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The radioimmunoassay of a t r i a l  na t r i u re t i c  factor  (ANF) has been applied 
for  determination of immunoreactive ANF (IR-ANF) in rat  plasma. Immunoreac- 
t i ve  ANF has been extracted from rat  plasma by immunoaffinity column on 
Sepharose-4B anti-ANF or by Vycor glass. The mean concentrations of IR-ANF 
in ether anesthetized rats were found to be 1.61 ± 0.14 ng/ml in female and 
1.25 ± 0.21 ng/ml in male rats when extracted on Sepharose-4B anti-ANF, and 
1.21 ± 0. I0 ng/ml in females and 1.02 ± 0 . I I  ng/ml in males when extracted by 
Vycor glass. A close l inear  corre la t ion has been observed between the plasma 
IR-ANF concentrations in aorta and jugular  vein. The described resul ts ind i -  
cate that a t r i a l  cardiocytes secrete a t r i a l  na t r i u re t i c  factor  into plasma. 
The heart is ,  therefore,  an endocrine organ. ©a98~A~d~i~Press, ~.~. 

Invest igat ions during the last  three decades have revealed that a t r i a l  

cardiocytes in mammals ( I -4)  and a t r i a l  and vent r icu lar  cardiocytes in non 

mammalian vertebrates (5), apart from the i r  cont rac t i le  apparatus, harbour 

secre tory- l i ke  granules and a large Golgi complex where protogranules are 

f requent ly found (2). These secre tory- l i ke  granules were found to be made up 

of proteins (3-5) and the incorporat ion of 3H-leucine (6) and 3H-fucose (7) 

by rat  a t r i a l  cardiocytes, as revealed by u l t ras t ruc tu ra l  radioautography 

followed the pattern observed in several pept ide-secret ing endocrine ce l ls .  

Recently, a b io log ica l l y  act ive peptide, a t r i a l  na t r i u re t i c  factor  (ANF) has 

been isolated from rat  a t r i a ,  sequenced and synthesized (8, 9) and local ized 

in a t r i a l  cardiocyte secretory granules by immunocytochemistry ( I0) .  This 

peptide was found to be the C-terminus of a much larger molecule (pre, pro 

and connecting peptides) made up of 152 amino acids, f i r s t  by iso la t ion and 

sequencing of larger molecular weight forms ( I I ,  12) and f i n a l l y  by cloning 
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of the rat c-DNA (13-15). We now report that immunoreactive ANF (IR-ANF) is 

c i rcu la t ing  in rat plasma, thus establ ishing that a t r i a l  cardiocytes are 

peptide-secreting endocrine ce i l s .  

MATERIALS AND METHODS 

Our recently described method for  d i rect  radioimmunoassay (RIA) of ANF 
in rat a t r ia  has been adapted for  detection of ANF in rat  plasma (16). 

Blood col lect ion 

Blood from male and female Sprague-Dawley rats (body weight 230-300 g) 
was withdrawn by aort ic  or jugular vein puncture under ether anesthesia. 
Blood was col lected in tubes, which were kept in ice and which contained 
pro teo ly t ic  enzyme inh ib i to rs  in the f i na l  concentrations: EDTA I0 -s M, 
pepstatin 5 ~M and phenylmethylsulfonyl f luor ide (PMSF) 10 -5 M. The blood 
was centrifuged at 3,000 rpm for 10 min at 4°C. 

Extraction procedures 

Because the native plasma in ter feres  with d i rect  RIA procedures, two 
methods of ANF extract ion were used. The f i r s t  was immunoaffinity chroma- 
tography on Sepharose-4B anti-ANF columns (16). The antibodies used were 
produced in rabbits against a synthetic 26 amino-acid fragment (Arg 101 - 
Tyr 126) of ANF coupled to thyroglobul in.  The antibodies were characterized 
by sol id phase RIA (17). Two ml of a Sepharose-4B anti-ANF suspension in 
0.05 M Tris NaCl, pH 7.4, were put into columns ( I .0  X 15 cm); I or 2 ml of 
fresh plasma was added. The columns were then washed with Tris buffer 0.05 M, 
pH 7.4, with 0.5 M NaCI. ANF was eluted with 0.1M acetic acid containing 
0.5 M NaCl. Two 5-ml f ract ions were col lected, lyophi l ized and assayed. 

The second method consists of ANF extract ion from rat plasma by Vycor 
glass as described in deta i l  previously for  RIA of cor t icotropin (ACTH) (18). 
One or 2 ml of fresh plasma was extracted with 0.5 or i ml of Vycor glass 
suspension (50 mg activated glass powder in I ml d i s t i l l e d  water) and adsorbed 
ANF was eluted with 0.5 or I ml 60% acetone in d i s t i l l e d  water. Acetone was 
evaporated under a nitrogen stream and the aqueous phase lyophi l ized in a 
Speed-Vac. 

