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Summary. It has been reported that PCMBS (p-chloromercuri-
benzene sulfonate) blocks the water permeability of red cells and
of the tubular kidney membranes. In this study we compare the
effects of this mercurial compound on the permeability of water
and other small solutes in the frog urinary bladder.

We observed that: () 5 mm PCMBS applied at pH 5.0 to the
mucosal side inhibited the net and unidirectional water fluxes
induced by oxytocin without changing the AP,/AP, ratio. (ii) The
oxytocin-induced urea and Na* influxes were also inhibited by
PCMBS. (iii) The unidirectional Cl1- movement was first reduced
and then increased during the course of PCMBS treatment. (iv)
The short-circuit measured at low mucosal Na* concentration
(10 mM), diminished continuously, whereas the transepithelial
resistance first increased and then diminished. (v) Mannitol, raf-
finose, a-methyl-glucose, antipyrine, caffeine and Rb* move-
ments were not changed significantly during the first 26 min of
the water permeability inhibition. In conclusion: (i) The ADH-
sensitive water, urea and Na* transport systems were inhibited
by PCMBS, (ii) PCMBS did not induce a nonspecific and general
effect on the permeability of the membrane during the develop-
ment of the water permeability inhibition, and (i) in terms of
water channels, the inhibition of water transport with the mainte-
nance of a high P;/P, ratio suggests that PCMBS closes the water
channels in an all or none manner, reducing their operative num-
ber in the apical border of frog bladder.

Key Words water transport - PCMBS - amphibian urinary
bladder - oxytocin

Introduction

Antidiuretic hormone (ADH) increases the permea-
bility of the apical membrane of amphibian urinary
bladder epithelial cells to water {(see Handler, 1988;
Bourguet et al., 1989). The hormone also stimulates
the transepithelial active sodium transport and in-
creases the permeability of the bladder to urea and
other solutes (Leaf & Hays, 1962). The increase in
water permeability is thought to involve the inser-
tion of water channels in the apical membrane.
Morphological studies have indicated that water

channels are contained within particle aggregates
stored in vesicular structures underlying the apical
membrane (Chevalier, Bourguet & Hugon, 1974;
Kachadorian, Wade & DiScala, 1975). According to
this hypothesis, the hormonal action, mediated by
¢AMP, induces the fusion of vesicles with the mem-
brane, allowing the transfer of the aqueous channels
to the luminal membrane (Harris & Handler, 1988).

Although water permeability seems to be insen-
sitive to most transport reagents, it is reduced in
certain conditions by mercurial sulfhydryl reagents
such PCMBS (p-chloromercuribenzene sulfonate).
Macey, Karan and Farmer (1972) found that in red
cells micromolar concentrations of PCMBS de-
crease water permeability while increasing the acti-
vation energy (E,) to water transfer. In this situa-
tion the ratio between the osmotic permeability (Py)
and the diffusional permeability (P,) for water
across the membrane decreased and became no dif-
ferent from one. Whittembury et al. (1984); Pratz,
Ripoche and Corman (1986); Verkman and Wong
(1987) and Whittembury, Carpi-Medina and Gonza-
lez (1987) have also reported inhibitory effects of
PCMBS on water transport concomitant with an in-
crease of E, and decrease of P,/P, ratio in kidney
proximal tubules.

We have already reported (Ibarra, Ripoche &
Bourguet, 1989) a PCMBS inhibition of water
movement through frog bladder stimulated by oxy-
tocin (OXY). This inhibition was accompanied by
an augmentation of the aggregate density in the api-
cal membrane. Our findings closely parallel those
reported by Hoch et al. (1989) in toad bladder and
confirm the hypothesis that PCMBS directly blocks
the ADH-induced water channels in frog bladder.

