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Summary. The effect of quinidine on Na and H~
transport by the turtle bladder and water transport
by the toad bladder was examined. Quinidine inhib-
ited the short-circuit current and the potential differ-
ence in a dose-dependent fashion. The effect of quini-
dine on the short-circuit was not dependent on ex-
tracellular calcium concentration and was not revers-
ible with removal of the drug. Quinidine inhibited
H™* secretion in a dose-dependent fashion. The effect
of quinidine on H™ secretion also was not dependent
on extracellular calcium concentration and was not
reversible, either with removal of the drug or with
stimulation of H' secretion with 5% CO,. The effect
of quinidine on Na or H* transport could not be
elicited by an equivalent dose of tetracaine, suggesting
that the inhibitory effect of quinidine is not dependent
on its anesthetic properties. Quinidine also inhibited
vasopressin and cyclic AMP stimulated water flow
in the toad bladder. Quinidine did not alter calcium
uptake by the turtle bladder but increased calcium
efflux by the turtle and toad bladders. These observa-
tions suggest that a rise in cytosolic calcium is re-
sponsible for the inhibitory effect of quinidine on
Na, H*, and water transport.

Quinine and its isomer quinidine are compounds well
known to cause skeletal muscle contraction and
smooth muscle relaxation [3, 5, 8, 11, 12]. These ef-
fects of quinidine and quinine are thought to result
from an increase in cytosolic calcium concentration
{3, 5, 8, 10, 11]. The evidence available supports the
concept that quinidine or quinine increases cytosolic
calcium concentration both by preventing calcium up-
take by intracellular organelles as well as by releasing
calcium accumulated by these organelles [3, 5, 8, 10,
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11]. Quinidine and quinine have been, therefore, ex-
tensively used in assessing the role of intracellular
calcium in the process of muscle contraction and re-
laxation [3, 5, 8, 10, 11].

The role of intracellular calcium in sodium trans-
port, urinary acidification, and water transport has
not been completely defined. In vivo studies aimed
at studying the role of intracellular calcium in these
processes are difficult to evaluate both because of
low permeability of cell membranes to calcium as
well as because of renal hemodynamic alterations
caused by hypercalcemia [1, 2, 24]. These hemody-
namic alterations can, by themselves, alter Na, H*
and water transport thus making it impossible to eval-
uate the direct role of calcium in these processes.
Based on studies utilizing the ionophore A23187, a
substance known to increase the permeability of artifi-
cal and living membranes to calcium, we as well as
other investigators have provided evidence for a role
of intracellular calcium over Na transport and urinary
acidification [1, 2, 24].

The bladder of the fresh water turtle and that
of the toad are capable of transporting Na and secret-
ing H' invitro[1, 2, 15, 18-22, 24]. The toad bladder
is also capable of water transport in response to vaso-
pressin [4, 7, 9]. These membranes are therefore 1deal
models in which to examine the factors influencing
Na, H* and water transport. In the present study
we examined the effect of quinidine, and inferentially
the role of intracellular calcium, on Na and H* trans-
port by the turtle bladder and on water transport
by the toad bladder.

