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RAPID COMMUNICATION 

CHRONIC INFUSION OF LOW DOSES OF ATRIAL, NATRIURETIC FACTOR 
( ANF Arg 10 1-Tyr 1 2 6 )  REDUCES BLDOD PRESSURE I N  CONSCIOUS SHR 

WITHOUT APPARENT CHANGES I N  SODIUM EXCRETION 
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A b s t r a c t .  Conscious SHR and WKY r a t s  were in fused  dur ing  7 days 
w i th  s y n t h e t i c  ANF (Arg 101-Tyr 126) ,  100 n g / h r / r a t  ( 35  pmo l /h r / r a t )  
by means o f  miniosmotic pumps. The SHR i n i t i a l  blood p r e s su re  of 
177 + 5 mmHg g r adua l l y  dropped t o  133 + 3 and 142 + 4 mmHg t h e  l a s t  
two days of  i n fu s ion .  No s i g n i f i c a n t  change i n  blood p r e s su re  was 
observed i n  t h e  ANF-infused WKY group. No apparen t  d i f f e r e n c e  i n  
n a t r i u r e s i s  o r  d i u r e s i s  was observed i n  ANF-infused SHR and WKY when 
compared wi th  non-infused c o n t r o l  groups.  A s l i g h t  bu t  s i g n i f i c a n t  
lower irnmunoreactive ANF concen t r a t i on  was found i n  t h e  a t r i a  o f  SHR 
than  i n  t h e i r  normotensive c o n t r o l s .  No d i f f e r e n c e  i n  c a rd i ac  
weight was found between infused  and non-infused rats. It is sug- 
ge s t ed  t h a t  t h e  hypotensive response observed i n  SHR and no t  i n  WKY 
is due t o  a decrease  i n  va scu l a r  p e r i p h e r a l  r e s i s t a n c e .  Whether ANF 
is involved i n  t h e  development and maintenance o f  h igh  blood pres-  
s u r e  i n  SHR remains t o  be e luc ida t ed .  o 1985 s o c i e t y  for  Experimental Biology 
and Pled i c  ine .  

Introduction. We have r e c e n t l y  demon- 
s t r a t e d  ( 1 )  t h a t  ch ron i c  i n fu s ion  of  
s y n t h e t i c  ANF 101-126 (p r ev ious ly  
c a l l e d  ANF 8-33), which s h a r e s  s i m i l a r  
n a t r i u r e t i c  and vasore laxant  a c t i v i t y  
wi th  a n a t i v e  form ( 2 ,  3 ) ,  reduced 
blood p r e s su re  t o  normotensive l e v e l s .  
I n  a d d i t i o n  t o  its chronic  hypotensive 
e f f e c t ,  ANF reduced p r e s su re  d i u r e s i s  
and n a t r i u r e s i s  and normalized PRA i n  
t h e  2-K, 1-C rat. 

We have now chosen a non renin-  
dependent model o f  hyper tens ion ,  SHR, 
i n  which i t  has  a l r e a d y  been suggested 
t h a t  ANF may p lay  a pathogenic r o l e  
( 4 )  - 

The a t r i a l  con t en t  o f  immunoreactive 
ANF has  a l s o  been measured. 

M a t e r i a l s  and Methods. Spontaneously 
hyper tens ive  r a t s  (SHR), 14-15 weeks 
o l d ,  and t h e i r  normotensive Wistar- 
Kyoto c o n t r o l s  (WKY), 14-15 weeks o l d ,  

