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ATRIAL NATRIURETIC PEPTIDE 

v 

tl1uBnL'll<i~ '11BuH Ltiu atrial distension ':li1111'Lnllm'lii'utl'<1<111: LL<i: 

atrial tachycardia ': li1111' L ~:im11ifutl'<1<111: LL<l: l n~Bililffl'il '191 

. 1,2 
atria 

V qV I 1 V J{ 
woi,,1n"~>1u,1u11 wu secretory granules UL~<in<il"lllill'Jil' 

" 
de Bold Ll<l: ffil:: n1ii'olm1 Unl oii'UWU atrial natriuretic factor 

lu~ 1981
3 

LL<i:w-KH1niTufl1mln1'!LLUn LL<i:~mn sequence l'Jil' active pep-
. ' ,,.,. :; ' J(J( ' 

tide vmmhmn1'l~Hm1:w peptide ul'Juwmuz1hrnu LL<i:wm1 peptide 
.!'.:/ tf J J(q .( I I ... V , 1 .J d1 V 

~'Lflo1:WLW<llU"qwnw<i1uau1,LTIUl!lU1nu atrial extract uw~11n 11 clone 

Lrn: sequence complementary DNA ~~li1l'11w'l1utm,<lfHl'Jil' prepro ANP4•5 

.\.; h 1 . .,' . 6 l'J'" sequence omo oqies 'l:,,11' species 

atrial natriuretic peptide (ANP) LiJu hormonal system ~' 
v tf ~ 'A,;' ""'' v ~ v .<!} 
'ln1-11 <1"11<iu'lla' sodium, 11 'lmruu1 LL<i: ill 'rn<l1umuflmn 1 "fllll oia11m u L uaH 1 n 

' ' 
~un1wu1~1<191f~1u1u"1ni1"nu~n1-11 peptide ~ ANP ~'~~aw<l1uBu1; Ltiu 

atrial natriuretic factor (ANF), atriopeptin, cardionatrin, auri­

culin, atrial natriuretic polypeptide Ll<i: atrin LiJu9lu ~;t11u~1111 
Llli'1 HI propeptide ~~ ~ 126 residue LL<l: ANP ~~ ~ 28 residue l iJu 

reference sequence LL<l:m'!Hrlia atrial natriuretic peptide (ANP) LiJu 
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sequence llUil'flll~J 1~1 ~ 
.. ' 1 unknown factor ant1a 1J 

' 
~1]~ 1. ~l'll1fl1Hlf1Hlfl' human ANP1- 28 

1 Ser- NH 2 

Leu 

Arg 

Arg 

Ser 

Ser 

28 Tyr OH 

Arg 

Phe 

Ser 

Asn 

Cys - S-S - Cys 

Phe Gly 

Gly 
Leu 

10 Gly 

20 Gly 

Arg 
Ser 

Met 

Gin 
Asp 

Ala 
Arg 

lie Gly 

.. 
anll!ll:'lll ~ L tll.I 

.Y ' JI ti ""l "" ,._, ~ .J 
Atrial extract Tifl,cil'l!lau,ant11uu~wnTiut1~qwnTIUln~a ANP w . ' ' 

Llunh'i:;i 1 nWULl~~flU~l m' tif1 H1~1 unu ~a~ amino acid 17 WU! m ~am iJuH 1\1 u . ' 

disulfide bond 'i~1'1l1' cysteine 7 Ll~~ cysteine23 (~1]~ 1) ~Hilu~' 
.,: . 7 ~ .Ji v~ 

i!1ilqJmTia' biological acfivity TIS' peptide ANP illltuUflU'l 1'11'1Hnuuu 
q v ., I ::: t .,J 
NtlllNnnUL m11 ~ N l'l'ifl c terminal extension l 1'11UU lll'l peptide 1'1 active 

v .. -~ 
"l~l'lfl'~ C terminal LUU Phe-Arg-Tyr 

1~~N~~a biological activity Tifl' 

atria 3 'i1lltuu
8 •9 ~a • 

' ' ' .. .. 
l ti~a ti1un1'il1l~UULL1J~'1'1 N terminal 

peptide mml'n lufluwu ANP "lln 

"' form 28 amino acid 

f!. form 56 amino acid, l ilu dimer TI<H °" form 
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~ form " 126 amino acid LUU pro ANP 

