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Abstract. Peptides recent ly isolated from atr ia l  ex t rac ts  possess 
potent nat r iu re t ic  and d iure t ic  activit ies, which are thought  to  
be due to  hemodynamic actions, such as increased glomerular 
f i l t rat ion o r  altered medullary blood flow. A d i rec t  tubu lar  site 
of action cannot be ru led out; therefore we have examined the 
effect of one of these peptides, atr iopept in Ill on vasotocin- 
induced water absorption in the toad uri_ b lad -w .  Our  
resul ts indicate tha t  equimolar doses ( l O w y t o  10 M) of 
atr iopept in I I I can signi f icant ly inh ib i t  vasotocin-induced water 
reabsorption in v i t r o  and suggest a physiologic role for the 
cardiac peptides to  al ter  water reabsorption d i rec t ly  a t  the level 
of the tubules o r  collecting ducts, independent of any 
hemodynamic effects they might also exe r t  vivo. a l g a 6  s o c i e t y  f o r  

Exper imental  Biology and Medicine. 

Introduct ion.  At r ia l  myocytes contain 
secretory granules (1 ) suggesting 
that  the heart, i n  addi t ion to i t s  
muscular function, might be an 
endocrine organ. The observation 
tha t  water depr ivat ion resul ted in 
increased atr ia l  g ranu lar i ty  led deBold 
( 2 )  to speculate that  the contents of 
these granules played a physiological 
ro le i n  the regulation o f  water and 
electrolyte balance. Later, h is  g roup  
(3) demonstrated tha t  intravenous 
infusion o f  saline ext rac ts  of a t r ia l  
tissues caused a rap id  and potent 
increase i n  u r ina ry  sodium and 
chlor ide excretion and u r ine  flow. 
They speculated that  the extracts 
contained a substance which inhibi ted 
renal tubu lar  sodium chloride 
reabsorption and that  the atria, a 
t issue known to  monitor intravascular 
volume (4), could be  the source o f  
hormonal agents which control led f l u id  
volume via renal mechanisms. A 
family of peptides possessing the 
nat r iu re t ic ld iure t ic  and spasmolytic 
ac t i v i t y  of a t r ia l  ex t rac ts  has been 
isolated, pur i f ied,  sequenced and 
synthesized b y  several groups (5-7). 

These peptides, called collectively 
a t r ia l  nat r iu re t ic  factors (ANFs) , 
have i n  common a central, 
17-membered r i n g  formed b y  an 
internal  cyst ine disulfide. 

The or ig inal  description of the 
nat r iu re t ic ld iure t ic  action of atr ia l  
extracts fai led to  have detected an 
alteration in glomerular f i l t ra t ion rate 
(GFR), thereby suggesting an action 
on NaCl t ranspor t  in the ascending 
l imb o f  Henle o r  medullary collecting 
duc t  (3).  Subsequent micropuncture 
studies ( 8 )  also suggested a medullary 
collecting duct  and tubule site of 
action, although h igh  doses of ex t rac t  
d i d  increase GFR ( 8 ) .  Later work 
wi th  ex t rac ts  (9)  and synthet ic ANF 
(6 )  corroborated the ef fect  t o  increase 
CFR suggesting that  the  
nat r iu re t ic ld iure t ic  ac t iv i ty  was due to  
hemodynamic and not  tubu lar  actions. 
Maack e t  al. (10) demonstrated 
increased CFR w i th  ANF infusion in 
anesthetized and conscious dogs in the 
face o f  only t ransient ly increased renal 
blood flow. These data suggest that  
the decrease i n  u r ine  osmolality 
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following ANF infusion is  due to  
increased inner  medullary blood flow 
and subsequent medullary wash ou t  
since f ree water clearance remained 
stable. 