were purchased (Taconic Farms, 
Germantown, NY). S y s t o l i c  blood pres-  
s u r e  was measured i n d i r e c t l y  by means 
o f  t h e  t a i l  c u f f  method (Narco 
Biosystems Inc . ,  Texas, USA) i n  con- 
s c i o u s ,  pre-warmed (37OC f o r  10 min) 
r a t s .  The animals  were accommodated i n  
metabolic  cages  3 t o  4 days before  t h e  
experiments  were s t a r t e d  and were kept  
on r e g u l a r  r a t  chow and t a p  water  ad 
.t.LbLtum. For ty-e igh t  hours  a f t e r  t h i s  
i n i t i a l  per iod  t h e  animals  were sepa- 
r a t e d  i n  f o u r  experimental  groups.  
Under l i g h t  e t h e r  a n e s t h e s i a ,  one group 
each o f  SHR and WKY r a t s ,  was implanted 
subcutaneously i n  t h e  neck w i th  osmotic  
minipumps (model 2001, Alza, Palo Al to ,  
CA) f i l l e d  w i th  s y n t h e t i c  ANF 101-126 
t o  r e l e a s e  100 ng /h r  ( 35  pmol/hr) of 
t h e  pept ide .  The pumps were connected 
t o  t h e  l e f t  j ugu l a r  v e i n  by means o f  a 
po lye thylene  c a t h e t e r  (PE-60). A 
second group each o f  SHR and WKY, was 
equa l l y  ane s the t i z ed  and a p i ece  o f  
p l a s t i c  t ub ing  w i th  t h e  same s i z e  a s  
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Figure  1: Effec t  of  ANF 101-126 infus ion on blood pressure of the 
SHR and WKY r a t s .  

t h e  minipumps were implanted subcuta- 
neously. The l e f t  jugular  ve in  was 
cannulated with a b l ind  PE-60 c a t h e t e r .  

Urinary volume, water  i n t ake  and 
i n d i r e c t  blood pressure  were measured 
d a i l y .  Body weight was taken a t  days 
-2, 2 and 7. Urinary sodium and potas-  
sium were measured d a i l y  i n  a flame 
photometer. On day seven,  a f t e r  t h e  
pumps were i n s t a l l e d ,  t h e  animals were 
anes the t ized  ( i . p .  pen toba rb i t a l ,  
50 mglkg) t h e  h e a r t  excised and 
weighed, and t h e  a t r i a  were c a r e f u l l y  
d issec ted .  Both a t r i a  were processed 
simultaneously f o r  each animal a s  pre- 
v ious ly  described ( 5 ) .  B r i e f l y ,  a t r i a  
were homogenized i n  2 m l  of 0.1 M 
a c e t i c  ac id  f o r  1 min and cent r i fuged 
f o r  20 min a t  30,000 rpm. The super- 
na t an t  was s to red  a t  -70°C, then thawed 
and cent r i fuged f o r  a second time. The 
p e l l e t  was discarded and t h e  super- 
na t an t  kept  a t  -70°C u n t i l  assayed. 
The radioimmunoassay procedures have 
been described elsewhere ( 5 ) .  Pro te in  
content  was measured by a modificat ion 
o f  t h e  method o f  Bradford ( 6 ) .  Some o f  
t h e  a t r i a  from each group have been 
preserved f o r  h i s t o l o g i c a l  s t u d i e s .  
Resul t s  a r e  expressed a s  means + SEM. 
S ing le  comparisons were done by t h e  
unpaired Student  s I1 t I 1  t e s t .  Analysis 
of  covariance and t h e  S c h e f f e f s  t e s t  
were used f o r  mu l t i p l e  comparisons. 

Results. The i n i t i a l  BP was not  s ig -  
n i f i c a n t l y  d i f f e r e n t  between SHR and 
SHR + ANF, being 164 + 2 mmHg f o r  t h e  
former and 177 + 5 mmHg f o r  t he  l a t t e r ,  
The i n i t i a l  BP was a l s o  no d i f f e r e n t  i n  

