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Croxatto's fifty-year pursuit: From pepsanurin to the 
discovery of a new kininogen-derived peptide (PU-D1) 
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This paper narrates Dr Héctor R Croxatto and collaborators' efforts over the 
past 50 years in search for peptidic hormones obtained by pepsin hydrolysis of 
blood plasma substrates. In the forties, Croxatto described three peptidic 
fractions characterized by their hypertensive, oxytocic and antidiuretic 
properties, designated as pepsitensin, pepsitocin and pepsanurin, respectively. 
While pepsitensin and pepsitocin were later identified as angiotensin I and met-
lys-bradykinin, pepsanurin was not identified and its research was halted for 35 
years. During that time, Prof Croxatto and his group worked mostly on the renal 
kallikrein-kinin system, studying its physiological anti-hypertensive role, making 
significant contributions in the field of renovascular hypertension. After the 
discovery of atrial natriuretic peptide, Croxatto resumed his work with 
pepsanurin. In a series of papers from 1988 to 1998, it was shown that: 1) when 
injected intraperitoneally or in the intestinal lumen of anesthetized rats, or in the 
isolated perfused rat kidneys, pepsanurin is a potent inhibitor of the natriuretic 
effect of ANP; 2) plasma kininogens are identified as the substrates for 
pepsanurin formation; 3) bradykinin and prokinins exert the anti-ANP effect 
when injected either intravenously, intraperitoneally or intraduodenally, at 
small non-vasodilator doses; endogenous kinins also block ANP renal excretory 
effects; 4) a 20-amino acid peptide released by pepsin from domain 1 of purified 
LMW kininogen was isolated by Croxatto and collaborators, designed as PU-
Dl, and shown to exert similar anti-ANP effects as pepsanurin or kinins, but 
being more potent and longer lasting; 5) the anti-ANP effect of pepsanurin, 
kinins and PU-D1 is mediated by B2 kinin receptors, since it is blocked by a 
bradykinin receptor antagonist. Currently, Dr Croxatto is working on the 
hypothesis that intestinal-borne kinins and/or PU-D1 may reduce renal 
excretion during the prandial cycle. 
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P E P S A N U R I N 

Dur ing the fort ies and early fifties, Prof H R 
Croxa t to and co l labora to rs were in search 
for p e p t i d i c s u b s t a n c e s t h a t m i g h t b e 
p r o d u c e d in b l o o d p l a s m a by ac t i on of 

pro teoly t ic e n z y m e s and that wou ld act as 
h o r m o n e s . T h e y w e r e m o t i v a t e d by the 
h a l l m a r k r e p o r t o f G o l d b l a t t w h o 
rep roduced ar ter ial hype r t ens ion in the dog 
by c l amp ing the renal ar tery (56) , and by 
t h e u n d e r l y i n g h u m o r a l m e c h a n i s m j u s t 
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b e i n g d i s c l o s e d by F a s c i o l o , B r a u n -
M e n é n d e z and co l labora to rs in Argen t ina 
(16, 48) and P a g e and H e l m e r in the U S A 
(75) . As o ther phys io log is t s at that t ime, 
P r o f C r o x a t t o w a s e x c i t e d by t h e 
p o s s i b i l i t i e s o p e n e d by t h e fac t t h a t a 
p e p t i d i c h o r m o n e c a n be f o r m e d by a 
r e g u l a t e d p r o t e i n b r e a k d o w n in t h e 
c i r cu la to ry s t r eam. S ince the na tu re and 
specifici ty of the enzymat i c ac t ion of renin 
on i t s p l a s m a g l o b u l i n s u b s t r a t e w a s 
uncer ta in , Hec to r Croxa t to with his b ro ther 
R a u l d e c i d e d to i n v e s t i g a t e w h e t h e r 
p r o t e o l y t i c e n z y m e s , s u c h a s t h o s e 
p r o d u c e d in d i g e s t i v e g l a n d s , c o u l d 
r e p r o d u c e t h e r en in ac t i on on the s a m e 
g lobul in subs t ra te . In 1942, they reported 
that the hydro lys i s of d ia lyzed p l a sma with 
p e p s i n in a c i d i c c o n d i t i o n p r o d u c e d a 
pep t i d i c f rac t ion tha t i n d u c e d a m a r k e d 
h y p e r t e n s i v e e f f e c t a n d w h i c h w a s 
des igna ted as peps i tens in (25) . 

In t h e n e x t y e a r s , C r o x a t t o a n d c o ­
w o r k e r s d e s c r i b e d t w o o t h e r p e p t i d i c 
f r ac t ions r e s u l t i n g f rom h y d r o l y s i s wi th 
pepsin at p H 2.5 of e i ther d ia lyzed p la sma 
or a p repara t ion of semipur i f ied ot-2 p l a sma 
g l o b u l i n s ca l l ed " h y p e r t e n s i n o g e n " . T h e 
first subs tance p resen ted oxytoc ic act ivi ty 
and t hey c a l l e d it p e p s i t o c i n ( 2 8 ) . T h e 
second fraction was ant id iure t ic and it was 
named pepsanur in (24, 29 , 30) . Peps i tens in 
and peps i toc in were p roduced after short (5 
h) i n c u b a t i o n of h u m a n , h o r s e o r ox 
d i a l y z e d p l a s m a w i t h p e p s i n , w h e r e a s 
pepsanur in was genera ted after p ro longed 
(18-24 h) hyd ro lys i s . In fact, pepsanur in 
w a s o r i g i n a l l y d i s c o v e r e d w h e n t h e 
p e p s i t e n s i n - p e p s i t o c i n f r a c t i o n w a s 
s u b m i t t e d to a s e c o n d i n c u b a t i o n w i th 
peps in , in a p rocedure designed to e l iminate 
the hyper tens ive act ivi ty. T h e ant idiuret ic 
ac t iv i ty of p e p s a n u r i n was d e m o n s t r a t e d 
us ing the B u r n tes t , w h i c h c o n s i s t e d in 
measur ing the diuret ic response of normal 
rats hyperhydra ted by gastric gavage to 5 % 
of their body weigh t . In the same years , 
Rocha-e-Si lva (84) in Brazil d iscovered yet 
another vasoac t ive pep t ide resul t ing from 
i n c u b a t i o n o f p l a s m a w i t h p r o t e o l y t i c 
e n z y m e s . In t h i s c a s e b r a d y k i n i n , a 
vasodi la tor and musculo t ropic pept ide was 
p r o d u c e d a f t e r i n c u b a t i n g p l a s m a w i t h 

s n a k e v e n o m s o r t r y p s i n . Y e a r s l a t e r , 
b r a d y k i n i n b e c a m e a m a j o r s u b j e c t of 
i n t e r e s t to P ro f C r o x a t t o as par t of the 
an t ihyper tens ive ka l l ik re in -k in inogen-k in in 
ho rmona l sys tem. I ronica l ly , as it will be 
c lear by the end of this accoun t , the pa ths 
of b radyk in in and pepsanur in got en tangled 
and e v e n t u a l l y m e r g e d ; h o w e v e r , in the 
mid fifties, ne i ther Croxa t to nor anybody 
e lse w o u l d pos s ib ly d r e a m a d i rec t l ink 
be tween those pep t ides wi th apparent much 
d i s p a r a t e e f f e c t s . ( F o r a r e v i e w on 
h o r m o n e s genera ted by peps in d iges t ion of 
p l a s m a pro te ins , see ref 23) . 

For a decade or so, Prof Croxat to pursued 
t h e i n t r i g u i n g i d e a t h a t t h e p e p s i n -
hyper tens inogen react ion produced pept ides 
resembl ing the act ions of neurohypophysea l 
h o r m o n e s , w h o s e s t r u c t u r e w a s n o t 
complete ly known at that t ime. In several 
papers , he and co l l abo ra to r s repor ted the 
p h a r m a c o l o g i c a l c h a r a c t e r i s t i c s of t hose 
p o l y p e p t i d e s w i t h " p o s t e r i o r p i t u i t a r y 
act iv i ty" ( 2 1 , 30) . Pepsanur in was a pept ide, 
since it was des t royed by incubat ion with 
c h y m o t r y p s i n ; it was d i f fe ren t ia ted from 
angiotensin and vasopress in , as it did not 
modify arterial pressure , nor contracted the 
rat or Guinea pig uterus (21). Its substrate 
appeared to be un ique ; inasmuch incubation 
of hyper tens inogen with renin followed by 
dialysis in ce l lophane m e m b r a n e s depleted 
p e p s i t e n s i n ac t i v i t y , w h i l e e n h a n c e d the 
p roduc t ion of the an t id iu re t i c act ivi ty by 
p o s t e r i o r i n c u b a t i o n w i t h p e p s i n ( 2 1 ) . 
Indeed, pepsanur in r e sembled the activity 
of s u l p h y d r y l - t r e a t e d v a s o p r e s s i n , w h i c h 
lost its p ressor act ivi ty whi le main ta ined its 
ant id iure t ic p roper t i es ( 2 1 , 24) . 

La ter on , as cons ide rab le p rog res s was 
m a d e in the k n o w l e d g e of the molecu la r 
e l e m e n t s c o n s t i t u t i n g t h e r e n i n -
angio tens inogen-angio tens in and kall ikrein-
k in inogen-k in in sys t ems , both peps i tens in 
and peps i toc in w e r e ident i f ied . Abou t 25 
y e a r s a f t e r i ts p r e s e n t a t i o n in s o c i e t y , 
pepsi tensin was identified as angiotensin I 
(51) , fulfill ing the or iginal hypo thes i s that 
pepsin could mimic the effect of renin. In 
t u rn , a f te r a s i m i l a r l y l o n g p e r i o d , t h e 
s t r u c t u r e of p e p s i t o c i n w a s s h o w n to 
c o r r e s p o n d to m e t h i o n y l - l y s y l - b r a d y k i n i n 
(58 ) . In con t r a s t , w h i l e v a s o p r e s s i n and 
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o x y t o c i n w e r e c o m p l e t e l y c h a r a c t e r i z e d , 
pepsanur in s t ruc ture was not e luc ida ted and 
this pu ta t ive an t id iure t ic pep t ide r emained 
in obl ivion for about 35 years . 

