
J. Membrane Biol. 106, 119-122 (1988) The Journal of 

Membrane Biology 
�9 Springer-Verlag New York Inc. 1988 

Surface Hydrophobicity and Water Transport of the Toad Urinary Bladder: 
Effects of Vasopressin 

El izabe th  J. Dial,  J a m e s  Huang ,  Roge r  G. O ' N e i l ,  Brian A. Hills,  and Lena rd  M. L i c h t e n b e r g e r  

Department of Physiology and Cell Biology and Department of Anesthesiology, University of Texas Medical School at Houston, 
Houston, Texas 77225 

Summary. The present study investigated whether the hydropho- 
bic properties (wettability) of the luminal surface of the toad 
urinary bladder might play a role in modulating water transport 
across this epithelium. In the absence of vasopressin (ADH), 
water transport across the tissue was low, while luminal surface 
hydrophobicity (water contact angle) was relatively high. Fol- 
lowing stimulation by ADH, water transport increased and sur- 
face hydrophobicity decreased. The addition of indomethacin to 
inhibit ADH-induced prostaglandin synthesis did not reduce 
these actions of ADH. In an attempt to alter water transport in 
this tissue, a liposomal suspension of surface-active phospholi- 
pids was administered to the luminal surface. This addition had 
no detectable influence on the low basal rates of water transport, 
but blocked the ADH-induced stimulation of water transport. 
We suggest that surface-active phospholipids on the toad bladder 
luminal membrane may contribute to the hydrophobic character- 
istics of this tissue. ADH may act to decrease surface hydropho- 
bicity, facilitating the movement of water molecules across an 
otherwise impermeable epithelium. This surface alteration may 
be associated with the appearance of water channels in the apical 
membrane. 
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Introduction 

The  luminal  sur face  o f  the toad  ur inary  b ladder  is 

r e la t ive ly  i m p e r m e a b l e  to wa t e r  and solutes .  H o w -  
eve r ,  in r e s p o n s e  to the  pep t ide  h o r m o n e  vasopres -  

sin ( A D H ) ,  its pe rmeab i l i t y  to wa t e r  marked ly  in- 
c r eases  [2]. We  q u e s t i o n e d  w h e t h e r  these  
pe rmeab i l i t y  changes  w e r e  re la ted  to the hyd ropho-  
bic i ty  o f  the luminal  sur face  o f  the toad b ladder  epi- 
the l ium as we  h a v e  s h o w n  that  the gastr ic  epi the-  
l ium, a n o t h e r  t i ssue with  a low pe rmeab i l i t y  to 
wa te r ,  has  an e x c e e d i n g l y  h y d r o p h o b i c  surface  as 
a s s e s s e d  by con t ac t  angle  m e a s u r e m e n t  [9]. The  
c o n t a c t  angle  refers  to the angle  b e t w e e n  air, a fluid 
drop,  and a sur face  and is d i rec t ly  p ropor t iona l  to 
h y d r o p h o b i c i t y .  In con t r a s t  to the s tomach ,  the 

d u o d e n u m  is highly wa te r  p e r m e a b l e  and does  not  
have  a h y d r o p h o b i c  surface  [9]. In addi t ion gastr ic  

t i ssue can  be p r o t e c t e d  f rom the damaging  effects  o f  

exces s  hyd roch lo r i c  acid by oral  p r e t r ea tm en t  o f  
the s t o m a c h  with a l iposomal  suspens ion  o f  surface-  

ac t ive  phospho l ip ids  [11, 13]. The  purpose  of  the 

p resen t  s tudy was  to eva lua te  w h e t h e r  wa te r  trans-  

port  and luminal  sur face  h y d r o p h o b i c i t y  o f  the toad 
ur inary  b ladder  w e r e  re la ted  in A D H - s t i m u l a t e d  tis- 

sue,  and w h e t h e r  a luminal  l iposomal  suspens ion  o f  

phospho l ip ids  wou ld  b lock  the m o v e m e n t  o f  water .  

Materials and Methods 

WATER TRANSPORT 

Paired urinary bladder sacs from the toad Bufo marinus were 
incubated at room temperature in frog Ringer's solution on the 
serosal side (111 mM NaCI, 3.4 mM KCI, 2.7 mu CaCI2, 2.4 mM 
NaHCO3, and 5.6 mM glucose) and a 1 : 4 dilution of this on the 
mucosal side. Arginine vasopressin (ADH, 20 mU/ml) was added 
to the serosal side. Water transport was monitored for 30 rain 
before and after ADH treatment by the method of Bentley [2]. 
The change in weight of bladder sacs was monitored at 15-rain 
intervals. To avoid possible effects from the accumulation of 
tissue prostaglandins, some experiments were performed after 
first incubating the bladders for 60 min in the presence of indo- 
methacin (1 /xm), a prostaglandin synthesis inhibitor. 

