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Summary. We studied the effects of potassium-free media on 
processes related to the hydro-osmotic response of toad bladder 
to A D H  (20 mU/ml). Exposure of bladders to potassium-free 
media did not affect base-line osmotic water flow, but it 
promptly attenuated the level of osmotic water permeability 
induced by ADH. Both the frequency of hormonally induced 
intra(luminal)membrane particle aggregates (presumed sites for 
transmembrane water flow) and the number of luminal mem- 
brane fusion events (associated with aggregate delivery from 
the cytoplasm) were also reduced. Potassium-free media had 
no measurable effect either on cytoplasmic microtubule integri- 
ty or on mean aggregate size. Potassium repletion reversed the 
inhibitory effect of potassium-free media on ADH-related os- 
motic water permeability. For bladders fully stimulated with 
A D H  in the presence of potassium, subsequent bathing media 
depletion of potassium led to an inhibition of ADH-related 
water flow and to reductions in membrane fusion sites and 
aggregates. We confirmed that the inhibitory effect of potassi- 
um-free media on ADH-induced osmotic water permeability 
results from serosal bathing medium potassium depletion alone 
and occurs at a post-cyclic AMP site. In addition, we found 
that ADH-stimulated water permeability was attenuated in 
bathing media containing a low potassium concentration 
(0.5 raM). The data are consistent with the view that potassium- 
free media or media containing low levels of potassium inhibit 
ADH-enhanced osmotic water permeability in toad bladder by 
interfering with the process of or leading to membrane fusion 
required for the delivery of water-conducting structures to the 
luminal membrane. In addition, some of our results imply that 
aggregates may turn over during sustained ADH stimulation. 
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Introduction 

The isolated toad urinary bladder has been used 
extensively for studying the mechanism of action 
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of antidiuretic hormone (ADH). When ADH is 
added to the medium bathing the serosal surface 
of this preparation, the water permeability of cell 
membranes comprising the bladder's luminal sur- 
face is enhanced. Water movement occurs passi- 
vely in either direction across the bladder if a 
transbladder osmotic gradient is present. Under 
ordinary physiologic conditions the pathway for 
hormonally stimulated transbladder water flow is 
confined to granular cells alone [6, 7, 24]. 

ADH-enhanced toad bladder water permeabili- 
ty is a cyclic adenosine Y-monophosphate (cyclic 
AMP)-mediated phenomenon [12, 23]. Post-cyclic 
AMP processes leading to this permeability alter- 
ation are of current interest and are beginning to 
be more fully understood. For example, freeze- 
fracture studies indicate that consequent to both 
ADH and cyclic AMP treatment structurally orga- 
nized units of closely packed, linearly arranged in- 
tramembranous particles, termed "aggregates," 
appear in the luminal membrane of granular cells 
[2, 5, 19, 20]. Aggregates correlate specifically with 
and are markers of hormonally enhanced luminal 
membrane water permeability [2, 8, 13, 14, 16-21]; 
indeed they may be or contain actual sites for 
trans(luminal)membrane water movement. They 
are derived preformed from membranes of elon- 
gated tubules in the cytoplasm [22, 27]. The mem- 
brane fusion event leading to aggregate transfer 
to the luminal membrane depends on microtu- 
bules, while aggregate movement to areas in the 
luminal membrane remote to points of fusion 
seems to involve microfilaments [14, 22]. 

In the present investigation we combined physi- 
ologic and morphologic approaches to examine the 
effect of potassium-free media on the hydro-os- 
motic response of toad bladder to ADH. The re- 
sults suggest that exposure of toad bladder to po- 
tassium-free media or to media containing a criti- 
cally low potassium concentration inhibits ADH- 
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e n h a n c e d  o s m o t i c  w a t e r  p e r m e a b i l i t y  in  t o a d  b l a d -  

d e r  b y  i n d u c i n g  i n t e r f e r e n c e  w i t h  t h e  m e m b r a n e  

f u s i o n  p r o c e s s  n e c e s s a r y  f o r  d e l i v e r y  o f  w a t e r - c o n -  

d u c t i n g  s t r u c t u r e s  t o  t h e  l u m i n a l  m e m b r a n e .  I n  

a d d i t i o n ,  c e r t a i n  f i n d i n g s  o f  th i s  s t u d y  i m p l y  t h a t  

a g g r e g a t e s  m a y  t u r n  o v e r  d u r i n g  t h e  c o u r s e  o f  

A D H  s t i m u l a t i o n .  

