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An attempt was made by means of acetylcholine (ACh) and other cholinergic compounds to ana- 
lyze the role  of the paracellular  pathway in ADH-dependent water t ransport  through the frog 
bladder wall. ACh and the other cholinomimetics (ChM), in concentrations of 10-3M, inhibited 
the osmotic flow of~vater stimulated by pituitrln. ACh had a similar action on the osmotic 
flow stimulated by cyclic AMP and theophylline. The antipituitrin effect was not reproduced by 
nicotine or by powerful muscarinic ChM [methylfurmethide, dioxalan (F-2268)] and was not 
prevented by nicotinic and muscarinic cholinolytics (atropine, oxyphenonium, hexamethonium, 
flaxedil). However, the antipituitrin affect was completely abolished by anticholinesterases 
(antiChE) with different types of action, in concentrations of 10-3-10-6M (neostigmine, physo- 
stigmine, GT-42,  armin, acridine iodomethylate). The resul ts  rule out any connection between 
the mechanism of the antipituitrin effect of ACh and other cholinergic compounds and contrac- 
tion of the smooth muscles and subsequent joining of the intercellular spaces. It is suggested 
that the effect of ACh is connected with cholinesterase activity. A possible role for phos- 
phoinositides in the change in permeability of the frog bladder wall to water is also postulated. 

KEY WORDS: antidiuretic hormone; acetylcholine; osmotic flow of water; urinary bladder of 
amphibians. 

An important problem in the study of the mechanism of action of antidiuretic hormone (ADH) is the 
relationship between the t rans -  and paracel lular  pathways of ADH-dependent water t ransport .  Convincing 
evidence exists that water moves  both through the cell and through the paracel lular  spaces [4, 8, 10, 11]. 
However, the order  of activation of these two pathways and the degree of their  contribution to water t ransport  
have not yet been explained. The isolated amphibian urinary bladder, widely used in physiology as a test  
object for  the study of the action of ADH, unlike the renal tubules, has the additional advantage that the intra-  
cellular spaces in its epithelium join together  under the influence of acetylcholine (ACh), which induces con- 
t ract ion of smooth muscles [8, 9]. 

Consequently, ACh could be a means of blocking the paracellular  spaces and of analyzing their  role in 
ADH-dependent water t ransport .  On the basis of the resul ts  of previous investigations the wri ters  postulated 
that the t ransport  of water from the apical membrane to the basolateral membrane takes place with the aid 
of a cytoplasmic system of microtubules, which ei ther direct  the flow of water or cause dilatation of the 
intercel lular  spaces [1]. 

In this investigation an attempt was made to block these spaces by means of ACh and other cholinergic 
compounds causing contraction of smooth muscles.  Since cholinergic substances have been shown, in experi-  
ments on various objects, to inhibit the formation of cyclic AMP [12], it was also necessary to rule out this 
mechanism of depression of the ADH effect, since cyclic AMP is an intracellular mediator of the action of 
ADH [13]. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on frogs (Rana temporaria) in the fall and winter, by Bentley's method 
[7]. Sensitivity of the individual groups of animals to pituitrin varied strongly, and for that reason half of the 
ur inary bladder was used as a control and the other half for  the experiments.  To begin with, when necessary,  
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T A B L E  1. Ef fec t  of  Cho l ine rg i c  D r u g s  on 
S t imula ted  O s m o t i c  F l o w  of W a t e r  t h rough  
F r o g  B ladde r  Wall 

substance 

Acetylcholine 10 -6 [m-~ 
Butyrylchlo~ne[ m-a 
Propionyl- 
choline , lO-3 

Carbachoi 10 -s 
Nicotine m -a 
Dioxalan 

(F-2268) 10 --5 
i0 - 4  
iO--a 

Methvlfur- 
met'hide i0 -~ 

Trimethy.1- 
ammomum 10 - s  

Acetylchol- lO -~ 
in~ * 

Loss of bladder wt. per 
min (in % of initial ,at.) 

] Iresulting from action of 

o . Itest sub-  
5 0 . m l l l i -  s t an ce+  50 

I umts/ml aailliunits/ 
/P ituitrm ml pituitrin 

PY 

0 ,43±0 ,02  
0 ,4 6 ±0 ,0 2  
0,73_+0,06 

0,68-+ 0,0¢ 
0 ,3 5 ±0 ,0 4  
0 ,00±0 ,08  

0,58-+0,07 
0,41 ±0 ,05  
0 ,45±0 ,07  

0,77-+0,06 

0,584-0,07 
0 ,2 1 ~0 ,0 2  

0,38-+0,04 
0, 19~0,02 
0 ,43±0 ,05  

0 .48±0 ,04  
0 ,2 7 ±0 ,0 7  
0 ,5 4 ±0 ,0 9  

0 , 5 0 ± 0 , 0 9  
0,4tl-*- 0,07 
0,3,%±0,04 

0 , 7 0 ± 0 , 0 6  

0 ,59±0 ,05  
0,03 -- 0,005 

> 0 , 1  
<0,001 
<0,001 

<0,001 
>0 ,0 5  
> 0 , 0 5  

> 0 ,  [ 
> 0 , 1  
> O , l  

>0,05~ 

> 0 , I  
<0,001 

* O s m o t i c  flow of  w a t e r  s t imu la t ed  by 0.5 • 
10-2M cyc l i c  AMP and 10-6M theophyl l ine .  
t 1 ) d e n o t e s  s ign i f i cance  o f  d i f f e rence  b e -  
tween  m e a n  cont ro l  and expe r imen ta l  va lues  
(here  and in T a b l e s  2 and 3). 

