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A b s t r a c t .  Conscious two-kidney, one-c l ip  h y p e r t e n s i v e  r a t s  were 
c h r o n i c a l l y  in fused  d u r i n g  7 days  w i t h  s y n t h e t i c  ANF (8-33) ( 1  vg/ 
h r / r a t )  by means of  osmotic  minipumps. The i n i t i a l  blood p r e s s u r e  
of 1 8 3  + 4 mmHg g r a d u a l l y  decreased  t o  116 + 5 mmHg t h e  l a s t  2  days 
of i n f u s i o n .  P r e s s u r e  d i u r e s i s  r e t u r n e d  t o  normal and p r e s s u r e  
n a t r i u r e s i s  was a t t e n u a t e d .  PRA was s i g n i f i c a n t l y  lower (1.81 + 
0.41 A1 ng/ml/hr)  than  i n  n o t  t r e a t e d  h y p e r t e n s i v e  r a t s  (8.56 + 
3.75 A1 ng /ml /hr ) .  A p a r t i a l  r e g r e s s i o n  i n  c a r d i a c  hypertrophy was 
observed i n  t h e  t r e a t e d  group. We s u g g e s t  t h a t  t h e  hypotens ive  
response t o  ANF may be  mainly due t o  v a s o d i l a t a t i o n ,  b u t  t h e  
p o s s i b i l i t y  t h a t  t h e  decrease  i n  PRA may p l a y  a  p a r t i a l  r o l e  i n  
lowering blood p r e s s u r e ,  cannot  be  excluded.  @ 1985 Society f o r  
Experimental Biology and Medicine. 

I n t r o d u c t i o n .  A t r i a l  n a t r i u r e t i c  f a c t o r  
(ANF) is  a p o t e n t  v a s o a c t i v e  and n a t r i -  
u r e t i c  p e p t i d e  p r e s e n t  i n  a t r i a l s p e c i f -  
i c  g ranules  (1-2) which has  been recen t -  
l y  p u r i f i e d  t o  homogenei tyandsequenced 
(3-9). A p e p t i d e  wi th  t h e  amino a c i d  
sequence (8-33AA) of n a t i v e  ANF and wi th  
s i m i l a r  n a t r i u r e t i c  and v a s o a c t i v e  ac- 
t i v i t i e s  h a s  been s y n t h e s i z e d  (6 , l o ,  11). 

W e  have r e c e n t l y  demonstrated (13) 
t h a t  t h e  a c u t e  a d m i n i s t r a t i o n  of t h i s  
s y n t h e t i c  ANF produced a  r a p i d ,  f a s t  and 
prolonged decrease  i n  b lood  p r e s s u r e  i n  
renovascu la r  h y p e r t e n s i v e  r a t s  which is  
probably n o t  due t o  a n  i n c r e a s e d  n a t r i -  
u r e s i s  b u t  t o  v a s o d i l a t a t i o n .  W e  have 
now i n v e s t i g a t e d  t h e  e f f e c t  of c h r o n i c  
i n f u s i o n  of t h e  s y n t h e t i c  p e p t i d e  i n  t h e  
conscious two-kidney, one-cl ip  (2-K,1-C) 
h y p e r t e n s i v e  r a t .  

M a t e r i a l s  and Methods. Two-kidney, one- 
c l i p  hyper tens ion  was produced i n  male 
Sprague-Dawley r a t s  (180-200 g) by con- 
s t r i c t i o n  of t h e  l e f t  r e n a l  a r t e r y  wi th  
a  s i l v e r  c l i p  hav ing  an  i n t e r n a l  gap of 
0.20 mm; t h e  c o n t r a l a t e r a - l  kidney was 
l e f t  untouched. One a d d i t i o n a l  group of 
r a t s  s u b j e c t e d  t o  a  sham o p e r a t i o n  i n  

which t h e  l e f t  kidney was exposed and 
t h e  r e n a l  a r t e r y  s t r i p p e d , w a s  used a s  
normotensive c o n t r o l .  