Materials and Methods 
Paired urinary hemibladders (n= 14 pairs) from large, female 
toads ( B u f o  mar inus ,  Dominican Republic) were prepared as 
sacs on the ends of glass tubes with serosal surface facing out- 
ward. One served as a control bladder, the other as an experi- 
mental bladder. Bladders were suspended in Ringer's solution 
(111 mM NaC1, 3.5 mr~ KC1, 2.5mM NaHCO 3, and 1.0ram 
CaC12; pH 7.6 to 8.2; 220 mosmol/kg H20 ) that was vigorously 
bubbled with room air, and they were filled to capacity (with 
the same solution) in order to standardize tissue distension [15]. 
After 30 min, transbladder electrical potential was assessed to 
ensure tissue viability. Only bladders with transepithelial electri- 
cal potentials of at least 20 mV were used for experimentation. 
Experimental bladders were then placed in potassium-free 
Ringer's solution whose osmolality was maintained at about 
220 mosmol/kg H20 by the addition of sodium. This same solu- 
tion was used to replace the mucosal contents of these blad- 
ders. 1 Regular potassium-containing Ringer's solution was 
used as a sham replacement of the bathing media of the control 
bladders. After either 20 or 40 min the mucosal bathing medium 
of each bladder was replaced with a solution that corresponded 
to the serosal bathing medium (i.e., potassium-containing or 
not) except diluted 1:5 with distilled water, and base-line 
transbladder osmotic water movement was assessed gravimetri- 
cally for either 15 or 20 rain, respectively. Thereafter, a maxi- 
mally stimulating dose of ADH (Pitressin, Parke-Davis, De- 
troit, Mich.; 20 mU/ml) was added to the serosal bath and 
osmotic water flow was measured at 5-rain intervals for 30 min. 
For these experiments bladder exposure time to potassium-free 
media prior to the addition of hormone was either 35 or 60 min. 
For every bladder studied, transbladder electrical potential was 
measured throughout the entire course of an experiment. 

In 6 of these 14 experiments bladders were fixed after hor- 
mone treatment, in cacodylate-buffered glutaraldehyde [19]. 
These tissues were processed for both thin-section and freeze- 
fracture electron microscopy as described elsewhere [14, 19]. 
Tissue thin sections were used to assess cytoplasmic microtu- 
bule volume density [28], while freeze-fracture tissue replicas 

Although it has been shown that the inhibitory effect of 
potassium-free media on ADH-stimulated water flow is the re- 
sult of potassium removal from the serosal bathing medium 
alone [1], we deleted potassium from the mucosal bath to mini- 
mize the possibility of serosal bath potassium "contamina- 
t ion." In view of this, it seemed important for the experimental 
protocol we followed to verify that the effect of potassium re- 
moval on ADH-stimulated water flow was due to serosal bath 
medium potassium removal alone. In experiments (n = 3) where 
potassium was removed only from the serosal bathing media 
(sodium being replaced to maintain osmolality), base-line flow 
was unaffected (0.5_+0.2 vs. 0.4+_0.1 mg x rain -1 x cm -2) and 
30-min hormonally stimulated flow was less (139.8___8.4 vs. 
61.2+_4.8 mg x 30 min -1 x cm -2, P<0.005) by 56.3_ 1.8%. 
Removal of potassium from the mucosal bathing media in other 
bladders (n= 3) had no effect on either base-line (0.5 +0.2 vs. 
0.5 __ 0.2 mg x min - 1 x cm - z) or ADH-stimulated flow 
(123.6+_3.0 vs. 120.6-+7.2 mg x 30 min -~ xcm -2) 

were used to quantitate both granular cell luminal membrane 
fusion events (frequency) [22] and aggregates (frequency and 
area) [19, 20]. In the other eight experiments, the further objec- 
tive was to assess whether the inhibitory effect of potassium-free 
media on ADH-stimulated osmotic water flow was reversible. 
Following ADH exposure, bladders were washed of hormone 
by rinsing. Their bathing media (both mucosal and serosal) 
were then replaced with regular potassium-containing Ringer's 
solution. Mucosal baths were replaced 35 rain thereafter with 
1/5 strength Ringer's solution and osmotic water flow was re- 
evaluated, first for 15 rain in the absence of A D H  and then 
for 30 rain in the presence of A D H  (20 mU/ml). (These tissues 
were not saved for morphologic analysis.) 

