, 1995) showing that" €@bnductance is Thus, an apparently ‘dormant’ conductance is uncovered by
influenced in the long term by the salinity of the ambientyclic AMP in skins from NaCl-acclimated toads, in which the
solution. It was also established that the short-term effects afctivated conductance was greatly reduced. This observation
suggests that acclimation to high [NaCl] desensitizes the

) . ] _ voltage sensor and that cyclic AMP, at relatively high
Table 2.Regression equations calculated for the relat'OHSh'pconcentrations, relieves this block, opening the path to the
between mitochondria-rich cell density and voltage-activated,qnqyctive passage of anions.

conductance across toad skin

G¢ (MScm-2)
w
|

Fig. 6. Relationship between mitochondria-rich cell dendiyrd)

In earlier studies, it was reported thBtnc is greatly

N Equation r2 P decreased following adaptation to NaCl, in parallel with a
First series (winter) 50 y=0.0013%+0.92 006 0.11 reduction in skin Clconductance. This was assum'ed to regult
Second series (summer) 9 y=0.0016+0.22 0.13 0.33 from the long-term exposure of the animals to high ambient
Series 1+2 59 y=0.001%+0.93 0.05 0.09 [CI7] (Katz and Larsen, 1984). However, it was discovered
Tapwater (first series) 17 y=0.0014+0.63 0.14 0.14 subsequently thatDmrc is not reduced in response to

Distilled water (first series) 17 y=0.001%+1.86 0.04 0.44 acclimation to KCI (Ehrenfeld et al., 1989; Katz and Gabbay,
1995), which is shown in the present study to be accompanied
Tapwater and distilled water acclimation results are for the groupy an increase iS¢l that reaches a maximal level similar
from the first (winter) series. to that of the conductance of skins from distilled-water-
N, number of skins included in each analysis. acclimated toads. It has been suggested previously that
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Fig. 7. Silver-stained mitochondria-rich
cells in the skin of toads acclimated to
distilled water (A), 50 mmolt KCI (B),
tapwater (C), 50 mmott NaCl (D) and
200mmoltl NaCl (E,F). The two
micrographs for toads acclimated to
200 mmol 1 NaCl were taken 3 days (E) |
and 8 days (F) following transfer and .
represent the typical variation in the
appearance of cells acclimated under this
condition. Note the gland openings. Scale
bar for all micrographs, 30m.

acclimation to KCl induces plasma acidosis (Ehrenfeld et alprevious studies (Katz and Gabbay, 1995), and some
1989), which necessitates an increased secretion of protorm®rrelation has been found between €inductance anBmrc
Indeed, it was shown that MR cells in frog skin react to antiin some studies in other species. Voute and Meier (1978)
H*-ATPase (Klein et al., 1997), and this has been confirmerkported some correlation in froBgna esculenjaskin, as did
recently forBufo viridis(U. Katz and S. Gabbay, unpublished Willumsen and Larsen (1985) in toadufo bufg skin.
experiments). This supports the assumption that MR cells afdthough no activated conductance can be elicited in skins
involved in proton secretion, a role similar to thatoefype  with no MR cells or only a few MR cells (Katz et al., 2000),
intercalated cells in other tight epithelia (Steinmetz, 1986). Thilagel and Dorge (1990) found no correlation between these
elevated Gc| in KCl-acclimated toads could therefore be parameters in frogRana esculenjaskin. This relationship is
explained as a consequence of the maintdingg if MR cells  therefore unpredictable, and it has not yet been possible to
are also endowed with an anion conductance pathway. Thietermine the reason for these variable results. It could perhaps
remains to be verified more directly. be explained if MR cells were functionally heterogeneous
Our measurements covered a wide range of values @Katz et al., 1997) and if they were not the exclusive route for
transepithelial conductance ardmre, but there was no passive anion conductance. Proton secretion, for example, if
correlation between these two parameters in any of thearried out by MR cells, could also influence cell density in
acclimation conditions. A closer relationship was observed igertain conditions, and Clconductance is not necessarily,
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therefore, the sole determinant influencing MR cell density. amphibian skin. IMmphibian Biologyvol. 1 (ed. H. Heatwole
Maximal skin G¢; differed considerably among the various and G. T. Barthalmus), pp. 98-119. Australia: Surrey Beatty &
acclimation conditions, and these two functions, Ge. and Sons.

