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Kinins mediate the inhibition of atrial natriuretic peptide 
diuretic effect induced by pepsanurin 

MAURICIO P BORIC 1 , HECTOR R CROXATTO, JOSE M MORENO, ROSA SILVA, 
CRISTIAN HERNANDEZ and JUAN S ROBLERO 

Unidad de Regulación Neurohumoral, Departamento de Ciencias Fisiológicas, Facultad de 
Ciencias Biológicas, Pontificia Universidad Católica de Chile, Santiago, Chile 

Pepsanurin is a peptidic fraction resulting from pepsin digestion of plasma 
globulins, that inhibits ANP renal excretory actions. We studied whether kinin-
like peptides mediate the anti-ANP effect by testing if pepsanurin: 1) was 
blocked by the kinin B2 receptor antagonist HOE-140, 2) was produced from 
kininogen, and 3) was mimicked by bradykinin. Anti-ANP activity was assessed 
in anesthetized female rats by comparing the excretory response to two ANP 
boluses (0.5 fj.g iv) given before and after ip injection of test samples. 
Pepsanurin from human or rat plasma (1-5 mL/kg), and bradykinin (5-20 [lg/ 
kg), dose-relatedly inhibited ANP-induced water, sodium, potassium and cyclic 
GMP urinary excretion, without affecting arterial blood pressure. The same 
effect was exerted by pepsin hydrolysates of purified kininogen, whereas 
hydrolysates of kininogen-free plasma had no effect. HOE-140 (5 \ig, iv) did 
not alter baseline, or ANP-induced excretion, but blocked the anti-ANP effects 
of pepsanurin. Histamine (15 fig/kg) plus seroalbumin hydrolysates did not 
affect ANP response, despite inducing larger peritoneal fluid accumulation as 
compared with pepsanurin or bradykinin. We concluded that kinins cleaved 
from kininogen mediate the anti-ANP effects of pepsanurin by activation of 
kinin B2 receptors, independently of changes in systemic arterial pressure or 
peritoneal fluid sequestration. 

Key terms: atriopeptin, bradykinin, HOE-140, kinin B2 receptor antagonist, 
kininogen, natriuresis, pepsanurin 

INTRODUCTION 

Pepsanurin is a peptidic fraction produced 
by pepsin hydrolysis of blood plasma, or 
plasma globulins, that delays the excretion 
of a wa te r load when in jec ted ip in 
c o n s c i o u s h y p e r h y d r a t e d ra t s (8 ) . 
Pepsanur in an t agon izes the excre to ry 
effect of atrial natriuretic peptide (ANP) 
when injected ip (6) or intraduodenally 
(id) (9) in anesthetized rats. 

Pepsanur in does not affect ar ter ial 
pressure nor baseline renal function, but 
abo l i shes the i n c r e a s e in g l o m e r u l a r 
f i l t ra t ion ra te and b lun t s the r ise in 
fractional sodium excretion induced by 
ANP (6). In addition, pepsanurin blocks 
ANP ac t ions in i so la ted perfused rat 
k idneys (6) , sugges t ing an in t rarenal 
mechanism of action related and opposed 
to ANP actions at the glomerulus and 
distal nephron. 

Correspondence to: Dr Mauricio P Boric, Departamento de Ciencias Fisiológicas, Facultad de Ciencias Biológicas, P 
Universidad Católica de Chile, Casilla 114-D, Santiago 1, Chile. Phone: (56-2) 686-2865. Fax: (56-2) 222-5515. E-
mail: mboric@genes.bio.puc.el 

mailto:mboric@genes.bio.puc


34 Biol Res 31: 33-48 (1998) 

The specific substrate for pepsanurin is 
vu lne rab l e to e n d o g e n o u s p ro t ea se s , 
inasmuch human plasma fails to produce 
the anti-ANP activity after incubation for 
48 h at 37°C prior to pepsin digestion (6). 
Similarly, control hydrolysates obtained by 
pepsin digestion of serum albumin do not 
affect the renal response to ANP (6, 9). In 
preliminary experiments, we found that 
pepsanurin contains significant amounts of 
a kinin-like material, as detected by RIA 
us ing a po lyc lona l an t ibody aga ins t 
bradykinin (BK), whereas this kinin-like 
material is absent in pepsin hydrolysates 
from pre-incubated plasma. These findings 
prompted us to test whether kinins may be 
the agents responsible for the anti-ANP 
activity elicit by pepsanurin. In support of 
this possibili ty, we showed that the iv 
administration of low doses of BK (0.5-
0.75 nmol/kg) 3 min before ANP, block the 
diuretic-natriuretic response induced by an 
ANP bolus (1 nmol/kg) (5). In addition, 
ANP blockade is induced by the ip or id 
injection of kinin-containing peptides of 16 
or 18 aa, reportedly found after pepsin 
digestion of bovine kininogen (10). More 
recently, we showed that the 15 aa peptide 
Met -Lys-BK-Ser -Ser -Arg- I le (from the 
human kininogen sequence, named PU-15) 
also inhibits ANP when injected either iv, 
id or ip, at doses of 0.25-0.4 nmol/kg (11). 
The anti-ANP effect of BK and pro-kinin 
peptides is completely inhibited by the 
specific kinin B2 receptor antagonist HOE-
140 (5 , 10-11) . These reports c lear ly 
es tab l i sh that admin i s t r a t ion of non-
depressor doses of exogenous kinins can 
exer t an t i -ANP effects in absence of 
sys t emic h e m o d y n a m i c c h a n g e s . 
F u r t h e r m o r e , we showed that in 
anes the t i zed ra t s , the ANP excre to ry 
response is blunted by endogenous kinins 
a c c u m u l a t e d dur ing k in inase II 
(angio tens in-conver t ing enzyme, ACE) 
inhibition, an effect that is prevented by 
HOE-140 (5). Therefore, a kinin-mediated 
mechanism may explain the finding that 
ANP d iures i s is b lunted dur ing ACE 
inhibition in humans (13, 23). 

Despite the above cited evidence, until 
now there is no direct demonstration as to 
whe the r k in ins , or k in in - l ike pep t ide 

med ia t e s the an t id iu re t i c ac t iv i ty of 
pepsanurin, and whether kininogens are the 
source of the active peptide(s) present in 
pepsanurin. To test these hypothesis, we 
investigated if the kinin receptor antagonist 
HOE-140 could prevent the an t i -ANP 
effects of p e p s a n u r i n . Second ly , we 
analyzed the kinin content and anti-ANP 
activity of pepsin hydrolysates of fresh, 
pre-incubated, and kininogen-free plasma. 
Third, we assessed if BK, and pepsin 
hydrolysates of purified human kininogen, 
inhib i t the ac t iv i ty of A N P on renal 
funct ion when in jec ted ip at doses 
comparable to those found in pepsanurin. 