In another set of experiments, paired bladders (n = 6 pairs) 
without prior exposure to potassium-free media were used to 
determine whether the inhibitory effect of potassium-free media 
on ADH-associated water flow (gross) was immediate. In these 
experiments full strength and diluted Ringer's solutions, con- 
taining potassium or not, as described above, were used. Blad- 
ders were stimulated with A D H  for 40 min, beginning immedi- 
ately after an osmotic gradient across them was established. 

In two other series of  experiments, paired bladders were 
used to confirm that cyclic AMP-stimulated osmotic flow was 
inhibitable by exposure to potassium-free media (n = 6 pairs) 
[10] and to assess the extent to which the inhibitory effect of 
potassium-free media on ADH-stimulated water flow was evi- 
dent with solutions containing smaller than ordinary concentra- 
tions of potassium (0.5mM (n=6 pairs) and 1.0ram (n=4  
pairs)). In these experimental series, bladders were exposed to 
either regular Ringer's solution, potassium-free Ringer's solu- 
tion, or Ringer's solution containing either 0.5 or 1.0 mM potas- 
sium for 60 min prior to stimulation for 30 rain with either 
dibutyryl cyclic AMP (Sigma Chemical, St. Louis, Mo. ; 2 mM 
final serosal concentration) or A D H  (20 mU/ml). Before stimu- 
lation with either agent, the mucosal media were exchanged 
with diluted solutions in order to assess osmotic permeability. 

In still other experiments, 12 pairs of bladders were studied 
to determine whether removal of potassium from the bathing 
media would inhibit hormonally stimulated osmotic water flow 
after a full maximal ADH effect had first been established. 
Following an initial 30-min equilibration period, a transbladder 
osmotic gradient across paired bladders was established with 
Ringer's solution as the serosal bath and 1/5 strength Ringer's 
solution as the mucosal bath. Osmotic water flow was measured 
for 30 min prior to and at 5-min intervals during 30 rain of  
stimulation with A D H  (20 mU/ml). Thereafter, the bathing me- 
dia of the experimental bladders were replaced with potassium- 
free Ringer's solution while those of the controls were replaced 
with regular Ringer's solution containing potassium. Hormonal 
stimulation of these bladders was uninterrupted during the brief 
interval when bathing media were exchanged, and stimulation 
was extended for either 60 (n = 6) or 30 min (n = 6). Water flow 
was evaluated at 5-min intervals, beginning 5 min after media 
exchange. Bladders in the latter group were fixed in glutaralde- 
hyde and processed by freeze-fracture electron microscopy to 
evaluate granular cell luminal membrane for fusion event fre- 
quency and the frequency and size of aggregates. 

Measurements of water flow in this investigation were ex- 
pressed per cm 2 of luminal membrane surface area. The latter 
was calculated from the volume of fluid required to fill bladders 
to maximal capacity [15], so that the assumption of a smooth 
sphere, circumscribed by the luminal membrane, could be most 
nearly approximated [11]. The physiologic and morphologic 
data from this investigation were analyzed for differences by 
Student's t-test for paired observations. Mean differences calcu- 
lated to occur less than 5% of the time by chance were consid- 
ered significant. 
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Results 

INHIBITORY EFFECT OF POTASSIUM-FREE MEDIA 

ON ADH-STIMULATED WATER FLOW 
AND RELATED MORPHOLOGIC OBSERVATIONS 

The effect of bladder incubation in potassium-free 
media on water permeability is illustrated in Fig. 1. 
In accord with observations by others [1, 10], blad- 
der exposure to potassium-free media did not af- 
fect basal water permeability, but it consistently 
prevented hormonally stimulated water flow from 
achieving a maximal level. The phenomenon of 
time-dependent, intrinsic inhibition of hormonally 
stimulated flow, which is ordinarily observed in 
toad bladder [3, 9], was also evident in bladders 
exposed to potassium-free media. For these prepa- 
rations maximally achieved water flow (net) over 
the 30-min interval of ADH stimulation was less 
(P<  0.001) with exposure to potassium-free media 
by 38.7_+4.5%. 