In order to assess the effect of intraluminal phospholipid on 
ADH-induced water transport, eitber diluted Ringer's solution 
(1 : 4) or a liposomal suspension of surface-active phospholipid 
made in the same solution were incubated intraluminally in 
paired bladder sacs for 60 min. ADH (0.5 mU/ml) was then incu- 
bated serosally for 30 rain and water transport was monitored. 
The phospholipid mixture consisted of 1.35 mg/ml dipalmitoyl 
phosphatidylcholine and 0.15 mg/ml phosphatidylethanolamine, 
phosphatidylinositol, phosphatidylglycerol and spbingomyelin. 
The phospholipids were first dissolved in chloroform, evapo- 
rated under nitrogen, and then sonicated in the diluted Ringer's 
solution as described earlier [11]. Chemicals were obtained from 
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Table.  Surface hydrophobici ty  and water  transport  in the toad 
urinary bladder 

Contact  Water  transport  
angle (mg H_~O/min/bladder) 
(degrees) 

Exper iment  1 

Control 31 _+ 4 114) 0.9 -+ 0.3 114) 
ADH ~23 _+ 2 (14) ~19.4 • 2.3 114) 

Exper iment  2 
Control 39 • 3 (14) 1.3 _+ 0.4 (14) 
Indomethacin  38 -+ 0.4 (8) 1.2 +_ 0.2 (8) 
Indomethacin  + ADH ~21 • 6 (7) ~16.1 _+ 3.2 (7) 

Urinary bladder sacs were incubated for 60 min in the presence 
or absence  of indomethacin  (1 /xM) and then for 30 min in the 
presence or absence  of ADH (20 mU/ml).  The change in weight 
of  the t issue was used as an indication of water transport ,  and 
contact  angle as measured  on a goniometer  was used to deter- 
mine hydrophobici ty.  Values are expressed  as the mean _+ SEM 
for (n) determinat ions.  

P < 0.05 v s .  control.  

Sigma Chemical  Co. (St. Louis ,  MO) and were of the highest 
purity available. 

S U R F A C E  H Y D R O P H O B I C 1 T Y  

Hydrophobici ty  was est imated on a goniometer  (Rame-Hart ,  
Moutain Lakes ,  NJ) by measuremen t  of  the triple point contact  
angle, which formed between the air, the edge of  a microdroplet 
of  water  (0.5 bd), and the luminal surface. This procedure has 
been used by our laboratory previously to s tudy the hydrophobic 
surface propert ies of  the dog gastrointest inal  tract [9, 12]. 
Briefly, after incubation,  the bladder was placed onto a wax 
board so that the luminal surface was exposed,  The t issue was 
gently blotted with filter paper and allowed to air-dry for 15 min 
before readings were made.  The drying time was necessary  since 
contact  angle readings could not  be performed on a wet surface. 

T I S S U E  V I A B I L I T Y  

Exper iments  were performed to verify the viability of  toad blad- 
der, which had been exposed  luminally to the phospholipid sus- 
pension.  Sections of t issue were mounted  in Ussing chambers  
and the voltage was c lamped at zero using a Control Instru- 
ments ,  Inc. voltage clamp device.  The resulting short  circuit 
current  was measured  as an indicator of  the net active t ransport  
of  sodium. The  bladder was exposed  to the identical solutions 
and for the same time intervals as described previously for water  
t ransport  studies.  

STATISTICS  

All values are expressed  as the mean  _+ SEM. The paired Stu- 
den t ' s  t test  was used to calculate the difference between treat- 
ments  with P < 0.05 as the level of  significance. 
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Fig. Phospholipids and water  transport  m ADH-st imulated toad 
urinary bladder. Urinary bladder sacs were incubated in frog 
Ringer 's  solution with an intraluminal addition (1.5 ml) ot' tipo- 
somal phospholipids made in diluted Ringer 's  solution. Follow- 
ing a I-hr incubation with or without the intraluminal phospholi- 
pids and either in the presence or absence of indomethacin in the 
serosal bathing solution 110/ZM), the bladders were exposed to a 
fur ther  control or  ADH stimulation (0.5 mU/ml)  for 311 rain. Wa- 
ter t ransport  was measured  every 15 min. The values are ex- 
pressed as the mean + SEM 

Results 

As shown by the summary data in the Table, the 
contact angle of the toad bladder luminal surface 
was significantly decreased following ADH treat- 
ment. Concurrently, water transport by the bladder 
increased, When the experiment was repeated in 
the presence of indomethacin, results similar to 
those seen in the absence of the cyclo-oxygenase 
inhibitor were obtained.' 