R E N A L K A L L I K R E I N 

Dur ing the h ia tus men t ioned above , Prof 
Croxa t to and co l l abora to r s worked most ly 
on the rena l ka l l i k r e in -k in in s y s t e m . H e 
v i g o r o u s l y d e f e n d e d t h e t h e s i s t h a t 
sys temic b lood p re s su re was regula ted by 
an e q u i l i b r i u m b e t w e e n t w o o p p o s i n g 
e n z y m a t i c h o r m o n a l s y s t e m s : r en in and 
kal l ikrein (35) . Each sys tem was c o m p o s e d 
of a p ro teo ly t ic e n z y m e p roduced by the 
k idney , a c i rcu la t ing g lobul in subs t ra te and 
a pept ide effector. Croxa t to was fascinated 
by t h e h o m o l o g y of t h e m o l e c u l a r 
c o m p o n e n t s in e a c h s y s t e m and by the , 
t h e n r e c e n t , f i n d i n g t h a t t h e s a m e 
p u l m o n a r y e n z y m e t h a t c o n v e r t s 
v a s o a c t i v e l y iner t a n g i o t e n s i n I in to the 
a c t i v e a n g i o t e n s i n II ( 7 ) , w a s a l s o t h e 
k i n i n a s e I I , a n e n z y m e t h a t d e s t r o y s 
b r a d y k i n i n ( 4 7 , 4 9 , 8 6 ) . T h e r e n i n -
a n g i o t e n s i n o g e n - a n g i o t e n s i n s y s t e m was 
b e t t e r s t u d i e d , a n d i ts p a r t i c i p a t i o n in 
h y p e r t e n s i o n by c a u s i n g vasocons t r i c t i on 
and s o d i u m re ten t ion th rough s t imula t ion 
of a ldos te rone re lease was well accep ted . 
The ka l l ik re in -k in inogen-k in in sys tem was 
h y p o t e n s i v e a n d p r o - n a t r i u r e t i c , a n d in 
need to be d i s c l o s e d by p h y s i o l o g y and 
in t roduced to the cl inical wor ld . Croxa t to 
and h i s g r o u p b e c a m e k n o w n by t h e i r 
p ioneer repor ts showing that r enovascu la r 
h y p e r t e n s i v e r a t s e x c r e t e d l ess u r i n a r y 
k a l l i k r e i n ( 2 7 ) , a f i n d i n g t h a t w a s 
i n t e r p r e t e d a s a s i g n of an i m b a l a n c e 
b e t w e e n v a s o p r e s s o r a n d v a s o d i l a t o r 
i n f l u e n c e s ( 3 5 , 8 5 ) . T h i s i d e a w a s no t 
a lways accepted at a t ime when the renin-
angiotens in-a ldos terone and the sympathet ic 
sys tems seemed enough to provide a good 
explanat ion for vascu la r res i s tance control 
in heal th and h y p e r t e n s i o n . T h e or ig ina l 
i d e a of P r o f C r o x a t t o c a l l e d for r e n a l 
kal l ikrein to be re leased (as renin) to the 
v e n o u s e f f l u e n t , w h e r e it c o u l d a c t 
enzymat ica l ly upon k in inogens to p roduce 
k in ins in minu t e a m o u n t s in the per iphery . 

In this way , k in ins w o u l d coun te rac t the 
vasoconstr ic tor tone induced by sympathet ic 
t r a n s m i t t e r s and a n g i o t e n s i n , r e g u l a t i n g 
v a s c u l a r r e s i s t a n c e . R e d u c e d u r i n a r y 
kall ikrein and renal kal l ikrein content was 
c o n f i r m e d in d i f f e r e n t m o d e l s of 
hyper tension (2, 33 , 79 , 92) , associated with 
a significant increase in p l a sma kininogen 
levels ( 1 , 3 1 , 32) . The impor tance of renal 
kall ikrein product ion to renal function was 
assessed by measur ing changes in urinary 
k a l l i k r e i n e x c r e t i o n in c o n d i t i o n s of 
enhanced diures is by v o l u m e over load or 
diuretics (31 , 33 , 34, 38) . Renal kallikrein 
production or excretion was studied under the 
i n f l u e n c e of h y p o p h y s e a l a n d a d r e n a l 
hormones (37, 39), prostaglandins (36), the 
sympathetic nervous system (3 , 4) and during 
pregnancy (39 , 87 , 89) . The g roup at the 
Catholic University demonstra ted that renal 
kallikrein is released into the venous effluent 
of the kidney (81-83) , that such release is 
regulated by cort ico-adrenal hormones (10, 
91), which affect also the ratio of active and 
pre-kallikrein release (10, 20) . 

Ce r t a in ly , our u n d e r s t a n d i n g of b lood 
p r e s s u r e r e g u l a t i o n h a s g r o w n 
t r e m e n d o u s l y in t h e l a s t 2 0 y e a r s by 
acknowledg ing that e n d o g e n o u s vasodi la tor 
a g e n t s a r e of v i t a l i m p o r t a n c e in t h e 
m a i n t e n a n c e of a r t e r i a l r e s i s t a n c e . It is 
obvious to ment ion the great ach i evemen t 
r e p r e s e n t e d by t h e d i s c o v e r i e s of 
subs tances re leased from the endo the l ium, 
such as p r o s t a c y c l i n ( 6 8 , 69 ) and n i t r ic 
o x i d e ( 5 2 , 5 3 , 7 0 , 7 6 , 7 7 ) , w h i c h a re 
cons tan t ly modu la t i ng vascu la r r es i s t ance 
a n d r e a c t i v i t y . In t h i s c o n n e c t i o n , 
n o w a d a y s t h e r e is a m p l e e v i d e n c e 
suppor t ing the i m p o r t a n c e of local kinin 
p r o d u c t i o n as s t i m u l a t o r of p r o s t a c y c l i n 
and nitric ox ide re lease . It is a lso accepted 
t h a t t h e a n t i - h y p e r t e n s i v e e f f e c t s of 
conve r t i ng e n z y m e inh ib i to r s are largely 
m e d i a t e d by a c c u m u l a t i o n of k in in s that 
re lax the vascular wal l s and a lso modify 
excre tory funct ion in the k idney (65 , 67) . 
Thus , a l though the idea of a major role for 
c i r cu la t ing rena l ka l l i k re in has no t been 
p roven , the u n d e r l y i n g c o n c e p t of k in ins 
cont r ibu t ing to main ta in b lood p ressu re has 
b e c o m e w e l l a c c e p t e d in v a s c u l a r 
phys io logy and hyper tens ion ( 6 3 , 6 7 , 93) . 
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A T R I A L N A T R I U R E T I C P E P T I D E ( A N P ) 

The d iscovery of atrial natriuretic pept ide by 
De Bold and col laborators in 1981 (46) was 
a g r e a t s t i m u l u s to P ro f C r o x a t t o . T h e 
finding that the heart could behave as an 
e n d o c r i n e g l a n d , r e l e a s i n g a p e p t i d i c 
ho rmone that regulates vascular vo lume, by 
s t imulat ing sod ium and water excret ion in 
the k idney, s troke h im as something beyond 
the mos t fertile imaginat ion (17) . Moreover , 
if t he s a m e ca rd i ac h o r m o n e a l so favors 
fluid extravasat ion into the interstitial space, 
t h u s r e d u c i n g v a s c u l a r v o l u m e v e r y 
e f f ic ien t ly ( 5 , 80 ) . H e w a s i m m e d i a t e l y 
p rompted to study whether old pepsanur in 
may exert its ant idiuret ic action by opposing 
the atr ial h o r m o n e . Fo r this p u r p o s e , he 
adopted an exper imenta l set up consis t ing of 
anesthet ized fasted female rats, implemented 
w i t h c a n n u l a e in t h e u r i n a r y b l a d d e r , 
f e m o r a l a r t e r y a n d f e m o r a l v e i n . T h i s 
a l l o w e d for t i m e d u r i n e c o l l e c t i o n and 
c o n s t a n t m o n i t o r i n g of a r te r ia l p r e s s u r e . 
A t r i a l e x t r a c t s o r s y n t h e t i c A N P w e r e 
injected iv, while urinary vo lume, sod ium 
and po tass ium were de termined at 20 min 
in tervals . T o mainta in a basal u r ine flow 
without be ing sodium loaded, the rats were 
infused constant ly with isotonic g lucose , at 
10 or 20 uJVmin. 

In the first works publ ished by Croxat to 
on this subject, he tested whether the known 
f lu id - re ta in ing h o r m o n e s a ldos t e rone and 
vasopress in in ter fered wi th the excre to ry 
effect of atrial extracts . It was shown that 
ne i t he r a l d o s t e r o n e no r v a s o p r e s s i n w a s 
able to coun t e r ac t the na t r iu re t ic -d iure t ic 
effect of an iv bo lus of A N P (26 , 40) . In 
c o n t r a s t , s o d i u m a n d w a t e r e x c r e t i o n 
induced by atrial ext rac ts was pract ical ly 
abo l i shed if the ra ts were injected ip 40 
m i n b e f o r e w i t h 1 ml of t h e c l a s s i c 
pepsanur in p repara t ion (i.e., the amoun t of 
p e p t i d e s o b t a i n e d by s u b m i t t i n g t h e 
g lobul in fraction from 20 ml h u m a n p l a sma 
to a 18-24 h peps in hydro lys i s at p H 2.5 
(26 ) . T h e r e su l t s w e r e s t imu la t i ng s ince 
a n t a g o n i s t o r i n h i b i t o r s of t h e a t r i a l 
h o r m o n e had not been repor ted . Howeve r , 
in order to con t inue the research , Croxa t to 
was fac ing the p r o b l e m s of ident i ty and 
specifici ty of pepsanur in . 