H* secretion, which are assumed to be localized in MR cell&atz, U. and Nagel, W. (1995). Effect of cyclic AMP and
may be expressed differently or in different cells according to theophylline on chloride conductance across toad dkiRhysiol.,
the physiological demands at a given condition. Lond. 489, 105-114.

The activated conductance was always very low in toadléatz‘ U., Rozman, A, Zaccone, G., Fasulo, S. and Gabbay, S.
y Y (2000). Mitochondria-rich cells in anuran Amphibia: chloride

accllmatgd t_o high [NaCl], Y?Qafd'ess of _the _denS|ty of MR conductance and regional distribution over the body surfamap.

cells, indicating that the conditions of acclimation, rather than gjochem. Physiola 125 131-139.

Dmrc , determine the anion conductance that can exist iRatz, U., Zaccone, G., Fasulo, S., Mauceri, A. and Gabbay, S.

different states. We have limited evidence for the existence of (1997). Lectin binding pattern and band 3 localization in toad skin

different MR cell types. This evidence, at the cellular level, is epithelium and the effect of salt acclimatioBiol. Cell 89,

based on silver staining and immunological methods (Katz et 141-152.

al., 1997). Klein, U., Timme, M., Zeiske, W. and Ehrenfeld, J.(1997). The
The primary signal(s) responsible for the acceleration of cell H* pump in frog skin Rana esculenja identification and

division and/or differentiation is still unknown. The actual 'ocalization of V-ATPase]. Membr. Biol.157 117-126.

functional properties of the cells are yet to be resolved angf¢3Z Vieira, F. and Procopio, J.(1988). Comparative roles of

certainly depend on more than one determinant, exterrdl [Cl voltage and ClI ions upon activation of a Cl conductive pathway in

. | hi | lain wh lati toad skin.Pfligers Arch412, 634-640.
being only one. This could explain why no correlation betWeerllarsen, E. H. (1982). Chloride current rectification in toad skin

Dmrc and G was found, although current results suggest that gpjithelium. InChloride Transport in Biological Membranésd. J.

they must be associated. Zadunaisky), pp. 333-364. London, New York: Academic Press.
In conclusion, we have shown that the transepithelial anionicarsen, E. H. (1991). Chloride transport by high-resistance

conductance acrofufo viridisskin is influenced differently heterocellular epitheli€Physiol. Rev71, 235-283.

by long-term acclimation to external NaCl and KCI solutionsNagel, W. and Dorge, A(1990). Analysis of anion conductance in

These changes could not be corrected by IBMX or by cyclic frog skin.Pfligers Arch416, 53-61.

AMP. No correlation was found between MR cell density and¥agel, W. and Katz, U.(1997). The effect of NEM on the activated

CI- conductance across the isolated skin. It is suggested that%_7 Clusf;e”t conductance in toad skid. Membr. Biol. 159

e e e o e Nagl . o Itz U, (1980 s Aercepos ataonz

. . . ~activated chloride conductance of amphibian skin epithelium.
that would mask any possible relationship between the denS|tyF,ﬂ[Jgers Arch436, 863-870.

of these cells and Ckonductance. Nagel, W., Somieski, P. and Shipley, A. M1998). Mitochondria-
rich cells and voltage-activated chloride current in toad skin
This research was supported by Technion V.P.R. Fund for epithelium.J. Membr. Biol.161, 131-140.
the promotion of sponsored research. Steinmetz, P. R. (1986). Cellular organization of urinary
acidification.Am. J. Physiol251, F173—-F187.
Ukena, D., Schudt, C. and Sybrecht, 1993). Adenosine receptor
blocking xanthines as inhibitors of phosphodiesterase isozymes.
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