The present study was focused on the effect of
PCMBS on osmotic and diffusional water perme-
abilities (ratio P;/P,) and on the transepithelial urea,
Na*, ClI7, K and other small solute movements.
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We found that PCMBS present in the mucosal
bath of the oxytocin-stimulated bladder inhibits wa-
ter permeability while the AP/AP,ratio remains un-
changed. The inhibitory action of PCMBS extends
to urea and Na'* permeabilities to different time
courses with respect to water. Our studies suggest
that PCMBS reacts with the apical sulfhydryl
groups associated with the ADH-sensitive water,
urea and Na* transport systems and, in different
ways, modifies their function. For the water chan-
nels, this mercurial compound would appear to re-
duce the number of operative units in the apical
membrane.

Materials and Methods

Frogs (Rana esculenta) were kept at 20°C in running tap water
for at least five days before the experiments. Urinary bladders
were removed and mounted horizontally on a nylon mesh be-
tween two Lucite chambers, the mucosal border facing down-
wards. The exposed bladder area was 3.1 cm? The serosal bath
was a saline solution (2 ml) containing (in mm): NaCl 112; KCI 3;
CaCl, 1; NaHCOs 2.5; at pH 8.1 when aerated. The mucosal bath
(12 ml) was a MES(Q2(N-morpholino)ethanesulfonic acid) (20
mm)-Tris (Tris hydroxymethyl aminomethane) buffer at pH 5.0.

Diffusional permeability coefficients of electrolytes and
nonelectrolytes were determined as previously described (Leaf
& Hays, 1962). Briefly, radiotracers were added to the mucosal
medium up to a final concentration of 1 uCi/ml. The serosal bath
solution was then completely removed at 2-min intervals and
replaced with fresh unlabeled solutions. Unidirectional fluxes
(Jms) Were estimated from the rate of isotope appearance in the
serosal medium. The permeability coefficients (P, cm/sec) were
calculated from the J,,, and the applied concentration in the mu-
cosal medium. Diffusional water permeability coefficient (P,),
obtained from unidirectional water fluxes, was corrected for un-
stirred layer effect as in previous studies (Parisi & Bourguet,
1983). The net water flux (J,,) was recorded minute by minute as
described by Bourguet and Jard (1964). The osmotic permeability
coefficient (Py) was calculated from J,, and the applied osmotic
gradient.

In short-circuit current (I,.) experiments, bladders were
mounted vertically between two Lucite chambers. The serosal
solution contained, in addition to the previously mentioned com-
ponents, 10 mMm glucose and the mucosal bath contained MES-
Tris buffer at pH 5.0 with 10 mm NaCl. The bladders were aer-
ated continuously. Transepithelial electrical potentials (V) and
short-circuit current were measured by the usual techniques
(Spooner & Edelman, 1976). To evaluate the time course evolu-
tion of I, the ratio between each recorded I and the I value
recorded at the beginning of the experiment (I,(#)/I,.(0)) was
calculated for each bladder. Transepithelial total resistance (R))
was calculated as the ratio of open circuit V, to I.. To analyze R,
changes, R(f)/R/0) were also calculated.

Radioactive chemicals used in this study were obtained as
follows: SHOH, “C-urea and %Cl from CEN-Saclay, France; “C-
mannitol, “C-a-methyl glucose, “C-caffeine, “C-antipyrine and
2Na from Amersham, UK; "C-raffinose from NEN, FRG.

PCMBS (p-chloromercuribenzene sulfonate) was obtained
from Sigma, St. Louis, MO. Oxytocin (Sandoz, Switzerland)
was employed as an antidiuretic hormone analog.
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Fig. 1. Effect of PCMBS on the unidirectional water flux stimu-
lated by oxytocin (2.2 x 1078 m). PCMBS (5 mm) was added to
the mucosal bath of one hemibladder at the peak of the oxytocin
response (@), the other hemibladder was used as control (only
MES-Tris buffer at pH 5.0 in the mucosal bath) (O). Each curve
is the mean of seven experiments and the vertical bars corre-
spond to the standard error of means (SEM)