After p resen t ing those da ta in a mee t ing 
in B u e n o s A i r e s , C r o x a t t o r e c e i v e d an 
invi ta t ion ex tended by Dr B u m p u s from the 
Cleve land Cl in ic to j o i n forces to purify the 
ac t ive pept ide(s ) at h is l abora tory . Be ing 80 
y e a r s o l d , P r o f C r o x a t t o a c c e p t e d t h e 
cha l l enge and m o v e d to C leve l and with his 
wife. Desp i t e the impress ive facil i t ies and 
t h e g r e a t b i o c h e m i c a l e x p e r t i s e of D r 
B u m p u s and c o l l a b o r a t o r s , t h e i r e f for t s 
were unsuccess fu l . After several mon ths of 
hard work , Croxa t to re tu rned to Chi le with 
a c o u p l e of s y n t h e t i c p e p t i d e s that had 
s h o w n s o m e p r o m i s e in p r e l i m i n a r y 
sc reen ings , but p roved later to be inact ive . 
(Croxa t to r e m e m b e r s that the story could 
have had a different end if he would have 
m a d e the trip with José Corne jo , his long­
t i m e a s s i s t a n t a n d m a s t e r of t h e r a t 
p repa ra t ion ) . 

T h e a n t i d i u r e t i c p r o p e r t i e s o f 
p e p s a n u r i n w e r e fu r ther c h a r a c t e r i z e d in 
t h e f o l l o w i n g r e p o r t s . P e p s a n u r i n w a s 
c o n f i r m e d to a n t a g o n i z e t h e s y n t h e t i c 
c a r d i a c h o r m o n e in the a n e s t h e t i z e d rat 
and in the i so l a t ed p e r f u s e d rat k i d n e y s 
( 1 1 ) . R e f i n i n g t h e p r o c e d u r e s , it w a s 
s h o w n t h a t p e p s a n u r i n o b t a i n e d f r o m 
d i a l y z e d w h o l e h u m a n p l a s m a , g iven ip at 
0.5 ml pe r 100 g b w , c a u s e d a 6 0 - 9 0 % 
inh ib i t i on of the n a t r i u r e t i c and d i u r e t i c 
e f f e c t i n d u c e d by 0 . 5 u.g A N P 1 0 3 - 1 2 5 
( a t r i o p e p t i n I I ) . N o s ign i f i can t c h a n g e s in 
s y s t e m i c a r t e r i a l p r e s s u r e w e r e o b s e r v e d . 
P e p s a n u r i n a b o l i s h e d t h e i n c r e a s e in 
g l o m e r u l a r f i l t r a t ion r a t e a n d b l u n t e d the 
r i s e in f r a c t i o n a l s o d i u m e x c r e t i o n 
i n d u c e d by A N P ; h o w e v e r , it d id no t 
affect b a s a l r ena l f unc t i on or e x c r e t o r y 
r a t e . In i s o l a t e d k i d n e y s , p e p s a n u r i n 
r e v e r s i b l y b l o c k e d n a t r i u r e s i s a n d 
d i u r e s i s i n d u c e d by A N P , a l s o w i t h o u t 
a f fec t ing pe r fu s ion p r e s s u r e . 

P e p s a n u r i n d id no t a f fec t n a t r i u r e s i s 
induced by different doses of furosemide , 
bu t s t r o n g l y p r e v e n t e d or r e v e r s e d the 
n a t r i u r e t i c effect of e q u i p o t e n t d o s e s of 
ami lor ide (11) . T h e s e resul ts led to the idea 
t h a t t h e a c t i v e p e p t i d e ( s ) p r e s e n t in 
pepsanur in may act d i rect ly on the k idney , 
c o u n t e r a c t i n g t h e i n h i b i t i o n of s o d i u m 
reabsorp t ion induced by A N P or ami lor ide 
in distal and co l lec t ing tubu les . 
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S E A R C H F O R T H E S U B S T R A T E 

T h e speci f ic i ty of p e p s a n u r i n effect was 
also app roached us ing pept ic hydro lysa tes 
p r e p a r e d f r o m b o v i n e or h u m a n s e r u m 
a l b u m i n . N o n e o f t h o s e c o n t r o l 
h y d r o l y s a t e s i n h i b i t e d t h e d i u r e s i s a n d 
nat r iures is induced by A N P , ami lo r ide or 
furosemide (11) . Th i s c lear ly indica ted that 
f lu id r e t e n t i o n in t h e p e r i t o n e a l c a v i t y 
c a u s e d by u n s p e c i f i c p e p t i d i c m a t e r i a l 
c o u l d n o t a c c o u n t for t h e a n t i d i u r e t i c 
effects of pepsanur in . 

T h e c a p a c i t y of d i f f e r e n t p l a s m a 
samples to p r o d u c e the a n t i - A N P act ivi ty 
after peps in d iges t ion was s tudied next . It 
was found that the ant id iure t ic po tency of 
pepsanur in p repa red from fresh p l a s m a of 
p a t i e n t s w i t h s e v e r e d e c o m p e n s a t e d 
conges t ive ca rd iac fai lure was signif icantly 
higher than that of cont ro l subjects (57) . 
S i m i l a r l y , p e p s a n u r i n p r e p a r e d f r o m 
p l a sma of rats m a d e c i r rhot ic by b i le -duct 
l igat ion p resen ted twice as po ten t a n t i - A N P 
a c t i v i t y a s c o m p a r e d w i t h p e p s a n u r i n 
p repared f rom sham-ope ra t ed cont ro l rats 
(Boric et al, unpub l i shed resul t s ) . Tha t was 
in te res t ing , s ince both c l inical cond i t ions 
-cardiac fai lure and c i r rhos i s - are re la ted to 
v o l u m e e x p a n s i o n , s o d i u m re ten t ion and 
r e f r a c t o r i n e s s to A N P (90 ) . In c o n t r a s t , 
h y d r o l y s a t e s of o u t d a t e d h u m a n p l a s m a 
from the b lood b a n k did not exer t the ant i -
A N P act ivi ty . As a coro l la ry , it was found 
that fresh p l a s m a i n c u b a t e d for 4 8 h at 
37°C in steri le cond i t ions pr ior to peps in 
d iges t ion lost its capac i ty to inhibi t A N P . 
This p rov ided us wi th a very good control 
tool to test for unspeci f ic effect of the bulk 
of p e p t i d e s o t h e r t h a n t h e a c t i v e 
ingredient (s ) p resen t in pepsanur in ( 1 1 , 15, 
41) . In addi t ion , those resul ts indicated that 
t h e s p e c i f i c s u b s t r a t e fo r p e p s a n u r i n 
genera t ion was vu lne rab l e to e n d o g e n o u s 
pro teases and its concen t ra t ion in p l a s m a 
may change unde r different phys io log ica l 
c o n d i t i o n s . L o o k i n g in p e r s p e c t i v e , 
s u b s t r a t e d e p l e t i o n s e e m s t h e m o s t 
probably exp lana t ion for the failure in the 
purif icat ion efforts car r ied out by Croxa t to 
in C l e v e l a n d , b e c a u s e o u t d a t e d p l a s m a 
samples were used as s tar t ing mater ia l in 
t h o s e e x p e r i m e n t s . In a s e r i e s of 

unpub l i shed expe r imen t s , C roxa t to pursued 
the t ime course of subs t ra te dep le t ion and 
its suscept ibi l i ty to k n o w n p ro teases . Ant i -
A N P act ivi ty was p rogress ive ly r educed as 
p l a s m a p re incuba t ion t ime w a s inc reased 
from 2 to 48 h. In addi t ion , incuba t ion with 
g landula r kal l ikre in (Padut in ) fo l lowed by 
dia lys is caused a rapid (4 -12 h) deple t ion 
of pepsanur in subs t ra te . W i t h o u t d ia lys is , 
k a l l i k r e i n i n c u b a t i o n g e n e r a t e d t h e 
ant id iure t ic ac t iv i ty . T h e conc lus ion at that 
point was that the subs t ra te for pepsanur in 
could be d iges ted by a ser ine p ro tease . 

O T H E R P E P T I D E S A N D T H E I N T E S T I N E 

In the mid e igh t ies , severa l repor t s have 
s h o w n tha t p e p t i c h y d r o l y s i s of b l o o d 
p l a s m a genera ted ac t ive pep t ides , such as 
me t -enkepha l in , neu ro tens in and k ine tens in 
( 1 8 , 2 3 , 8 8 ) . S i n c e n e u r o t e n s i n a n d 
k ine tens in r epor t ed ly p r e s e n t an t id iu re t i c 
p r o p e r t i e s , C r o x a t t o ' s e f f o r t s w e r e 
ded ica ted to s tudy w h e t h e r the a n t i - A N P 
effect of pepsanur in cou ld be accoun ted for 
by the p resence of these pep t ides . H e tested 
n u m e r o u s d o s e s of n e u r o t e n s i n a n d 
k ine tens in e i ther a lone or in combina t ion 
with a lbumin hyd ro lysa t e s , wi th nega t ive 
resul t s . Ne i the r pep t ide was ab le to inhibi t 
A N P when tested ip or iv at doses that did 
not affect sys temic ar ter ial p res su re . L a r g e 
doses of neuro tens in (500 ug) p r o d u c e a 
s ignif icant e n h a n c e m e n t of the hypo tens ive 
effect of A N P and a concomi t an t reduc t ion 
of ur inary excre t ion (22 , 23) . 