Materials and Methods

Effect of Quinidine on Na and H' Transport

Urinary bladders of fresh water turtles were removed, divided in
two halves, and each hemibladder was mounted in a Lucite
chamber. The exposed area of the bladder was 8 cm?, and the
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results are expressed for this area. The two sides of the bladder
were bathed in 10 ml of bicarbonate and magnesium-free Ringer’s
solution containing the following composition in millimoles/liter:
NaCl, 114.4; KCl, 3.5; Na,HPO,, 2.0; dextrose, 5; and either
1.8 or 0.2, CaCl,. In all experiments the mucosa was bubbled
with compressed air which had been passed through three KOH
traps to remove all Co, and the serosa was bubbled with a gas
mixture containing 99% air and 1% CO,. The spontaneous poten-
tial difference (PD) was measured through the use of 3 m KCl-agar
bridges and calomel half cells which were connected to a Keithley
model 600B Voltmeter (Keithley Instruments, Cleveland, Ohio).
An automatic voltage clamp was used to supply enough current
via KCl-agar bridges and Ag-AgCl electrodes to nullify the sponta-
neous PD. The short-circuit current (SCC) was measured by a
Simpson microammeter. All experiments were performed in a short
circuited state. Bladders that failed to maintain a spontaneous
PD greater than 10 mV during the first hour were discarded. The
rate of Na transport was measured as the SCC. The rate of H'
secretion was measured as the SCC after the sodium transport
was completely abolished by 5 x 10”*M ouabain added to the sero-
sal side. Schwartz [19] has shown that the addition of ocuabain
to the serosa results in a reversal of SCC (mucosa positive-serosa
negative). The reverse SCC (RSCC) was identical to the rate of
H™ secretion measured by the pH-stat method. We have measured
the rate of H* secretion simultaneously with the pH stat method
and with the RSCC method and found it to be not significantly
different (pH stat — 25.0+2.64 and RSCC - 23.7+2.31 pA in
18 hemibladders). In the experiments reported here the RSCC
or the SCC was recorded cortinuously except for brief intervals
when the PD was measured. In all experiments the pH of the
mucosa was maintained at 7.4. The pH of the serosa was also
maintained at 7.4. After the RSCC or SCC was stable for at
least 30 min, quinidine hydrochloride (dissolved in turtle Ringer’s
solution) was added to either the serosal or mucosal side of one
hemibladder (experimental), and an equal amount of choline chlo-
ride was added to the serosal side of the other hemibladder (con-
trol). In some experiments cesium chloride, instead of choline chlo-
ride was added to the control hemibladder. No difference between
choline chloride or cesium chloride was noted, i.e., neither affected
SCC or RSCC. The RSCC or the SCC was measured continuously
for 90-120 min after the addition of the quinidine. In some experi-
ments in which the serosa was bubbled with 1% CO,, 5% CO,
was used after 2 hr in an attempt to reverse the effect of the
quinidine on the RSCC. In some experiments we attempted to
reverse the effect of quinidine on SCC or RSCC by washing the
serosal solution twice with fresh Ringer’s solution and observing
the SCC or the RSCC for an additional 60 min.

Effect of Quinidine on Water Flow

These experiments were performed on bladders isolated from toads,
Bufo marinus, obtained from Mogul Ed, and said to originate
from Mexico. Paired hemibladders were excised (one serving as
control and the other as experimental) and mounted as sacs on
glass tubing. The bladders were filled either with 5ml of diluted
Ringer’s solution (diluted 1:5) and suspended in bath containing
100 ml of full strength Ringer’s containing the following composi-
tion in mmol/liter: Na, 111.2; CI, 113; K, 54; Ca, 0.9; HPO,,
2.4; and H,PO,, 0.6; dextrose, 5; pH 7.4; osmolality, 220 mOsm/
kg H,O. The bathing solution in which the bladders were
suspended was fully aerated with compressed air and vigorously
stirred. Water flow was measured gravimetrically at 30-min inter-
vals; the bladders were removed from the bathing solution, blotted
gently, and weighed on a Mettler scale. After an equilibration
period two baseline weight measurements at 30-min intervals were
obtained. Quinidine hydrochloride diluted in Ringer’s solution was
then added to the serosal solution and an equal amount of dilyent
was added to the control hemibladder. After two additional weight

measurements, at 30-min intervals, vasopressin (20 mU/mi) or cy-
clic adenosine monophosphate (AMP) (10 mu) was added to the
serosal solution of both control and experimental hemibladders:
weight loss was measured at 30 min after the addition of vasopres-
sin or cyclic AMP. Weight changes were corrected for the surface
area of hemibladders by assuming that each hemibladder rep-
resented a perfect sphere.