Results

INHIBITION OF UNIDIRECTIONAL WATER FLUXES
BY PCMBS

Unidirectional water fluxes (J,,) were measured in
oxytocin (2.2 X 1078 M) stimulated bladders bathed
with MES-Tris buffer pH 5.0 on the mucosal side.
In a previous paper (Ibarra et al., 1989) we reported
that MES-Tris buffer pH 5.0 in the mucosal bath did
not modify either water permeability or the hydros-
motic response to ADH. MES-Tris buffer at pH 5.0
was employed for two reasons: (/) PCMBS inhibi-
tory effects are only observed at low pH, and (i)
the use of a nonpermeant buffer in the mucosal bath
prevents cell acidification from having an inhibitory
action on the response to ADH as previously de-
scribed (Parisi, Wietzerbin & Bouguet, 1983). The
effects of 5 mm mucosal PCMBS are shown in Fig.
1 (mean curve of seven experiments). Before
PCMBS treatment, the J,,; values measured in the
presence of oxytocin, were similar to those previ-
ously reported when Ringer solutions (pH 8.1)
bathed both sides of the hormone-stimulated blad-
ders (Parisi et al., 1979). In the presence of PCMBS,
a progressive inhibition of J,,, was observed. Since
the same degree of inhibition was found when the
effects of PCMBS on the net water flux were mea-
sured in the same experimental conditions (Fig. 3 in
Ibarra et al., 1989), it was interesting to determine
both unidirectional and net water fluxes in the same
bladder at different times before and after PCMBS
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Table 1. AP/AP, values at different times before and after
PCMBS addition®

AP;/AP,
t Before t After
(min) PCMBS (min) PCMBS
0 18 10.9
2 14.0 22 19.7
4 12.3 26 18.0
6 21.7 30 13.2
8 18.9 34 18.5
10 18.8 38 12.4
12 13.5 42 1.5
14 9.8 46 15.6
16 9.7 50 11.2
54 12.1
58 11.0
X * sEMm: 4.8 =15 14.0 + 0.7

4 Mean of three experiments.

Atz = 0, oxytocin (2.2 X 107® M) was added in the serosal bath.
After 16 min of hormonal stimulation, 5 mm PCMBS was added
in the mucosal bath.

treatment, to compare the evolutions of the corre-
sponding diffusional and osmotic permeabilities
during PCMBS action.

ErrecT OF PCMBS ON THE AP//AP; RAaTIO

Unidirectional and net water fluxes were simulta-
neously measured in three bladders stimujated by
oxytocin, before and after addition of PCMBS to
the mucosal bath. Diffusional permeability (Py) and
osmotic permeability (Pf) coefficients were calcu-
lated from the corresponding unidirectional and net
water fluxes. The results obtained are shown in Fig.
2. PCMBS (5 mm) significantly decreased both per-
meabilities with similar time evolutions. There was
a 50% inhibition of diffusional permeability after 6
min of PCMBS incubation and of osmotic permea-
bility after 10 min incubation. It has been suggested
that the AP,/AP ratio indicates the physical state of
the water permeation pathway; it is therefore im-
portant to ascertain whether this ratio is modified
by the presence of the inhibitor. At various intervals
before and after PCMBS treatment therefore, AP,
and AP, (APrand AP, being the differences between
the permeability values at a given time after oxyto-
cin stimulation and at zero time) were calculated
and compared. The results are shown in Table 1. In
the presence of PCMBS, the AP,/AP, ratio main-
tained approximately constant high values (range:
10-20), similar to those obtained before PCMBS ad-
dition.
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Fig. 2. Inhibition of the osmotic (P;) and diffusional (P,) water
permeability by PCMBS. Two fragments of the same bladder
were bathed with Ringer solution, pH 8.1 (serosal side) and
MES-Tris solution, pH 5.0 (mucosal side). Unidirectional and
net water fluxes were simultaneously measured in each fragment
and the diffusional (@) and osmotic (O) permeabilities were cal-
culated. At the maximal hydrosmotic response to oxytocin, 5
mM PCMBS was mucosally added to one fragment (circles)
whereas the other was maintained without PCMBS (control,
squares). Each curve is the mean of three experiments