t h e  normotensive groups,  being 
125 + 3 mrnHg i n  WKY and 124 + 4 mmHg i n  
WKY + ANF r a t s .  A s  seen i n  Fig. 1 SHR 
infused  with ANF gradual ly  decreased 
t h e i r  BP t o  normotensive l e v e l s  no 
d i f f e r e n t  from non-infused WKY r a t s .  
This dec l ine  i n  BP s t a r t e d  e a r l y  being 
s i g n i f i c a n t l y  lower ( p  < 0.05) than 
non-infused SHR, 48 h r  a f t e r  t h e  ANF 
in fus ing  pumps were i n s t a l l e d .  On t h e  
l a s t  two days o f  t h e  experiment, t h e  
mean s y s t o l i c  BP was 186 + 4 mmHg and 
189 + 5 mmHg f o r  SHR and 133 + 3 mmHg 
and 142 + 4 mmHg f o r  t h e  ANF-infused 
SHR ( p  < 0.01). I n  Fig. 2 ,  sodium 
exc re t ion ,  u r ina ry  volume and water  
i n t ake  i n  a l l  f ou r  experimental groups 
a r e  depicted.  A s i g n i f i c a n t  h igher  
n a t r i u r e s i s  (Fig.  2a)  and d i u r e s i s  
(Fig.  2b) were observed i n  both,  ANF- 
infused and non-infused SHR than i n  WKY 
r a t s  ( p  < 0.01). However, ANF infus ion  
d id  not  modify t h i s  p a t t e r n  of  sodium 
and water  exc re t ion  e i t h e r  i n  hyperten- 
s i v e  o r  normotensive groups. Body 
weight was not  s i g n i f i c a n t l y  d i f f e r e n t  
between ANF-infused and non-infused 
SHR, being a t  day -2, 263 + 2 g and 
263 + 3 g ,  a t  day 2 ,  266 + 2 g and 
267 + 4 g ,  and a t  day 7 ,  270 + 4 g and 
272 + 6 g ,  respect ive ly .  For WKY r a t s  
t he  weight was 279 + 13 g and 
304 + 10 g a t  day -2, 293 + 13 g and 
314 + 9 g a t  day 2 ,  and 313 + 15 g and 
325 + 8 g a t  day 7, f o r  infused  and 
non-infused animals,  r e spec t ive ly .  
Those d i f f e r ences  were not  s i g n i f i c a n t .  

Since no s i g n i f i c a n t  d i f f e r ence  i n  
t h e  a t r i a l  content  of  immunoreative ANF 
was observed between ANF-infused and 
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r a t s .  This d i f f e r ence  however, is l o s t  
when t h e  r e s u l t s  a r e  expressed per  mg 
of  p ro t e in .  Heart weight was s i g n i f i -  
c a n t l y  h igher  ( p  < 0.05) i n  SHR, 
1083 * 18 mg, and i n  ANF-infused SHR, 
1078 * 46 mg, than  i n  WKY, 925 * 23 mg 
and than i n  ANF-infused WKY, 

T T 873 + 23 m g .  No d i f f e r ences  were 
5  observed between infused and non- - 

C infused  groups. s 4 . - 
S 3 Hematocrit was s l i g h t l y  bu t  s i g n i f i -  
> 
3 2 c a n t l y  h igher  ( p  < 0.01) i n  ANF-infused 

SHR, 47 + 1 ,  than  i n  SHR, 44 * 1. No 
I - d i f f e r e n c e s  were observed i n  t h e  normo- 

L 
V t ens ive  c o n t r o l s ,  being 46 + 1 and 

30 - 43 + 1 f o r  WKY and ANF-infused WKY 
E 

25 r a t s ,  respect ive ly .  
x -x 

C, 20 Discussion. It is well known t h a t  an 
e 
f I 5  

elevated  pe r iphe ra l  r e s i s t a n c e  wi th  
S vascular  s t r u c t u r a l  changes is of ten  

- 2 - 1 0 1 2 3 4 5 6 7  as soc i a t ed  wi th  high blood pressure  i n  
DAYS t h e  SHR ( 7 ) ;  furthermore,  an  increased 

Figure 2: Effect of ANF 101-126 infus- 
ion on natriuresis (a) ,  diure- 
sis (b) and water intake ( c )  in 
SHR and WKY rats. 

non-infused r a t s ,  t h e  r e s u l t s  from both 
SHR and both WKY groups were pooled. 