Radioactive Calcium Uptake and Calcium Efflux

These experiments were performed on the stripped mucosa of the
turtle bladder utilizing the method of Nagakawa et al. [15] to
separate the mucosa from the remaining tissues. For the calcium
uptake experiments, all hemibladders were preincubated in 10 ml
of oxygenated turtle Ringer’s solution containing 5x 10”* M oua-
bain for 10 min. The hemibladders were incubated for an additional
10 min. After 10 min of incubation with either the quinidine or
the diluent 0.5-0.9 uCi of *3CaCl, was added and afier 5 min
of exposure 1o “*Ca the hemibladders were removed, blotied, and
digested in ! ml of 1x NaOH overnight. The dissolved tissue
was neutralized in 200 ml of 5 5 HCl and in 10 ml of Scintiverse
(Fisher Scientific). Aliquots of the digested tissue were removed
for determination of protein and counting in a liquid scintillation
counter. Appropriate corrections for quenching and machine effi-
ciency were made. Based on the specific activity of **Ca in the
incubation medium and in the tissue **Ca uptake was calculated
and the results are expressed in nmol/mg protein per 5 min. The
method utilized to measure calcium efflux was adapted from the
method utilized previously by one of us to measure calcium efflux
in the heart {17]. For the efflux measurements the hemibladders
were loaded for 30 min in S ml of oxygenated tustle Ringer’s solu-
tion containing 0.9 uCi/ml of *Ca. After this time, the tissues
were removed and passed sequentially through a series of pre-
washed scintillation vials containing 5 ml of nonradioactive turtle
Ringer’s solution which was continuously oxygenated. The efflux
was measured at 1-min intervals during the first 10 min, and then
at 15, 20, 25, and 30 min, and thereafter at 10-min intervals until
120 min had lapsed. During the first 5 min the experimental hemi-
bladders were not exposed to quinidine; after this time all subse-
quent vials of experimental hemibladders contained 107%™ quini-
dine. 1 ml aliquots were dissolved in 10 ml of Bray’s solution (Iso-
lab) and counted in a liquid scintillation counter. The amount
of “5Ca remaining in the tissue at the end of the experiment was
determined as described above. Appropriate quenching corrections
were made. The amount of *°Ca effluxed relative to the 1 min
count was calculated and expressed per mg protein per min. Identi-
cal experiments were performed in the toad bladder except the
whole bladder, rather than mucosa, was used.

Quinidine hydrochloride, tetracaine, dinitrophenol, and cyclic
AMP were obtained from Sigma Co. (St. Louis, Mo.), and vaso-
pressin from Parke Davis. The data were normalized by expressing
the experimental values of Na or H* transport as percentage of
baseline values [1, 2, 24]. Unless otherwise specified, the data of
Na and H* transport refer to values obtained before and 90 min
after addition of quinidine or other drugs. The data on water
transport refer to values obtained 30 min after addition of AVP.
Data are presented as mean+seM. The ¢ test for paired and
unpaired groups was used to analyze the data wherever appropti-
ate.

Results

Effect of Quinidine on Na Transport

The effect of quinidine, 10™ > M in the serosal solu-
tion, on Na transport (measured as the SCC) is shown
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Fig. 1. Left panel shows SCC, expressed as
percentage of baseline values, in control
(open circles) and quinidine, 10™%*M in the
serosal solution, treated hemibladders (filled
circles) (n=6). The right panel shows the
percent inhibition of SCC observed with
different concentrations of quinidine in the
serosol solution.
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in Fig. 1 (left panel). The SCC is expressed as percent-
age of the baseline values. There was no difference
in the baseline values of SCC between the two sets
of hemibladders (3714 56.7 and 382+23.2 nA, NS).
In control hemibladders SCC and PD remained
unchanged throughout the duration of the experi-
ment. In the hemibladders treated with quinidine the
SCC decreased significantly at 30 min, achieving a
mean value of 24.6+10.5%, P<0.01 as compared
to control hemibladders, at the end of 2 hr. The de-
cline in SCC in the quinidine treated hemibladders
was accompanied by a proportionally smaller de-
crease in PD thus leading to an increase in resistance
(PD27.6+7.0 vs. 16.44+5.35 mV, P <0.05). The effect
of quinidine on Na transport could not be reversed
by washing the serosal solution free of quinidine. Re-
moval of quinidine, however, prevented a further de-
cline in the SCC.

At 1077 and 10” %M, gquinidine inhibited SCC
to 58+4.3% and to 654+59% of baseline values,
respectively (P <0.001, n=5) (Fig. 1, right panel). The
effect of quinidine on Na transport in the presence
of a low extracellular calcium concentration (0.2 mm,
n=3) was also examined. The mean depression of
the SCC elicited by 10™ °* M quinidine after 90 min
was the same magnitude in the presence of 1.8 mm
Ca as in the presence of 0.2 mM Ca (30+9.0% uvs.
42 +3.2%, NS). Thus the inhibitory effect of quini-
dine on SCC is not dependent on extracellular calcium
concentration.

Addition of 1073 M quinidine in the mucosal so-
lution also resulted, after 90 min, in a decrease in
SCC and in PD, whereas in the control hemibladders
the SCC and PD remained unchanged (control

QUINIDINE CONCENTRATION(M)

91.6+3.7 and quinidine 26 +7.4%, n=35, P<0.001;
control PD 31.4+8.5 to 28.4+8.3 mV, NS; quinidine
48.4+7.61023.0+7.0 mV, P<0.01). Addition of qui-
nidine to the serosal solution of hemibladders pre-
treated with quinidine in the mucosal solution did
not yield an additive effect.