The lyophi l ized plasma extracts were reconsti tuted with 500 ~l of potas- 
sium-phosphate buffer (0.05 Mo pH 7.4) containing 0.1% BSA and 0.02% NaN3 
(RIA buffer) and assayed. 

For fur ther  character izat ion,  some extracts of rat  plasma (10 ml) from 
both Sepharose-4B anti-ANF and Vycor glass were pur i f ied  by reverse phase high 
performance l iqu id  chromatography (HPLC) on C18 ~Bondapak columns. The Sepharose- 
4B anti-ANF or Vycor glass plasma extracts have been reconstituted in 0.1% t r i -  
f luoroacet ic  acid (TFA) and injected onto a 0.39 X 3u cm CLa ~Bondapak column 
(Waters Inc. ,  Mi l ford,  Mass.). The column was eluted with a gradient of aceto- 
n i t r i l e  in TFA 0.1% from 15% to 45% at 0.5%/min. The 2-ml f ract ions collected 
from HPLC were lyophi l ized in a Speed-Vac, then reconsti tuted in 500 B1 of 0.1M 
potassium-phosphate buffer ~, pH 7.4, and radioimmunoassayed for  ANF as the other 
lyophi l ized samples. 

Radioimmunoassay procedure 

The synthetic ANF (Arg lOl - Tyr 126) was used as a standard. The stock 
solut ion of ANF (l mg/ml) in O.l M ammonium acetate buffer,  pH 5.5, was d i -  
luted before use in RIA buffer to a concentration of 62.5 ng/ml, the highest 
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concentrat ion of the standard curve. Ser ia l  two- fo ld d i l u t i o n s  were prepared 
in RIA buf fer  to a f i n a l  concentrat ion ranging from 30 pg/ml to 62,500 pg/ml. 
One hundred ~l of these standard solut ions were used fo r  preparat ion of a 
standard curve (16). 

The RIA was performed in polystyrene tubes at 4oc by mixing I00 ~I of 
standards or samples, lO0 pl of antiserum, d i l u ted  1:4,000 in RIA bu f fe r ,  
lO0 ~l of (L251)-ANF (~20,000 cpm) and 300 ~l of PBS-BSA bu f fe r ,  pH 7.4. 
A f te r  incubation fo r  24 hrs at 4°C, the f ree (1251)-ANF was separated from 
antibody bound (L251)-ANF by dextran-coated charcoal. A f te r  cen t r i f uga t ion  
(at 4,000 rpm fo r  lO min, 4oc) the supernatant was promptly decanted and i t s  
r a d i o a c t i v i t y  counted in a LKB 1270 Rack Gamma I I  counter. 

Recovery, accuracy and r e p r o d u c i b i l i t y  

Recovery of ANF was studied in each assay a f t e r  addi t ion of rad io labe l l ed  
or "cold" syn the t ic  ANF to the plasma and buf fer .  D i f f e ren t  leve ls  of  rad io-  
a c t i v i t y  ranging from 15,000 to 46,000 cpm were added to 1 or 2 ml of plasma 
and extracted on Sepharose-4B anti-ANF or Vycor glass. At each step of the 
ex t rac t ion  the r a d i o a c t i v i t y  was measured. Assuming that  rad ioac t i ve  ANF be- 
haves as endogenous ANF, the recovery of ANF during the ex t rac t ion  could be 
fo l lowed. For recovery of "cold" ANF, 1-32 ng of synthet ic  ANF was added to 
plasma, extracted on Sepharose-4B anti-ANF and/or on Vycor g lass,  l yoph i l i zed  
and assayed. The recovery of ANF was calculated by substract ion of the IR-ANF 
concentrat ion in plasma from the concentrat ion of IR-ANF in the sample where 
ANF was added. Both recovery procedures were performed with a l l  ser ies of RIA 
determinat ions. 

Accuracy, prec is ion and r e p r o d u c i b i l i t y  of the method was establ ished by 
mu l t i p l e  measurements of ANF concentrat ion in the plasma ext rac ts  from the 
same ra t  in the same assay (w i th in  assay v a r i a t i o n )  and by RIA of l yoph i l i zed  
ex t rac ts  of the same plasma on separate consecutive assays (between assay 
v a r i a t i o n ) .  

S t a t i s t i c s  

The ind iv idua l  resu l t s  were analyzed on a computer and only mean values 
+ SE are given. S t a t i s t i c a l  s ign i f i cance  of the d i f fe rence between studied 
groups were evaluated by Student " t "  t es t  and fo r  comparison of IR-ANF con- 
cent ra t ion in aorta and jugu lar  vein by paired " t "  t es t .  