Figure2 illustrates morphologic data for 
ADH-treated bladders exposed to potassium-free 
media. Hormonally stimulated (i.e., net) 30-min 
water flow in these bladders was inhibited by expo- 
sure to potassium-free media (50.5+4.1%, P <  
0.00]) to about the same general extent as that 
for bladders shown in Fig. 1. In experimental blad- 
ders the frequency of fusion events associated with 
aggregate delivery to the luminal membrane was 
less (10-t-1 v s .  21+3 per 235gm 2, P<0.005) by 
49.8 + 6.7%. Aggregate frequency in experimental 
bladders was also less (101___19 v s .  246__+44 per 
235 g m  2, P<0.025) by 54.8_7.7%, while the cu- 
mulative area of membrane occupied by aggregates 
was less (0.7+0.1 v s .  2.1+0.5 I.tm 2 per 235 gm 2, 
P<0.025) by 59.8_+8.2%. Mean aggregate size in 
experimental bladders (7.0-t-0.2 x 10 -3 pm 2) was 
not statistically different from that in controls 
(8.0 _+ 0.5 x 10-3 gin2). Finally, stereologic analysis 
of 3 of these 6 pairs of bladders, suggested that 
cytoplasmic microtubule volume density was en- 
tirely unaffected (0.331 _ 0.001 v s .  0.328 + 0.001%) 
by exposure to potassium-free media. (On the basis 
of these data for microtubule volume density we 
considered it unnecessary to pursue further by ad- 
ditional measurements in the other bladder pairs 
whether exposure to potassium-free media affects 
microtubule integrity.) 

IMMEDIACY OF THE INHIBITORY EFFECT 

OF POTASSIUM-FREE MEDIA 

ON WATER F L O W  DURING A D H  STIMULATION 

In the experimental bladders of these studies in 
which bladders were simultaneously exposed to po- 
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Fig. 1. Osmotic water flow (175 mosmol gradient) in bladders 
bathed with potassium-containing or potassium-free Ringer's 
solution before and during A D H  stimulation (20 mU/ml). 
Mean and standard error of the mean shown, n = 8 
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Fig. 2. ADH-stimulated (20 mU/ml) osmotic flow (175 mosmol 
gradient) and associated granular cell luminal membrane chan- 
ges revealed by freeze-fracture electron microscopy in bladders 
bathed with potassium-containing or potassium-free Ringer's 
solution. Tissues were fixed in glutaraldehyde at the 30th rain 
of A D H  treatment. Mean and standard error of the mean 
shown, n = 6 

tassium-free media and treated with ADH, water 
flow (gross) was clearly attenuated during the first 
5 min of stimulation. The level of inhibition ap- 
proximated 20% during the first 20 min of stimula- 
tion, 35% during the next 10 min, and 45% during 
the last 10 rain of the 40-rain period of ADH treat- 
ment. The exact estimates of inhibition in relation 
to time are given in the Table. 
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Table. Inhibition of water flow across bladders (n = 6) simulta- 
neously treated with ADH and exposed to media without potas- 
sium 

Time interval of 
ADH stimulation 
(rain) 

Level of inhibition of hormonally 
related (gross) water flow 
(%) 

0-5 22.8_+8.8 
5-10 t8.0_+2.2 

10-15 19.0_+7.0 
15-20 22.5 • 6.3 
20-25 34.4 + 6.1 
25-30 37.4 _+ 5.5 
30-35 45.7 _+ 4.9 
35-40 46.8 +_ 4.0 
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Fig. 3. Osmotic water flow (175 mosmol gradient) in bladders 
bathed with potassium-containing or potassium-free Ringer's 
solution before and during stimulation with 2 mM dibutyryl 
cyclic AMP (db cAMP). Mean and standard error of the mean 
shown, n = 6 

EFFECT OF POTASSIUM-FREE MEDIA 
ON DIBUTYRYL CYCLIC AMP-STIMULATED 
WATER FLOW 

The results of  these experiments are i l lustrated in 
Fig. 3. Thi r ty-min  cyclic AMP-s t imula ted  water  
flow in bladders ba thed  with potassium-free media  
was inhibited by 53.7-+3.6%. Inhibi t ion became 
evident within 5 to 10 min following cyclic A M P  
addit ion.  This is comparab le  to that  observed for 
bladders st imulated with A D H  (compare  with 
Fig. 1). 