T A B L E  2. Ef fec t  o f  Chol ino ly t i c s  on Inh ib i -  
t ion  by ACh of  P i t u i t r i n - S t h n u l a t e d  O s m o t i c  
F l o w  of W a t e r  t h rough  F r o g  B ladde r  Wall  

Test 
substance 

Atropine 
Oxyphenomum 
Hexamethonium 
Flaxedil 

3 ~ ~ I )Loss of bladder wt..per 
= / I rain (in % of, iniriaiwt.) 

~:~ I ~ I ~ - s , . '  ~testsub- 
Iresultin~ from action of 

~d Iz ~1 " Iml pituitrin 

10 -a 9 0,21___0,03 0,17-4.0,02 
10 -s 8 0,12-t-0,03 0,19+0,05 
10 -8 8 0,18_0,03 0,10----t-0,02 
10 -a 9 0,21+0,02 0,18-t-0,02 

p 

>0,05 
>0,05 
>0,05 
>0,05 

p re incuba t ion  was  c a r r i e d  out  with a n t i c h o l i n e s t e r a s e  (antiChE) o r  chol inoly t ic  (ChL) d rugs  f o r  30 min,  a f t e r  
which ACh o r  c h o l i n o m i m e t i c s  (ChM) w e r e  added to the  incubat ion  m e d i u m  also  f o r  30 rain, when pi tu l t r in  wa s  
added.  T h e  o s m o t i c  f low of wa te r  was  e s t i m a t e d  f r o m  the  l o s s  of  weight  of  the b l adde r  dur ing  the 60 rain a f t e r  
addi t ion of p i tu i t r in .  

E X P E R I M E N T A L  R E S U L T S  

As  Tab le  1 shows,  ACh (10-SM) s ign i f ican t ly  inhibi ted the  ef fec t  of p i tu i t r in .  ACh had a s i m i l a r  ef fec t  
on  the  f low of wa te r  s t imu la t ed  by a combina t ion  of  cyc l i c  AMP and theophyl l ine .  T h e  inhib i tory  ac t ion  of 
ACh was  the  s a m e  if added  to  the  ex te rna l  m e d i u m  o r  in t roduced  into the cavi ty  of  the  b l a d d e r  (the l o s s  of 
weight  o f  the  b l a d d e r  in the  c o u r s e  of 1 rain,  e x p r e s s e d  as  a p e r c e n t a g e  o f  the  init ial  value,  was  0.15 ± 0.03 
and 0.19 ± 0.02 r e s p e c t i v e l y ) .  All  the  sa l t s  u sed  (iodide, b r o m i d e ,  chloride},  in concen t r a t ions  of  10-SM, had 
the  s a m e  act ion:  0.27 4- 0.03, 0.23 * 0.07, and 0.31 • 0.04. Nico t in ic  ChM (bu ty ry l -  and propionylchol ine)  had 
an  i n h i b i t o r y  ac t ion,  a l though n icot ine  was  inef fec t ive  (Table  1). Ca rbacho l  and a l so  me thy l fu rme th ide  and 
d ioxa lan  (F-2268) ,  with a powerfu l  m u s c a r i n i c  ChM ac t ion  [3], w e r e  inac t ive .  The  inhib i tory  ac t ion of  ACh was  
in sens i t i ve  both to  m u s c a r i n i c  (a t ropine ,  oxyphenonium) and to  n ico t in ic  chol ino ly t ies  (hexamethonium,  flaxedil} 
(Table  2}. 

The  r e s u l t s  of  the  use  of  ant iChE d r u g s  with d i f f e ren t  t y p e s  of  ac t ion  was  unexpected  (Table 3). C o m -  
pounds  o f  th is  g roup  sha rp l y  r e d u c e d  the  ef fec t  of  ACh.  By  t h e m s e l v e s  they  had no ac t ion  e i the r  on the spon-  
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TABLE 3. Effect  of AntiChE Drugs  on In -  
hibition by ACh of Osmot ic  Flow of Wate r  
St imulated by Pi tu i t r in  through F r o g  
Bladder  Wall 