°" form 'lJaHlUWH flU'llanl\j L '1U" Met12 LL'l1U Ile12 L '1U ANP 28 
.• 1 10-12 1 ~ LUU major form u human plasma Processing UfiUL'JJ.J,ln pre-

propeptide (151 amino acid') liiu signal peptide En\ii'fiaan1ll 1?1 pro-

peptide (126 amino acid) ~1" active sequence 28 amino acid au~ c • 
. 11 "'1 ,vJI terminal pro ANP u':EnLnua~ U secretory granule 'lla1L~1.'11.'ln1.'l1J.JLUEI 

1 ' •11 <i <i .J 1vq atria UL~1.'l1.'ILW1.'l1U,:J.J enzyme 'VJLU<IUU ANP 126 WLUU ANP 28 

Biological Actions 

kidney 
' .c!f .tj V 4 o 1!ll I q 'V .,. 

l)J<Jul'I ANP L'll1W1.'lal'll1.'IEJl'll'l1'llEl1WU'VJl'l<la1 ': l'IN<ll~ULl'IU1nun11u1'1 • 
4 £ "-' 4 '!>' ..J • ..,. d" j! 13 

atrial extract mi wuqwn'llU l n<1all<1:u1wll'i 1 lll'll-l(j'Vlii«U 
v 14 '1 ,., .( v 15 phate Lrn: magnesium mu lll'I J.JJ.J(j'Vlii'llU potassium 

' ' ' 

t .. .( v 
'1Ul-l(j'Vlii'll!J phos-

' 11. 
ANP aanLW<11UL'1U 

~~ 4-::11' 1 4"'"' ll1J.Jll'imruL1.'lal'lw W1.'IN1U medulla '1181 l'I 'llU1UW1.'llll'll1.'lal'IWL'll1l'f glomeruli lli.'l: 
' ' . 

o 1 IV oe!f -:I OJ 16 ":!i o 1 V 'Vil WW1.'lEll'IL1.'llll'l'VIBBn,1n glomeruli Wl'l1'11 '1'V11 w glomerular filtration 
..! !II d" ')J .(I 

pressure L iiJ.J~u uan,1nqwfiwaw<1am ~am w~1uLLli'1 qwfi~i!HiiyanmiH ~a ANP 

r:YuJrn111111nli'u sodium ~ inner medullary collecting duct1 7 
• .( .J, UV ..J 

ANP aanqwnl'llJ.JWn<111liiu'unu recptor w glomeruli,vasa recta 

m1: inner medullary collecting duct18 •19 LLli'1n'J:?i'uni1l'ffH cyclic 
' 20 1 I 11 4 o I .,. V u , 

GMP l'l':l'laUl'fua1l'lan1'JWU'1 ANP l'll1'Vl11W<la'1L<lll'1'11 l~UL'1U1nunu atrial 

distension21 n11WU'1 

Ul'fl'fl 1: 'lliH ANP22 

.Jo I V ""f o .(.., 
antibody 'Vl,1ll11:1'1a ANP L'll1W<IE1'1l<la'1'11,:<1'1(j'Vlii'llU 

Blood vessels 

t v v . 24 
11un'J:~un11l'l'i1~ cyclic GMP 

h 
. . 25,26 renal ll<I: splanc nic arteries 

ANP <1'1 cardiac output l11un1'J<1'1 venous return27 ~1~l11un11n1'J~1~1U'lla~ 
V 1 11 V O 1 V ~ 1 oe!f ~ .<!j 28 I 29 u ~ V 

m ' uan,1nuu~w1 wu1 uw1.'lam<1amrmauaanuanw<1am<1a11 11rnULL1J ANP 

1U'lJU1'1l'l~':<1'1fi11J.J?i'Ul~ll'1 • 
' v ~ 

n11n1'ifi1UfiJ.Jfi111J'1UL1.'lB'1 
' 
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.Adrenal cortex 