ErrFect oF PCMBS onN
THE UNIDIRECTIONAL WATER MOVEMENT
IN FIXED URINARY BLADDERS

Bladders exposed on the serosal and mucosal sur-
faces, to 2.5% glutaraldehyde for 20 min after oxy-
tocin challenge remain highly permeable (Jard et
al., 1966; Eggena, 1972). This phenomenon is illus-
trated in Fig. 3: bladders fixed in the presence of
oxytocin, remained permeable to water even in the
absence of hormone. After fixation, the bladders
were carefully rinsed and the serosal and mucosal
sides bathed with Ringer solution at pH 8.1 and
MES-Tris solution at pH 5.0, respectively.

Net and unidirectional water fluxes were simul-
taneously measured before and after adding 5 mm
PCMBS to the mucosal bath. It was observed that
in these conditions PCMBS failed to depress either
net or unidirectional water fluxes (Fig. 3).

ErFect oF PCMBS
ON UNIDIRECTIONAL MucoSAL
TO SEROSAL UREA MOVEMENT

It is well known that the presence of antidiuretic
hormone stimulates urea movement across the uri-
nary bladder (Leaf & Hays, 1962; Parisi & Candia,
1977). When 5 mm PCMBS was added to the muco-
sal bath 40 min after oxytocin stimulation, the urea
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Fig. 3. Influence of fixation on PCMBS inhibition. Three blad-
ders were fixed by 2.5% glutaraldehyde (20 min, mucosal and
serosal sides) following exposure to oxytocin (2.2 X 1078 m).
After stabilization of the fluxes, 5 mm PCMBS was added on the
mucosal side. Net (O) and unidirectional (@) water fluxes were
measured

permeability (Py.,) dropped significantly to approx-
imately 50% of the control value in about 7.5 min
(Fig. 4b). This inhibition was greater and faster than
that observed in the case of water (Table 2). Inhibi-
tory effects on the P,., were also observed at
PCMBS concentrations 10 times more dilute (Fig.
44) but in these conditions there was no significant
effect of PCMBS on the oxytocin-induced water
permeability in these bladders (Table 2). An inter-
esting observation was the difference in the time
courses of the hormonal responses of P, and Pye,.
In the case of water permeability, we confirmed the
sigmoidal curve previously reported (Parisi et al.,
1979). The half time of the response to oxytocin was
5.8 = 0.3 min (Fig. 4). For P,., however, measured
in the same bladders, we recorded the same sigmoi-
dal curve but starting significantly later (half time
of the oxytocin response 18.1 = 0.4 min, n = 7)
(Fig. 4).

ErFects oF PCMBS oN IoNic MOVEMENTS

At the same time as inhibiting the water and urea
permeabilities PCMBS might also alter the ionic
transfer across urinary bladders. To test this pos-
sibility, we studied the short circuit current ([),
transepithelial resistance (R,) and Na*, Cl-, and
Rb™* permeabilities in the presence and absence of
PCMBS.

Effect on the I, and R,

Figure 5 shows the mean values for I, and R, in
three experiments in which 5 mMm PCMBS was

Table 2. Comparison of the percentage and half time PCMBS
inhibition between water and urea permeabilities

PCMBS 0.5 mMm PCMBS 5 mMm

n % inhibition ¢, (min) % inhibition ¢, (min)

7x2 ND 41 = 2
85+07 732

13504
7.5+0.5

Water 3
Urea 3 475

% of inhibition of water and urea permeability after 30 min of
treatment by PCMBS.

added to the mucosal bath (pH 5.0) of oxytocin-
stimulated bladders. The addition of the mercurial
compound followed an oxytocin stimulation of 12
min. The effects of PCMBS on I, and R, are ex-
pressed in terms of the time-normalized ratios I (¢)/
I,.(0) and R,(¢)/R0). A gradual decline of I,.(r)/I,.(0)
ratio was observed, it reached negative values
about 30 min after the beginning of PCMBS treat-
ment. The diminution of I, was accompanied for
approximately the first 10 min by an increase of the
R(t)/RA0) ratio, after which R, decreased progres-
sively to 40% of the control values 30 min later.