In addition, to gain a better knowledge 
about the mechanism of the pepsanurin, or 
kinin-induced inhibition of ANP activity, 
we determined the urinary excretion of 
cyc l ic G M P , the second messenge r 
mob i l i z ed by A N P (7) . F ina l ly , we 
exp lo red if the vasod i l a to r and 
inf lammatory action of kinins (3 , 19) 
cont r ibute to the an t i -ANP effects by 
producing protein exudat ion and fluid 
shifts from plasma to the peritoneum. To 
address this possibility, we compared the 
effects of pepsanurin and BK with those of 
histamine, another agent known to induce 
local inflammation and vasodilation (18). 

M A T E R I A L S A N D M E T H O D S 

Animals and biological material 

S p r a g u e - D a w l e y ra t s were bred and 
m a i n t a i n e d at the U n i v e r s i t y an imal 
fac i l i t ies . All s tudies were conducted 
following institutional and international 
policies for the welfare and well-being 
of a n i m a l s , in c o m p l i a n c e wi th the 
"Guiding Principles in the Care and Use 
of Laboratory Animals" , endorsed by the 
American Physiological Society. Human 
p la sma was ob ta ined from the blood 
b a n k , Hospital Clínico Universidad 
Católica, within 8 h after being drawn 
and stored by standard techniques. Rat 
p l a s m a w a s o b t a i n e d by b l e e d i n g 
t h r o u g h the c a r o t i d a r t e r y , u n d e r 
pentobarbital anesthesia, using citrate to 
prevent clott ing. 
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Reagents 

ANP 103-125 (Atriopeptin II, rat form), 
bradykinin (BK), cyclic GMP (cGMP), 2 ' -
O-Succinyl-cGMP-Tyrosyl-Methyl-ester (S-
c G M P - T M E ) , bovine immunoglobul ins 
( IgG) , bov ine se rum a lbumin (BSA) , 
histamine, papain, pepsin, and 4B activated 
sepharose were obta ined from Sigma 
Chemical (St Louis, MO). Kinin antagonist 
HOE-140 (D-Arg - [Hyp 3 , T h i 5 , D - T i c 7 , 
O i c 8 ]BK) was generously provided by 
Hoescht (Mainz, Germany) . A specific 
antibody raised against cGMP was a gift 
from Dr M Curr ie , Searle Research & 
Development (Monsanto, St Louis, MO). 
All other reagents were of analytical grade 
from Merck (Darms taad , G e r m a n y ) . 
Dialysis membranes of 3.5 kDa and 14 kDa 
cut-off (Spec t r a /Po r 3 and 2) , were 
obtained from Spectrum (Houston, TX). 

Preparation of pepsanurin and control 
pepsin hydrolysates 

To prepare pepsanurin, fresh human or rat 
plasma was dialyzed overnight against 
distilled water (14 kDa cut-off membrane) 
and incubated with pepsin at pH 2.5 for 18 h 
at 37°C, as described (6, 9). The reaction was 
stopped by immersing the incubation mix in a 
boiling bath, for ca. 10 min, until the 
solution's temperature reached 80°C. After 
centrifugation at 3,000 rpm, the clear 
supernatant was aliquoted and stored at-30°C. 
Immediately before testing, the samples were 
thawed and neutralized with NaOH. 

Inac t ive p lasma hydro lysa tes were 
prepared by leaving human plasma samples 
in sterile conditions during 24 or 48 h at 
37°C, prior to pepsin digestion, as described 
(6). To differentiate these preparations from 
pepsanurin, we termed them pre-incubated 
plasma hydrolysates (PIPH). Control bovine 
serum albumin hydrolysate (BSAH) was 
prepared by submitting a solution of 65 mg/ 
mL BSA in 0 .9% NaCl to the same 
procedure of dialysis followed by pepsin 
hydrolysis as for preparing pepsanurin. 

Preparation of kininogen-free plasma and 
kininogen 

Kininogen-free plasma was prepared by 
pass ing human p la sma through a 

c a r b o x y m e t h y l - p a p a i n ( C M - p a p a i n ) 
sepharose affinity chromatography column, 
as described (14). Briefly, CM-papain was 
prepared by overnight incubation of 100 
mg papain with 10 mM iodoacetic acid, in 
15 mL 1 mM EDTA, 2 mM dithiothreitol, 
pH 7.0. CM-papain was dialyzed against 
0.1 M N a H C 0 3 , pH 9.0, and incubated 
overnight with 100 mL activated sepharose 
4B with gently agitation. After blocking 
uncoupled sepharose groups with 0.1 M 
glycine, the resin was washed at pH 3.0 and 
11.0, mounted in a 4.5 x 6 cm column and 
equilibrated by passage of 500 mL 50 mM 
sodium phospha te , 2 M NaCl , 1 mM 
benzamidine, 40 ug/mL polybrene, 1 mM 
EDTA, 0.2 mM PMSF, pH 7.5. Fresh 
human plasma samples were divided in two 
60 mL aliquots. One aliquot was made 2 M 
NaCl, 10 mM benzamidine , 40 Ug/mL 
polybrene, 2 mM EDTA, 0.2 mM PMSF 
and 0.2 (jg/mL soybean trypsin inhibitor, 
and passed through the CM-papain column 
at 4 m L / m i n , fo l lowed by 100 mL 
equilibration buffer. The eluted fluid was 
collected in 4 mL fractions and the 15 
fractions with higher protein concentration 
(A 28o elution plateau) were pooled as the 
kininogen-free (K-) plasma. The other 60 
mL plasma aliquot was used as whole 
plasma (K+) control . The column was 
r egene ra t ed by e lu t ing the a t tached 
kininogens with 50 mM N a 3 P 0 4 , pH 11.5. 
Five matched whole -p lasma (K+) and 
kininogen-free (K-) plasma samples were 
then independently submitted to dialysis 
and peps in hyd ro ly s i s to p repare 
pepsanurin. 