ANP !1'1J~,rn11fiH '111 :~LL'1:ni ·mi. aldosterone '1n zona glo-
30 ,(~ 31 

merulosa cell Ll'ltlililnq'fln'fl receptor 
' .. ' u 

LL'1: J.1~'11'1iln1 '11'1'1• aldosterone 
' ..,..,,. 'Vil <!j I 

11Lnl'l,1nn1'in'i:l'IU1'11tl angiotensin 1'l1il ACTH J.11nn11 basal secretion 32 
' 

L l'ltl~~mr, h1m'l'i HL'1: t l'lt1aaJ.1i!111fo~'1 l l'ltll'l5 • n~a L l'ltlUIJ~rn1111i, hormone ~Hia• 
~.n~11 ~1U~'1Ll'lt1aaJ.1~au1J~•n111'li\', renin '1n juxtaglomerular cells L~il 
L~ ANP L~1L~ULail1'1~1LUctUTI 

' 

Central nervous system 

' .. 
cyclase 11 

LL'1: ANP-sensitive guanylate 

capillary endothelium Tiil• blood brain barrier LL'1: endo-
38 thelium Tia• choroid plexus 

Control of AMP synthesis and secretion 
' ' 

L~an'l:vi'u stretch receptor ~ atrium ':~11~ ANP Un'fl~•ailnl-11 
' " 

u .. 1 ' ' .~ u ~ ~ 39 . 40 ~ 1'lU11 l-111,:LUU01'i'!Jtll'l•l'ltll'l'i1 , high perfusion pressure 111il acute 
41 v v • 0 'l v v 

volume expansion \111'11'1 atrial appendage aan' :111 • 1101 'i'fl<H ANP LL'1: 
' ' ' . 42 43 u ~ .... .,.. u 

n11fuctua•Tia•11'11'1il acute hypervolemia '11'1'1• ' 1'11n'itl'IU11111•1'll-ln1'i1'l'1' 
' 

ANP 

blood 

ANP LU atria 

~1J.146' 47 

ii11'lf1JLUl'IU 01'iL~l-l'i:vllJTiil•ANP ~LOl'l,10 physiological stimuli 
~v•vv ~tj u cu .,J~,.V "'>. <Iv ..J...:i 
uu UIJ11tJ•UiltllJ.lill11tl!Jn!J'i:l'llJ ANP 11LWJ.ITIULUWti1nctn1w 'fl'iil'i:l'llJ ANP 11lWtl•Wil 

LLnn1 'i~1L ~L 01'1 diuresis L ~il\1111'1 ANP L ~11'lH1'l'1ill'IL aal'l~1 ,y,Ju physiolo-

gical role Tiil• ANP UHiJu~1vi'LLtlHluilH LL~~i\''i1m1m'1 nl'il~ ANP LUTIU11'1 
" " 



83 
'Ihai J Pharmacol Vol 10, 1988 

Pathophysiological implications 

Experimental animals 

.Jq "" m\';' 1m11111 Syrian hamster 'VIJ-1 hereditary cardiomyopathy J-1 

spontaneously hypertensive rat (SHR) 1:ilu ANP 1u left atrium ,:1''1 
I so ~ <!j 

~11'• l'1U plasma ANP ':~; ~•a1,Ln'1,1n chronic hypersecretion 'Vl1a 

ANP aH~U'VIU1'Vl1um,;h111'tn11 hypertension 1u SHR L'l'Vi1:11uh1u SHR 1:ilu 
50 .J q 

ANP 1u hypothalamus Ii• LL\'l: LJ.18\l'1 ANP l'ih1ti1u hypothalamus 'llu• SHR 
" 

0 1 !I.I v 4 ,,,: J( !I.I 51 
':'Vl1 'Vl~11J.1'1Uli'l8'1l'WJ.l'llU'11U 

Human disease 

Atrial tachycardia 
• 

1:ilu ANP ':LWJ.1~;J.11n1u paroxysmal l h d
. 52 

atria tac year ia 
~ .. Lm:n~ud1:ilut1n~L~ai11h L'ihd sinus rhythm LLoJ1 

" " 
'llru::'VIJ-1 tachycardia 

plasma ANP 'l:<1J.Jwuiinu atrial pressure 111u1~<1J.Jwuiinu heart rate53 mim 
I ~ .J"" V :., 