A l though convincing data for the  
hemodynamic basis of t he  nat r iu re t ic  
ef fect  of ANF exists, a d i rec t  tubu lar  
ef fect  cannot be ru led  ou t  (10). ANF 
receptor b ind ing is present, a lbei t  i n  
low levels, in the  collecting tubules 
(1 1) and data from isolated r a t  k idneys 
(12) s t rong ly  suggest a dissociation of 
t he  hemodynamic and na t r i u re t  ic 
l d iu re t i c  effects. We have approached 
th i s  problem us ing a d i f fe rent  
experimental model, t he  u r i n a r y  
bladder o f  t he  toad. We reasoned tha t  
the  d iure t ic  affect of ANF might not  be 
secondary to  i t s  nat r iu re t ic  action, b u t  
instead be due to  an inh ib i t ion  of 
vasopressin st imulated water 
reabsorption. 

Materials and Methods. Toads (Bufo 
rnarinus) o f  e i ther sex, m a i n t a i n e m  
deionized water wi thout food. were 
p i thed and two hemibladder sacs were 
prepared from each toad us ing the  
technique described b y  Bent ley (1 3) . 
Bladders were emptied, and then 
washed twice and f i l led  w i th  4-5m1, 
hal f -strength Ringer solution. These 
were incubated (22-23OC) i n  30 ml 
Ringer solution (NaCI,110 mM; KC!, 3.0 
mM; NaH P04,1.0 mM; Na HPO ,4.0 
mM; C ~ C ?  0.9 mM; pH 3.25-9.35) 
aerated witf; humidif ied O2 (100%) in a 
covered, 50 ml beaker. T h e  ne t  f l u x  
of water was determined b y  weight  
differences w i th  per iods between 
weighing (approximately 40 min) being 
matched for t he  paired hemibladders. 
Water flow was calculated in terms of 
mg H 0 loss per  hour  pe r  50 mg wet 
weigh$ o f  b ladder ( m g l h r  x 50 mg). 

Af ter  establishing tha t  each of 
t he  matched pa i rs  o f  hemibladders had 
similar and  normal ne t  water f l u x  in 
the  absence of exogenous peptides, 
t he  response of one hemibladder to  
the  indicated dose o f  arg in ine 
vasotocin (AVT,  Bachem) in the  
serosal ba th  was determined. If the  
response was inadequate, t he  dose 
was increased until a response 
occurred. The  paired hemibladder 
was then t reated w i th  the combination 

o f  ANF (At r iopept in  I I I, Peninsula 
Labs) and AVT.  The  ANF:AVT molar 
dose ra t io  was 10 i n  series I, and 
equimolar i n  series 11.  I n  a l l  of 
series I, and 7 o f  series II 
hemibladders exposed to  bo th  peptides 
the ANF preceded the  addi t ion of 
A V T  b y  8-10 minutes. I n  the  
remaining 5 experimental hemibladders 
of series II the two peptides were 
placed in the  ba th  simultaneously. 
There  were no di f ferences i n  the  
observed effects due to  the order  of 
timing, therefore the data o f  al l  12 
pa i rs  in series I1 were grouped. The  
dose of A V T  was the  same for bo th  
hemibladders ( tha t  exposed t o  A V T  
alone, as well as i t s  matched pa i r  
receiv ing A V T  and ANF).  Fluxes 
were measured on the hemibladders 
for a t  least three, continuous, fo r ty  
minute per iods af ter  placing A V T  o r  
ANF and A V T  in the  serosal ba th  
(per iods 1, 2 and 3). Since there  
was var iab i l i t y  in the  response to  
AVT,  the  mean differences between 
observed f luxes i n  hemibladder pa i rs  
were analyzed b y  the Student 's t 
test. No attempt was made to  
determine whether o r  no t  the  
i nh ib i t o ry  effect o f  ANF was dose 
dependent. 