Effect of Tetracaine on Na Transport

Anesthetic agents have been shown to influence trans-
epithelial transport [14]. Since quinidine has an anes-
thetic effect, we examined whether tetracaine, a com-
pound well known for its anesthetic properties, would
inhibit Na transport at a dose of 1073M. At this
concentration tetracaine failed to alter SCC (control
92+ 10.7 and tetracaine 84+4.5%, n=>5, NS).

Effect of Dinitrophenol on Na Transport

These experiments were performed to determine
whether quinidine inhibits Na transport by uncou-
pling oxidative phosphorylation. Dinitrophenol was
added to either control hemibladders or to hemiblad-
ders pretreated with quinidine (n=5). There was no
difference in the baseline SCC between the two sets
of hemibladders. The decline in SCC is expressed
as percentage ratio of the experimental period divided
by the preceding period. Dinitrophenol alone,
10™ * m, added to the serosal solution caused a signifi-
cant depression in SCC which achieved a stable value
of 58.7+£64%, P<0.01, by 30 min (n=>5). Addition
of quinidine, 10™ * M in the serosa, resulted in a de-
pression of SCC to 54.8+11.5, P<0.01, at 60 min.
Addition of dinitrophenol, 10~ * M in the serosal so-
lution, resulted in further depression of SCC achiev-
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ing a value of 24.6+10.0%, P<0.05, 30 min after
addition of dinitrophenol. Thus dinitrophenol inhibits
SCC in both control and quinidine-treated hemiblad-
ders.

Effect of Quinidine on H" Secretion

The effect of quinidine, 107° ™ in the serosa, on
H™ secretion (expressed as a percentage of baseline
values) is shown in Fig. 2 (left panel). There was no
difference in the baseline rate of H secretion between
the two sets of hemibladders (34.3+3.8ws.
36.7+5.0 uA, n=11, NS). At 30 min H" secretion
was significantly lower in quinidine-treated hemiblad-
ders than in controls; H' secretion continued to de-
cline, achieving a maximum inhibition to 45.5+6.3%
of baseline values, P<0.001 at 90 min. Removal of
the quinidine by washing the serosal solution with
fresh Ringer’s solution did not reverse the inhibitory
effect of this compound on H* secretion, but it
prevented a further decline in H” secretion. Addition
of 5% CO,, a potent stimulator of H™ secretion,
to the serosal phase resulted in a significant increase
in H* secretion in control hemibladders but failed
to elicit the same response in the quinidine treated
hemibladders (control 139.24+14 and quinidine
45410.2%, n=5, P<0.01).

The right panel of Fig.2 shows the effect of
various concentrations of quinidine in the serosal so-
lution in H* secretion. At 107> M quinidine failed
to inhibit H* secretion (3.0+6.0%, n=35, NS). The
mean inhibition of H* secretion, as compared to con-
trols, was 29+6.6% at 107* M, n=>5, P<0.025, and
534+7.6% at 1073 M, n=11, P<0.001.

QUINIDINE CONCENTRATION (M)

In the presence of 0.2 mMm calcium, 1073 M quini-
dine caused a significant decrease in H* secretion
as compared to controls (control 90 +4.5% vs. quini-
dine 39 +3.2%, at 90 min after addition of quinidine
n=25, P<0.001). The mean inhibition of H™ secretion
observed with 107 ° M quinidine in the presence of
1.8 mm Ca (Fig.2) was not significantly different
from that observed in the presence of 0.2mm Ca.
The addition of 107 ° M quinidine to the mucosal
solution resulted only in a small decrease in H™ trans-
port after 90 min (control 89+2.8 and quinidine
764+6.7%, n=3, P<0.025).

Effect of Tetracaine on H™ Secretion

Addition of 10” ® M tetracaine to the serosal did not
alter H* secretion (control 95+4.9, tetracaine
97+ 1.3%, n=>5, NS). There was no difference in the
baseline rate of H™ secretion between the two sets
of hemibladders (30.4+6.8 vs. 32.2+6.0 pA, NS).