The e lu ted k in inogen fract ion was 
concentrated by ultrafiltration on Amicon 
PM-30 membrane and chromatographed on 
a semi-preparative HPLC ionic exchange 
DEAE co lumn (Super formance 50-10, 
Lichrospher 1000, Merck) using a 0 to 0.5 
M NaCl gradient in 10 mM sodium acetate, 
pH 5.5, to separate low (LMW) and high 
(HMW) molecular weight kininogens, as 
described (14). A 12 mL sample of each 
purified kininogen fraction was submitted 
to a time-controlled hydrolysis with pepsin, 
at pH 2.5, 37°C. The incubation was started 
by adding approximately 1 nmol pepsin per 
10 nmol of estimated kininogen content 
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(per mL: 8 ug pepsin to 159 ug LMW 
kininogen, and 5 ug pepsin to 153 ug HMW 
kininogen) and was ended by adjusting the 
mixture to pH 6.1 and heating to 80°C for 5 
min, followed by centrifugation at 10,000 g 
for 20 min. Production of active peptides 
was assessed at three times of hydrolysis: 
time zero (i.e., immediately after adding 
pepsin), and after 1 or 4 h of incubation. As 
control for this series, we prepared a 
similar hydrolysate of 150 Ug/mL BSA 
dissolved in 0.375 M NaCl, 10 mM sodium 
acetate, incubated with 8 ug/mL pepsin at 
pH 2.5, 37°C during 4 h. 

Diuresis test 

The bioassay previously described by us 
was used (5-6, 9-11). Briefly, female rats 
(0 .19-0 .23 kg) were anesthet ized with 
sod ium p e n t o b a r b i t o n e 65 mg/kg ip . 
Polyethylene cannulas were introduced in 
the trachea, left jugular vein, right femoral 
artery and left femoral vein. A constant 
infusion of 20 uL/min isotonic glucose 
solution was maintained via the jugular 
ve in . Caro t id ar te r ia l p res su re was 
moni to red with a S ta tham t ransducer 
connected to a Grass polygraph. Data 
r epor ted co r r e spond to mean ar te r ia l 
pressure. A silastic catheter was placed in 
the bladder through the urethra and urine 
was collected during ten periods of 20 min 
each. Three 20-min urine collection periods 
were allowed as baseline. At the start of 
period 4, the animals received an iv bolus 
of ANP, named SI , which consisted of 0.5 
Ug ANP (ca. 1 nmol/kg) dissolved in 0.1 
mL of i so ton ic g lucose . Under our 
e x p e r i m e n t a l cond i t i ons , the d iu re t i c 
response to ANP is largely completed 
within 20 min. Two 20-min collection 
periods were allowed for recovery. At the 
beginning of period 7, each rat was injected 
ip with either vehicle, pepsanurin, or other 
hyd ro ly sa t e s , BK, or h i s t amine , or a 
combination of them as explained below. In 
all cases, Krebs solution was used as to 
complete a final volume of 10 mL/kg. A 
second iv ANP bolus (identical to the first 
bolus and referred to as S2), was given at 
the start of period 9, i.e., forty min after the 
ip injection of the selected test substance. 

In some pro tocols BK receptors were 
blocked by injecting 5 Ug/kg HOE-140 in a 
0.1 mL iv bolus, 10 min before the ip 
injection of the test substance. In separate 
experiments we determined that this dose 
of BK antagonist was able to block the 
hypotension induced by 1-2 (Xg BK for a 2-
h period. 

Experimental protocols and doses 

The first protocol was designed to test the 
effect of pepsanurin and HOE-140 on ANP 
induced diuresis and saluresis. Six to ten 
animals were used in each experimental 
group. Three groups of rats were injected 
with either Krebs solution, or 1.0 or 2.5 
mL/kg of rat pepsanurin. Three separate 
groups received the same doses of vehicle 
or rat pepsanurin, but they were previously 
injected with 5 ug HOE-140 iv. 

The second protocol was designed to 
gain insight about the molecular weight and 
na tu re of the ac t ive componen t s of 
pepsanurin. To this end, aliquots of human 
pepsanurin were dialyzed overnight at 4°C 
against Krebs solution using membranes of 
3.5 or 14 kDa MW cut-off. The retained 
mater ia l was assayed for protein and 
immunoreactive kinin content, and for its 
ability to inhibit ANP, with or without 
HOE-140 pretreatment. 

The third protocol was designed to 
determine if kininogens were the substrate for 
the active component(s) of pepsanurin. To 
this end, we compared the immunoreactive-
kinin content and the anti-ANP effect of 
pepsin hydrolysates obtained from whole 
(K+) and kininogen-free (K-) plasma. Five 
matched K+ and K- plasma samples were 
tested (5 mL/kg) in four to five rats each, for 
a total of 22 determinations in each group. In 
addition, we analyzed the kinin content, and 
anti-ANP activity of purified LMW and 
HMW kininogen submitted to zero (non-
hydrolysed), 1 or 4 h of pepsin hydrolysis in 
acid conditions. In this series, animals were 
injected ip with 0.25 mL of kininogen, or 
BSA, hydrolysates (4-7 rats per group). 

The fourth protocol was designed to test 
whether or not ip injection of BK blocks 
the renal actions of ANP. Bradykinin doses 
of 2.5, 5, 10, and 20 Ug/kg were chosen 
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because are comparable to the amount of 
immunoreactive kinin material found in 
pepsanurin samples. Larger doses of BK 
(50-100 ug / kg) induced transient systemic 
hypotension, thus precluding a fair testing 
of ANP-induced diuresis (data not shown). 

The fifth protocol was designed to 
measure urinary cGMP excretion to gain 
insights into the mechanism of action of 
pepsanurin and/or BK inhibition of ANP 
renal actions. Three groups of rats were 
injected with 5 mL/kg of either BSAH, 
human pepsanurin, or BSAH plus 5 pg/kg 
BK. In this series, the urine was collected 
on ice and quickly frozen after taking 
aliquots for Na and K measurements (5). 

The objective of the sixth protocol was 
to test for possible unspecific antidiuretic 
effects of osmotic and/or inflammatory 
actions of the peptidic material and/or 
k in ins i n t roduced in the p e r i t o n e u m . 
T h r e e g r o u p s of ra t s r e c e i v e d 
respectively (per kg weight) 5 mL BSAH, 
5 mL BSAH plus 5 pg BK, and 5 mL 
B S A H p l u s 15 pg h i s t a m i n e . The 
h i s t a m i n e dose was c h o s e n af ter 
p re l iminary tr ials because it was the 
largest dose that did not significantly 
reduced mean arterial pressure. At the 
end of the experiment, the animals were 
killed with KC1 and the amount of free 
f lu id in the p e r i t o n e a l c a v i t y was 
aspirated and measured. 