Blood p r e s s u r e  was measured i n d i r e c t l y  
twice a  week by means of a  t a i l  cuf f  
under l i g h t  e t h e r  a n e s t h e s i a ,  and re- 
corded on a  Grass  model 7  polygraph 
f i t t e d  w i t h  a  7P8 p r e a m p l i f i e r  and a  
model 1010 g r a s s  c r y s t a l  microphone a s  
a  p u l s e  d e t e c t o r .  Once t h e  blood pres-  
s u r e  of 2-K, l - C  r a t s  was 150 mmHg o r  
h i g h e r  d u r i n g  4 consecu t ive  weeks, t h e  
animals  were accomodated i n  i n d i v i d u a l  
metabol ic  cages and allowed 3 t o  4 days 
t o  become accustomed t o  t h e i r  new envi-  
ronment. The an imals  were k e p t  on regu- 
l a r  r a t  chow and t a p  wate r  ad LibLtum. 
Twenty-four hours  a f t e r  t h i s  i n i t i a l  
p e r i o d  t h e  animals  were s e p a r a t e d  i n  
t h r e e  exper imenta l  groups. Under l i g h t  
e t h e r  a n e s t h e s i a ,  one group of  2-K, l-C 
h y p e r t e n s i v e  r a t s  was subcutaneously 
implanted i n  t h e  neck w i t h  osmotic  mini- 
pumps (model 2001, a l z a ,  P a l o  Al to ,  CA) 
f i l l e d  w i t h  ANF 8-33 t o  r e l e a s e  1 pg/hr  
of t h e  pep t ide .  The pumps were connect- 
ed t o  t h e  l e f t  j u g u l a r  v e i n  by means of  
a  po lye thy lene  c a t h e t e r  (PE-60) . Sham- 
opera ted  r a t s  and a  second group of 2-K, 
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Figure 1 Effect  of ANF infusion on blood pressure of the 2-K,  1-C hyper- 
tensive  r a t s .  

1-C h y p e r t e n s i v e  r a t s ,  were e q u a l l y  
a n e s t h e t i z e d  and a  p i e c e  of p l a s t i c  
tub ing  w i t h  t h e  same s i z e  and d iameter  
a s  t h e  minipump was subcutaneously i m -  
p l a n t e d .  The l e f t  j u g u l a r  v e i n  was 
cannula ted  w i t h  a  b l i n d  PE-60 c a t h e t e r .  

Urine volume, w a t e r  in ta lce ,weigh t  and 
i n d i r e c t  blood p r e s s u r e  were measured 
d a i l y .  Ur inary  sodium and potassium 
were measured d a i l y  i n  a  f lame photome- 
t e r .  

On day seven a f t e r  t h e  pumps were in -  
s t a l l e d ,  t h e  animals  were d e c a p i t a t e d  
and blood c o l l e c t e d ,  t h e  h e a r t  was ex- 
c i s e d  ans  weighed. Plasma r e n i n  a c t i v -  
i t y  was measured by r a d i o i m u n o a s s a y  of 
genera ted  a n g i o t e n s i n  I (12) .  

R e s u l t s  a r e  expressed  a s  means + SEM. 
S i n g l e  comparisons were done by t h e  
p a i r e d  and unpa i red  S t u d e n t ' s  "t" t e s t .  
One-way a n a l y s i s  of v a r i a n c e ,  a n a l y s i s  
of covar iance ,  and t h e  Dunnet t e s t  were 
used f o r  m u l t i p l e  comparisons. 

R e s u l t s .  No d i f f e r e n c e  i n  i n i t i a l  blood 
p r e s s u r e  was s e e n  between 2-K, 1-C and 
2-K, 1-C ANF-ififusedhypertensive groups: 
1 9 1  + 4 mmHg i n  t h e  former and 183  + 5 
mmHg i n  t h e  l a t t e r .  As s e e n  i n  F ig .  1, 
blood p r e s s u r e  i n  t h e  ANF-infused group 
g r a d u a l l y  d e c l i n e d ,  t h e  decrease  becom- 
i n g  s i g n i f i c a n t  48 h r  a f t e r  t h e  pumps 
were i n s t a l l e d .  Blood p r e s s u r e  reached 
l e v e l s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 
those  of t h e  sham-operated group dur ing  
t h e  l a s t  two days of t h e  experiment .  