A s  seen  i n  Table I t o t a l  content  of  
immunoreactive ANF is s i g n i f i c a n t l y  
lower i n  SHR than  i n  WKY r a t s .  
However, it would be necessary t o  
emphasize t h a t  t h e i r  lower concentra- 

s e n s i t i v i t y  o f  t h e  mesenteric ves se l s  
t o  norepinephrine before  t h e  develop- 
ment o f  hypertension has  been described 
(8).  The o r i g i n  of  those  vascular  
changes is unce r t a in ,  but  it is genzr- 
a l l y  accepted t h a t  t h e  pe r iphe ra l  
renin-angiotensin system is not  
involved (9-11). Sonnenberg & d. ( 4 )  
have r ecen t ly  found t h a t  t h e  i n j e c t i o n  
o f  a t r i a l  e x t r a c t s  from SHR produced 
l e s s  n a t r i u r e s i s  than  those  from WKY 
r a t s .  They suggested t h a t  t h e  decrease  
i n  n a t r i u r e t i c  a c t i v i t y  could be asso- 
c i a t e d  wi th  an  increased  blood concen- 
t r a t i o n  of ANF, which, somehow, could 

Table I 

ATRIAL MWNOREACTIVE ANF IN SHR AND WKY RATS 

Group At@ @/atria ANF pg/mg protein 

SHR 5.03 k 0.23 a 1.21 * 0.32 
(n = 10) 

WKY 6.16 * 0.42 
(n = 8) 

Values are means * SEM 
a: p < 0.025 vs control 
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be involved i n  t h e  pathogenesis  and 
maintenance of  high blood pressure  i n  
t h i s  model of  hypertension.  I n  t h e  
present  work a lower concent ra t ion  of  
a t r i a l  immunoreactive ANF i n  SHR has  
been found, however, because of  t h e  
reasons given i n  t h e  r e s u l t s  s e c t i o n ,  
t h i s  d i f f e r ence  need t o  be confirmed 
wi th  a l a r g e r  group of  animals. Though 
s t a t i s t i c a l l y  s i g n i f i c a n t  t h e  b io logi -  
c a l  relevance of  t h i s  s l i g h t  d i f f e r ence  
remains t o  be e luc ida ted .  A word of  
caut ion  should be put  forward when 
comparing r e s u l t s  obtained with d i f -  
f e r e n t  methods. I n  our  experiments 
immunoreactive a t r i a l  ANF has  been 
measured us ing  an t ibod ie s  r a i s ed  
aga ins t  ANF 101-126, which p re sen t s  low 
c ros s - r eac t iv i  t y  wi th  longer forms ( 5)  . 
It is not  wel l  known whether t h e  
s to rage  form o f  ANF is e i t h e r  a long o r  
s h o r t  pept ide  o r  r a t h e r  a mixture of  
pept ides  d i f f e r i n g  i n  length.  By mea- 
su r ing  immunoreactive ANF we may be 
looking f o r  t h e  s h o r t e r  pept ide ,  while 
i f  i n j ec t ed  i n  vivo, t h e  longer form 
could t h e o r e t i c a l l y  be converted t o  t he  
more a c t i v e  s h o r t e r  form. It has  been 
a l ready demonstrated t h a t  t h e  length  of  
t h e  amino ac id  chain is important i n  
t h e  n a t r i u r e t i c  and r e l axan t  a c t i v i t i e s  
of  ANF (12 ,  13).  

The f a c t  t h a t  i n  SHR t h e  blood pres- 
s u r e  decreased t o  l e v e l s  no d i f f e r e n t  
than t h e i r  normotensive c o n t r o l s  a f t e r  
being infused with doses of  ANF t e n  
t imes lower than  those  used i n  t h e  2-K, 
I -C r a t s  ( 1 ) , sugges ts  t h a t  SHR have 
e i t h e r  low c r  normal plasma l e v e l s  of  
ANF. For a r a t  of  250 g body weight ,  
wi th  a blood volume equiva lent  t o  
50 ml/kg body weight ,  t h e  amount o f  ANF 
del ivered  per  minute would achieve a 
concent ra t ion  of  approximately 
135 pg/ml blood, which is roughly 
equiva lent  t o  t h a t  found by radio- 
irnmunoassay i n  normal r a t s  ( 14; 
Gutkowska a at. ,  unpublished r e s u l t s ) .  
A decrease i n  plasma l e v e l s  of  ANF i n  
SHR could expla in  t h e  increased sens i -  
t i v i t y  o f  t he se  r a t s  t o  norepinephrine 
(8), s i n c e  ANF not  only  r e l axes  norepi- 
nephrine pre-contracted vascular  s t r i p s  
( 15, 16) but  a l s o  s h i f t s  t h e  norepi- 
nephrine dose-response curve t o  t h e  
r i g h t ,  t h i s  e f f e c t  being more remark- 
a b l e  a t  low doses o f  t h e  vasoconstr ic-  
t o r  ( 2 ,  13).  Since ANF infus ion  d id  
not  produce any apparent  change i n  

