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Abstract. Conscious SHR and WKY rats were infused during 7 days 
with ANF (Arg 101-Tyr 126), 100 ng/hr/rat, by means of miniosmotic 
pumps and their basal blood pressure (BP) , changes in sodium excre- 
tion and urinary catecholamines compared with those at the last day 
of the infusion. The SHR initial BP of 181 + 3 mmHg gradually 
declined to 137 + 5 mmHg. No significant change in blood pressure 
was observed in the ANF-infused WKY group. However, WKY rats exhi- 
bited an increased sodium excretion and urinary dopa- 
minelnorepinephrine ratio when compared to sham-infused rats. No 
such differences were observed in SHR. It is suggested that an ANF- 
induced withdrawal of the renal sympathetic tone permits the mani- 
festation of its natriuretic action in WKY rats. When, however, a 
BP decrease predominates, as in SHR, this decrease results in a 
reflex sympathetic discharge with a renal sympathetic activity over- 
riding the ANF induced natriuresis seen in WKY rats. Secondary 
sympathetic responses to the ANF-induced BP decrease have to be thus 
taken into account when a dissociation between the hypotensive and 
natriuretic action of ANF is observed in vivo. o 1986 soc ie ty  for 

Experimental Biology and Medic ine  

Introduction. We have previously ob- 
served that a chronic infusion of low 
doses of ANF reduces blood pressure in 
conscious SHK without apparent changes 
in sodium excretion (1). This disso- 
ciation of the vascular and renal ANF 
action remained unexplained. We have 
recently presented some evidence that 
ANF can act as an inhibitory modulator 
of the increased sympathetic nervous 
activity in vivo (2, 3) and abnormally 
high synthesis of catecholamines in 
vitro (4). The natriuretic action of 
atrial extracts had been found to be 
absent in 6-OH-dopamine-sympathecto- 
mized rats (5). We wanted to test the 
hypothesis that a withdrawal of the 
renal sympathetic activity normally 
participating in the natriuretic action 
of ANF may be overriden by a blood 
pressure decrease-induced sympathetic 

discharge to the point that the natriu- 
retic action of ANF could not materia- 
lize. With the high variability of 
plasma catecholamines in rats, the 
urinary catecholamine measurements of- 
fer a certain advantage in reflecting 
the overall sympathetic activity over 
the 24 hours urine collection. Some 
data are compatible with the possibili- 
ty that the inhibitory action of ANF is 
mediated by inhibition of the dopamine-B- 
hydroxylase (3, 4) the enzyme involved 
in the conversion of dopamine to nore- 
pinephrine, two catecholamines with 
opposing act ions. The urinary DA/NE 
ratio which was found to be suited to 
reflect the catecholamine relationship 
to natriuresis (6) was therefore chosen 
to monitor indirectly the ANF action on 
the renal sympathetic activity. We 
determined the BP, changes in sodium 
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excretion and urinary dopamine and nore- 
pinephrine before starting the experi- 
ment and at the height of the 7 days 
infusion of low dose ANF in SHR and WKY 
rats. 

Materials and Methods. Spontaneously 
hypertensive rats (SHR) , 14- 15 weeks 
old, and their normotensive Wistar- 
Kyoto controls (WKY), 14-15 weeks old, 
were purchased (Taconic Farms, German- 
town, NY) . SystoI ic blood pressure was 
measured indirectly by means of the 
tai 1 cuff method (Narco Biosystems 
Inc., Texas, USA) in conscious, pre- 
warmed (37°C for 10 min) rats. The 
animals were accomodated in metabolic 
cages 3 to 4 days before the experi- 
ments were started and were kept on 
regular rat chow and tap water ad libi- 
tum. Forty-eight hours after this 
initial period the animals were sepa- 
rated in four experimental groups. 
Under light ether anesthesia, one group 
each of SHR and WKY rats, was implanted 
subcutaneously in the neck with osmotic 
minipumps (model 2001, Alza, Palo Alto, 
CA) filled with synthetic ANF (Arg 101- 

Tyr 126) to release 100 nglhr (35 
pmollhr) of the peptide. The pumps 
were connected to the left jugular vein 
by means of a polyethylene catheter 
(PE-60). A second group each of SHR 
and WKY, was similarly anesthetized and 
a piece of plastic tubing with the same 
size as the minipumps was implanted 
subcutaneously. The left jugular vein 
was cannulated with a blind PE-60 ca- 
theter. 