Determinations 

Diuresis was measured gravimetrically. 
Sodium and potass ium excret ion were 
de t e rmined in a Eppendor f f lame 
s p e c t r o p h o t o m e t e r . P ro te ins were 
determined by the method of Lowry. BK 
was measured using a radioimmunoassay 
(RIA) as described (4). Briefly, aliquots of 
pepsanu r in or con t ro l samples were 
app rop r i a t e ly di lu ted and incuba ted 
overnight at 4°C with a polyclonal anti-BK 
antibody, in the presence of 10,000 cpm 
1 2 5 I-[Tyr 8 ]-BK, used as tracer, in 0.5 mL 
final volume. The amount of free tracer 
was separated by adding dextran-coated 
charcoal and centrifugation. Free tracer 
counts were measured in a gamma counter 
( L K B - W a l l a c 1270, Turku , F in land) 

equipped with an automatic RIA program. 
Authentic BK (10-150 pg/tube ) was used 
as standard. 

Urinary cGMP was determined in a RIA 
using 1 2 5 I - S - c G M P - T M E as tracer (5). 
Briefly, urine samples were thawed and 
d i lu ted with RIA buffer (0 .05 mol /L 
sodium acetate, pH 6.2). Aliquots (0.1 mL) 
were ace ty l a t ed by add ing 10 (iL of 
triethylamine : acetic anhydride (2:1) and 
s t i r r ing . The samples were incubated 
overnight at 4°C, in 0.5 mL final volume, 
containing ant i -cGMP antibody diluted 
1:40,000 and 13,000 cpm of 1 2 5 I -S-cGMP-
TME. Similar tubes containing 10-1,000 
fmol cGMP were used for the standard 
curve. After the incubation, 200 pg IgG 
was added and the an t ibody was 
precipitated in 50% ammonium sulfate and 
centrifuged. Bound counts were detected in 
the gamma counter for determination of 
cGMP content. 

Data analysis 

Animals whose arterial pressure differed 
in, or more than, 15 mm Hg between the 
moment they receive the first and second 
A N P b o l u s w e r e e x c l u d e d from the 
analysis. Similarly, animals whose first 
response to ANP was in the upper and 
lower 5 percenti le were not included in 
the study. The analysis was conducted in 
210 out of 231 successfully completed 
e x p e r i m e n t s . As a p p r o p r i a t e , some 
r e s u l t s a r e p r e s e n t e d as t he r a t i o 
between the second and first response to 
ANP (S2/S1 response ratio). In one table 
we show the baseline values preceding 
both A N P r e s p o n s e s as we l l . Pa i red 
S t u d e n t ' s t tes ts were used to assess 
differences between SI and S2 within 
groups. To compare the potency of ANP 
i n h i b i t i o n a m o n g t r e a t m e n t s , S2 /S1 
response ratios were submitted to arcsin 
transformation and analyzed using either 
unpai red S tuden t ' s t test , or one-way 
ANOVA followed by the Newman-Keuls 
test . Unpa i r ed S t u d e n t ' s t tes ts with 
tables for multiple comparisons against a 
single control (12) were used in the BK 
dose-response curve. 
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RESULTS 

Renal excretory actions of ANP and their 
inhibition by Pepsanurin 

The injection of 0.5 ug ANP increased 
diuresis by 5-10 fold, sodium excretion by 
50-100 fold, and potassium excretion by 2-
3 fold (Figs 1, 2, Table I). These urinary 
changes were accompanied with a slight 
but significant reduction in mean arterial 
pressure (5-10 mm Hg; p<0.05 vs before 
ANP, paired Student 's t test). All these 
effects waned and tended to vanish during 
the first 20 min collection period after the 
ANP injection. In control rats, the second 
response to ANP was greater than the first, 
g iv ing typ ica l S2/S1 r e sponse ra t ios 
be tween 1.2 and 1.4 for each of the 
excretory parameters studied (Fig 1). Mean 
arterial pressure was not different between 
S2 and S I . In contrast, animals injected 
with rat pepsanurin showed a significant 
reduction in volume, sodium and potassium 
excretion during the second ANP response, 
wi thou t ev idenc ing changes in mean 
arterial pressure (Fig 1). The inhibition of 
ANP-induced natriuresis was proportional 
to the dose of pepsanurin. 

Human pepsanurin both, crude or after 
partial purification through 3.5 kDa dialysis 
membranes, also inhibited the renal effects 
of ANP (Table I). Prolonged dialysis of 
human pepsanurin across a 3.5 kDa cut-off 
membrane resulted in loss of about half the 
total peptidic content (from 58.5 to 33.0 mg/ 
mL), and a similar degree of reduction in the 
content of kinin-like material (from 333 to 
129 ng BK/mL in this ba tch) . It is 
noteworthy that the material retained by the 
3.5 kDa cut-off membrane inhibited the 
diuresis and natriuresis induced by ANP in 
proportion to its kinin-like content (Table I). 
In contrast, dialysis with a 14 kDa cut-off 
membrane produced loss of 95% of the 
kinin-like material, accompanied by lost of 
the anti-ANP activity (Table I). In parallel 
trials, the recovery of authentic BK after 
dialysis in 3.5 kDa membranes was less than 
1 % if BK was dissolved in buffer alone, and 
less than 5% if BK was dissolved in buffer 
containing 65 mg/mL BSAH. 

Blockade of the anti-ANP effect of 
pepsanurin by HOE-140. 

Treatment with 5 ug HOE-140 (iv) prior to 
the second ANP bolus did not modify the 
renal response to the atrial hormone (Fig 
2). However , t reatment with the kinin 
receptor antagonist completely blocked the 
a n t i - A N P effects of 1.0 mL/kg rat 
pepsanurin, and significantly reduced the 
anti-ANP effect of rat pepsanurin at 2.5 
mL/kg (Fig 2). The efficacy of B2 receptor 
blockade attained with this dose of HOE-
140 was conf i rmed by the lack of 
hypotensive effect of a 1 ug BK iv bolus 
given after completion of the collection 
p e r i o d s , i.e., 90 min after H O E - 1 4 0 
injection. Before treatment with HOE-140, 
BK induced a drop of 26.9 ± 3.2 mm Hg 
lasting 40.8 ± 2.3 s; after HOE-140, the 
effect of BK was a fall of 4.4 + 1.8 mm Hg, 
last ing 7.6 ± 2.6 s ( p < 0 . 0 0 0 1 , paired 
Student's t test, n=9). 