A s i g n i f i c a n t  d e c l i n e  i n  u r i n a r y  
volume and w a t e r  i n  t ake  (Fig.  2b and 2c) 
was observed i n  t h e  2-K, 1-C r a t s  
i n f u s e d  w i t h  ANF. T h e i r  i n i t i a l  l e v e l s  
b e f o r e  t r e a t m e n t  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from those  of t h e  2-K, 1-C 
n o t  i n f u s e d  group. A s i m i l a r  t r e n d  was 
observed f o r  n a t r i u r e s i s  (F ig .  2a) b u t  
because of  in t ra -group  v a r i a t i o n s  t h e  
d i f f e r e n c e  was n o t  s i g n i f i c a n t .  No 
such d e c l i n e  was observed i n  e i t h e r  
normotensive o r  h y p e r t e n s i v e  c o n t r o l  
groups.  

As s e e n  i n  Table I ,  2-K, I -C ANF- 
i n f u s e d  r a t s  p r e s e n t e d  PRA l e v e l s  s i g -  
n i f i c a n t l y  lower t h a n t h o s e h y p e r t e n s i v e  
animals  which were n o t  i n f u s e d w i t h  ANF, 
and s i m i l a r  t o  t h o s e  of sham-operated 
r a t s .  I n  t h e  same t a b l e  i t  can be  s e e n  
t h a t  i n  n o t  i n f u s e d  2-K, 1-C hyperten-  
s i v e  r a t s  t h e  c a r d i a c  weigh t  is  s i g n i f -  
i c a n t l y  h i g h e r  than  i n  sham-operated 
r a t s .  Hear t  weigh t  i n  ANF-infused hyper- 
t e n s i v e  r a t s  is  n o t  s i g n i f i c a n t l y  d i f -  
f e r e n t  from t h a t  of t h e  c o n t r o l  group. 

Discussion.  We have p r e v i o u s l y  shown 
(13) t h a t  t h e  a c u t e  a d m i n i s t r a t i o n  of a  
ED50 d i u r e t i c  dose of s y n t h e t i c  ANFpro- 
duced a  decrease  i n  blood p r e s s u r e  i n  
normotensive and renovascu la r  hyperten-  
s i v e  r a t s  which was n o t  a s c r i b e d  t o  a  
r e d u c t i o n  i n  c i r c u l a t i n g  volume b u t  t o  
v a s o d i l a t a t i o n .  T h i s  e f f e c t  was more 
pronounced i n  t h e  2-K, 1-C h y p e r t e n s i v e  
group. 
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Figu re  2 E f f e c t  of ANF in fu s ion  on n a t r i u r e s i s  ( a ) ,  d i u r e s i s  (b) and water 
i n t a k e  ( c )  i n  t h e  2-K, 1-C hyper tens ive  r a t s .  
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Table I 

2 10 

EFFECT OF CHRONIC INFUSION OF SYNTHETIC ANF 8-33 ON PRA 
AND HEART WEIGHT I N  THE 2-K, 1-C HYPERTENSIVE RAT 

- - ANF ( Ipq /h )  - 

Group 

L I I 1 I l I 1 1  

0 1 2 3 4 5 6 7  
,DAYS 

- 

PRA - 

(A1 ng/ml/h) 

Hear t  weight  

(8) 