Effect of Dinitrophenol and Quinidine on H* Secretion

Dinitrophenol, 10" *M in the serosal solution,
resulted in a significant decrease in H* secretion (con-
trol 84.2+5.1%, dinitrophenol 49.2+14.1%, n=35,
P<0.02). Baseline H" secretion was not different be-
tween the two sets of hemibladders (25.0+5.1 vs.
34.0+ 5.1 pA, NS). Addition of quinidine to dinitro-
phenol-treated bladders resulted in an additional de-
crease in H* transport from 492+14.1 fto
17.2+10.7%, P<0.01.
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Table 1. Effect of quinidine on baseline and vasopressin or cyclic AMP stimulated water flow

Quinidine n Water flow (pl/cm? /hr) % Inhibition
concentration
Baseline P< Stimulated
1 107* M 6 (¢ 5.140.65 0.005 177.6 +23.9
P< NS NS 59+ 5.8
C 4.6+0.90 0.001 185.6+15.8
I 1073%m 5 0 5.9+3.1 0.05 57.5+21.6
P< NS 0.025 65.5+11.22
C 23+1.0 0.005 178.0+24.2
111 5x1073Mm 6 o 4.2+1.7 NS 12.1+ 85
P< NS 0.005 92.3+ 6.1°
C 3.8+0.4 0.001 219.2428.0
IV 107 3m 5 Q 4.8+0.9 0.01 134.0+254
P< NS 0.02 26.84 6.8°
C 5.14+1.2 0.001 181.0+19.1
L II, IlT=AVP, 20 mU/ml, in the serosal phase; IV=cyclic AMP (10 mm in the serosa).
*  P<0.001 as compared to I.
®  P<0.05 as compared to I1.
¢ P<0.01 as compared to II.
n=number of experiments; @ =quinidine treated hemibladder; C'=control hemibladder.
Effect of Quinidine on Water Flow
O Control
The effect of quinidine on baseline and vasopressin- QUINIDINE A Quinidine 10 3M

stimulated water flow is shown in Table 1. Quinidine
had no effect on baseline water flow at three different
concentrations used; at 10”*M quinidine did not
alter the vasopressin-stimulated water flow. At
107 * M and 5 x10™ * M quinidine inhibited the vaso-
pressin-stimulated water flow by 65.5+11.2 and
92.346.1%, respectively. The water flow stimulated
by cyclic AMP was also inhibited by quinidine. Ob-
serve, however, that 107 %®M quinidine caused a
greater inhibition of vasopressin than cyclic AMP-
stimulated water flow (vasopressin 65.5+11.2% inhi-
bition and cyclic AMP 26.8+6.8% inhibition,
P<0.01).

Effect of Quinidine on Calcium Uptake and Caleium
Efftux

Quinidine, 10”3 M, failed to alter calcium uptake by
the turtle bladder (control 16.6+1.7, quinidine
17.34+ 1.9 nmol/mg protein per 5 min, n=6, NS). Fig-
ure 3 shows calcium efflux by control hemibladders
and by hemibladders treated with 10 ®> M quinidine
at S min. Addition of quinidine promoted a signifi-
cant efflux of calcium as compared to control hemi-
bladders. The effect of quinidine on calcium efflux
was also examined in the toad bladder. Identical re-
sults to those depicted in Fig. 3 were observed.
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Fig. 3. Shows **Ca efflux in control and quinidine, 10~ 3 M, treated
turtle hemibladders. Quinidine was added at 5 min and caused
a significant increase in calcium efflux (n=6).

Discussion

The bladders of the fresh water turtle and the toad
are capable of Na transport and urinary acidification
invitro [1, 2, 15, 18-22, 24]. The rate of Na transport
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which can be accurately assessed by the SCC [135],
is influenced by the availability of substrate and oxy-
gen, and mucosal Na concentration. When Na trans-
port is totally inhibited by ouabain the SCC reverses
and the mucosa becomes positive in relation to the
serosa [19]. This reverse SCC has been shown to be
the equivalent of the rate of H* secretion measured
with the pH stat technique {1, 19]. The reverse SCC
is thus an accurate measure of H* secretion. The
rate of H* secretion by the turtle bladder is influenced
by the availability of substrate and CO,, electrochem-
ical gradients and aldosterone [21].

The present experiments demonstrate that quini-
dine exerted a profound inhibitory effect on the SCC.
Thus inhibitory effect was dose dependent, not depen-
dent on extracellular calcium concentration, and not
readily reversible by removal of quinidine. The de-
crease in SCC was accompanied by a proportionally
smaller decrease in PD leading to an increase in resis-
tance of the membrane. Similar to its effect on Na
transport, quinidine also inhibited H™ secretion by
the turtle bladder. The inhibitory effect of quinidine
was dose dependent, not dependent on extracellular
calcium concentration, and not readily reversible by
either removal of quinidine or stimulation of H* se-
cretion with 5% CO, in the serosal phase.