P r e t r e a t m e n t with H O E - 1 4 0 also 
abolished the anti-ANP effects of dialyzed 
human pepsanurin (Table I), indicating that 
the active peptide(s) retained by the 3.5 
kDa d ia lys i s membrane also required 
activation of B2 receptors to exert its anti-
ANP activity. 

Kinin-like material and anti-ANP activity 
in plasma hydrolysates. 

Pepsanurin obtained by hydrolysis of fresh 
rat plasma, contained 919 ± 51 ng/mL of 
kinin-like material as detected by the RIA 
for BK (n=6). Pepsanurin obtained from 
fresh human plasma contained 699 ± 153 
ng/mL of immunoreactive kinin (n=10). 
The kinin-like material decreased to 26 ± 
13 ng /mL in m a t c h e d human p lasma 
samples hydrolyzed with pepsin after 24 h 
of pre-incubation at 37°C (n=5). Kinin 
immunoreactivity was below the detection 
threshold (<2 ng/mL) in human plasma 
hydrolyzed with pepsin after 48 h of pre­
incuba t ion at 37°C (n=6) . We have 
previously reported that both human and rat 
pepsanurin inhibit the diuresis induced by 
ANP, whereas matched samples from pre-
incubated plasma did not inhibit ANP renal 
effects (6, 9). 
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Fig 1. Inhibition of ANP-induced excretion by rat pepsanurin. Time course of urinary volume, sodium and 
potassium excretion, and mean arterial pressure (MAP), studied in 3 groups of anesthetized rats during 10 
data collection periods of 20 min each. All rats received 0.5 ug ANP iv as stimulus at start of periods 4 and 9 
(SI and S2, arrows). At beginning of period 7 (test sample, arrow), rats received ip injections of either Krebs 
solution (vehicle) (open bars), 1.0 (vertically striped bars) or 2.5 (filled bars) mL/kg of rat pepsanurin (PU), 
injected volumes being completed to 10 mL/kg with Krebs solution in all groups. Means ± SEM. * p<0.05; 
* * p < 0.001; ***p<0.0001 between S2 and SI , paired Student's f tests. Right side panels, S2/S1 ANP 
response ratios. ## p<0.001 vs vehicle; $ p<0.05 vs 1.0 mL PU; ANOVA and Newman-Keuls tests. F(2,22) = 
98.8, p< 2 " for volume; F(2,22) = 103.9, p< 2 " for sodium; and F(2,22) = 14.8, p< l"4 for potassium. 
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Table I 

Inhibition of atrial natriuretic peptide excretory action by human pepsanurin: 
effects of dialysis and HOE-140 

PRE-TREATMENT POST-TREATMENT RESPONSE 
BASAL A N P ( S l ) BASAL ANP (S2) RATIO (S2/S1) 

Crude Pepsanurin ' 
Volume 
Sodium 
Potassium 
MAP 

(n=6) 
21.6 + 5.6 

0.23 ± 0.09 
2.81 ± 0.64 

127 ± 5 . 3 

146.4 ± 2 0 . 2 
25.21 ± 4 . 0 3 
6.48 ± 0.73 

115 ± 4.1 

15.9 + 2.2 
0.38 ± 0 . 1 3 
2.69 ± 0 . 7 1 

131 ± 5.7 

68.1 ± 14 .5" 
8.91 ± 2.77** 
4.97 ± 0 . 9 9 

123 + 5.7 

0.466 ±0 .091 
0.378 ± 0.127 
0.781 ± 0 . 1 2 8 
1.070 ± 0 . 0 5 6 

Retained in 3.5 kDa ** (n=7) 
Volume 
Sodium 
Potassium 
MAP 

13.4 ± 3.6 
0.23 ± 0 . 1 1 
2.26 ± 0.87 

119 ± 4.7 

104.3 ± 21.0 
19.34 ± 4 . 0 6 
3.67 ± 0.42 

112 ± 3.3 

1 4 . 4 + 1.7 
0.41 ± 0 . 1 4 
2.41 ± 0 . 3 5 

115 ± 4.6 

64.2 ± 17.3** 
9.24 ± 3 .06" 
4.67 ± 0.63 

108 ± 5.7 

0.606 ± 0 . 1 1 6 
0.465 ± 0 . 1 4 9 
1.347 ± 0 . 1 7 4 
0.963 ± 0.040 

Retained in 3.5 kDa ** plus HOE-140 (n=7) 
Volume 10.5 ± 0 . 7 111.9 ± 1 4 . 5 16.6 ± 1 . 6 137.9 ± 19.6* 1.248 ± 0 . 1 3 5 
Sodium 0.17 ± 0.03 20.07 ± 2.42 0.49 ± 0 . 1 5 20.96 ± 2.88 1.057 ± 0 . 1 2 7 
Potassium 2.02 ± 0.35 5.16 ± 0.65 2.38 ± 0.22 6.48 ± 0.93* 1.295 ±0 .141 
MAP 114 ± 4.6 1 0 6 ± 3 . 5 1 2 9 ± 6 . 5 118 ± 5.1* 1.121 ± 0 . 0 5 2 

Retained in 14 kDa *** (n=5) 
Volume 
Sodium 
Potassium 
MAP 

8.8 ± 0 . 8 
0.14 ± 0 . 0 4 
1.35 ± 0.42 
114 ± 4 . 3 

79.1 ± 12.6 
14.68 ± 2.95 
3.98 ± 0 . 7 0 

107 ± 3.7 

15.4 ± 0 . 8 
0.34 ± 0.12 
3.27 ± 0 . 7 1 

125 ± 4 . 2 

138.5 ± 2 1 . 3 * 
22.30 ± 3.74 
8.17 ± 1.18** 

118 ± 5.8* 

1.978 ± 0 . 4 5 2 
1.966 ± 0 . 5 5 0 
2.296 ± 0 . 4 5 6 
1.101 ± 0.032 

# 0.5 mL containing 29.3 mg protein and 166 ng BK equivalent; ## 1.0 mL with 33.0 mg protein and 129 ng BK 
equivalent; ### 1.0 mL with 14.3 mg protein and 13 ng BK equivalent. Volume in uL/kg/min; sodium and potassium in 
uEq/kg/min; mean arterial pressure (MAP) in mm Hg. * p< 0.05; ** p< 0.01 vs first ANP response; paired Student's t tests. 