Urinary volume, water intake and 
indirect blood pressure were measured 
dai ly ; urinary catecholamines and so- 
dium at days-2 and 7. Urinary cate- 
cholamines were determined radioenzyma- 
tically ( 7 ) ,  urinary sodium by flame 
photometry and creatinine colorimetri- 
cally. The main metabolites of DA- 
di hydroxyphenylacetic acid (DOPAC) , 
homovani 1 1  ic acid (HVA) and methoxyty- 
ramine (MT) were determined by HPLC 
(8). The data were analyzed by a two- 
way analysis of variance with repeated 
measures separately for SHR and WKY 
rats to compare the response to saline 
with that to ANF. The same analysis 
was also performed for individual va- 

TABLE I 

BLOOD PRESSURE, RENAL INDICES AND CATECHOLAMINE EXCRETION 
IN WKY RATS IN THE CONTROL PERIODS AND FOLLOWING ANF 

(REAL OR SHAM) ADMINISTRATION (MEAN + SE) 

CONTROL PERIOD CONTROL PERIOD 

BP mmHg 116 k 2 . 5  
U volume m1124h 5 2 0 . 7  
U c r f a t i n i n e  mg/24 h 4.8 + 0.7 
U Na mmo1/24 h 2.5 k 0.7 
U r i na ry  DA uglmg c rea t .  1.1 i- 0.14 
U r i na ry  NE ,,g/mg c r e a t .  0.38 + 0.04 
U r i na ry  DA:NE r a t i o  2.8 + 0.34 

SHAM ANF ANF ADMINISTRATION 

BP mmHg 115 r 3  120 2 5  
U volume m1/24 h 2.3 2 0 . 5  3.9 ~ 0 . 8  
U c r f a t i n i n e  mg/24 h 3.3 + 0.5 4.7 + 0.2 
U Na mmo1/24 h 1 6  k 0 . 4  -*- 3.7 ? 1.2** 
U DA d / rng /c reat .  0.5 + 0.1 0.73 k 0.17 
U NE a /mg/creat .  0.25 + 0.02 0.2 + 0.03 
U r i na ry  DA:NE r a t i o  1.9 + 0.3 -*- 3.2 +0 .6 * *  

* D i f f e r e n t  when sham and ANF adm in i s t r a t i ons  a re  compared (p  <0.05). 
** D i f f e r e n t  when ANF o r  sham a d m i n i s t r a t i o n  compared w i t h  t h e  

respec t i ve  c o n t r o l  pe r i od  (p  < 0.05). 
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TABLE I 1  

BLOOD PRESSURE, RENAL INDICES AND CATECHOLAMINE EXCRETION 
I N  SHR I N  THE CONTROL PERIODS AND FOLLOWING ANF 

(REAL OR SHAM) ADMINISTRATION (MEAN 2 SE) 

CONTROL PERIOD CONTROL PERIOD 

BP mmHg 175 t 4.5 t 

U volume m1124h 4.3 2 0 . 7  
U c r f a t i n i n e  mgl24h 4.5 t 0.2 
U Na mmo1/24h 0.85 t 0 . 1 2 ~  
Ur inary  DA ug/rng creat .  1.04 + 0.02 
Ur inary  NE ~g/mg creat .  0.13 + 0.01 
Ur inary  DA:NE r a t i o  7.6 t 0.7 

SHAM ANF ANF ADnINISTRATION 

BP mmHg 163 t2.6-f-*- 137 ? 4.7** 
U volume m1124h 5.2 2 0.8 4.5 t 1.1 
U c r f a t i n i n e  mg/24h 3.1 k 0.4 2.7 + 0.35 
U IJa mmo1124h 0.8 t 0.1 + 0.7 + 0 . 1 +  
Ur inary  DA ,,g/mg creat .  1.21 + 0.04 1.32 2 0.2 
Ur inary  NE ug/rng c rea t  . 0 -23 + 0.02 0.25 t 0.05 
Ur inary  DA:NE r a t i o  5.9 2 0 . 4 5 ~  5.6 2 0.4+ 

* D i f f e r e n t  when sham and ANF admin i s t ra t i ons  are compared (p 10.05). 
** D i f f e r e n t  when ANF o r  sham admin i s t ra t i on  compared w i t h  t h e  r e -  

spect ive  c o n t r o l  per iod ( p  <0.05). 
D i f f e r e n t  from corresponding values i n  WKY r a t s  l i s t e d  on Table 1 
(p  < 0.05). 

riables separately for saline and ANF 
infusion to compare SHR and WKY rats. 
To diminish the variability of some 
indices we made also the same analysis 
on values comparing in percentage the 
changes occuring between day -2 and 7 
of the infusion of ANF, saline respec- 
tively. 

Results. As can be seen on Ta- 
ble 1 and 2 the mean systolic BP base- 
line and following sham-infusion and 
ANF infusion was higher in SHR than WKY 
rats. The BP did not change following 
ANF infusion in WKY rats but decreased 
in SHR. During all conditions (base- 
line, s h a ~  infusion, ANF infusion) the 
urinary Na excretion was significantly 
lower but DA/NE ratio higher in SHR 
than in WKY rats. None of the urinary 
volume and creatinine excretion values 
was significantly different when the 
effect of the sham infusion or ANF 
infusion was considered separately or 
compared between sham infusion and ANF. 
Urinary sodium excretion did not change 

