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Abstract

This paper studies the modulation by bradykinin of the ouabain-insensitive Na�-ATPase activity in both renal cortex
homogenate and basolateral membrane from proximal tubule. The increase in bradykinin concentration from 10314 to 10310

M stimulated the ouabain-insensitive Na�-ATPase activity in cortex homogenates about 2.2-fold, but inhibited the enzyme
activity of basolateral membrane preparations by 60%. In both preparations, the maximal effect was obtained with 10310 M
bradykinin. Further increase in the concentration of bradykinin completely abolished these effects. The antagonist of the B2

receptor, Hyp3, completely abolished the effect of 10310 M bradykinin on the Na�-ATPase activity in the basolateral
membrane preparation in a dose-dependent manner, but had no effect on the bradykinin stimulated enzyme activity of the
cortex homogenate. Furthermore, in the presence of 1037 M Hyp3, 10310 M bradykinin stimulated the Na�-ATPase activity
by 45% in the basolateral membrane preparations. The increase in des-Arg9-bradykinin concentration from 10312 to 1037 M,
an agonist of the B1 receptor, stimulated the Na�-ATPase activity of the cortex homogenates and of the basolateral
membrane preparations by 105 and 148%, respectively. In the presence of 25 WM mergetpa, an inhibitor of kininase I, the
increase in bradykinin concentration from 10312 to 10310 M promoted similar inhibition of the Na�-ATPase activity of both
cortex homogenates and basolateral membrane preparations. These results suggest that bradykinin stimulated the Na�-
ATPase activity of proximal tubule through the interaction with B1 receptors and inhibited the enzyme through the
interaction with B2 receptors. Furthermore, the cortex homogenate expresses a kininase I activity that cleaves bradykinin to
des-Arg9-bradykinin. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The kallikrein^kinin system is involved in several

regulatory processes of the organism, such as hyper-
tension, coagulation and in£ammation [1^3]. In spite
of the large amount of experimental data found in
the literature, the physiological role of the renal kal-
likrein^kinin system remain unclear. It was proposed
that kinins regulate natriuresis and diuresis through
the modulation of the renal blood £ow and osmotic
gradient of the renal medulla [3^5]. On the other
hand, the infusion of bradykinin into the renal artery
induces natriuresis without altering glomerular £ow
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rate (GFR), suggesting a direct e¡ect on tubular Na�

transport [6,7].
It has been established that the e¡ect of kinins is

mediated by receptors distributed on the plasma
membrane of many cell types [1,4,5]. Two types of
kinin receptors have been described: B1 and B2

[1,4,5]. B2 receptors have higher a¤nity for kallidin
and bradykinin, whereas B1 receptors are more sen-
sitive to des-Arg kinins [2,5]. Experimental evidence
indicates that the e¡ects of bradykinin on ionic
transport along the di¡erent renal tubular segments
are mediated by B2 receptors, while the e¡ects on
renal hemodynamics are mediated by B1 receptors
[2,8].

Two sodium pumps are expressed in the basolat-
eral membrane of the renal proximal tubule cells: the
ouabain-sensitive Na�,K�-ATPase and the ouabain-
insensitive, furosemide-sensitive Na�-ATPase [9^17].
The ouabain-insensitive Na�-ATPase transports Na�

against an electrochemical gradient, is not stimulated
by K� [11,14] and its physiological role is not clear.
Recently, we proposed that the inhibitory e¡ect of
adenosine on the Na� reabsorption in the proximal
tubule could be mediated, at least in part, by the
inhibition of the ouabain-insensitive Na�-ATPase
[12].

Since bradykinin modulates the Na� transport in
di¡erent segments of the nephron, we investigated its
e¡ects on the Na�-ATPase activity in basolateral
membranes of the proximal tubule cells and cortex
homogenate from kidney pig. The data obtained in-
dicate that bradykinin modulates the ouabain-insen-
sitive Na�-ATPase through both B1 and B2 recep-
tors.