An o b v i o u s q u e s t i o n w a s to e x p l o r e 
w h e t h e r ac t ive pep t ides found in p l a s m a 
can be also formed in the d iges t ive tract, 
s ince all p ro teases used in their genera t ion 
- l i ke p e p s i n , t r y p s i n and k a l l i k r e i n - are 
e n z y m e s p r e s e n t in t h e i n t e s t i n e a n d 
s u p p o r t i n g g l a n d s ( 2 3 ) . F o r i n s t a n c e , 
neuro tens in and k ine tens in a re formed in 
gastr ic t i ssues as well as in p l a s m a (19) . 
W i t h t h e u n d e r l y i n g h y p o t h e s i s t h a t 
pepsanur in genera ted in the gas t r ic lumen 
b y p e p s i n m i g h t p a r t i c i p a t e in t h e 
r e g u l a t i o n of r e n a l e x c r e t o r y f u n c t i o n , 
Croxa t to tes ted whe the r pepsanur in could 
be ac t ive when injected in the in tes t ine . A 
first repor t suppor t ing this con ten t ion was 
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t h e d e m o n s t r a t i o n t h a t p e p s a n u r i n 
genera ted e i ther from h u m a n or rat p l a sma 
was e q u i p o t e n t to inh ib i t A N P d i u r e s i s -
na t r iures is w h e n injected into the duodena l 
l u m e n as w h e n in jec ted ip (41 ) . A g a i n , 
cont ro l pep t ic hydro lysa tes p repared from 
p re incuba t ed p l a s m a , or pu re a lbumin or 
c a s e i n , w e r e i n e r t . A d m i n i s t r a t i o n of 
p e p s a n u r i n i n t o t h e s t o m a c h w a s a l s o 
e f f e c t i v e to b l o c k A N P , p r o v i d e d t h a t 
gas t r ic e m p t y i n g was left und i s tu rbed ; in 
c o n t r a s t , i n t r a g a s t r i c p e p s a n u r i n w a s 
ineffect ive after p lac ing a tie in the py lorus 
(Croxa t to et al, unpub l i shed resul ts ) . 

K I N I N O G E N S A N D K I N I N S 

T h e r e w a s a c lear poss ib i l i ty that k in ins 
genera ted dur ing d iges t ion of p l a sma may 
in f luence or c o n t r i b u t e to the effects of 
p e p s a n u r i n , p e r h a p s p r o d u c i n g p r o t e i n 
exuda t ion and fluid shifts from p l a s m a to 
the p e r i t o n e u m . By us ing a r a d i o i m m u n e 
assay ( R I A ) w i th a p o l y c l o n a l a n t i b o d y 
raised aga ins t b radyk in in , pepsanur in was 
found to c o n t a i n s ign i f i can t a m o u n t s of 
i m m u n o r e a c t i v e k in in m a t e r i a l , w h e r e a s 
t h i s k i n i n - l i k e m a t e r i a l w a s a b s e n t in 
inac t ive h y d r o l y s a t e s p r e p a r e d from pre ­
i n c u b a t e d p l a s m a . At f i rs t , w e t r i ed to 
d e m o n s t r a t e t h a t k i n i n s w e r e n o t 
r e spons ib le for the ant id iure t ic p roper t i es 
of p e p s a n u r i n . H o w e v e r , it w a s c l ea r ly 
shown that add ing b radyk in in to inac t ive 
h y d r o l y s a t e s of b o v i n e a l b u m i n , in 
concent ra t ions equivalent to that found in 
pepsanur in (0.5-1 ug/ml) , reproduced quite 
we l l t h e a n t i - A N P e f f e c t s . In c o n t r a s t , 
h is tamine -another inf lammatory substance-
did not affect the diuret ic response to A N P , 
e v e n t h o u g h i t p r o d u c e d a l a r g e r 
a c c u m u l a t i o n of f lu id in t h e p e r i t o n e a l 
cavity. These unexpec ted results represented 
the start ing point for the identif ication of 
kinins and the d iscovery of PU-D1 as the 
a c t i v e p e p t i d e in p e p s a n u r i n . H o w e v e r , 
a l though presented in different meet ings (9, 
12 , 1 3 ) , t h e s e r e s u l t s c o u l d h a r d l y b e 
publ ished unti l very recently (15) . 

In 1 9 9 1 , the avai labi l i ty of H O E - 1 4 0 , a 
n e w s p e c i f i c b r a d y k i n i n B 2 r e c e p t o r 
an tagonis t charac te r ized by s t rong and long 

last ing inhibi t ion of all k n o w n bio logica l 
effects of k in ins (61) , p rov ided us with a 
powerful tool to pu r sue the par t ic ipa t ion of 
k in ins in pepsanur in ac t ion . Soon , it was 
demons t r a t ed that H O E - 1 4 0 (2 .5-5 ug, iv) 
d id no t a l t e r t h e b a s a l o r A N P - i n d u c e d 
e x c r e t i o n , b u t a b o l i s h e d t h e a n t i - A N P 
effect of p e p s a n u r i n e x t r a c t s , i n d i c a t i n g 
t h a t a k i n i n - l i k e p e p t i d e m e d i a t e d t h e 
ant id iure t ic act ivi ty of pepsanur in by act ing 
on kinin B 2 recep tors (12 , 15, 71) . 

Obv ious ly , the nex t s tep was to search 
w h e t h e r k i n i n o g e n s w e r e t h e g l o b u l i n 
s u b s t r a t e fo r t h e a c t i v e p e p t i d e ( s ) in 
pepsanur in . A di rec t demons t r a t i on of this 
hypo thes i s was found us ing k in inogen- f ree 
p l a s m a and puri f ied k i n i n o g e n s , ob ta ined 
by p a s s a g e of h u m a n p l a s m a t h r o u g h 
p a p a i n - s e p h a r o s e affinity c h r o m a t o g r a p h y 
c o l u m n ( 6 2 ) . P e p s i n h y d r o l y s a t e s of 
k in inogen- f ree p l a s m a presen t ne i ther anti-
A N P ac t iv i ty no r i m m u n o - r e a c t i v e k in in 
mater ia l (12 , 13, 15). On the o ther hand, 
incuba t ion of e i ther low ( L M W ) or high 
( H M W ) molecu la r we igh t k in inogen with 
p e p s i n at ac id p H r e s u l t e d in the rap id 
p r o d u c t i o n of m a t e r i a l w i t h t h e s a m e 
inhibi tory effect as pepsanur in . In contras t , 
inject ion of non -hyd ro lyzed k in inogens did 
not modify the d iure t ic effects of A N P (12, 
13, 15). 

P R O - K I N I N S I N P E P S A N U R I N 

T h e search to ident i fy the ac t ive pep t ide ( s ) 
c o n t i n u e d in t w o d i r e c t i o n s . On one s ide , 
the c h e m i c a l iden t i ty of k in in s found in 
p e p s a n u r i n , or h y d r o l y s a t e s of p u r i f i e d 
k i n i n o g e n , w a s p u r s u e d b y d i a l y s i s , 
r eve r se p h a s e s e p - p a k and H P L C c o l u m n s 
c o m b i n e d wi th R I A . On the o the r hand , 
the an t id iu re t i c p r o p e r t i e s of k n o w n k in ins 
and p r o - k i n i n s p e p t i d e s a l r e a d y r epor t ed 
in t h e l i t e r a t u r e w e r e t e s t e d . A n 
e x p e r i m e n t a l b r e a k t h r o u g h w a s 
e s t a b l i s h e d w h e n t h e s c a r c e m a t e r i a l 
o b t a i n e d a f t e r H P L C f r a c t i o n a t i o n of 
k i n i n o g e n h y d r o l y s a t e s w a s success fu l ly 
t e s t e d i v . I n j e c t i n g o r i n f u s i n g c r u d e 
p e p s a n u r i n p r e p a r a t i o n s iv i n d u c e a s tate 
of u n s t a b l e a r t e r i a l p r e s s u r e in the ra t , 
p r e c l u d i n g a p p r o p r i a t e t e s t i n g of A N P 



B i o l R e s 3 1 : 1 1 7 - 1 2 9 ( 1 9 9 8 ) 123 

na t r iu re t i c -d iu re t i c r e s p o n s e and a n t i - A N P 
ac t iv i ty . N o w , p u r e pep t i de s or f rac t ions 
cou ld be a s s a y e d in the anes the t i zed rat by 
g iv ing iv in jec t ions 1-3 min p r io r to A N P 
(8 , 43 ) . 

Croxa t to tes ted the a n t i - A N P proper t ies 
of p r o - k i n i n s p e p t i d e s (i.e., k i n i n o g e n 
f r a g m e n t s c o n t a i n i n g t h e b r a d y k i n i n 
s e q u e n c e ) t ha t h a d b e e n r e p o r t e d a f te r 
p e p s i n h y d r o l y s i s of b o v i n e k i n i n o g e n s 
(59) . T w o of these pep t ides , of 16 and 18 
a m i n o a c i d s , w e r e s h o w n to inh ib i t A N P 
when injected e i ther iv or into the duodena l 
lumen at doses of 1-2.5 nmol /kg (42) . In 
the next repor t , we showed that b radykin in 
i t se l f i n h i b i t s A N P r e n a l a c t i o n s w h e n 
injected iv 3 min pr ior to A N P , but only if 
u s e d at n o n - d e p r e s s o r d o s e s w i t h i n a 
n a r r o w r a n g e of 1 0 0 - 1 5 0 n g ( 0 . 5 - 0 . 7 5 
n m o l / k g ) , w h i l e l a r g e r a n d l o w e r 
b radykin in doses a re ineffect ive (8) . Th i s 
f inding e x p l a i n e d m i s l e a d i n g p re l imina ry 
resul ts ob ta ined wi th b radyk in in doses of 1-
2 ug (5-10 nmol /kg ) that were effect ive via 
ip , bu t on ly e x e r t e d h y p o t e n s i v e ef fec ts 
w i t h o u t a f f e c t i n g A N P r e s p o n s e w h e n 
given iv. In fact, the effect ive a n t i - A N P iv 
doses of b radykin in are m u c h smal ler than 
those u s e d in m o s t r epo r t s d e a l i n g wi th 
k in ins , inc lud ing k in in - induced na t r iures is . 
A l though con t rovers ia l , these resul ts were 
rapidly pub l i shed , whe rea s mos t da ta from 
the ip effect of b radyk in in were left beh ind . 