1'1 atrial pressure L 'Vl1UU'VIJ.JU'VIU1'V!l•rnn1uni1'Vli'l• ANP 

Ii 1 L 'Vll'ITI a ; 
' 

CHF ti\'55 

volume 

JI !{ 
'llUU 

overload LL\'l: circulatory compromise 

L'Vl'1~aiu1:~1;~t'1ULil'W1:a~1;~;1'1 1~fu\iua•~ao:ilu . ' 
"'! • ~ d l . 57 L'll811Ln'1,1n own regu ation 'Ila; ANP receptor 

.. .. ~ 

ANP 'Vll'WJ-1 

t11uaH'l:~ 

intrinsic renal dysfunction Lli'l: activation of sodium retaining 

system ~1 J.Ji\'1 u 
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Essential hypertension 

Oironic renal failure (CRF) 
.... ~~.¥.. JI.., 

'i: '1U ANP VIL l'l:ll\'JU 'u CRF 'l: 'IJUnu 
59 

volume overload l'1!J 
• • • "'1 •q 1 I &::I V VI ..,joo;j V 

CRF VI J-l!J fluid retention 'l: lJl'llJnl 'i L tl\'IUULltl\'IHJil1'i: YllJ ANP Ntl1 UVllJ'i: YlU 
" v o IV V 59 ~ I v V ,J V 

ANP ~nrn,'llflVll hemodialysis lltn 'i:Ylu ANP 'l:\'l?l\'I' l'llil1lf\Jn'i:~u~111qJ 
I I f I I 

q "" .., .. 1 -di "" • q._, 0 'U .<:f 
VIL'l'IJ.J'l:Ylu ANP .umn mrnm1 nl'ill'llJ sodium load l'lil nephron VIU,Vl11'1U1VI 

• v 

1Yi'LLl'I:n1 'l L wJ.Jtl im l'l'i 'iii!~ tl1 ua n L 'lil'ltl 

Liver cirrhosis 
• 

.. ti. """" 'U v ..: .... 1 'U~ .,,,50 
'UNtl1 UVllJVlil' mu'l 1 nl'IULl'llH: l'llJ'l: '1U ANP YlVl,linl'I 

" 
62 v :I/ ~· v ll\'l:~'mn W'UlUUl 1'l'l1:1u decompensated liver cirrhosis uu 

l'llJ increased atrial pressure 

other conditions 
' v J{ •U primary hyperaldosteronism 1:11u ANP <J:<l~'llU LL<l:\'IYliH 

" 
• q J • v J{ .,J ' 1 v 63 ~ J ' v v .v 64 ' 

l uutlnm 1rnN11'1'1l illl ua' anVll'lillJ1'lm n l'laan mn 111a L J.Ja, 1'lm 'lluu<t<t11: , u 

idiopathic edema ~'wu1'11u<tl'I~ 1:'1u ANP ~\'11l~l\'1'8l'llllu<t1L1'll'l'll8'n11~' • 
'118Hn~a1u1>11~62 

~'<t1t11'11'1 1u«J1ud1umn 1:ilu ANP ~l~lJ~U Lnm1nn11'llmu . " 
"" '!.' .r 4 ~ .., .«!f v ~~JI JI, 

li'lJ.Jll'l'l'llil.UlU8flL'li\'l\'I ll\'l:/1'1'18 nl'ill'llJf\JllJY\UL\'18'1 LL\'l:'i:Y\u ANP Vlll'llJ'llUUUl 

': L lluN\'lm nm
0

1LlluL111'1'118' wm fi<t111 w~1' 'l • 

Bioassays 

in vitro 
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Competitive binding assays 
' "'Cl9.1 qq v . 