2. Materials and methods

2.1. Materials

ATP, ouabain, furosemide, azide, mannitol, brady-
kinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg), des-
Arg9-bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-
Phe), D-Arg,[Hyp3,Thi5;8-D-Phe7]-bradykinin (Hyp3),
captopril and D,L-2-mercaptomethyl-3-guanidino-
ethylthiopropanioic acid (mergetpa) were purchased
from Sigma Chem; Percoll was from Pharmacia. All
reagents were of the highest purity available. [32P]Pi

was obtained from the Institute of Energetic and
Nuclear Research, Brazil. All solutions were pre-
pared with deionized glass-distilled water. [Q-32P]ATP
was prepared as described by Maia et al. [18].

2.2. Preparation of cortex homogenates and isolated
basolateral membrane

The cortex homogenates and basolateral mem-
branes were prepared from adult pig kidney. The
kidneys were obtained in a commercial slaughter
house immediately after the death of the animals.
The kidneys were removed immediately after animal
death and maintained in cold isosmotic solution con-
taining (mM): sucrose 250, HEPES-Tris (pH 7.6) 10,
EDTA 2 and PMSF 1. Thin slices of the cortex
(cortex^corticis) were removed with a scalpel. After
dissection, slices were homogenized in the same cold
isosmotic solution with a Te£on and glass homoge-
nizer. The homogenate was centrifuged for 10 min at
3000 rpm in a Sorvall centrifuge using SS-34 rotor at
4³C. The supernatant was collected and stored at
34³C. The fraction containing the basolateral mem-
brane was isolated by the Percoll gradient method
[19] modi¢ed from that described by Scalera et al.
[20] and Sacktor et al. [21]. The membrane prepara-
tion was resuspended in 250 mM sucrose at a ¢nal
concentration of 20^30 mg of protein ml31 and was
stored at 34³C.

2.3. Measurement of ATPase activity

Except as noted in Section 3, the composition of
the standard assay medium (0.2 ml) contained: 10
mM MgCl2 ; 5 mM [Q-32P]ATP; 20 mM HEPES-
Tris (pH 7.0); 5 mM azide; and 90 mM NaCl for
the measurement of the Na�-ATPase activity. The
¢nal osmolality was adjusted with mannitol to 300
mOsm kg31.

The ATPase activity was measured according to
the method described by Grubmeyer and Penefsky
[22]. The reaction was started by the addition of
cortex homogenate or isolated basolateral membrane
to a ¢nal protein concentration of 0.3^0.5 mg ml31.
The reaction was stopped after 30 min by the addi-
tion of charcoal activated by HCl (0.1 N). The
[32P]Pi released was measured in an aliquot of the
supernatant obtained after centrifugation of the
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charcoal suspension for 20 min at 3000 rpm in a
clinical centrifuge. Spontaneous hydrolysis of [Q-
32P]ATP was measured simultaneously in tubes
where protein was added after the acid. The Na�-
ATPase activity was calculated by the di¡erence be-
tween the [32P]Pi released in the absence and in the
presence of 2 mM furosemide, both in the presence
of 1 mM ouabain [9,10]. The control values were
1.9 þ 0.1 and 8.2 þ 0.6 nmol 32Pi mg31 min31 for cor-
tex homogenate and isolated basolateral membrane,
respectively. The Na�,K�-ATPase activity measured
in isolated basolateral membrane (69.2 þ 7.2 nmol
32Pi mg31 min31) is 8.9 times higher when compared
to the activity found in cortex homogenate (7.8 þ 0.3
nmol 32Pi mg31 min31). Protein concentrations were
determined by the Folin phenol method [23] using
bovine serum albumin as a standard. Each experi-
ment was performed in an independent preparation
of basolateral membrane or cortex homogenate. The
data were analyzed by two-way analysis of variance
(ANOVA), considering the treatments as factors.
The signi¢cance of the di¡erences was veri¢ed by
the Bonferroni t-test. Statistical analysis was made
using absolute values and the results were expressed
in percentage of the control.