EFFECT OF MEDIA CONTAINING LOWER 
THAN ORDINARY CONCENTRATIONS OF POTASSIUM 
ON ADH-STIMULATED WATER FLOW 

In these studies, serosal Ringer 's  solut ion contain-  
ing 0.5 mM potass ium a t tenuated  the water  flow 
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Fig. 4. Basal and ADH-stimulated (20 mU/ml) osmotic water 
flow (175 mosmol gradient) in bladders exposed either to potas- 
sium-free Ringer's solution followed by potassium-repleted 
Ringer's solution, or with potassium-containing Ringer's solu- 
tion only. The same bladders used to generate the data in Fig. 1 
were used to generate the extended data of this Figure. Data 
shown prior to "wash" summarize data in Fig. 1. Mean and 
standard error of the mean shown, n = 8 

response to A D H  st imulat ion ( f rom 109.2_+9.6 to 
89.4 4-_ 6.6 mg x 30 m i n -  1 x c m -  2, p < 0.005); how- 
ever, the reduct ion (18.4-+ 2 .6%) was considerably 
less than  previously described for bladders  exposed 
to potassium-free media. In the other  similar ex- 
periments of  this series, serosal bathing media con- 
taining 1.0 mM potass ium did no t  prevent  A D H -  
stimulated water  flow over  a 30-min interval f rom 
achieving a control  level (93.6 -+ 7.2 in experimen- 
tals vs. 93.0-+ 7.2 mg x 30 min - 1 x c m -  z in con- 
trols). 

ADH-AssoCIATED WATER FLOW IN BLADDERS 
AFTER BATHING MEDIA POTASSIUM REPLETION 

These experiments (extensions o f  those shown in 
Fig. 1) are il lustrated in Fig. 4. As given above,  
exposure of  the experimental  bladders to potassi- 
um-flee media a t tenuated  the 30-rain hydro-os-  
motic  response o f  A D H  by 38.7 + 4.5 %. Fol lowing 
h o r m o n e  washout  with bathing media containing 
a normal  concent ra t ion  of  potass ium (3.5 mM), 
subsequent  s t imulat ion with A D H  in the presence 
of  the same media as used for  washout ,  caused 
water  flow to increase above a base-line value to 
the same extent in experimental  bladders as in con- 
trols (59.4__ 2.4 (experimentals) v s .  64.8 +4 .2  (con- 
trols) mg x 30 ra in -  1 x c m -  2). These data  demon-  
strate that  normal  bladder  responsiveness to A D H  
stimulation, after  being diminished by tissue e x p o -  
sure to potassium-free media,  can be (to the extent  
limited by normal  refractoriness) re-established by 
potass ium repletion. 
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Fig. 5. Effect of bathing media potassium removal on sustained 
ADH-stimulated (20 mU/ml) osmotic water flow (175 mosmol 
gradient) across bladders whose ADH-stimulated water perme- 
ability was first fully established. Mean and standard error of 
the mean shown, n = 6 

E ~ 3 . 5 m M  K § ~ K +  free 

2 5 - -  

2.0--  

' l 
oE 1.5 

1 . 0 - -  

0 5  

0 

ADH-INDUCED 
WATER FLOW 

2 5 - -  

5 - -  

O - -  

FUSION TOTAL 
SITES AGGREGATE 

AREA 

250 ~T~ i 2 0 -  

L5 -- 

- -  0 -  
A G G R E G A T E  
FREQUENCY 

Fig. 6. ADH-stimulated (20 mU/ml) osmotic water flow (175 
mosmol gradient) and granular cell luminal membrane changes 
revealed by freeze-fracture electron microscopy in bladders fully 
responding to ADH, then exposed to potassium-free bathing 
media. These experiments paralleled those illustrated in Fig. 5. 
Bladders were fixed with glutaraldehyde at the 60th rain of 
A D H  treatment, which was approximately 30 min after bathing 
media exchange. Mean and standard error of the mean shown. 
n = 6  

EFFECT OF POTASSIUM REMOVAL 

FROM THE BATHING MEDIA 

OF BLADDERS FULLY STIMULATED WITH ADH 

Figure 5 illustrates that in bladders fully respond- 
ing to ADH, bathing media potassium removal 
leads to prompt inhibition of the ongoing hydro- 
osmotic response. This inhibition is evident within 
10 to 15 min following potassium removal and 
rather steadily becomes more evident until achiev- 
ing a level of  about 40 to 50%. 