Results. Series I. The ef fect ive dose 
in t-$ 9 hemjwadders var ied 

from 5 X 10 to  10 M. The  ne t  
water f l u x  d u r i n g  the  f i r s t  40 min 
per iod a f te r  exposure var ied from 114 
to  306 m g l h r  X 50 mg bladder and 
averaged 197 ? 20 (mean + SEM). The 
net  water f l u x  d u r i n g  the  second 
per iod (41-80 minutes) averaged 145 + 
19. The  ef fect  on ne t  water f l u x  was 
inh ib i ted  in the  matched paired 
hemibladders b y  the 10 fo ld molar 
excess o f  ANF. The  mean net  f luxes 
were: per iod 1 , 139 k 19; per iod 2, 
128 k 22. The  mean di f ference in 
water absorpt ion (Table 1) was 
s igni f icant ly d i f f e ren t  d u r i n g  per iod 1 
(p12 < 0.05). 

Series II. The  effective dose of A V T  
in f e 12 hemLqlfdders ranged from 
10- to  3 X 10 M. The  net  water 
f l u x  d u r i n g  per iod 1 var ied from 45 to  
292 m g l h r  X 50 mg bladder, w i th  an 
average o f  144 t 26. For per iod 2, 
t he  average was 105 k 25. The  mean 
net  water f luxes in paired 
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Table I Effect o f  ANF  on AVT-induced water f lux  in the toad ur inary  bladder. 
One hemibladder was exposed to A V T  alone, while i ts pair  was exposed 
to a combination of  A V T  and ANF. T h e  mean difference in  flux was 
calculated as the absolute difference between each pair  treated with 
A V T  alone and its matched pair  that was treated with A V T  and ANF. 

A V T  ANF:AVT  Mean Difference (f SEM) in  F lux 
(dose) (dose ratio ( m g l h r  x 50mg bladder) 

M in  treated 
pair )  

Period 1 * Period 2 * 
(0-40 min) (41-80 min) 

Series 1 5x10-l2 to l o - ' '  10:1 
(n=9) 

Series 2 l o - ' *  to 3 x 1 :1 
(n=12) 

* Time af ter  A V T  was placed in the serosal bath.  

hemibladders t reated wi th  equimolar 
doses of ANF and A V T  were: per iod 
1, 72 + 18; and per iod 2, 53 2 13 
m g l h r  X 50. The mean difference i n  
fluxes was signif icantly different 
d u r i n g  both  periods (pl2<0.005). I n  
s ix  of the twelve pairs the inh ib i tory  
effect lasted in to  a t h i r d  for ty  minute 
observation period. 

Discussion. The u r i n a r y  bladder of 
the toad is functionally analogous to  
the tubules and collecting d6cts  o f  
the mammalian k idney w i th  regard to  
water reabsorption. We selected th is  
in v i t r o  model because o f  i t s  re lat ive 
s impl ic i ty and because we would be 
able to  ascertain a possible d i rec t  
action of AN F on water reabsorption. 
Al though the effect of ANF alone on 
net  f lux has ye t  to  be determined, we 
have demonstrated the ab i l i ty  of th is  
peptide to  i nh ib i t  AVT-induced water 
absorption. These data suggest a 
physiological role for  the cardiac 
peptides to  al ter  water reabsorption 
d i rec t ly  a t  the level of the tubules o r  
collecting ducts  that  is  independent o f  
any hemodynamic effects they might 
also exer t  in vivo.  

Th is  ab i l i ty  o f  ANF t o  reverse 
the action of another hormonal agent 
is  qu i te  analogous to  i t s  action t o  
reverse norepinephrine (1 4, 15) , 
angiotensin 1 1  (15) and carbachol (14) 

stimulated smooth muscle contract ion 
and experimentally induced vasopressin 
release (1 6). The antagonistic action 
o f  ANF on AVT-induced water f l u x  in 
the toad bladder suggests ye t  another 
mechanism b y  which the cardiac 
peptides may interact  w i th  other 
hormonal agents in the physiologic 
control  o f  f l u id  and electrolyte 
balance. 
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