Radioreceptor assay ~~a~w1~L~w1: active forms ~a" ANP 

ci1u enzyme immunoassay Ju~m 1 ~L H vll OU radioimmunoassay(RIA) cl1 \1'lu 
t: ti <U "'! I 

RIA uu~:~a,~n~La1 plasma protein aan1uL~Unau1~u Sep Pak c18 
~ tj ,!;( 0 ~ "1""' cartridge (LW>1:.u1wuLw~1u~:w1~1u radioligand .~uw1 w~ deiodina-

. ·~~ . ub . 65 tion "'~ inc ation rllUO~~a" ANP a~1:m'H 10-70 pg/ml (3.3-23.3 
u 

pmol/L) 

1. Kisch B. Electron microscopy of the atrium of the heart: 

guinea pig. Exp Med Surg 1956; 14:99-112. 

2. Jamieson JD, Palade GE. Specific granules in atrial muscle. J 

Cell Biol 1964; 23:151-172. 

3. de Bold AJ, Borenstein HB, Veress AT, Sonnenberg H. A rapid 

and potent natriuretic response to inntravenous injection of 

atrial myocardial extracts in rats. Life Sci 1981; 28:89-94. 

4. Yamanaka M, Greenberg B, Johnson L, et al. Cloning and 

sequence analysis of cDNA encoding for the rat 

natriuretic factor precursor. Nature 1984; 309:719-722. 

atrial 

5. Oikawa S, Imai M, Ueno A, et al. Cloning and sequence analysis 

of cDNA encoding a precursor of human atrial natriuretic 

polypeptide. Nature 1984; 309:724-726. 

6. Cantin M, Genest J. The heart and the atrial natriuretic 

factor. Endocrine Rev 1985; 6:107-127. 

7. Misono KS, Fukami H, Grammer T, Inagami T. Rat atrial 

natriuretic factor: complete amino acid sequence and disulfide 

linkage essential for biological activity. Biochem Biophys Res 

Commun 1984; 119:524-529. 



86 llHl1'1ml~ll1U1 ii~ 10, 2531 

'Ihai J Pharrnacol Vol 10, 1988 

8. Kangawa K, Matsuo H. Purification and complete amino acid 

sequence of oc-human atrial natriuretic polypeptide ( Of. -hANP). 

Biochem Biophys Res Commun 1984; 118:131-139. 

9. Kangawa K, Fukuda A, Matsuo H. Structural identification of 

beta- and gamma-human atrial natriuretic polypeptides. Nature 

1985; 313:397-400. 

10. Sugawara A, Nakao K, Morii N,et al.Ol-human atrial natriuretic 

polypeptide is released from the heart and circulates in the 

body. Biochem Biophys Res Commun 1985; 129:439-446. 

11. Arendt RM, Stangl E, Zahringer J, Liebisch rx:, Herz A. 

Demonstration and characterisation of -human atrial 

natriuretic factor in human plasma. FEBS Lett 1985; 189:57-61. 

12. Yamaji T, Ishibashi M, Takafu F. Atrial natriuretic factor in 

human blood. J Clin Invest 1985; 76:1684-1687. 

13. Seidah NG, Lazure c, Chretien M, et al. Amino acid sequence of 

homologous rat atrial peptides: natriuretic activity of native 

and synthetic forms. Proc Natl Acad Sci USA 1985; 81: 

2640-2644. 

14. Hammond TG, Haramati A, Knox FG. Synthetic atrial natriuretic 

factor decreases renal tubular phosphate reabsorption in 

rat. Am J Physiol 1985; 249:F315-F318. 

15. Murray RD, Itoh S, Inagami T, et al. Effects of synthetic 

atrial natriuretic factor in the isolated perfused rat kidney. 

Am J Physiol 1985; 249:F603-F609. 

16. Marin-Grez M, Fleming JT, Steinhausen M. Atrial natriuretic 

peptide causes preglomerular vasodilatation and postglomeru­

lar vasoconstriction in rat kidey. Nature 1986; 309: 473-476. 

17. Sonnenberg H, Hanrath U, Chong CK, Wilson DR. Atrial 

natriuretic factor inhibits sodium transport in medullary 

collecting duct. Am J Physiol 1986; 250:F963-F966. 