Effects of kininogen depletion. 

Passage of fresh human plasma through the 
CM-papain affinity column produced an 
almost complete absorption of kininogens. 
Pepsanur in obtained from whole (K+) 
plasma contained 75.6 ± 3.8 mg/mL protein 
and 526 ± 1 8 4 ng/mL kinin-like material 
(n=5), whereas matched hydrolysates from 
kininogen-free samples (K-) contained 61.8 
± 3 . 7 mg/mL protein and only 3.1 ± 1.5 ng/ 
mL immunoreactive-kinin (n=5). The ratio 
kinin / protein dropped two hundred-fold, 
from 699 ± 247 x 1 0 4 in K+ to 5.0 ± 2.6 x 
1 0 4 in K-. As observed in Figure 3, while 
pepsanu r in (K+ p la sma hydro lysa t e s ) 
inhibited ANP-induced urinary excretion of 
volume, sodium, and potassium by 67 ± 4 
%, 80 ± 5 % and 40 ± 10 % respectively, 
K- plasma hydrolysates were completely 
iner t . Basa l exc re t i on , and the first 
response to ANP were similar in both 

groups, therefore, only S2/S1 response 
ratios are shown. 

Effect of purified kininogens. 

In ject ion of non -hydro lysed L M W or 
H M W k i n i n o g e n did not modify the 
d iu re t i c effects of A N P (Table I I ) . 
H o w e v e r , i ncuba t ion of both p lasma 
substrates with pepsin at acid pH resulted 
in the rapid production of material with the 
same inhibitory effect as pepsanurin (Table 
II). With the single dose used in this study, 
effective inhibition of ANP was obtained 
after 1 or 4 h hydrolysis of both LMW and 
HMW kininogen. 

Inhibition of ANP-induced diuresis and 
saluresis by ip BK. 

The ip administration of BK (2.5-20 Ug/kg) 
40 min prior to the second ANP bolus, 
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Fig 2. Blockade of anti-ANP effect of rat pepsanurin by HOE-140. Time course and S2/S1 response ratios 
for volume, sodium and potassium excretion, and mean arterial pressure (MAP), in three groups of rats 
injected with ANP and rat pepsanurin or vehicle as shown in Fig 1. In addition, all rats received 5 u.g iv of 
B2 receptor blocker HOE-140 5-min before beginning of period 7, i.e., 5-min before injection of test 
substance. # p<0.05 vs vehicle S2/S1; $ p<0.05 vs 1.0 mL pepsanurin; ANOVA and Newman-Keuls tests. 
All other symbols and notations as in Fig 1. F(2,19) = 4.95, p< 0.02 for volume; F(2,19) = 3.09, p< 0.07 
for sodium; F(2,19) = 4.44, p< 0.03 for potassium. 
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arterial pressure did not differ significantly 
among all these experimental groups. The 
response to the first administration of A N P 
was a lso s imi la r among all g roups , 
therefore only S2/S1 response ratios are 
presented for simplicity (Fig 4). 

Effects of pepsanurin and BK on ANP-
induced cGMP urinary excretion. 

In general, urinary cGMP followed the 
same pa t t e rn as vo lume excre t ion , 
increasing about 5-10 times after the first 
ANP bolus (Fig 5). Similarly, in BSAH 
injected rats, cGMP excretion was slightly 
greater during the S2 response as compared 
to S I . In contrast, cGMP urinary excretion 
was markedly attenuated during the S2 
response in animals injected with either, 
pepsanu r in or BK plus BSAH. The 
reduc t ion in c G M P excre t ion was 
proportional to the reduced rate of diuresis. 
Interestingly, urinary cGMP was greater 
than baseline during collection period 10, 
particularly in those groups showing a 
blunted ANP response. This observation 
suggests a delayed production or release of 
this intracellular mediator. 

Table II 

Immunoreactive kinin content and anti-ANP activity 
of pepsin hydrolysates of purified human kininogens 

Hydrolysis 
time (h) 

Protein 
(ug/mL) 

IR-kinins 
(ng/mL) 

ANP response ratio (S2/S1) * Hydrolysis 
time (h) 

Protein 
(ug/mL) 

IR-kinins 
(ng/mL) volume sodium potassium MAP n 

H M W kininogen 
0 120 6 1.177±0.194 1.078+0.162 1.347±0.222 0.933+0.032 4 

1 130 71 0.575+0.172* 0.464+0.199* 0.639±0.137* 1.038±0.037 7 
4 130 104 0.47710.117* 0.077+0.036** 0.545±0.161 0.997±0.085 4 

L M W kininogen 
0 175 0 0.815+0.121 0.795+0.261 1.185±0.248 1.046±0.025 5 
1 190 227 0.348±0.099*** 0.153+0.085*** 0.375±0.082** 0.949+0.082 7 
4 185 n d 0.438+0.028** 0.108±0.048*** 0.835±0.141 0.898±0.103 4 

BSA 4 160 0 1.424±0.273 1.340±0.241 1.267+0.165 1.015+0.061 5 

0.5 u.g ANP injected iv before (SI) and after (S2) ip injection of 0.25 raL kininogen or BSA hydrolysate per rat. Mean 
arterial pressure (MAP), n d = not determined; * p<0.05; ** p<0.005; *** p<0.0005, S2 v.y SI; paired Students's ; tests. 
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Z o &-
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1.0 

• K+ plasma, n=22 
• K - plasma, n=22 

c 
< 0.0 

0.5 

o.n — H — • 
VOLUME SODIUM POTASSIUM MAP 

F i g 3 . Lack of e f f ec t of k i n i n o g e n - f r e e p lasma 
hydrolysates. Comparative effects of pepsanurin obtained 
from whole human plasma (K+ plasma) and kininogen-
free plasma (K- plasma) on ANP response ratios (S2/S1) 
for urinary volume, sodium, and potassium excretion, and 
mean arterial pressure. Bars show the pooled results from 
f ive matched K+ and K- human p lasma peps in 
hydrolysates injected (5 mL/kg ip) in 4 or 5 rats each. 
Details as in Fig. 1. * p<0.05, ** p<0.0005 vs K- plasma, 
unpaired Student's t test; # p<0.0005 S2 vs SI , paired 
Student's t test. 

produced a dose-related inhibition of the 
diuresis, natriuresis and kaliuresis induced 
by the atrial hormone, in absence of any 
detectable change in mean arterial pressure 
(Fig 4). Basal renal excretion and mean 
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Fig 4. Inhibition of ANP-induced excretion by BK. ANP 
response ratios (S2/S1) for (from top to bottom) urinary 
volume, sodium excretion, potassium excretion and mean 
arterial pressure in five groups of rats that received either 
Krebs solution (control) or 2.5, 5, 10 and 20 Hg/kg BK ip 
40 min before S2. The experimental protocol as explained 
in Fig 1. * p<0.05, ** p<0.005 vs control S2/S1, unpaired 
Student's t test with tables for multiple comparisons. 