The data illustrated in Fig. 6 are from bladders 
that were treated identically to those used for gen- 
erating the data in Fig. 5, except that at the 30th 
min following potassium removal from the experi- 

mental bladders, tissues were fixed in glutaralde- 
hyde. The level of ADH-stimulated flow, measured 
from the 5th to 30th rain following potassium re- 
moval, was reduced (from 59.0+5.1 to 
33 .6_+l .9mgx25 min -1 x c m  -2, P<0.005) with 
this maneuver by 41.5+4.5%. Corresponding to 
this, the frequency of fusion sites (which ordinarily 
persist unaffected as membrane invaginations 
throughout stimulation with hormone [22]) was re- 
duced (from 20___4 to 9_+ 1 per 235 gm 2, P<0.01)  
by 48.3__7.5%. The frequency of aggregates di- 
minished (from 220_ 13 to i 11 _+ 10 per 235 gm 2, 
P <  0.005) by 47.9_+ 6.5% and the cumulative area 
of membrane occupied by aggregates decreased 
(from 1.7_+0.1 to 0.8__0.1 gm 2 per 235 gm 2, P <  
0.005) by 50.8_+7.1%. Mean aggregate size was 
not affected by potassium removal from the experi- 
mental bladders (7.6_+0.3x10 -3 in controls v s .  

7.0 _+ 0.4 x 10 - 3 gm 2 in experimentals). 

Discuss ion 

The established data of Bentley [1] and Finn et al. 
[10] indicate that potassium removal from the ser- 
osal bathing medium of toad bladder leads to a 
reduction in its hydro-osmotic response to ADH. 
Finn et al. [10] demonstrated that this effect occurs 
at a post-cyclic AMP site. The results of  the present 
investigation confirm these observations. 

In contrast to the earlier report of  Finn et al. 
[10] which suggested a delay in the onset of  inhibi- 
tion, our data show that exposure of toad bladder 
to potassium-free media rapidly alters ADH-stim- 
ulated water flow. The reason for the apparent 
discrepancy is not altogether clear. In our protocol 
we attempted to maximize the sensitivity of  assess- 
ing osmotic water flow by standardizing bladder 
distension [15] and by normalizing flow on the 
basis of  luminal membrane surface area. The find- 
ing that the effect of  potassium removal on ADH- 
stimulated water flow can be immediate and not 
necessarily delayed may be important for assessing 
the mechanism underlying the phenomenon. Had 
Finn et al. [10] observed the same immediate re- 
sponse they probably would not have concluded 
that the critical determinant of the inhibitory effect 
of potassium-free media on hormonally induced 
water flow directly involves, as an initiating factor, 
a reduction in intracellular potassium concentra- 
tion. More specifically, though in those previous 
experiments intracellular potassium was reduced 
in bladders exposed to potassium-free media, the 
reduction was delayed by a considerable period 
of time (i.e., between 20 to 45 min) [10]. 

The possibility that a reduced level of  intracel- 
lular potassium could have some other type of role 
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(e.g., potentiation) in the inhibitory effect of potas- 
sium-deficient media on the water flow response 
to ADH is not, however, invalidated by any of 
our findings. Consistent with this possibility and 
in agreement with the observations of Finn et al. 
[10], data from some of the separate groups of 
bladders we studied suggest that as the time of 
exposure to potassium-free media prior to ADH 
treatment increased, which would be expected to 
lead to greater reductions of intracellular potassi- 
um, so did the level of inhibition of ADH-stimu- 
lated osmotic water flow. Specifically, compared 
to the 24.7 +4.2% level of inhibition of 30-min 
stimulated water flow in bladders without prior 
exposure to potassium-free media (see Table), the 
level of inhibition in ADH-treated bladders pre- 
exposed to potassium-free media for 35 min (5 of 
the 8 in Fig. 1), 60 min (3 of the 8 in Fig. 1 and 
those in Fig. 2), and 555 min (5 additional blad- 
ders) appeared to become progressively more in- 
tense, increasing to 35.7+_6.2%, 48.2+3.5%, and 
69.3 __ 1.9%, respectively. 