111a111na~1wu1 tl~ 10, 2531 

'.lhai J Pharmacol Vol 10, 1988 

18. DeLean A, Vinay P, Cantin M. Distribution of 

87 

atrial 

natriuretic factor receptors in dog kidney fractions. FEBS 

Lett 1985; 193:239-241. 

19. Murphy KMM, McLaughlon LL, Michener ML, Needleman P. 

Autoradiographic localization of atriopeptin III receptors in 

rat kidney. Eur J Pharmacol 1985; 111:291-292. 

20. Hamet P, Tremblay J, Pang SC, et al. Effects of native and 

synthetic atrial natriuretic factor on cyclic GMP. Biochem 

Biophys Res Commun 1984; 123:525-527. 

21. Goetz KL, Wang BC, Geer PG, Sundet WD, Needleman P. Effects of 

atriopeptin infusion versus effects of left atrial stretch in 

awake dogs. Am J Physiol 1986; 250:R221-R226. 

22. Naruse M, Obana K, Naruse K, et al. Antisera to atrial 

natriuretic factor reduces urinary sodium excretion and 

increased plasma renin activity in rats. Biochem Biophys Res 

Commun 1985; 132:954-960. 

23. Currie MG, Geller DM, Cole BR, et al. Purification and 

sequence analysis of bioactive atrial peptides (atriopeptins). 

Science 1984; 223:67-69. 

24. Winquist RJ, Faison EP, Waldman SA, et al. Atrial natriuretic 

factor elicits an endothelium - independent relaxation and 

activates particulate guanylate cyclase in vascular smooth 

muscle. Pree Natl Acad Sci USA 1984; 81:5946-5950. 

Changes of regional 

factor (ANF) in 

25. Garcia R, '.Ihibault G, Gutkowska J, et al. 

blood flow induecd by atrial natriuretic 

conscious rats. Life Sci 1985; 36:1685-1692. 

26. Caramelo C, Fernandez-Cruz A, Villamediana LM, et al. Systemic 

and hemodynamic effects of a synthetic atrial natriuretic 

peptide in conscious rats. Clin Sci 1986; 71:323-325. 



88 
l11~11lfl~~l~Ul tl~ 10, 2531 

'Ihai J Pharmacol Vol 10, 1988 

27. Breuhaus BA, Ssaneii HH, Brandt MA, Chimoskey JE. Atriopeptin 

J Physiol II lowers cardiac output in conscious sheep. Am 

1985; 249:R776-R780. 

28. Almeida FA, SUzuki M, Maack T. Atrial natriuretic factor 

increases hematocrit and decreased plasmas volume in 

nephrectomized rats. Life Sci 1986; 39:1193-1199. 

29. Flugkiger JP, Waeber B, Matsueda G, et al. Effect of 

atriopeptin III on hematocrit and volemia of nephrectomized 

rats. Am J Physiol 1986; 25l:H880-H883. 

30. Atarashi K, Mulrow PJ, Franco-Saenz R, Rapp J. Inhibition of 

aldosterone production by an atrial extract. Science 1984; 

224:992-994. 

31. De lean A, Racz K, Gutkowska J, et al. Specific receptor­

mediated inhibition by synthetic atrial natriuretic factor 

factor of hormone - stimulated steroidogenesis in cultured 

bovine adrenal cells. Endocrinology 1984; 115:1636-1638. 

32. Chartier L, Schiffrin EL, Thibault G, Garcia R. Atrial 

natriuretic factor inhibits the stimulation of aldosterone 

secretion by angiotensin II, ACTH and potassium in vitro and 

angiotensin II-induced steroidogenesis in vivo. 

1984; 115:2026-2028. 

Endocrinolgy 

33. Maack T, Marion DN, Canargo MJ, et al. Effect of auriculin 

(atrial natriuretic factor) on blood pressure, renal function, 

and the renin-aldosterone system in dogs. Am J Med 1984; 

77:1069-1075. 

34. Saper CB, Standaert DG, Currie MG, et al. Atriopeptin­

immunoreactive neurons in the brain : presence in the 

cardiovascular regulatory areas. Science 1985; 227:1947-1149. 