RESULTS 

The average concentrat ions of IR-ANF in ao r t i c  plasma of male and female 

rats using both Sepharose-4B anti-ANF and Vycor glass ex t rac t ions  are summa- 

r ized in Table I .  

The concentrat ions of IR-ANF in ao r t i c  and jugu lar  vein plasma of the 

same ra t  measured simultaneously are compared in Table 2. A close l i nea r  

co r re la t i on  between the concentrat ion of IR-ANF in plasma from the aorta and 

jugu lar  vein was found (Fig.  I ) .  The values from the jugu la r  vein were found 

to be lower than in the ao r t i c  plasma, however, the d i f fe rence dld not reach 

s t a t i s t i c a l  s ign i f i cance .  
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Table l 

CONCENTRATION OF IR-ANF IN PLASMA DETERMINED BY RIA IN INDIVIDUAL RATS 

Extract ion on Sepharose-4B Extract ion by 
anti-ANF Vycor glass 

1.25 ± 0.21 1.02 ± 0 . I I  
Plasma IR-ANF Males (n = 30) (n = 44) 
concentrations 
(ng/ml) Females I ~ I  n = ± 28) 0.14 1.21(n ~ + 85)0"I0 * 

Recovery of synthetic ANF 
added to plasma (%) 

Recovery of (1251)-ANF 
added to plasma (%) 

76.4 ± 2.88 53.9 + 3.37 
(n - 8) (n - 17) 

6112 ± 1.02 60.8 ± 1.87 
(n = 5) (n = 13) 

A l l  values are means + SEM. 

* S t a t i s t i c a l l y  s ign i f i can t  di f ferences when ext ract ion on Sepharose and 
Vycor is compared. 

Only f resh  plasma or  l y o p h i l i z e d  e x t r a c t s  of  f resh  plasma can be used 

f o r  RIA o f  ANF. Frozen plasma samples d id  not g ive  r e p r o d u c i b l e  r e s u l t s ,  

ma in ly  because o f  the low recovery  o f  ANF. Lower b ind ing  capac i t y  and recov-  

ery  o f  added " co ld "  ANF from Vycor g lass can be demonstrated dur ing  i n d i v i d u a l  

recovery  s teps,  when e x t r a c t i o n s  on Vycor g lass and Sepharose-4B ant i -ANF are 

compared, wh i l e  recovery  o f  r a d i o a c t i v e  (~2Sl)-ANF was not d i f f e r e n t .  The 

m a j o r i t y  of  r a d i o l a b e l l e d  ANF was e lu ted  from the Sepharose-4B ant i -ANF by 

0 . 1 M  a c e t i c  ac id in the f i r s t  5 ml a l i q u o t .  No c o r r e c t i o n s  have been made 

f o r  the recovery  dur ing  the e x t r a c t i o n .  

Table 2 

COMPARISON OF IMMUNOREACTIVE ANF IN AORTIC AND JUGULAR VEIN PLASMA 
EXTRACTED BY VYCOR GLASS 

IR-ANF ng/ml 

Aorta (n = 32) 0.93 ± 0.13 

Jugular vein (n = 32) 0.83 ± 0.I0 

Values are means ± SEM. 
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Figure l : 
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Correlation between IR-ANF concentrations determined in plasma 
taken from the same rat from aorta and jugular vein. IR-ANF has 
been extracted on Vycor glass. 

The resu l t s  of HPLC p u r i f i c a t i o n  of both e x t r a c t i o n  procedures are given 

in Figure 2. IR-ANF was e luted from the HPLC columns w i th  30% a c e t o n i t r i l e .  

The syn the t i c  ANF (Arg 101 - Tyr 126) was e lu ted from the same columns in a 

close v i c i n i t y  w i th  a concent ra t ion of 29% a c e t o n i t r i l e .  The concent ra t ion  

of  immunoreactive ANF in pools of a o r t i c  ra t  plasma has been est imated to be 

1,7 ng/ml using the e x t r a c t i o n  by a f f i n i t y  column and 1,5 ng/ml when e x t r a c t -  

ed by Vycor g lass.  

With in assay c o e f f i c i e n t  of v a r i a t i o n  ca lcu la ted  f o r  two- to f o u r - f o l d  

p a r a l l e l  determinat ions of 29 plasma samples was 7.6 ± 0.9% and the between 

assay c o e f f i c i e n t  of v a r i a t i o n  ca lcu la ted  from the consecut ive RIA of ten 

l y o p h i l i z e d  ex t rac ts  of the same plasma was 8.1 ± 1.7%. 