Thereaf ter , we showed that ano ther p ro -
k i n i n w i t h t h e s e q u e n c e M e t - L y s -
b r a d y k i n i n - S e r - S e r - A r g - I l e f r o m h u m a n 
k in inogen a lso inhibi ts A N P when injected 
iv, ip or in t raduodena l ly (43) . This 15 aa 
p e p t i d e w a s n a m e d P U - 1 5 , a f t e r 
pepsanur in , and was m o r e po ten t than the 
o the r t w o p r o - k i n i n s , b e i n g e f fec t ive at 
doses of 100-250 ng (0 .25-0 .4 n m o l / k g ) . 
S imi la r to b r a d y k i n i n , the dose r e s p o n s e 
c u r v e fo r P U - 1 5 i n h i b i t i o n of A N P 
d iu res i s -na t r iu res i s was U - s h a p e d . W h i l e , 
b radykin in was m u c h m o r e ac t ive iv (0 .5 -
0.8 n m o l / k g ) than ip (5 -10 n m o l / k g ) , all 
three p ro-k in ins were roughly equ ipo ten t to 
b l o c k A N P d i u r e s i s - n a t r i u r e s i s w h e n 
a d m i n i s t e r e d t h r o u g h the th ree d i f fe ren t 
routes (iv, ip or in t raduodena l ) , sugges t ing 
they have a h igher deg ree of res i s tance to 
e n d o g e n o u s p ro t eases . T h e a n t i - A N P effect 

of b r a d y k i n i n a n d p r o - k i n i n p e p t i d e s is 
complete ly inhibited by pr ior adminis t ra t ion 
of H O E - 1 4 0 (8 , 15, 4 2 , 43 ) . 

The above reports clearly establ ish that 
admin i s t r a t i on of n o n - d e p r e s s o r doses of 
exogenous kinins can exer t an t i -A N P effects 
in a b s e n c e of s y s t e m i c h e m o d y n a m i c 
changes . Fur thermore , we showed that the 
A N P e x c r e t o r y r e s p o n s e is b l u n t e d by 
e n d o g e n o u s k i n i n s a c c u m u l a t e d d u r i n g 
i n h i b i t i o n of k i n i n a s e I I ( a n g i o t e n s i n 
c o n v e r t i n g e n z y m e ) , s i nce th i s effect is 
p reven ted by H O E - 1 4 0 (8) . A l t h o u g h these 
resul ts were ob ta ined in anes the t i zed rats , 
they s u g g e s t tha t e n h a n c e d k in in l eve l s 
m a y m e d i a t e the b l u n t e d A N P d i u r e t i c 
r e s p o n s e o b s e r v e d d u r i n g a n g i o t e n s i n 
c o n v e r t i n g e n z y m e inh ib i t i on in h u m a n s 
( 5 4 , 9 5 ) . T a k e n t o g e t h e r , t h e s e r e s u l t s 
suppor t the concep t that the inject ions of 
pepsanur in ( 1 1 , 15), or pro-kin ins (42, 43) , 
in the pe r i t oneum or the intest inal lumen 
p r o d u c e a s l o w a b s o r p t i o n a n d / o r 
t ransformation of pro-kin ins , that reach the 
p r e c i s e i n t r a r e n a l k i n i n c o n c e n t r a t i o n 
required to elicit the an t i -ANP effect. Non-
vasodi la tor concentra t ions of bradykinin can 
block ANP- induced diures is and natr iuresis 
in the i so la ted per fused rat k i d n e y (14) . 
Fur thermore , bradykin in can modu la t e A N P -
induced cyclic G M P product ion in rat renal 
medul la in vitro (14). 

P U R I F I C A T I O N A N D I D E N T I F I C A T I O N O F P U - D 1 

By c o m b i n i n g different pur i f ica t ion s teps, 
P U - 1 5 w a s c o n f i r m e d a s t h e m a j o r 
i m m u n o r e a c t i v e k in in mate r i a l p resen t in 
pepsanur in . A p p r o x i m a t e l y half the kinin 
c o n t e n t a n d a n t i - A N P a c t i v i t y of 
p e p s a n u r i n is r e t a i n e d a f t e r p r o l o n g e d 
d i a l y s i s in 3.5 k D a c u t - o f f m e m b r a n e , 
whi le both k in ins and a n t i - A N P act ivi ty are 
los t in 14 k D a M W cu t -o f f m e m b r a n e s 
( 1 5 ) . W h e n d i a l y z e d p e p s a n u r i n 
w a s f i l t e r e d in S e p h a d e x G - 2 5 
c h r o m a t o g r a p h y , a s ingle symmet r i ca l peak 
of immunoreac t ive -k in in mater ia l , with an 
apparen t M W b e t w e e n 2.8 and 3.1 k D a was 
o b t a i n e d ( M o r e n o J M & S i l v a R, 
unpub l i shed resu l t s ) . I m m u n o r e a c t i v e kinin 
mater ia l was re ta ined in sep-pak c o l u m n s 
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and co-e lu ted with the a n t i - A N P act ivi ty 
be tween 5 % and 1 5 % acetoni t r i le in 0 . 5 % 
acet ic acid. Separa t ion of this mater ia l by 
p a s s a g e t h r o u g h t w o H P L C c o n d i t i o n s 
r e s u l t e d in a b i p h a s i c i m m u n o r e a c t i v e -
kinin prof i le . T h e first peak accounted for 
a p p r o x i m a t e l y 6 0 % of t h e r e c o v e r e d 
m a t e r i a l , w i t h a r e t e n t i o n t i m e 
c o r r e s p o n d i n g to P U - 1 5 , a n d a s e c o n d 
- b r o a d e r p e a k - o v e r l a p p e d the r e t e n t i o n 
t i m e s of L y s - b r a d y k i n i n and M e t - L y s -
b radyk in in . Very lit t le mater ia l co-e lu ted 
w i t h a u t h e n t i c b r a d y k i n i n , o r i n a c t i v e 
s m a l l e r k i n i n f o r m s s u c h as D e s - A r g 9 -
b r a d y k i n i n . W i t h t h e m o s t p u r i f i e d 
mater ia l , a c lose c o r r e s p o n d e n c e was found 
b e t w e e n the e l u t i o n p ro f i l e s of p r o t e i n , 
i m m u n o r e a c t i v e k i n i n a n d a n t i - A N P 
act ivi ty (72) . 

For mos t of us , the s i tuat ion up to this 
point was compl i ca t ed enough . Try ing to 
conv ince the phys io logy wor ld that k in ins 
m a y a c t a s a n t i - n a t r i u r e t i c h o r m o n e s 
s e e m e d a ve ry u p h i l l t a sk . P e r h a p s , Dr 
Croxa t to was not conv inced that pepsanur in 
was j u s t a k in in . He asked newly arr ived 
g radua te s tudents to repeat the purif icat ion 
p r o c e d u r e , bu t u s i n g h y d r o l y s a t e s f r o m 
pure L M W k in inogen as s tar t ing mater ia l . 
In this o p p o r t u n i t y , ins tead of u s ing the 
R I A for k i n i n s , t he ac t i ve ma te r i a l was 
fo l lowed accord ing to its a n t i - A N P act ivi ty 
as d e t e c t e d b y iv i n j e c t i o n s in t h e 
anes the t i zed rat . By serendip i ty , the new 
team modif ied the puri f icat ion pro tocol at 
the sep-pak c o l u m n s tage: ins tead of us ing 
0 . 5 % acet ic acid (as p rev ious ly done) they 
used 0 . 1 % t r i ch lo roace t i c acid (as in the 
H P L C e lu t ions ) . Th i s mino r modi f ica t ion 
caused m o s t a n t i - A N P act ivi ty to be eluted 
at 3 0 % a c e t o n i t r i l e , i n c l u d i n g s o m e 
p e p t i d e s tha t w e r e los t in the p r e v i o u s 
p r o c e d u r e . P o s t e r i o r s e p a r a t i o n of t h i s 
m a t e r i a l t h r o u g h s e v e r a l H P L C s t e p s 
p r o d u c e d a h o m o g e n e o u s p r o t e i n p e a k 
assoc ia ted wi th the a n t i - A N P act ivi ty . After 
sequenc ing , a comple te ly unexpec ted , 20-
aminoac id pep t ide , which did not conta in 
t h e b r a d y k i n i n s e q u e n c e , w a s r e v e a l e d . 
This pep t ide was par t of k in inogen domain 
1; therefore it was n a m e d P U - D 1 (44) . It 
h a s t h e s e q u e n c e L Y S - T Y R - G L U - I L E -
L Y S - G L U - G L Y - A S P - C Y S - P R O - V A L -

G L N - S E R - G L Y - L Y S - T H R - T R P - G L N -
A S P - C Y S ( M W 2 ,314 .9) , ex t end ing from 
l y s i n e - 5 7 to c y s t e i n e - 7 6 of the c o m m o n 
s e g m e n t of L M W and H M W k i n i n o g e n s 
a n d h a s n o s t r u c t u r a l s i m i l i t u d e to 
b radykin in (44) . 

Unti l the repor t j u s t men t ioned above , 
d o m a i n 1 of k i n i n o g e n s h a s n o t b e e n 
associated to any known function, differing 
from other domains of these mult ifunctional 
m a c r o m o l e c u l e s (74) . S t ruc tu ra l ly re la ted 
domains 2 and 3 are cysta t in- l ike , having 
i n h i b i t o r y b i n d i n g s i t e s fo r c y s t e i n -
p ro te inases (73) . D o m a i n 4 is the k in in-
b e a r i n g s i t e . In H M W k i n i n o g e n , t h e 
ca rboxy l - t e rmina l d o m a i n s 5 and 6 are a 
his t idine rich segment and a recogni t ion site 
for p lasma prekal lkrein involved in contact 
act ivation (64, 74) . In addi t ion, domains 5, 4 
a n d 3 p a r t i c i p a t e i n H M W k i n i n o g e n 
b inding to endothel ia l cel ls (60) . 