35. Masotto c, Negro-Vilar A. Inhibition of spontaneous or 

angiotensin II stimulated water intake by atrial natriuretic 



111a111n«»1~u1 tltl 10, 2531 

1hai J Pharmacol Vol 10, 1988 

factor. Brain Res Bull 1985; 15:523-526. 

89 

36. Antunes-Rodigues J, Mccann SM, Rodgers LC, Samson WK. Atrial 

natriuretic factor inhibits dehydration- and angiotensin 

II-induced water intake in the conscious, unrestrained rats. 

Proc Natl Acad Sci USA 1985; 82:8720-8723. 

37. Poole CJM, 

natriuretic 

Carter DA, Vallejo M, 

factor inhibits the 

Lightman 

stimulated 

SL. Atrial 

in vivo and in 

vitro release of vasopressin and oxytocin in the rat. 

J Endocrinol 1987; 112:97-102. 

38. Steardo L, Nathanson JA. Brain barrier tissues: end organ for 

atriopeptins. Science 1987; 235:470-473. 

39. Ledsome JR, Wilson N, Courneya CA, Rankin AJ. Release of 

atrial natriuretic peptide by atrial distension. Can J Physiol 

Pharmacol 1985; 63:739-742. 

40. Dietz JR. Release of natriuretic factor from rat heart-lung 

preparations by atrial distension. Am J Physiol 1984; 247: 

R1093-1096. 

41. Lang RE, 'Iholken H, Ganten D,et al. Atrial natriuretic factor: 

a circulating hormone stimulated by volume loading. Nature 

1985; 314:264-266. 

42. Veress AT, Sonnenberg H. Right atrial appendectomy reduces the 

renal response to acute hypovolemia in the rat. Am J Physiol 

1984; 247:R610-R613. 

43. Villareal D, Freeman RH, Davis JO, et al. Effects of atrial 

appendectomy on circulating atrial natriuretic factor during 

volume expansion in the rat. Proc Soc Exp Biol Med 1986; 183: 

54-58. 

44. Sato F, Kamoi K, Wakiya Y,et al. Relationship between plasma 

atrial natriuretic peptide levels and atrial pressure in man. 

J Clin Endocrinol Metab 1986; 63:823-827. 



90 
Jl1a111na~1~u1 n~ 10, 2531 

'.Ihai J Pharmacol Vol 10, 1988 

45. Tanaka I, Misono KS, Inagami T. Atrial natriuretic factor in 

rat hypothalamus, atria and plasma: determination by specific 

radioimmunoassay Biochem Biophys Res Commun 1984; 124: 

663-668. 

46. Januszewicz P, Thibault G, Gutkowska J, et al. Atrial 

natriuretic factor and vasopressin during dehydration and 

rehydration in rats. Am J Physiol 1986; 25l:E947-E501. 

47. Sagnella GA, Markandu ND, Shore AC, et al. Plasma atrial 

natriuretic peptide: its relationship to changes in sodium 

intake, plasma renin activity and alsdosterone in man. 

Clin Sci 1987; 72:25-30. 

48. Anderson JV, Donckier J, Payne NN,et al. Atrial natriuretic 

peptide: evidence of action as a natriuretic hormone at 

physiological plasma concentrations in man. 

72:305-312. 

Clin Sci 1987; 

49. Chimoskey JE, Spielman WS, Beandt MA, Heidemal SR. Cardiac 

atria of Bio 14.6 hamsters are deficient in natriuretic 

factor. Science 1984; 223:820-822. 

50. Imada T, Takanayagi R, Inagami T. Changes in the content of 

atrial natriuretic factor with the progression of hypertension 

in spontaneously hypertensive rats. Biochem Biophys Res Commun 

1985; 133:759-765. 

51. Sills MA, Ngueyn KQ, Jacobowitz DM. Increases in heart rate 

and blood pressure produced by microinjections of atrial 

natriuretic factor into the AV3V region of rat brain. Peptides 

1985; 6:1037-1042. 