Effect on the Unidirectional Na* Movement

To test whether the PCMBS effects on I, and R, are
related to Na® transport, the Na* unidirectional
fluxes were determined with 10 mM Na® in the mu-
cosal compartment. After a 10-min equilibration pe-
riod, the bladders were exposed to oxytocin for 10
min. Thereafter 5 mm PCMBS was added to the
mucosal bath for 60 min. Fig. 6 shows the mean
curve of four experiments. As expected, there was
a significant increase of Na* transfer after oxytocin
stimulation. This increase was totally abolished 4
min after the PCMBS treatment, after which the Py,
values remained approximately constant to the end
of the experiments.

Effect on the Unidirectional CI- Movement

To determine whether PCMBS altered the trans-
epithelial C1- movement across the bladder, unidi-
rectional Cl- fluxes from mucosal to serosal baths
were measured before and after PCMBS treatment.
The results are expressed in terms of Cl~ permeabil-
ity (Pc) and the mean curve for 10 experiments is
shown in Fig. 6. After oxytocin addition, Cl~ unidi-
rectional fluxes had a tendency to increase but this
was not significant. When PCMBS was added to the
mucosal bath, two significant effects were ob-
served: an initial diminution of the P¢ values (by
50% in about 6 min) and then a gradual increase
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Fig. 5. Time course of the effect of PCMBS on transepithelial
resistance (O) and short-circuit current (filled circles). PCMBS (5
mM) was added to the mucosal bath after 12 min of oxytocin
stimulation. The resistance was calculated as the ratio of the
spontaneous V,/I,.. Mean curve of three experiments

reaching three times the resting values 60 min after
the beginning of PCMBS treatment.

Effect on the Unidirectional Rb* Movement

Unidirectional K* movement across the frog blad-
der estimated from the transfer of Rb™ as a radioac-
tive label, was also studied in the presence and ab-
sence of 5 mM PCMBS. The results are plotted as a
function of time in Fig. 6. No differences in the Rb*
permeability (Pg;,) were observed before and after
60 min of PCMBS treatment.

Concomitant measurements of unidirectional
water fluxes in the chamber in which the permeabil-
ity of Na*, Rb*, or ClI- were studied, showed the
usual inhibition in the presence of PCMBS.

Time (min)

Fig. 6. Effects of PCMBS on the ionic permeabilities (P) in the
presence of oxytocin. Unidirectional ionic fluxes were measured
in two fragments of the same bladder. After 12 min of incubation
by oxytocin (2.2 x 107% M), 5 mM PCMBS was added in the
mucosal bath of the experimental fragment. Mean curve repre-
sents 10, 4 and 3 experiments, respectively, for CI~, Na*, and
Rb*. Vertical bars are SEM

Errect oF PCMBS oN THE DIFFUSION
oF HYDROPHILIC AND LIPOPHILIC SOLUTES

Hydrophilic Solutes

The effects of 5 mm PCMBS on the movement of
hydrophilic solutes were determined by the same
protocol as that used in the study of water move-
ments. With none of the solutes studied was the
permeability increased by oxytocin (Fig. 7). More-
over, there was no iphibition of the raffinose, man-
nitol and a-methyl-glucose permeabilities (P) after
PCMBS addition. Indeed, a small but consistent in-
crease in the transfer of these solutes in untreated
bladders was found in all cases. These increases
became significant after 26 min of PCMBS incuba-
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Fig. 7. Effect of PCMBS on the diffusional permeability coeffi-
cient of hydrophilic and hydrophobic solutes. Unidirectional mu-
cosal to serosal fluxes were determined in bladders stimulated by
oxytocin (2.2 X 107% m) before and after 5 mm PCMBS added in
the mucosal bath. Each curve is the mean of the following blad-
ders: three for caffeine, three for antipyrine, three for a-methyl-
glucose, 13 for mannitol and nine for raffinose. Vertical bars
correspond to SEM

tion for the raffinose (nine experiments) and manni-
tol (13 experiments) and after 44 min incubation for
a-methyl-glucose (three experiments) (Fig. 7).