The effect of the liposomal phospholipid mix- 
ture on water transport is summarized in the Figure. 
Normal ADH-induced water transport was blocked 
by the presence of intraluminal phospholipids (2.8 
mM). Further, this phospholipid-induced inhibition 
of ADH-induced water transport did not appear to 
be mediated by an enhancement in tissue pros- 
taglandin formation, as it was not affected by the 
addition of the cyclo-oxygenase inhibitor, indo- 
methacin. 

Finally, tissue viability remained high after ex- 
posure to luminal phospholipids. Short-circuit cur- 
rent was not significantly altered from control levels 
(23.4 _+ 6.6/xA/cm 2, n = 6) by the addition of phos- 
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pholipid to the luminal incubation medium (107 _+ 
26% of control). Further,  the phospholipid-treated 
tissue was able to respond to ADH, as 30 rain after 
the hormone was added to the serosal side, the 
short-circuit current  across the bladder had doubled 
(199 -+ 53% of control,  P < 0,02). 

Discussion 

We have interpreted these data to suggest that the 
hydrophobici ty of  the luminal surface of the toad 
urinary bladder is appreciable under resting condi- 
tions. This water-repellant characteristic is consis- 
tent with the fact that the bladder epithelium is rela- 
tively impermeable to water unless stimulated by 
ADH, at which time its surface is altered to allow 
the transport  of water  through water channels in the 
tissue. The consistent decrease in hydrophobicity 
following ADH stimulation described above may in- 
dicate that this event  is a primary action of ADH on 
the toad bladder, occurring along with numerous 
other cellular alterations [1, 4-6,  10, 16]. 

The inclusion of indomethacin in our experi- 
mental procedure  yielded data supportive of our 
contention that the effects we observed were due to 
a direct action of  ADH and phospholipids on blad- 
der water transport ,  rather than an indirect effect 
due to alterations in tissue prostaglandin accumula- 
tion [18]. Nei ther  the decrease in surface hydropho- 
bicity (Table), nor the phospholipid block of water 
transport  (Figure) were affected when tissue pros- 
taglandin synthesis was inhibited with indometha- 
cin. These  negative findings with indomethacin are 
of importance since it is well recognized that the 
synthesis of prostaglandins in the E series, which 
are known inhibitors of ADH-induced water trans- 
port in the bladder [15, 18], are increased by both 
phospholipid hydrolysis and ADH administration 
[18]. 

The mechanism of  the ADH-induced reduction 
in luminal surface hydrophobici ty is not known, but 
could be related to other actions of ADH. For  ex- 
ample, the fusion of  aggrephores with the granular 
cell apical membrane,  which occurs following ADH 
stimulation [ 17], may be the initiator of the decrease 
in surface hydrophobici ty.  The particle aggregates 
(which may form water  channels) could themselves 
be hydrophilic. Thus, their inclusion into the 
plasma membrane might dilute the hydrophobic 
character  of the luminal surface to account  for the 
ADH-induced transition to a more wettable surface. 
In a similar manner,  increased intracellular water 
content  in response to ADH could affect the hydro- 

phobicity readings. Following blotting, this fluid 
could be pulled to the surface and form a wetter 
surface. Finally, the reduction in contact  angle by 
ADH treatment  could relate to the presence of mu- 
cus. The chief component  of mucus (mucin) is a 
known wetting agent (7). Therefore,  it is feasible 
that the presence of  this substance on the luminal 
surface may account  for a portion of the surface 
hydrophobici ty changes described here. We are not 
able to distinguish between the above possibilities 
with our measurement  of surface hydrophobicity.  
The contact  angle would decline in response to a 
more wettable surface (mucus), a wetter surface 
(water), and a more permeable surface (the inser- 
tion of water channels). 

We would suggest an alternative hypothesis for 
the ADH-induced decrease in luminal surface hy- 
drophobicity based on our data obtained with phos- 
pholipids (Figure). We showed that exogenously 
added phospholipids blocked water transport in- 
duced by ADH. Amphoteric  phospholipids phos- 
phatidylcholine and phosphatidylethanolamine are 
known to readily adsorb to negatively charged sur- 
faces resulting in an enhancement  of their hydro- 
phobic characteristics,  and have been implicated in 
changes in the surface wettability of the lung and 
stomach [8]. Therefore ,  it can be postulated that 
surface-active phospholipids adsorbed to, or associ- 
ated with, the luminal surface of the toad bladder 
may confer a hydrophobic,  nonwettable barrier to 
the epithelium, possibly by binding to or blocking 
water channels. A number of investigators have re- 
ported that the rate of  phospholipid hydrolysis is 
increased by ADH [3, 14, 18]. It is thus conceivable 
that ADH acts to increase the activity of enzymes,  
which alter surface-associated phospholipids, re- 
sulting in an increase in wettability (decrease in hy- 
drophobicity) and the initiation of water transport 
through water channels of the bladder. 
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