In the turtle bladder the rate of H™ secretion in
the short-circuit state is independent of the rate of
Na transport provided CO, is available [18-21]. In
the present experiments H* secretion was measured
in the presence of CO, and substrate and in the ab-
sence of electrochemical gradients. Changes in these
parameters or in Na transport cannot therefore ac-
count for the inhibitory effect of quinidine on H™
transport. Among the known possibilities the inhib-
itory effect of quinidine on Na or H" transport could
be due to its effect on intracellular calcium, or to
its anesthetic properties. It is unlikely that the effects
of quinidine on Na or H™ transport is the result
of anesthetic action since tetracaine, a substance
known for its anesthetic properties, when used in
comparable concentrations to quinidine failed to alter
Na or H” transport.

The results of the present experiments demon-
strate that quinidine fails to inhibit calcium uptake
but enhances calcium efflux. Release of calcium from
intracellular organclles with a consequent increase in
cytosolic calcium is associated with an increase in
the rate of calcium efflux. Thus these observations
suggest that in the turtle bladder, as in the muscle,
quinidine increases cytosolic calcium concentration
and that the latter event is responsible for the inhibi-
tion of Na and H™ transport [4, 5, 8, 10, 12]. An
increase in cytosolic calcium concentration induced
by the ionophore A23187 has been reported to result

in a decrease in Na and H' transport {1, 2, 24).
The mechanism whereby an increase in cytosolic cal-
cium elicits these effects is not known.

We attempted to further clarify the mechanism
whereby quinidine inhibits Na and H* transport with
the use of dinitrophenol. Dinitrophenol uncouples ox-
idative phosphorylation and thus decreases the rate
of Na and H™ transport [22, 23]. We reasoned that
of quinidine inhibited Na and H* transport by un-
coupling oxidative phosphorylation, then it should
have no effect on Na and H™ transport in bladders
pretreated with dinitrophenol. The results presented
demonstrate that quinidine further inhibits Na and
H™ transport in bladders pretreated with dinitrophe-
nol, suggesting that the effect of quinidine on Na
and H™ transport is not likely the result of uncoupling
of oxidative phosphorylation. The results with dini-
trophenol and quinidine, however, have to be inter-
preted with caution since it is possible that quinidine
with dinitrophenol produced further uncoupling of
oxidative phosphorylation and thereby further
reduced H* and Na transport. It should be em-
phasized that the effect of quinidine on oxidative
phosphorylation remains controversial; in the heart
quinidine has been reported by some investigators
[6, 13] either to uncouple oxidative phosphorylation,
whereas other have failed to demonstrate such an
effect [13]. This issue is further complicated by the
possibility that an increase in cytosolic calcium may
in itself uncouple oxidative phosphorylation {16, 23],
and it is therefore difficult to ascertain whether quni-
dine previously inhibited calcium transport and then
led to uncoupling or whether it caused uncoupling
and then secondarily led to an increase in cytosolic
calcium. Additional studies are necessary to elucidate
this issue.

In addition to its inhibitory effect on Na and H™
transport, quinidine also inhibited vasopressin and
cyclic AMP-stimulated water flow in the toad blad-
der. The demonstration that quinidine inhibits both
vasopressin as well as cyclic AMP-stimulated water
flow indicates that quinidine also acts at a step beyond
the generation of cyclic AMP. It should be em-
phasized that quinidine caused a greater inhibition
of vasopressin than of cyclic AMP-stimulated water
flow, suggesting that the main inhibitory effect
precedes the generation of cyclic AMP. It would be
tempting to speculate that the inhibitory effect of
quinidine on water flow is also the result of an in-
crease in intracellular calcium concentration. A simi-
lar inhibition of vasopressin-stimulated water flow
has been observed when bladders were preincubated
with the ionophore A23187, an agent which increases
intracellular calcium concentration [9]. These obser-
vations suggest that a rise in intracellular calcium
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modulates the response of the toad bladder to vaso-
pressin and cyclic AMP.

It is important to point out that although a com-
mon mechanism, i.e., a rise in cytosolic calcium, is
being postulated to explain the inhibition of Na, H*
and water transport by quinidine, we do not know
the reason for the different sensitivities of Na, HY,
and water transport to the same concentration of
quinidine (Figs. 1 and 2 and Table 1).

In conclusion, quinidine, an agent which increases
cytosolic calcium concentration, inhibits Na transport
and urinary acidification by the turtle bladder and
also inhibits vasopressin-stimulated water flow in the
toad bladder. The data suggest that these findings
are mediated through a rise in intracellular calcium.
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