n a t r i u r e s i s  and d i u r e s i s  i n  e i t h e r  SHR 
o r  WKY r a t s ,  we may assume t h a t  t h e  
hypotensive response is not  due t o  a 
c i r c u l a t o r y  volume cont rac t ion .  
However, s i nce  we have not  performed 
balance s t u d i e s ,  i . e .  sodium in t ake  
versus  sodium exc re t ion ,  t h i s  d a t a  need 
t o  be confirmed. The s l i g h t l y  h igher  
hematocri t  i n  ANF-infused SHR sugges ts  
a c e r t a i n  degree of  water  l o s s .  
However, because no apparent  d i f f e r -  
ences were found i n  e i t h e r  n a t r i u r e s i s ,  
ur inary  volume o r  weight between ANF- 
infused and non-infused groups, t h a t  
p o s s i b i l i t y  seems not  t o  be very 
l i k e l y .  Furthermore, t h e  quan t i t y  of  
ANF necessary t o  induce a n a t r i u r e t i c  
response when administered as a bolus 
is much h igher  than  t h e  t o t a l  amount 
i n j ec t ed  during one minute i n  t h e  
present  experiments ( 3) . A d e f i n i t e  
answer t o  whether o r  not  t h e  chronic 
hypotensive e f f e c t  of  ANF observed i n  
SHR is associa ted  wi th  a cont rac ted  
c i r c u l a t o r y  volume should be g iven  by 
measuring e x t r a c e l l u l a r  f l u i d  volume 
under t h e  same experimental condi t ions  
described i n  t h e  present  work. Acute 
adminis t ra t ion  of ANF (101-126) i n  
conscious r a t s  is known t o  produce an 
important r e n a l  and splanchnic vasodi- 
l a t a t i o n  without  modif ica t ions  of  
ca rd i ac  output  (17).  Thus, a decrease  
i n  t o t a l  pe r iphe ra l  r e s i s t ance  without  
modificat ion o f  ca rd i ac  output  may we l l  
expla in  t h e  hypotensive e f f e c t  of  ANF, 
a t  l e a s t  i n  acu te  experiments. Whether 
t he  same changes could be involved i n  
chronic  experiments is not  known. 
Because of  its known e f f e c t s  i n  pre- 
venting o r  i n h i b i t i n g  the  e f f e c t  of  
norepinephrine (2 ,  13, 15, 16) , ANF 
could r e s e t  t h e  increased  sympathetic 
nervous a c t i v i t y  knwon t o  be present  i n  
SHR (18)  t o  normal l e v e l s  and thus  
normalize vascular  pe r iphe ra l  r e s i s -  
tance.  On t h e  o t h e r  hand, t h e  lack  of  
hypotensive response i n  t h e  WKY normo- 
t ens ive  r a t s  could be due t o  t h e  lack  
of an increased sympathetic nervous 
a c t i v i t y  i n  those  animals ( 1 9 ) .  

We have previously shown ( I ) ,  t h a t  
chronic ANF in fus ion  i n  2-K, 1-C hyper- 
t ens ive  r a t s  produced a p a r t i a l  reduc- 
t i o n  i n  ca rd i ac  hypertrophy. Such was 
not  t h e  case  i n  t h e  present  experi-  
ments, i n  which no d i f f e r ence  i n  
ca rd i ac  weight was observed i n  ANF- 
infused  and non-infused SHR. This 
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observed difference between 2-K, 1-C 
and SHR could be secondary to either a 
different pathogenetic mechanism, or a 
different duration. Cardiac hypertro- 
phy is secondary to the rise in blood 
pressure in 2-K, I-C rats, whereas it 
may be found before the development of 
significant hypertension in the SHR 
(20). 
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