T h e p e p t i d e P U - D 1 w a s f o u n d ve ry 
effect ive to inhibi t A N P w h e n injected iv 
or into the duodena l l umen of anes the t ized 
r a t s . A g a i n , t h e i n h i b i t o r y e f f e c t w a s 
obse rved only wi th a n a r r o w dose range 
( 5 0 - 1 0 0 p m o l / k g i v ; 5 0 - 2 5 0 p m o l / k g 
in t r aduodena l ly ) . On a mo la r bas is , iv P U -
D l w a s 6 -7 t i m e s m o r e p o t e n t t h a n 
b radyk in in or P U - 1 5 . S t r ik ing ly , a s ingle 
smal l dose of 25 ng P U - D 1 (50 p m o l / k g ) , 
injected e i ther iv or in the duodena l cavi ty , 
comple te ly b locks A N P re sponse for over 
three hours . T h e inhib i tory act ion of PU-D1 
upon A N P is, l ike those of b radyk in in or 
p r o - k i n i n s , c o m p l e t e l y r e v e r s e d by the 
p r e v i o u s a d m i n i s t r a t i o n of the k in in B 2 
r e c e p t o r b l o c k e r H O E - 1 4 0 . F u r t h e r m o r e , 
P U - D 1 and b radyk in in exer ted synergis t ic 
ac t ions , s ince s i m u l t a n e o u s or success ive 
in jec t ions of s u b t h r e s h o l d d o s e s of both 
subs tances e l ic i ted a m a r k e d inhibi t ion of 
A N P effects. This capabi l i ty to m imic and 
to r e i n f o r c e the p r o p e r t y of b r a d y k i n i n 
likely sugges ts that an effect of P U - D 1 is to 
faci l i tate the ac t iva t ion of B 2 recep tors by 
e n d o g e n o u s k in ins (44) . 

Just recent ly , P U - D 1 b ind ing sites in the 
k i d n e y w e r e e x p l o r e d by u s i n g a nove l 
a p p r o a c h , cons i s t i ng of in jec t ing a l a rge 
amoun t of the pep t ide in vivo and fo l lowing 
the t ime course of its ce l lu lar d is t r ibut ion 
wi th specific an t ibod ies (93) . P re l iminary 



B i o l R e s 3 1 : 1 1 7 - 1 2 9 ( 1 9 9 8 ) 125 

resu l t s s u g g e s t spec i f ic b i n d i n g s i tes for 
P U - D 1 in d i s t a l t u b u l e s a n d c o l l e c t i n g 
ducts (Vio & Croxa t to , unpub l i shed da ta ) . 
I n t e r e s t i n g l y , P U - D 1 d i s t r i b u t e d in t h e 
segments bea r ing B 2 recep tors (93) . 

A W O R K I N G H Y P O T H E S I S F O R A 

P H Y S I O L O G I C A L R O L E O F A N P B L O C K A D E 

T h e r emarkab ly b l o c k a d e of A N P - i n d u c e d 
d iures i s -na t r iures i s caused by P U - D 1 and/ 
or k i n i n s l ed to t h e p r o p o s a l t ha t t h i s 
p h e n o m e n o n may be par t of a m e c h a n i s m 
caus ing t rans ien t wa te r re tent ion in cer ta in 
phys io log ica l c o n d i t i o n s . Such cond i t ions 
may occur du r ing in tense exerc i se and/or 
d u r i n g d i g e s t i o n . In b o t h i n s t a n c e s , 
c i rcula t ing b lood is red is t r ibuted to favor 
energet ic m e t a b o l i s m in musc l e in the first 
case , or in tes t inal secre t ion in the second , 
par t icular ly in the early p randia l per iod . It 
is r e l e v a n t to n o t e tha t A N P m o d u l a t e s 
b l o o d v o l u m e by f a c i l i t a t i n g w a t e r a n d 
p r o t e i n e x t r a v a s a t i o n to the i n t e r s t i t i u m 
( 8 0 ) . In t h e i n t e s t i n e , A N P p r o m o t e s 
secret ion by inhibi t ing sod ium reabsorp t ion 
and favor ing ch lo r ide secret ion (6 , 66 , 78) . 
F u r t h e r m o r e , A N P is p r e s e n t in t h e 
s tomach and intest inal wal l ( 55 , 93) . 

C roxa t to hypo thes i zed that " p e p s a n u r i n " 
(PU-D1 and k in ins ) can be p roduced dur ing 
the early p randia l per iod , as a resul t of a 
p r o t e o l y t i c p r o c e s s by p e p s i n or o t h e r 
p ro teases u p o n k i n i n o g e n s . The act ion of 
t h e s e p e p t i d e s in t h e k i d n e y - o p p o s i n g 
A N P diure t ic effects- wou ld cont r ibu te to 
t h e a v a i l a b i l i t y of p l a s m a f l u i d s fo r 
i n t e s t i n a l s e c r e t i o n . S u c h a m e c h a n i s m 
pe rmi t s the a t r ia l h o r m o n e to pa r t ake in 
secret ion of the intes t inal wal l and g lands . 
As a l ready shown, a first approach to test 
this hypo thes i s was the demons t r a t ion that 
pepsanur in , and later on k in ins and P U - D 1 , 
can b l o c k the n a t r i u r e t i c effect of A N P 
when injected in minu te a m o u n t s into the 
intest inal l umen ( 4 1 , 42 , 4 3 , 44 ) . 

A second approach to test the hypothes i s 
is to s tudy whe the r inhib i t ion of A N P is 
a c h i e v e d u n d e r d i f f e r e n t p h y s i o l o g i c a l 
c o n d i t i o n s . A l l e x p e r i m e n t s a l r e a d y 
repor ted were pe r fo rmed in rats that were 
fasted and wi th free access to wa te r for 8-

12 h pr ior to anes thes ia , and then infused 
wi th i so ton i c g l u c o s e . T h e r e f o r e , it was 
i n t e r e s t i n g t o t e s t w h e t h e r g l u c o s e 
i n f l u e n c e d t h e n a t r i u r e t i c a n t i n a t r i u r e t i c 
ac t ions of A N P and pepsanur in . Indeed , a 
r e c e n t r e p o r t by o u r g r o u p r e v e a l s tha t 
w i t h o u t g l u c o s e i n f u s i o n , n e i t h e r 
b radykin in nor P U - D 1 el ici ts the a n t i - A N P 
effect (45) . Fur the r e x p e r i m e n t s unde r way 
a r e f o c u s e d on s t u d y i n g t h e d i u r e t i c 
r e sponse to A N P dur ing the d iges t ive cyc le . 
P r e l i m i n a r y r e s u l t s s h o w t h a t a s h o r t 
feeding per iod pr ior to anes thes ia induces a 
state of ref ractor iness to A N P , which lasts 
for 1-2 h once the an imal is anes the t ized . 
I n t e r e s t i n g l y , t h e d i u r e t i c - n a t r i u r e t i c 
r e sponse to A N P is r e c o v e r e d if the fed 
a n i m a l s a re t r e a t e d w i th the b r a d y k i n i n 
receptor an tagonis t H O E - 1 4 0 (50) . 

T h u s , t h e a b o v e p r e l i m i n a r y 
o b s e r v a t i o n s s u p p o r t t h e w o r k i n g 
h y p o t h e s i s t h a t r e n a l A N P e f f e c t s a r e 
t r a n s i e n t l y b l o c k e d d u r i n g t h e p r a n d i a l 
per iod , l ikely t h rough e n d o g e n o u s k in ins 
a n d / o r P U - D 1 f o r m a t i o n . T o o m a n y 
ques t ions are open . D o A N P leve ls increase 
dur ing the early prandia l cyc le? Are pro-
k in ins or PU-D1 fo rmed in the in tes t ine? 
A r e p a n c r e a t i c o r s a l i v a r y k a l l i k r e i n 
i n v o l v e d ? D o k in in s or P U - D 1 b lock or 
f ac i l i t a t e A N P a c t i o n s in i n t e s t i n e ? A r e 
p ro -k in in s and /o r P U - D 1 r e l ea sed to the 
venous eff luent? Or d o they act local ly in 
the in tes t ine? W h y is it that P U - D 1 act ion 
requi res kinin B 2 recep tor ac t iva t ion? W h a t 
a r e t h e c e l l u l a r m e c h a n i s m s f o r t h e 
inh ib i t ion? N o one k n o w s the a n s w e r to 
those ques t ions , but one th ing we k n o w for 
sure: Dr Hec to r R Croxa t to wil l con t inue 
u s i n g h i s i n t e l l e c t a n d h i s w i l l to 
inves t iga te t hem with the s a m e energy and 
en thus i a sm he has shown dur ing the pas t 
s ix ty - someth ing years (see F ig 1). 

A C K N O W L E D G E M E N T S 
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R 2 3 3 ( A b s t r a c t ) 

10 B O R I C M P , C O R T H O R N J, S I L V A R, R O B L E R O 
J S ( 1 9 9 0 ) P o l a r i t y o f k a l l i k r e i n r e l e a s e a n d 
a c t i v a t i o n in p e r f u s e d rat k i d n e y s . A m J P h y s i o l 
2 5 9 : F 7 5 2 - F 7 5 7 

11 B O R I C M P , C R O X A T T O H R , A L B E R T I N I R, 
R O B L E R O JS ( 1 9 9 2 ) I n h i b i t i o n o f atrial natr iuret ic 
p e p t i d e - i n d u c e d n a t r i u r e s i s by p l a s m a h y d r o l y s a t e s 
c o n t a i n i n g p e p s a n u r i n . H y p e r t e n s i o n 19 ( supp l II): 
I I 2 4 3 - I I 2 5 0 

12 B O R I C M P , M O R E N O J M , R O B L E R O J S , 
A L B E R T I N I R, C R O X A T T O H R ( 1 9 9 3 ) E f f e c t of 
p l a s m a g l o b u l i n h y d r o l y s a t e s , k i n i n o g e n d e r i v a t i v e s 
and b r a d y k i n i n ( B K ) , o n t h e d i u r e t i c n a t r i u r e t i c 
a c t i o n o f atrial natr iuret ic p e p t i d e ( A N P ) . F A S E B J 7: 
A 6 6 4 ( A b s t r a c t ) 
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13 B O R I C M P , M O R E N O J M , C R O X A T T O HR ( 1 9 9 3 ) 
K i n i n o g e n a s p o s s i b l e s u b s t r a t e f o r r e l e a s e o f 
p e p s a n u r i n . K I N I N 9 3 , Guarujá , B r a z i l , P r o g r a m & 
A b s t r a c t B o o k , p P 4 5 ( A b s t r a c t ) 

14 B O R I C M P , B R A V O J A , C O R B A L A N M , 
V E R G A R A C , R O B L E R O JS ( 1 9 9 8 ) I n t e r a c t i o n s 
b e t w e e n b r a d y k i n i n and A N P in rat k i d n e y in v i tro: 
I n h i b i t i o n o f natr iures i s and m o d u l a t i o n o f m e d u l l a r y 
c y c l i c G M P . B i o l R e s 3 1 : 0 0 0 - 0 0 0 