Lipophilic Solutes

The diffusion of lipophilic solutes across the blad-
der was determined by the same method as hydro-
philic solutes. Caffeine and antipyrine were chosen
as lipophilic solutes since their oil/water partition
coefficients are greater than 1 X 1073, For these
solutes, oxytocin produced a small increase of their
permeability values (Pietras & Wright, 1974). After
addition of PCMBS, a gradual increase of both per-
meabilities, only significant after 60 min of treat-
ment was observed (Fig. 7, mean curve of three
experiments for each solute).

In both series of experiments, unidirectional
water fluxes determined simultaneously in the same
chambers showed the previously described inhibi-
tion by PCMBS.

Discussion

Previous studies on the amphibian urinary bladder
have shown that PCMBS decreases the water os-
motic flux induced by oxytocin while maintaining
the intramembrane particle aggregates (IMA) on the
surface of the apical membrane (Hoch et al., 1989;
Ibarra et al., 1989). In the present study we have

characterized the effects of this mercurial agent on
the water pathway.

Strong evidences indicate that in ADH-sensi-
tive epithelia, the hormone induces the appearance
of a new water pathway in the apical membrane.
After ADH action, both, osmotic (Py) and diffu-
sional (P;) permeabilities increased and P,/P, ratio
became significantly higher (11 < P/P, < 18) than
in absence of the hormone (P¢/P,; = 1) (Parisi &
Bourguet, 1983; Levine, Jacoby & Finkelstein,
1984). It has been suggested that this ratio would
indicate the functional state of the water channels
present in the apical membrane of ADH-stimulated
cells. A P¢/P, ratio much more than one has also
been found in red cells (Moura et al., 1984) and
kidney proximal tubules (Verkman & Wong, 1987),
even though the experimental approach was com-
pletely different, supporting the hypothesis of the
existence of water channels in these preparations.

When PCMBS was applied to the mucosal side
of oxytocin-stimulated bladders, this mercurial
compound inhibited the increase of the diffusional
(P4) and osmotic (Py) water permeabilities induced
by the hormone while the AP;/AP, ratio remained
constant between 10 to 20. Similar inhibition has
been reported in the red cells (Macey, 1984; Moura
et al., 1984). In these cells, P and P, were propor-
tionally reduced whereas the activation energy for
water transfer increased up to the values observed
in nonporous lipid membranes (see Finkelstein,
1987). These authors advanced the hypothesis that
PCMBS closes down the water pores present in the
cell membrane in an all or none manner. Accepting
that PCMBS does not alter the lipid bilayers (see
below}, our results in frog bladder confirm this hy-
pothesis.

In order to analyze the specificity of the
PCMBS inhibition on the water permeability, we
have examined the PCMBS influence on the other
transport systems.

PCMBS also inhibits the urea transfer but with
a time and concentration dependence different from
those observed in the case of water. Although water
and urea transports are strongly stimulated by oxy-
tocin in amphibian bladder, certain evidence indi-
cates that urea crosses the membrane by special
facilitated diffusion pathways and that it is not
transported by water channels (ILevine, Franki &
Hays, 1973; Parisi & Candia, 1977; Eggena, 1983).
In our studies, PCMBS inhibits urea movement
much more rapidly and at a much lower concentra-
tion than it does water movement, suggesting that
the two pathways are distinct. Thus, the fact that
PCMBS inhibits both transport systems would ap-
pear to be related to the high reactivity of organic
mercurials with sulfhydryl groups and their pres-
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ence in various transport systems. In red cells, simi-
lar effects of PCMBS on both water and urea per-
meabilities have been reported (Macey & Farmer,
1970; Solomon et al., 1983).