Definition of the biochemical defect resulting 
from exposure of bladders to potassium-free media 
will require additional research. The possibility 
that this defect may involve an increase of intracel- 
lular calcium has had some indirect support [26]. 
We have not been able to provide compelling data 
that would resolve this problem; nevertheless our 
data argue against the further speculation of a con- 
nection between a postulated elevation of cytosolic 
calcium and microtubule dysfunction [25, 26]. 
Clearly, our observations indicate that microtubule 
integrity is unaffected by potassium-free media. 

In relation to another possibility that may be 
pertinent, Carvounis and Carvounis demonstrated 
that the inhibitory effect of potassium-free media 
on ADH- and cyclic AMP-stimulated water flow 
could be instantly reversed by alkalinizing the sero- 
sal bath from a pH of 7.4 to 8.3 [4]. This may 
indicate that the inhibitory effect of potassium-free 
media on ADH action results from a change in 
cell pH towards an acid level and subsequent activ- 
ity reduction at one or more post-cyclic AMP sites 
in the intracellular cascade leading to the hormon- 
ally related alteration of membrane water perme- 
ability. The precise relation of this to the issue at 
hand or to our findings, however, remains to be 
clarified. A change in intracellular pH is only one 
of a number of biochemical defects which may re- 
sult from exposure of cells to a potassium-free en- 
vironment. 

Analysis of the freeze-fracture data provides 
not only structural evidence to indicate that the 
inhibitory effect of potassium-free media on ADH- 

stimulated water flow involves a decrease in lumi- 
nal membrane water permeability per se, but it 
also supports the hypothesis that aggregates turn 
over during sustained ADH stimulation (at least 
during exposure to potassium-free media). Recall 
that when fully stimulated bladders were exposed 
to potassium-free media the number of fusion sites 
was reduced by about half (Fig. 6). Aggregate fre- 
quency in these same bladders was also reduced 
to the same extent. The reduction in aggregate fre- 
quency would suggest that the aggregates added 
to the luminal membrane during the initial phase 
of stimulation are not stable structures; if they 
were, they should have remained in place regard- 
less of whether fusion sites persisted. The possibili- 
ty that exposure to potassium-free media exerts 
some direct effect on aggregate stability, which 
would seem to deserve consideration, is not an 
issue here since our measurements indicate that 
the size of remaining aggregates did not change. 
To put it another way, if aggregates became struc- 
turally unstable (relative to controls) by exposure 
to potassium-free media, one would expect a larger 
number of smaller aggregates to remain, hence a 
reduction in (mean) aggregate size with experimen- 
tal treatment. We tentatively conclude therefore, 
that during ADH stimulation luminal membrane 
aggregates turn over and that their normally con- 
stant frequency in relation to time depends on re- 
placement of aggregates from the elongated cyto- 
plasmic structures which remain fused with the lu- 
minal membrane during hormone exposure [13, 14, 
22]. 2 

The major findings of this study show that to- 
gether with a reduction in ADH-stimulated water 
permeability, fusion events associated with aggre- 
gate delivery to the luminal membrane and aggre- 
gates in the luminal membrane are reduced by 
bathing media potassium removal, whether the 
maneuver precedes or occurs during stimulation. 
In neither of these cases is mean aggregate size 
altered. Since continuity between the luminal mem- 
brane and aggregate-carrying membranes is main- 
tained during normal stimulation [22], the findings 
of this investigation point to the possibility that 
the inhibitory effect of potassium-free (or potassi- 
um-deficient) media on ADH-stimulated water 
flow results primarily from interference with the 
membrane fusion process necessary for continuous 

2 It is also interesting that  in these experiments the percent 
reduction in aggregates and the percent reduction in fusion 
sites are always approximately the same. This suggests that  
the addition of aggregates to the luminal membrane probably 
occurs at a constant rate at all fusion sites and that  this rate 
is not  altered by exposure to potassium-free media. 
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delivery of water conducting structures to the lumi- 
nal membrane. 
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