15 B O R I C M P , C R O X A T T O H R , M O R E N O J M , S I L ­
V A R, H E R N A N D E Z C , R O B L E R O J S ( 1 9 9 8 ) 
K i n i n s m e d i a t e t h e i n h i b i t i o n o f atrial n a t r i u r e t i c 
p e p t i d e d iure t i c e f f e c t i n d u c e d by p e p s a n u r i n . B i o l 
R e s 3 1 : 3 3 - 4 8 

16 B R A U N - M E N E N D E Z E , F A S C I O L O J C , L E L O I R 
L F , M U N O Z J M ( 1 9 4 0 ) T h e s u b s t a n c e c a u s i n g renal 
h y p e r t e n s i o n . J P h y s i o l , L o n d o n 9 8 : 2 8 3 

17 B R E N N E R B M , B A L L E R M A N BJ, G U N N I N G M E , 
Z E I D E L M L ( 1 9 9 0 ) D i v e r s e b i o l o g i c a l a c t i o n s o f 
atrial natr iuret ic p e p t i d e . P h y s i o l R e v 7 0 : 6 6 5 - 6 9 9 

18 C A R R A W A Y R E , M I T R A S P , F E R R I S C F ( 1 9 8 6 ) 
P e p s i n t r e a t m e n t o f m a m m a l i a n p l a s m a g e n e r a t e s 
i m m u n o r e a c t i v e and b i o l o g i c a l l y a c t i v e n e u r o t e n s i n -
r e l a t e d p e p t i d e s i n m i c r o m o l a r c o n c e n t r a t i o n s . 
E n d o c r i n o l o g y 1 1 9 : 1 5 1 9 - 1 5 2 6 

19 C H E N M , H A G I W A R A M , R E E V E JR Jr. S H I V E L Y 
J E , W A L S H J H ( 1 9 8 7 ) N e u r o t e n s i n - l i k e 
i m m u n o r e a c t i v i t y g e n e r a t e d by p e p s i n f r o m h u m a n 
p l a s m a and g a s t r i c t i s s u e . R e g u l P e p t 18: 2 2 1 - 2 3 2 

2 0 C O R T H O R N J, R O B L E R O J ( 1 9 8 1 ) R e l e a s e o f 
a c t i v a b l e k a l l i k r e i n b y i s o l a t e d rat k i d n e y s . 
H y p e r t e n s i o n 3 : I I 3 9 - I I 4 1 

21 C R O X A T T O H ( 1 9 5 7 ) P o l y p e p t i d e s w i t h p o s t e r i o r 
p i t u i t a r y - l i k e a c t i v i t i e s . In: H E L L E R H ( e d ) T h e 
N e u r o h y p o p h y s i s . L o n d o n : B u t t e r w o r t h s . pp 5 1 - 6 0 

2 2 C R O X A T T O H R ( 1 9 8 9 ) B l o o d p l a s m a p r o t e i n s as 
s u b s t r a t e s for the f o r m a t i o n o f p e p t i d i c h o r m o n e s . In: 
C H I O U S H , W A N G K T , W U H ( e d s ) Internat ional 
S y m p o s i u m o n B i o l o g i c a l l y A c t i v e P r o t e i n s a n d 
P e p t i d e s . T a i p e i , R e p u b l i c o f C h i n a , pp 2 3 - 3 7 

2 3 C R O X A T T O H R ( 1 9 9 0 ) H o w m a n y p e p t i d i c 
h o r m o n e s c a n d e r i v e f r o m b l o o d p l a s m a p r o t e i n s ? 
N e w s P h y s i o l S c i 5: 2 0 1 - 2 0 4 

2 4 C R O X A T T O H R , B A R N A F I L ( 1 9 5 3 ) A n t i - d i u r e t i c 
s u b s t a n c e o f the b l o o d . N a t u r e , L o n d o n 1 7 2 : 3 0 4 - 0 6 

2 5 C R O X A T T O H R , C R O X A T T O R ( 1 9 4 2 ) P e p s i t e n s i n , 
a h y p e r t e n s i v e - l i k e s u b s t a n c e p r o d u c e d b y p e p t i c 
d i g e s t i o n o f p r o t e i n s . S c i e n c e 9 5 : 1 0 1 - 1 0 4 

2 6 C R O X A T T O H R , R O S A S R ( 1 9 8 8 ) Atrial natr iuret ic 
factor ( A N F ) and a n t i d i u r e t i c a g e n t s . A c t a P h y s i o l 
P h a r m a c o l L a t i n o a m 3 8 : 1-9 

2 7 C R O X A T T O H R , S A N M A R T I N M ( 1 9 7 0 ) 
K a l l i k r e i n - l i k e a c t i v i t y i n t h e u r i n e o f r e n a l 
h y p e r t e n s i v e rats . E x p e r i e n t i a 2 6 : 1 2 1 6 - 1 2 1 7 

2 8 C R O X A T T O H, R O J A S G, B A R N A F I L ( 1 9 5 0 ) A c -
c i o n e s o c i t ó c i c a y p r e s o r a s e p a r a b l e s d e l a 
p e p s i t e n s i n a . B o l S o c B i o l S a n t i a g o , C h i l e 8: 8 4 - 9 1 

29 C R O X A T T O H, R O J A S G, B A R N A F I L ( 1 9 5 1 ) A n 
a n t i d i u r e t i c s u b s t a n c e o b t a i n e d b y d i g e s t i o n o f 
g l o b u l i n w i t h p e p s i n . S c i e n c e 1 1 3 : 4 9 4 - 4 9 5 

3 0 C R O X A T T O H, R O J A S G, B A R N A F I L ( 1 9 5 1 ) T h e 
l i b e r a t i o n o f a n a n t i - d i u r e t i c f a c t o r b y t h e 
h y p e r t e n s i n o g e n p e p s i n r e a c t i o n . A c t a P h y s i o l 
L a t i n o a m 2: 1 7 8 - 1 8 6 

31 C R O X A T T O H R , R O B L E R O J S , G A R C I A R L , 
C O R T H O R N JH, S A N M A R T I N M ( 1 9 7 3 ) Ur inary 
k a l l i k r e i n u n d e r f u r o s e m i d e and p l a s m a k i n i n o g e n 
l e v e l s in n o r m a l and h y p e r t e n s i v e rats. A c t a P h y s i o l 
L a t i n o a m 2 3 : 5 5 6 - 5 5 8 

3 2 C R O X A T T O H R , C O R T H O R N J, R O B L E R O J, 
G A R C I A R, A L B E R T I N I R ( 1 9 7 4 ) B l o o d k i n i n o g e n 

in renal h y p e r t e n s i v e rats . Proc S o c E x p B i o l M e d 
147: 1-6 

3 3 C R O X A T T O H R , A L B E R T I N I R, A R R I A G A D A R, 
R O B L E R O J, R O J A S M , R O S A S R ( 1 9 7 6 ) R e n a l 
urinary ka l l ikre in in n o r m o t e n s i v e and h y p e r t e n s i v e 
r a t s d u r i n g e n h a n c e d e x c r e t i o n o f w a t e r a n d 
e l e c t r o l y t e s . C l i n Sc i M o l M e d 3 : 2 5 9 S - 2 6 1 S 

3 4 C R O X A T T O H R , H U I D O B R O F , R O J A S M , 
R O B L E R O J, A L B E R T I N I R ( 1 9 7 6 ) T h e e f f e c t o f 
w a t e r , s o d i u m o v e r l o a d i n g and d i u r e t i c s u p o n urinary 
k a l l i k r e i n . A d v E x p M e d B i o l 7 0 : 3 6 1 - 3 7 3 

3 5 C R O X A T T O H R , A L B E R T I N I R, C O R T H O R N J, 
R O S A S R ( 1 9 7 7 ) K a l l i k r e i n a n d k i n i n s in 
h y p e r t e n s i o n . In: G E N E S T J, K O I W E , K U C H E L O 
( e d s ) H y p e r t e n s i o n : P h y s i o p a t h o l o g y and T r e a t m e n t . 
N e w York: M c G r a w - H i l l , p p 3 6 4 - 3 7 3 

3 6 C R O X A T T O H R , A R R I A G A D A R, R O J A S M , 
R O B L E R O J, R O S A S R ( 1 9 7 8 ) E f f e c t s o f 
p r o s t a g l a n d i n E 2 and p r o s t a g l a n d i n F 2 u p o n urinary 
k a l l i k r e i n e x c r e t i o n in rats . C l i n S c f M o l M e d 4 : 
1 8 7 S - 1 8 9 S 

3 7 C R O X A T T O H R , Z A M O R A N O B , R O J A S M , 
A R R I A G A D A R ( 1 9 7 9 ) E f f e c t o f h y p o p h y s e c t o m y 
u p o n renal k a l l i k r e i n - k i n i n s y s t e m in rats . A d v E x p 
M e d B i o l 1 2 0 B : 4 3 7 - 4 4 5 

3 8 C R O X A T T O H R , C O R T H O R N J, R O B L E R O J, 
V I L L A L O N P, P E R E Z F ( 1 9 8 6 ) E f f e c t o f a m i l o r i d e 
o n u r i n a r y a n d r e n a l k a l l i k r e i n in t h e rat. A m J 
P h y s i o l 2 5 0 : F 4 0 0 - F 4 0 6 

3 9 C R O X A T T O H R , S A L A S S P , R O S A S R B , J A R P A S 
( 1 9 8 6 ) U r i n a r y k a l l i k r e i n e x c r e t i o n in p r e g n a n t 
a d r e n a l e c t o m i z e d rats. A r c h B io l M e d E x p 19: 3 0 5 - 3 0 9 

4 0 C R O X A T T O H R , R O S A S R, G E N G L E R J ( 1 9 8 8 ) 
P o t e n t i a t i n g e f f e c t o f a l d o s t e r o n e o n t h e d i u r e t i c 
a c t i o n o f atrial ex trac t . E x p e r i e n t i a 4 3 : 6 0 4 - 6 0 6 