For Nat transfer, however, our results are dif-
ferent from those found with erythrocytes (Rega,
Rothstein & Weed, 1967, Grinstein & Rothstein,
1978). We found that the increase in the Na* influx
induced by oxytocin (Frazier, Dempsey & Leaf,
1962) was inhibited 4 min after the addition of
PCMBS to the mucosal bath. During this period, a
decrease in the I, and an increase in the R, was
recorded. Earlier studies in amphibian tight epithe-
lia showed a stimulation of apical Na* permeability
with 10 to 50 times lesser PCMBS concentration.
These effects were attributed either to specific mod-
ifications of luminal sulthydryl groups associated
with Na™ transport, in the toad bladder (Spooner &
Edelman, 1976) or to increases of conducting Na*
channels by Na* self-inhibition removal, in the frog
skin (Li & Lindemann, 1983). In our preparations, 5
mmM PCMBS at pH 5.0 produces an inhibition more
than a stimulation of the Na* permeability. A possi-
ble explanation is that PCMBS at this concentration
may directly and deeply alterate the Na* channels
structure. Nevertheless, it is not clear whether
these alterations also affect the Na* pumps located
in the basolateral cell membrane. The fact that
PCMBS penetrates very poorly and slowly into the
cell (Frenkel, Ekblad & Edelman, 1975) and that it
totally inhibits the hormone-stimulated Na* transfer
in 4 min, point to an action of the drug on the lumi-
nal Na* channel.

An unexpected finding in these studies was the
significant effects of PCMBS on the Cl~ permeabil-
ity. There was a significant diminution in CI~ trans-
fer during the first 6 min after PCMBS addition,
followed by a gradual increase in this parameter.
CI- influxes were not measured under short-circuit
conditions. Thus, the initial reduction in the Cl-
transfer induced by PCMBS would probably well
reflect the inhibitory action of PCMBS on Na*
transport. In addition to this indirect effect, our
results suggest that PCMBS increases the paracellu-
lar Cl~ pathway described by Civan and DiBona
(1977) as the principal route for chloride in toad
bladder. Moreover, the PCMBS effect appears to be
specific for anions, since Rb*™ and Na* permeabili-
ties remained constant during the significant in-
crease in the C1- movement. Since a Cl~ conduc-
tance has been found in the apical membrane of
amphibian epithelial cells (Navarte & Finn, 1980;
Nelson, Tang & Palmer, 1984) an effect of PCMBS
on the transcellular CI~ pathway, possibly across
mitochondria-rich cells, cannot be excluded.

The movements of a number of nonelectrolytes

in addition to urea were also affected by PCMBS,
but in all cases there was an increase rather than a
reduction in the permeability coefficients. Further-
more these effects became significant within 25-45
min after the beginning of PCMBS treatment. The
tested molecules were hydrophilic (raffinose, man-
nitol and a-methyl-glucose) or lipophilic (caffeine
and antipyrine). These nonelectrolytes are recog-
nized as probes of membrane structure (Pietras &
Wright, 1974). The fact that PCMBS did not modify
their permeabilities during the first 26 min of treat-
ment indicates that the hydrophilic and lipophilic
selectivity of the membrane remained virtually un-
changed during this period of time.

In conclusion, the present results show that
PCMBS dramatically inhibits the osmotic and diffu-
sional] water permeabilities but has no effect on the
AP¢/AP,; ratio. These findings, together with the
persistence of the IMA in the apical membrane
(Ibarra et al., 1989), suggest that this mercurial
compound closes the water channels in an all or
nothing manner. PCMBS also inhibits other specific
transport systems such as urea and Na*. Although
the time course of inhibition was different from that
of water permeability, all these actions were ob-
served during the first 26 min after PCMBS addi-
tion. After this time, the general permeability prop-
erties were altered, as it is shown by the hydrophilic
and lipophilic permeability studies.

We wish to thank Mrs. Michelle Lucarain for drawing and pre-
paring the manuscript and Mrs. Bethy Maetz for improvements
to the text.
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