Effects of albumin hydrolysates and 
histamine. 

The ip injection of BSAH in amounts 
similar to the protein content found in 
pepsanurin hydrolysates (330 mg in 5 mL/ 
kg plus 5 mL/kg Krebs solution) did not 
affect the response to ANP (Fig 6). In 
BSAH injected rats S2/S1 response ratios 
were similar to those of controls injected 
with Krebs solut ion (Figs 1, 6) . The 

addi t ion of 10 pg/kg BK to BSAH 
produced a significant inhibition of ANP-
induced d iu res i s and sa lu res i s , again 
without variations in mean arterial pressure 
(Fig 6). In contrast to BK, the injection of 
histamine (15 pg/kg) plus BSAH, did not 
affect diuresis and natriuresis induced by 
ANP. Nevertheless, the amount of fluid 
accumulated in the peritoneal cavity of 
animals injected with BSAH plus histamine 
was almost twice that of animals injected 
with BSAH or BK plus BSAH (Fig 6). 

DISCUSSION 

We demonstrate that kinins derived from 
k in inogen are the chemica l agents 
responsible for the inhibition of ANP renal 
ac t ions induced by p e p s a n u r i n . This 
conclusion is supported by four findings: 1) 
the presence of immunoreac t ive kinin 
material in the active pepsanurin extracts, 
compared with its absence in inactive 
hydrolysates of pre-incubated plasma; 2) 
hydrolysates from kininogen-free plasma 
do not exert anti-ANP activity; 3) HOE-
140, a specific B2 kinin receptor antagonist 
prevents the inhibitory action of human or 
rat pepsanurin on ANP-induced diuresis, 
natriuresis and kaliuresis; and 4) the ip 
administration of 5-20 pg/kg BK, or pepsin 
h y d r o l y s a t e s of pur i f ied k in inogens , 
mimics the inhibitory effect of pepsanurin 
upon ANP renal excretion. 

Our resu l t s ind ica te that pepsin 
hydrolysis of plasma kininogens produces 
peptides which contain the kinin sequence 
and are able to counteract ANP-induced 
diuresis by stimulation of B2 receptors. We 
had r epor t ed p rev ious ly that peps in 
hydro lysa t e s of p re - incuba ted p lasma 
maintained at 37°C for 24-48 h do not 
inh ib i t A N P (6 , 9 ) , and now we 
demonstrate that these hydrolysates do not 
contain kinin-like material, in contrast to 
active pepsanurin (pepsin hydrolysates of 
fresh plasma). In addition, plasma devoided 
of kininogens by separation in papain-
sepharose affinity chromatography do not 
yield the active peptides when digested 
with pepsin. Taken together, these findings 
suggest that during prolonged incubation at 



Biol Res 31: 33-48 (1998) 

• BSAH,n=5 BPU,n=7 • BSAH+BK, n=6 
2.0 

1.5 

1.0 

0.5 

0.0 

S2/S1 

JL 

- # 
# 

_ 

1.5 

1.0 

0.5 

0.0 

JL 

# ii 
1.5 

0.5 I I ™ " 
3 4 5 6 7 8 

Collection Period 
10 

Fig 5. Effects of pepsanurin and BK on ANP-induced cyclic GMP excretion. Left panel: Time course of 
(from top to bottom) urinary volume, sodium excretion, cGMP excretion, and mean arterial pressure in 
three groups of anesthetized rats studied during 10 periods of 20 min each. All rats received 0.5 u,g ANP iv 
as a stimulus at the start of periods 4 and 9 (SI and S2, arrows). At the beginning of period 7 (test sample, 
arrow), the rats received ip injections of 5 mL/kg of either BSAH, or BSAH plus 10 u.g/kg BK, or human 
pepsanurin (PU). Means ± SEM. * p<0.05; ** p< 0.001, between S2 and SI , paired Student's t test. Right 
panel: corresponding S2/S1 response ratios. # p<0.05 vs BSAH, $ p<0.05 vs the other two columns, 
ANOVA and Newman-Keuls test. F(2,15) = 32.2, p< 4 6 for volume; F(2,15) = 28.1, p< l"5 for sodium; 
F(2,15) = 12.7, p< & 4 for potassium; F(2,15) = 4.45, p< 0.03 for arterial pressure. 
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Fig 6. Effects of BSAH, BK and histamine on ANP-induced excretion, mean arterial pressure and 
peritoneal fluid accumulation. Left panel: response ratios (S2/S1) to iv injections of ANP before and after 
ip injections of either 5 mL/kg hydrolyzed bovine serum albumin alone (BSAH), or plus 10 ug/kg BK, or 
plus 15 u.g/kg histamine. Right panel: volume of ip fluid recovered at end of experiment. * p<0.05 vs other 
two columns; ANOVA and Newman-Keuls tests. F(2,20) = 16.6, p< 6"5 for volume; F(2,20) = 14.9, p< l 4 

for sodium; F(2,20) = 5.54, p< 0.02 for potassium; F(2,20) = 13.8, p< 2"4 for ip fluid. 

37°C plasma kininogens are degraded to a 
degree that no active peptides are produced 
when incubated with pepsin. 