in sham or ANF-infused SHR or sham- 
infused WKY rats but significantly in- 
creased in ANF-infused WKY rats. The 
urinary DA and NE excretions, corrected 
for creatinine had a wide variation. In 
general, urinary DA was higher and NE 
lower in SHR than WKY rats in the con- 
trol period but none of these differen- 
ces was significant. The same was true 
also for the sham infusion- or ANF- 
induced changes in DA or NE excretion. 
When the urinary DA:NE ratio was used, 
the higher values of this ratio in SHR 
than in WKY rats were significant not 
only during baseline conditions, but 
also following sham or ANF infusion. As 
shown on Figure 1 ,  the ANF-induced 
changes were significantly different 
from the sham infusion-induced changes 
only in urinary ~ a +  excretion and the 
DA/NE ratio in WKY rats (both p < 0.05) 
and the BP decrease induced by ANF in 
SHR but not WKY rats (p < 0.01 ) . There 
were no significant differences between 
water intake, between urinary excre- 
tions of epinephrine DOPAC, HVA and MT 
between WKY rats and SHR as well as be- 
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Figure 1 The percentage changes in systolic BP ( A B P )  urinary sodium 
excretion (nu ~ a ' )  and urinary DA/NE ratio following ANF @-a or 
sham o------ o infusion in WKY rats and SHR (mean + SE). 

tween the sham infusion and ANF infu- 
sion-induced changes in these indices 
in WKY rats and SHR (data not shown). 

Discussion. It is well established 
that the regulation of the changes in 
sodium excretion results from an in- 
teraction of several neuronal and humo- 
ral mechanisms involving among other 
changes in the sympathetic nervous 
activity (9) and probably release of 
ANF (10). The administration of phar- 
macological doses of ANF with an over- 
whelming direct vasorelaxant activity 
(11) is apparently more effective in 
SHR having an elevated peripheral vas- 
cular tone than in normotensive WKY 
rats (12). In accordance with our pre- 
vious studies ( I ) ,  ANF induced a de- 
crease in BP in SHR but not in WKY 
rats. Whether this decrease was due to 
vasorelaxation or decreased stroke vo- 
lume (13) can not be decided from our 
studies. 

As far as ANF-induced changes in 
sodium excretion are concerned, the 
present study compares the endpoint of 
a chronic ANF-infusion with baseline 
values. Under those cynditions, the 
excretory values for Na were lower in 
SHR than in WKY rats. When comparing 
water and food consumption, there was 
no difference between the two groups of 
rats suggesting that rather excretory 
mechanisms are responsible for dif- 
ferences in the changes in sodium ex- 
cretion. The role of catecholamines in 
the regulation of natriuresis is pos- 
tulated in several studies (9, 14). 

The great variability in the urinary 
excretions of the two main catechola- 
mines, DA and NE, even if expressed per 
mg creatinine, makes a meaningful con- 
clusion difficult. However, catecho- 
lamine changes, whether primary or 
secondary to ANF, are apparently better 
reflected by the urinary DA/NE ratio 
for reasons previously outlined. The 
direction of the change from the 
baseline towards the end of the ANF 
infusion probably reflects changes oc- 
curing in the renal sympathetic nervous 
system under the influence of ANF. The 
coincidence of the ANF-induced natriu- 
resis and increase in the DA/NE ratio 
in WKY rats may thus reflect the na- 
triuretic action of ANF at least par- 
tially mediated by an inhibitory action 
of ANF on the sympathetic nervous acti- 
vity (3, 4) directly or indirectly via 
vagal afferent stimulation (15). In 
the presence of the considerable hypo- 
tensive action of ANF in SHR there is a 
reflex activation of the sympathetic 
nervous activity (16) which may offset 
this inhibitory action and the natriu- 
retic effect of ANF diminishes or enti- 
rely disappears. Such an interpre- 
tation is in accordance with the fin- 
ding that with minimal BP decrease 
after acute administration of ANF in 
WKY rats there is a cardiosuppression 
reflected by a decrease in pulse rate; 
this does not occur however in SHR when 
the BP decrease is much more profound 
and a reflex sympathetic discharge 
apparently obscures the initial cardio- 
suppression ( 17). These data suggest 
that the sympathetic nervous response 
to ANF infusion may be a factor detar- 
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mining the presence or absence of na- extract and blood volume expansion. 
triuresis following ANF, dependent on Proc West Pharmacol Soc 27:89-93, 
the degree to which secondary sympathe- 1984. 
tic responses to an ANF-induced BP 6. 
decrease modify this sympathetic re- 
sponse. .This is in accordance with 
Homer Smith's statement in 1957: 
"Where multiple controls are super- 
imposed on a function such as sodium 
excretion it is conceived that normal 

Krishna GG, Danovitch GM, Sowers 
JR. Catecholami ne responses to 
central volume expansion produced 
by head-out water immersion and 
saline infusion. J Clin Endocrinol 
Metab 56:998-1002, 1983. 

regulatory mechanisms may be obscured 7. Da Prada My Zurcher G. Simulta- 
by compensatory react ions" ( 18). neous radioenzymatic determination 

of plasma and tissue adrenaline, 
noreadrenaline and dopamine within 
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