41 C R O X A T T O H R , B O R I C M P , R O B L E R O J S , 
A L B E R T I N I R ( 1 9 9 3 ) B l u n t i n g e f f e c t o f p e p s a n u r i n 
i n t r o d u c e d in the d u o d e n u m o n the atrial natr iuret ic 
p e p t i d e d iure t i c a c t i o n in rats . P r o c S o c E x p B i o l M e d 
2 0 2 : 3 7 1 - 3 7 6 

4 2 C R O X A T T O H R , B O R I C M P , R O B L E R O J S , 
A L B E R T I N I R, S I L V A R ( 1 9 9 4 ) D i g e s t i v e p r o c e s s 
and r e g u l a t i o n o f renal e x c r e t o r y f u n c t i o n : P e p s a n u r i n 
and p r o k i n i n i n h i b i t o r s o f d i u r e s i s m e d i a t e d by atrial 
natr iuret ic p e p t i d e . R e v M é d C h i l e 1 2 2 : 7 3 7 - 7 4 5 

4 3 C R O X A T T O H R , F I G U E R O A X , R O B L E R O J, 
A L B E R T I N I R, S I L V A R, B O R I C M P ( 1 9 9 6 ) A 
f r a g m e n t o f h u m a n k i n i n o g e n c o n t a i n i n g b r a d y k i n i n 
b lunts the d i u r e t i c e f f e c t o f atrial natr iuret ic p e p t i d e . 
Proc S o c E x p B i o l M e d 2 1 2 : 1 2 8 - 1 3 4 

4 4 C R O X A T T O H R , S I L V A R , F I G U E R O A X , 
A L B E R T I N I R, R O B L E R O J, B O R I C M P ( 1 9 9 7 ) A 
p e p t i d e r e l e a s e d by p e p s i n f r o m k i n i n o g e n d o m a i n 1 
i s a p o t e n t b l o c k e r o f A N P m e d i a t e d d i u r e s i s -
natr iures i s in the rat. H y p e r t e n s i o n 3 0 : 8 9 7 - 9 0 4 

4 5 C R O X A T T O H R , F I G U E R O A X , B O R I C M P , 
R O B L E R O J, S I L V A R, A L B E R T I N I R ( 1 9 9 8 ) 
G l u c o s e in c o n j u n c t i o n w i t h p e p t i d e s d e r i v e d from 
k i n i n o g e n s m i g h t a c t o f r o m d i g e s t i v e t r a c t a s 
b l o c k e r s o f A N P m e d i a t e d d i u r e s i s - n a t r i u r e s i s . R e v 
M é d C h i l e 126: 8 8 - 9 5 

4 6 D E B O L D A J , B O R E S T E I N H B , V E R E S S A T , 
S O N N E N B E R G H ( 1 9 8 1 ) A r a p i d a n d a p o t e n t 
r e s p o n s e to i n t r a v e n o u s i n j e c t i o n o f atrial m y o c a r d i a l 
e x t r a c t s in rats . L i f e Sc i 2 8 : 8 9 - 9 4 

4 7 D O R E R F E , K A H N JR, L E N T Z K E , L E V I N E M, 
S K E G G S L T ( 1 9 7 4 ) H y d r o l y s i s o f b r a d y k i n i n by 
a n g i o t e n s i n c o n v e r t i n g e n z y m e . C irc R e s 3 4 : 8 2 4 - 8 2 7 

4 8 FASCIOLO JC, LELOIR L F , MUNOZ J M , BRAUN-
M E N E N D E Z E ( 1 9 4 0 ) On t h e s p e c i f i c i t y o f ren in . 
S c i e n c e 9 2 : 5 5 4 - 5 5 5 
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4 9 F E R R E I R A S H , G R E E N E LJ, A L A B A S T E R V A , 

B A K H L E Y S , V A N E JR ( 1 9 7 0 ) A c t i v i t y o f v a r i o u s 

f r a c t i o n s o f b r a d y k i n i n p o t e n t i a t i n g f a c t o r a g a i n s t 

a n g i o t e n s i n I c o n v e r t i n g e n z y m e . N a t u r e , L o n d o n 

2 2 5 : 3 7 9 - 3 8 0 

5 0 F I G U E R O A X , R O B L E R O J, C R O X A T T O H R , 

B O R I C M P ( 1 9 9 7 ) P a r t i c i p a c i ó n d e g l u c o s a e n e l 

e f e c t o i n h i b i d o r d e b r a d i c i n i n a o P U - D 1 s o b r e la e x -

c r e c i ó n renal i n d u c i d a por A N P . R e v F a c M e d , Cara­

c a s 2 0 ( sup l 1): 102 ( A b s t r a c t ) 

51 F R A N Z E D E F E R N A N D E Z M T . P A L A D I N I A C , 

D E L I U S A E ( 1 9 6 5 ) I s o l a t i o n and i d e n t i f i c a t i o n o f 

p e p s i t e n s i n . B i o c h e m J 9 7 : 5 4 0 - 5 4 6 

5 2 F U R C H G O T T R ( 1 9 8 4 ) T h e ro le o f the e n d o t h e l i u m 

in the r e s p o n s e s o f v a s c u l a r s m o o t h m u s c l e to drugs . 

A n n u R e v P h a r m a c o l T o x i c o l 2 4 : 1 7 5 - 1 9 8 

53 F U R C H G O T T R, Z A W A D S K I J V ( 1 9 8 0 ) T h e 

o b l i g a t o r y ro le o f e n d o t h e l i a l c e l l s in the r e l a x a t i o n 

o f t h e a r t e r i a l s m o o t h m u s c l e b y a c e t y l c h o l i n e . 

N a t u r e , L o n d o n 2 9 9 : 3 7 3 - 3 7 6 

5 4 G A I L L A R D C A , K O O M A N S H A , M E E S EJ ( 1 9 8 8 ) 

E n a l a p r i l a t t e n u a t e s na tr iures i s o f atrial natr iuret ic 

fac tor in h u m a n s . H y p e r t e n s i o n 11: 1 6 0 - 1 6 5 

55 G O D E L L A S C V , G O W E R W R Jr, F A B R I PJ , 

K N I E R I M T H , G I O R D A N O A T , V E S E L Y D L 

( 1 9 9 1 ) A t r i a l n a t r i u r e t i c f a c t o r : a p o s s i b l e n e w 

g a s t r o i n t e s t i n a l r e g u l a t o r y p e p t i d e . S u r g e r y 1 1 0 : 

1 0 2 2 - 1 0 2 7 

5 6 G O L D B L A T T H , L Y N C H J, H A N Z A L R F , 

S U M M E R V I L L E W W ( 1 9 3 7 ) S t u d i e s on e x p e r i m e n ­

tal h y p e r t e n s i o n . I. T h e p r o d u c t i o n o f p e r s i s t e n t 

e l e v a t i o n o f s y s t o l i c b l o o d pres sure by m e a n s o f renal 

i s c h e m i a . J E x p M e d 5 9 : 3 4 7 - 3 7 8 

57 G U A R D A E S , C O R B A L A N R H , C R O X A T T O H R , 

S I L V A R N , V E R G A R A T L , V A L E N Z U E L A C P , 

A L B E R T I N I R B ( 1 9 9 1 ) A p l a s m a t i c ant inatr iuret ic 

factor in p a t i e n t s w i t h c o n g e s t i v e heart fa i lure . R e v 

M é d C h i l e 1 1 9 : 1 3 7 - 1 4 1 

58 G U I M A R Ã E S J A , P I E R C E J V , H I A L V , P I S A N O J 

( 1 9 7 6 ) M e t h i o n y l - 1 l i s y l - b r a d y k i n i n r e l e a s e d b y 

p e p s i n f r o m h u m a n k i n i n o g e n s . A d v E x p M e d B i o l 

7 0 : 2 6 5 - 2 6 9 

5 9 H A B E R M A N N F ( 1 9 6 6 ) S t r u k t u r a u f k l a r u n g 

K i n i n l i e f e r n d e r P e p t i d e aus R i n d e r s e r u m - k i n i n o g e n . 

N a u n y n - S c h m i e d e b e r g ' s A r c h Pathol Pharmakol 2 5 3 : 

4 7 4 - 4 8 3 

6 0 H A S A N A A K , C I N E S D B , Z H A N G J, S C H M A I E R 

A H ( 1 9 9 4 ) T h e c a r b o x y l t e r m i n u s o f b r a d y k i n i n and 

a m i n o t e r m i n u s o f t h e l i g h t c h a i n o f k i n i n o g e n s 

c o m p r i s e an e n d o t h e l i a l ce l l b i n d i n g d o m a i n . J B i o l 

C h e m 5 0 : 3 1 8 2 2 - 3 1 8 3 0 

61 H O C K F J , W I R T H K, A L B U S U , L I N Z W , 

G E R H A R D S H J , W I E M E R G , B R E I P O H L G, 

K O N I G W , K N O L L E J, S C H O L K E N S B A ( 1 9 9 1 ) 

H O E - 1 4 0 a n e w p o t e n t and l o n g a c t i n g b r a d y k i n i n 

a n t a g o n i s t . In vitro s t u d i e s . Br J P h a r m a c o l 102: 7 6 9 -

7 7 3 

6 2 J O H N S O N D H , S A L V E S E N G, M O L L Y A , B R O W N 

A , B A R R E T T AJ ( 1 9 8 7 ) Rapid i s o l a t i o n o f h u m a n 

k i n i n o g e n . T h r o m b R e s 4 8 : 1 8 7 - 1 9 3 

6 3 K A T O R I M , M A J I M A M , H A Y A S H I I ( 1 9 9 8 ) 

C r u c i a l s u p p r e s s i v e r o l e o f rena l k a l l i k r e i n - k i n i n 

s y s t e m in d e v e l o p m e n t o f s a l t - s e n s i t i v e h y p e r t e n s i o n . 

B i o l R e s 3 1 : 1 4 3 - 1 4 9 

6 4 K A U F M A N N J, H A A S E M A N N M , M O D R O W S, 
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