Since the material retained after dialysis 
of human pepsanurin in 3.5 kDa membranes 
counteracts ANP-diuresis in proportion to its 
k in in- l ike content , we pos tu la te that 
kininogen-derived kinin analogs, unable to 
diffuse through the 3.5 kDa dia lys is 
membrane, are responsible for about half the 
anti-ANP activity of crude pepsanurin. BK 
itself, or other diffusible kinins such as 
kallidin or Met-Lys-BK (3) could account 
for the remaining anti-ANP activity of crude 
pepsanurin. We have shown recently that the 
peptide Met-Lys-BK-Ser-Ser-Arg-Ile (PU-
15) (11) is very active to inhibit ANP, acting 
at equivalent doses when injected either iv 
or id. Other two BK-containing peptides of 
16 and 18 aa, synthesized according to the 
sequences reported to appear after pepsin 
hydrolysis of bovine kininogen, also elicit 
the anti-ANP effect (10) although they are 
less potent than Met-Lys-BK-Ser-Ser-Arg-
Ile. These, or other large-size kinins, must 
exert their effect by act ivat ion of B2 
receptors, perhaps after conversion to BK in 
the living animal, as evidenced by HOE-140 
blockade. Nevertheless, with the current 
data we cannot exclude the possibility that 

other pept ides p roduced by pepsin 
hydro lys i s of p lasma k in inogens may 
enhance or potentiate the actions of kinins. 

Possible mechanisms of pepsanurin and 
BK inhibitory action upon ANP. 

We reported that pepsin hydrolysates of 
serum albumin, used as control for the bulk 
of non specific peptidic material do not 
inhibit ANP (6, 9-10). Now we extend this 
observat ion by demons t ra t ing that the 
combined o smo t i c and in f lammatory 
effects of inert peptides injected together 
with a vasodilator agent that increases 
protein exudation, such as histamine, are 
unable to elicit a significant inhibition of 
the ANP renal excretory effects. Because 
histamine plus BSAH induced a greater 
pe r i t onea l f luid accumula t i on than 
pepsanurin, or BK plus BSAH, and because 
that fluid transfer did not alter ANP-
induced renal excretion, we may rule out 
the concept that nonspecific inflammatory 
reactions and fluid shifts from plasma to 
peritoneum play a major role in the anti-
na t r iu re t i c effect of e i ther BK or 
pepsanurin. 

We did not address d i rec t ly the 
possibili ty that mesenteric vasodilation 
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induced by the ip administration of BK, or 
pepsanu r in , may lead to reflex renal 
vasoconstriction contributing to the ANP 
blockade. Although measurements of renal 
and mesenteric blood flow would exactly 
se t t le this po in t , we th ink the ip 
administration of histamine may serve as 
an indirect control for the presumptive 
va sod i l a to r effect in the mesen te r i c 
vascular bed. Three additional findings do 
not support the idea that redistribution of 
blood flow away from the kidney is a factor 
that may explain the anti-ANP effects. 
First, we have demonstrated inhibition of 
ANP diuretic effects after the intravenous 
administration of bradykinin (5), or Met-
Lys-BK-Ser-Ser-Arg-Ile (11). It is unlikely 
that a pa r t i cu l a r vasod i l a t ion of the 
splanchnic circulation and a concomitant 
constriction of the renal circulation takes 
place under these condi t ions . Second, 
pepsanurin blocked ANP-induced diuresis 
in the isolated perfused rat kidney, where 
there is no possibi l i ty for blood flow 
redistribution to other organs (6). Third, 
urinary cGMP output is reduced in parallel 
to the blunted diuretic response observed 
after BK or pepsanur in sugges t ing a 
blockade of ANP transduction, rather than 
an effect secondary to a change in renal 
hemodynamics (7). 

Because BK is also an algesic agent that 
stimulates nerve terminals (16), it may be 
argued that BK stimulates afferent pain 
fibers in the peritoneum which, in turn 
increase the sympathetic tone to the kidney 
(24). This suggestion is consistent with the 
repor t that enhanced renal ne rves 
stimulation can prevent natriuresis induced 
by A N P (15) . Howeve r , the same 
experimental findings discussed above, 
argue against a major involvement of the 
nervous system in the inhibition of ANP 
caused by BK or pepsanurin. The effects of 
pepsanurin in the isolated and denervated 
perfused kidney (6) , as well as ANP 
inhibition after injection of kinins id (9-11) 
or iv (5, 11), suggest that kinins act directly 
on kidney structures where ANP promotes 
sodium excretion. 

Our ear ly a t t empts to b lock A N P 
activity by injecting or infusing pepsanurin 
iv in amounts that are effective when 

administered ip or id, were unsuccessful, 
par t icu lar ly because crude pepsanur in 
preparations induce a state of unstable 
arterial pressure in the rat (unpublished 
observations). Similar negative results are 
observed if doses of 5-20 Ug/kg BK are 
given iv at different times prior to ANP. 
These puzzling observations have been 
clarified in a previous study in which we 
reported that BK inhibits ANP renal actions 
when injected iv 3 min prior to ANP only 
at non-depressor doses within a narrow 
range of 0.5-0.8 |a/kg. In contrast, larger 
and lower BK doses are ineffective (5). A 
similar U-shaped inhibitory curve was 
obtained with Met-Lys-BK-Ser-Ser-Arg-Ile 
(11). These findings support the concept 
that the injection of pepsanurin (6, 9, this 
s tudy) , or p r o - k i n i n s (10 -11 ) , in the 
peritoneum or the intestinal lumen, produce 
a slow absorption and/or transformation of 
pro-kinins that reach a precise intrarenal 
kinin concentration required to elicit the 
anti-ANP effect. The same reasoning may 
expla in the ten-fold difference found 
between the effective dose range of BK 
given ip (5-20 pg/kg, 40 min prior to ANP) 
or iv (0.5-0.8 pg/kg, 3 min prior to ANP). 
In the present study we did not found a U-
shaped d o s e - r e s p o n s e curve for ANP 
inhibition vs ip BK, probably because we 
did not test a dose large enough to exceed 
the inhibitory range, or perhaps because 
there is a de l ayed or sa tura ted BK 
absorption through the peritoneum. These 
concepts have to be confirmed by timed 
measurements of circulating and intrarenal 
kinin concentration after kinin injection 
through the different routes. 

In this report , we demonst ra te that 
inhibition of ANP by either pepsanurin or 
BK is associated with a decreased urinary 
excretion of cGMP, favoring the view that 
there is an intrarenal mechanism affecting 
A N P in t e rac t ion with its b ioac t ive , 
guanylyl-cyclase receptors (7, 17). At this 
moment we cannot resolve the mechanism 
for the kinin-mediated inhibition of renal 
ANP action, but it is worth mentioning 
that, the diuretic, natriuretic and cGMP 
excretory effects of ANP are also blocked 
by endogenous kinins, as demonstrated in 
rats treated with kininase-II inhibitors (5). 
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