52. Schiffrin EL, Gutkowska J, Kuchel O,et al. Plasma concentra-

tion of atrial natriuretic factor in patients with paroxysmal 

atrial tachycardia. N Engl J Med 1985; 312:1196-1197. 

53. Nicklas Jm, Dicarlo LA, Koller PT, et al. Plasma levels of 



11,fll,lnftBl~Ul u;I 10, 2531 

'.lhai J Pharmacol Vol 10, 1988 
91 

imrnunoreactive atrial natriuretic factor increase during 

supraventricular tachycardia. Am Heart J 1986; 112:923-928. 

54. Burnett JC, Kao PC, Hu DC,et al. Atrial natriuretic peptide 

elevation in congestive heart failure in the human. 

1986; 231:1145-1147. 

Science 

55. Singer DR, Shore AC, Markandu ND, et al. Atrial natriuretic 

peptide levels in treated congestive heart failure. Lancet 

1986; 1:851-852. 

56. Hartter E, Weissel M, Stumrnvol HK,et al. Atrial natriuretic 

peptide concentrations in blood from right atrium in patient 

with severe right heart failure. Lancet 1985; 2:93-94. 

57. Thibonnier M, Snajdar RM, Hinko A, et al. Atriopeptin and 

vasopressin plasma levels and platelet receptors in congestive 

heart failure. In: The American Society of Hypertension.Second 

World Congress on Biologically Active Atrial Peptides, 

1987; p.232. 

58. Larochelle P, Cusson JR, Gutkowska J,et al. Plasma atrial 

natriuretic factor concentrations in essential and renovascu­

lar hypertension. Br Med J 1987; 294:1249-1252. 

59. Rascher W, Tulassay T, Lang RE. Atrial natriuretic peptide in 

plasma of volume - overloaded children with chronic renal 

failure. Lancet 1985; 2:303-305. 

60. Burghardt W, Wernze H, Diehl KL. Atrial natriuretic peptide in 

hepatic cirrhosis: relation to stage of disease, sympatho­

adrenal system and renin - aldosterone axis. Klin Wochenschr 

1986; 64(suppl 6):103-107. 

61. Gerbes AL, Arendt RM, Ritter D,et al. 

natriuretic factor in patients with cirrhosis. 

1985; 313:1609-1610. 

Plasma atrial 

N Engl J Med 

62. Naruse M, Naruse K, Obana KK,et al. Immunoreactive alpha-human 



92 
l11~11lflflnl~U1 tl~ 10, 2531 

'!hai J Pharmacol Vol 10, 1988 

atrial natriuretic polypeptide in human plasma. Peptides 

1986; 7:141-145. 

63. Tunny TJ, Gordon RD. Plasma atrial natriuretic peptide 

in primary aldosteronism (before and afetr treatment) and in 

Barter's and Gordon's syndromes. Lancet 1986; 1:272-273. 

64. Yamaji T, Ishibashi M, Sekihara H, et al. Plasma levels of 

atrial natriuretic peptide in primary aldosteronism and 

essential hypertension. J Clin Endocrinol Metab 1986; 63: 

815-818. 

65. Nishiuchi T, Saito H, Yamasaki Y, Saito S. Radioimmunoassay 

for atrial natriuretic peptide: method and results in normal 

subjects and patients with various diseases. Clin Chem Acta 

1986; 159:45-47. 



ill fl 

naiinwa1ann 
449/1-2 'tie>H"la:>a:>ssru nuunso1nm'1-uunus 

1 1 1 

• 
ui.o'Ba 1uaoaa nso1nm'1 1osoo 

1 1 

fns. 585-3567 , 585-3579 
-----------------~---------------

0 ' 1illl1Ultl 

I "" c:f 91 I AO!! 
fltl8~'Wi:'ll'tlflA1J1,1ltllill~Ut'l~tllN~ 'titlt!Ultltll.:J~ 

'ii 

' 11fl6~11fJt>~tl1 (MEDICINE DROPPER), 6U1~tl1J 
' CV .:!l O 

6U1~tl111tl8~fl1 flt'IUI A1tl~tllt>1~ 