Test 
substance 

Neostigmine 

Physostigrnine 
GD -42 
Armin 
Acridine iodo- 
methylate 

Loss of bladder wt. 
per min (in % of 
initial wt.) resulting 

• ~ [from action of "_ 
[ o [test sub- 
,10-~M stance + 

I,~ IACh+50 ]10-SMM ~. [2 IminiunitsaAch + so 
~ ] ~  [ml pitui-[miiliuniu/ 
.~ i f~ {trin Iml ,ituitri J 

{. 
0,25+0,02 0,50+0,04 

10-' 3~ 0,17---~0,0310.55¥0.05 10-4 
lO -3 [0,29+0,05]0,65+0,07 
10-6 18 [0,a@4.0,0210,67_I_0,05 
10 -e 10 [0,34+0,0410,57:0,08 

1o -e 8 [0,37~0,04i0,83 0,08 

~0,001 
(0,001 
~O,Ol 
~o,ooI 
<o,ooI 

<o,oo! 

ACh I0 ~ M 

Ach  'g mio 

. iAtropine 10-s M 

- t ' ' 

Fig.  1. Action of ACh, atropine,  and nsos t igmine  on f rog  
b ladder .  Contrac t ions  r e co rded  i some t r i ca l l y  by method 
of Shelkovnikov et al .  [6]. Ar rows  indicate t ime  of action 
of d rugs .  

taneous  l o s s  of  weight of the b ladder  or  on the osmot ic  flow of wa t e r  s t imulated by pi tui t r in .  Hydro lys i s  
p roduc t s  of ACh - choline chlor ide (10-3-10 -1 M), acet ic  acid and i ts  ac t ivated fo rm,  ace ty lcoenzyme A 
(10-SM) - did not inhibit the effect  of pi tui t r in  (0.42 ± 0.02 and 0.42 • 0.03, 0.57 • 0.08 and 0.63 ± 0.06, 0.52 
0.06 and 0.58 ± 0.07). 

What is  the m e c h a n i s m  of the ant ipi tui t r in  effect  of ACh and ChM ? Contract ion of smooth m u s c l e s  and 
joining of the in t e rce l lu l a r  spaces  s e e m s  unlikely for  the  following r ea sons :  1) The ant ipi tui t r in effect  of 
ACh is  not p reven ted  by a t ropine ,  whe rea s  the joining of the in te rce l lu la r  spaces  is  sens i t ive  to a t ropine [10]; 
2) the effect  was  not r ep roduced  by powerful  m u s c a r i n i e  ChM; 3) the  ant ipi tui t r in  effect  was inhibited (and 
not  s t imulated)  by antiChE drugs .  

Inves t iga t ion  of the effect  of ACh on the smooth m u s c l e s  of  the  f rog  b ladder  r evea led  dif ferent  p h a r m a -  
cological  cha r ac t e r i s t i c s :  a low th re shc ld  dose of ACh and inhibition by a t ropine .  In addition, contract ion 
was  potent ia ted by the antiChE compound neos t igmine  in a concentra t ion of 10-6M (Fig. 1). 

Inhibit ion of  cycl ic  AMP fo rma t ion  as the cause  of the effect  of  ACh can be r e j e c t ed  on the grounds of 
inhibition by ACh of the o smot i c  flow of wa te r  induced by cycl ic  AMP (Table 1). 

F inal ly ,  inhibi t ion of the act ion of  pi tu i t r in  may  be due to cycl ic  guanosine monophosphate  (cyclic GMP), 
f o rmed  under  the influence of  ACh and behaving as  an antagonist  of cycl ic  AMP [15]. However ,  cycl ic  GMP 
(10-4M) l ikewise  did not inhibit the effect  of  p i tu i t r in  (0.72 • 0.10 and 0.62 * 0.15). 

The  abil i ty of hydro lyzable  ChM (butyryl -  and propionylcholine) to inhibit the act ion of ACh, despi te  
the  comple te  inact ivi ty of carbachol  and nicotine, and also the paradoxica l  ef fec t  of  antiChE drugs  may point 
to an impor tan t  ro l e  of in terac t ion  between the chol inergic  drugs  and cho l ines t e r a se  in the genes i s  of the 
obse rved  effect .  Since choline, a common component  of the ChM and pos se s s ing  ant ipi tui t r in  action, is i t se l f  
inact ive,  th is  sugges ts  that  the obse rved  inhibition of the ADH-dependent  flow of wa t e r  through the b ladder  
wall  depends on act ivat ion of cho l ines t e ra se  (ChE) by ACh [2]. An example  of an effect  taking place through 
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activation of ChE and inhibited by antiChE, is the ability of ACh to induce hydrolysis of triphosphoinositides 
[5]. Cyclic AMP, on the other hand, facilitates the phosphorylation of diphosphoinositides. An important 
role is ascribed to phosphoinositides in the change induced by ACh in the permeability of plasma membranes 
for  ions, and permeabili£y for water may perhaps also be connected with the state of the phosphoinositides. 
The antipituitrin effect of ACh may thus be localized on the apical membrane, where in the modern view the 
ADtt-dependent barr ier  for water transport  is located [10]. 
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