DISCUSSION 

Detect ion of IR-ANF in plasma of  ra ts  give us very important evidence 

tha t  ANF is a c i r c u l a t i n g  hormone. 

We adapted the recen t l y  developed RIA (16) f o r  determinat ion of IR-ANF 

in pool and in i n d i v i d u a l  samples of ra t  plasma. Ex t rac t ion  of  plasma on 

Sepharose-4B anti-ANF a f f i n i t y  columns and/or Vycor glass increased the con- 

cen t ra t i on  in l y o p h i l i z e d  and recons t i t u ted  ex t rac ts  and abol ished the i n t e r -  
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extract has been obtained from Sepharose-4B anti-ANF. 
extract from Vycor glass. 

ference of  d i f f e r e n t  peptides present in na t ive  plasma A good recovery of  

ANF was found dur ing the ex t r ac t i on  procedure on both Sepharose-4B anti-ANF 

and Vycor glass.  A good pa ra l l e l i sm  has been found between d i f f e r e n t  d i l u -  

t ions  of plasma ex t rac ts  w i th  standard curves. 

The presence of IR-ANF in the plasma ex t rac ts  was v e r i f i e d  by reverse 

phase HPLC on a C18 ~Bondapak column. IR-ANF and syn the t i c  ANF (Arg lOl - 

Tyr 126) were e luted from the column in a close v i c i n i t y  w i th  the concentra- 

320 



Vol. 125, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

t ion of 30% and 29% ace ton i t r i l e ,  respect ively.  The presence of another small 

immunoreactive peak, eluted from plasma extracts with about 35% ace ton i t r i l e  

gradient,  may be due to the presence of the propeptide ( I I ) .  The presence of 

d i f f e ren t  fragments of ANF as well as propeptide in the c i rcu la t ion  cannot be 

excluded. 

The concentration of IR-ANF in aor t ic  plasma from individual rats has 

been estimated to be 1.25 ± 0.21 ng/ml in males and 1.61 ± 0.14 ng/ml in 

females using the Sepharose ext ract ion,  and 1.02 ± 0. I I  ng/ml in males and 

1.21 ± 0.I0 ng/ml in females when extracted on Vycor glass. Lower concentra- 

t ion of IR-ANF in plasma extracted on Vycor glass was probably caused by non 

spec i f i c i t y  of Vycor glass extract ion in comparison with Sepharose-4B anti-ANF. 

The sens i t i v i t y  of the method has made possible the reproducible determi- 

nation of the plasma concentration of IR-ANF in ether anesthetized rats.  

Only fresh rat  plasma can be used for  IR-ANF determination. The observed 

lower recovery of ANF from the frozen plasma was probably due to the destruc- 

t ion of IR-ANF by pro teo ly t i c  enzymes during the co l lec t ion and freezing of 

the plasma. 

These resul ts indicate that a t r i a l  cardiocytes secrete into plasma a 

potent peptide and are thus bona f ide endocrine ce l ls .  This is confirmed by 

the fo l lowing: I )  the u l t ras t ruc tu re  of these ce l ls  2) the presence of re- 

ceptors for  the peptide in adrenal cortex (19, 20), a r te r ia l  smooth muscle 

ce l ls  (21), renal tubular ce l ls  (21) and p i t u i t a r y  (22) 3) from a var ie ty  

of b io logical  ef fects of the peptide: diuresis and nat r iures is  of rapid onset 

and short duration (23, 24), vasodi la tat ion,  inh ib i t i on  of the a r te r ia l  con- 

t rac t ion produced by norepinephrine and angiotensin I I  (25) with correct ion 

of renal hypertension (26), i nh ib i t i on  of aldosterone and cor t iso l  hypersecre- 

t ion induced by a var ie ty  of st imulatory agents (19), and st imulat ion of 

arginine vasopressin secretion from the isolated poster ior  lobe of the hy- 

pophysis (22) 4) from the ef fects  of the peptide on second messengers: inh i -  

b i t ion of adenylate cyclase in target  t issues (ar te r ia l  wal l ,  anter ior  and 

poster ior  hypophysis, adrenal cortex, isolated renal cor t ica l  ce l ls )  (27), 
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increase in cGMP in blood and urine following an intravenous injection of the 

peptide and similar increase in renal cortical cells in culture (28). 

Although i t  is too early to draw def ini t ive conclusions, the presently 

available evidence tends to indicate that the atria play an integrative role 

in cardiovascular homeostasis (blood volume and blood pressure regulation) 

not unlike that of the anterior lobe of the hypophysis for reproduction, 

growth and adaptation. 
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