Sham-opera ted 

2-K, 1-C i n f u s i o n  1 .81  + 0.41  

n = 6  

Mean + SEM 
* p < 0.05 v s  sham and ANF-infused 
** p < 0.05 v s  sham 
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I n  the  p re sen t  experiments we show 
t h a t  chronic intravenous adminis t ra t ion  
of ANF gradual ly  reduced blood pressure  
t o  normal l e v e l s  i n  the  2-K, 1-C hyper- 
t ens ive  r a t s .  This normal iza t ion  i n  
blood pressure  was n o t  accompaniedbyan 
increased n a t r i u r e s i s  o r  d i u r e s i s ,  which 
sugges t  again,  a s  i n  our previous acute  
experiments, t h a t  t he  drop i n  blood 
pressure  i s  n o t  secondary t o  a cont rac t -  
ed c i r c u l a t o r y  volume. Su rp r i s ing ly ,  
chronica l ly  administered ANF produced a 
reduct ion  2n d i u r e s i s  a n d n a t r i u r e s i s  i n  
2-K, 1-C hypertensive r a t swh ich  reached 
the  l e v e l s  shown by the  normotensive 
group (Fig. 2) .  Both hyper tens ive  
groups presented ,  be fo re  treatment,  
h igher  n a t r i u r e s i s ,  d i u r e s i s  and water  
i n t ake  than normotensive r a t s .  This 
increase  i n  water  and sodium exc re t ion  
can be explained by decreasedsodiumand 
water  tubular  reabsorpt ion  observed i n  
animals w i th  e l eva t ions  of a r t e r i a l  
blood pressure  (15-17). Thus, ANF by 
reducing blood pressure  would reduce 
p r e s s u r e n a t r i u r e s i s  and d i u r e s i s ;  water  
i n t ake  would fol low d i u r e t i c  changes. 

PRA is s i g n i f i c a n t l y  h igher  i n  n o t  
t r e a t e d  2-K, 1-C r a t s  than i n  sham- 
operated animals a s  i t  has been describ-  
ed i n  t h i s  experimental  model a t  t h i s  
s t a g e  of development of hypertension 
(18). 

A s  seen i n  Table I ,  PRAY is much lower 
i n  ANF-inf used than i n  no t- infused 2-K, 
1-C hypertensive r a t s  and no t  d i f f e r e n t  
from t h a t  of sham-operated normotensive 
animals. 

An explanat ion  f o r  t he  lower PRA i n  
ANF-infused animals could be a d i r e c t  
i n h i b i t o r y  e f f e c t  of ANF on renin  pro- 
duction.  Our study,  however, does no t  
provide any evidence f o r  such an 
hypothesis .  

A more a t t r a c t i v e  hypothesis  would be 
t h a t  i n  lowering blood pressure  ANF 
could break the  c i r c l e  of high blood 
pressure  s t imu la t ing  n a t r i u r e s i s  wi th  a 
negat ive  sodium balance,  which, i n  turn ,  
would s t imu la t e  renin  production (18).  

It is w e l l  known t h a t  reduct ion  i n  
r ena l  blood flow even i n  t he  presence 
of anon func t iona l  macula densa stimu- 
l a t e s  ren in  production (19,20). I n  the  
2-K, 1-C hypertension model i t  is  the  
c l ipped kidney which has  a decreased 
r e n a l  blood flow and theref  ore  an in-  
creased r en in  production.  Borenstein 
d. (21) have r ecen t ly  shown t h a t  t he  

i n j e c t i o n  of a t r i a l  e x t r a c t s  increased  

t o t a l  and medullary r e n a l  blood flow. 
It could b e t h e n  t h e o r e t i c a l l y  poss ib l e  
t h a t  t he  i n j e c t i o n  of ANF by increas ing  
r e n a l  blood flow i n  t he  c l ipped kidney 
could decrease r en in  production.  How- 
eve r ,  a s  the  ischemic r e n a l  kidney is  
f i t t e d  wi th  a r i g i d  clamp, t he  possi-  
b i l i t y  of increased  r ena l  flow a f t e r  ANF 
adminis t ra t ion  seems very unl ike ly .  

It has been previous ly  demonstrated t h a t  
ANF re l axes  pre-contracted ves se l s  
whatever t he  agent used t o  induce a 
con t r ac t ion  (10,12). Acute administrat-  
i on  of ANFin r e n a l  hypertensive r a t s ,  
e i t h e r  t he  two-kidney, one-clip o r  t h e  
one-kidney , one-clip model reduced blood 
pressure  t o  normal l e v e l s  ( 1 3 ) ,  sug- 
ges t ing  t h a t  ANF under those p a r t i c u l a r  
experimental  circumstanceswas ac t ing  a s  
a non s p e c i f i c  vasod i l a to r .  I n  our 
p re sen t  chronic experiments i n  which a 
normal iza t ion  of both blood pressure  
and PRA was observed, t he  p o s s i b i l i t y  
t h a t  t he  decrease i n  t he  l a t t e r m a y  play 
a p a r t i a l  r o l e  i n  lowering blood pres- 
s u r e  cannot be excluded. 
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