3. Results

3.1. E¡ect of bradykinin on the Na+-ATPase activity

To determine whether bradykinin regulates the fu-
rosemide-sensitive sodium pump present in the baso-
lateral membrane from proximal tubule, we meas-
ured the ouabain-insensitive, furosemide-sensitive
Na�-ATPase activity of the cortex homogenate and
basolateral membranes isolated from proximal tu-
bule cells in the absence or in the presence of di¡er-
ent bradykinin concentrations (from 1036 to 10314

M). The results illustrated in Fig. 1 show that the
Na�-ATPase modulation by bradykinin has a bipha-
sic behavior. The increase in bradykinin concentra-
tion from 10314 to 10310 M stimulated the Na�-AT-
Pase activity in the homogenate preparation about
2.2-fold, but inhibited the enzyme activity in baso-
lateral membrane preparation by 60%. In both prep-
arations, the maximal e¡ect was obtained with 10310

M bradykinin. Further increase in the concentration

of bradykinin completely abolished these e¡ects in
both preparations, and full reversal was obtained at
a concentration of 1036 M. In contrast, bradykinin
used in the same concentrations range did not a¡ect
the ouabain-sensitive Na�,K�-ATPase activity, both
in cortex homogenate and isolated basolateral mem-
branes. Similar results were obtained when the pro-
teins were preincubated with bradykinin during 30
min and the reaction was run in the absence of bra-
dykinin (data not shown). Since the e¡ects of brady-
kinin have been described to be mediated by recep-
tors the generation of the signals and e¡ects on the
transport proteins might be expected to take some
time. So, experiments were performed where the
Na�-ATPase activity was measured in the absence

Fig. 1. Dependence of Na�-ATPase (F) and Na�,K�-ATPase
(b) activities in the cortex homogenate (A) and in isolated ba-
solateral membrane (B) on bradykinin concentration. O, ATP-
ase activity in the absence of bradykinin. The ATPase activity
was measured as described in Section 2 (n = 12). The bradykinin
concentration was increased from 10314 to 1036 M. The results
are expressed as percentage of the control. *Statistically signi¢-
cant when compared to the control (P6 0.05).

BBAPRO 35910 6-5-99

C. Caruso-Neves et al. / Biochimica et Biophysica Acta 1431 (1999) 483^491 485



or in the presence of bradykinin at di¡erent incuba-
tion periods (1, 3, 5, 10, 20 and 30 min). The e¡ect of
bradykinin was calculated as percentage in relation
to the control (in the absence of bradykinin). Brady-
kinin only modulates the Na�-ATPase activity after
5 min. After this point, the e¡ect of bradykinin in-
creases along the time of reaction reaching maximal
e¡ect in 20 min. These results are compatible with
the hypothesis that the e¡ects of bradykinin on the
Na�-ATPase activity of both cortex homogenate and
basolateral membrane preparations are mediated by
receptor.

3.2. Bradykinin receptor agonist and antagonist

There are two known receptors for bradykinin: B1

and B2 [1,4,5]. Since bradykinin has di¡erent a¤n-
ities for B1 and B2 receptors, the opposite e¡ect of
bradykinin on the Na�-ATPase observed in homog-
enate and basolateral preparations could be ex-
plained by the binding of bradykinin to di¡erent re-
ceptors. To test this hypothesis, we studied the
modulation of the e¡ect of bradykinin by agonists
and antagonists of the B1 and B2 receptors.

Fig. 2 shows the modulation of the e¡ect of bra-
dykinin on the Na�-ATPase activity in both cortex
homogenate and basolateral membrane preparations
by Hyp3, an antagonist of B2 receptor. In the ho-

Fig. 2. Modulation of the e¡ect of bradykinin on the ouabain-
insensitive Na�-ATPase activity in the cortex homogenate (A)
and in isolated basolateral membrane (B) by Hyp3. The ATPase
activity was measured as described in Section 2 (n = 6). The
Hyp3 concentration was increased from 10311 to 1037 M. Bra-
dykinin 10310 M (brady) was added where indicated.
aStatistically signi¢cant when compared to the control
(P6 0.05). bStatistically signi¢cant when compared to the level
of the Na�-ATPase activity in the presence of 10310 M brady-
kinin (P6 0.05). The results are expressed as percentage of the
control.

Fig. 3. Dependence of Na�-ATPase activity in the cortex ho-
mogenate (A) and in isolated basolateral membrane (B) on des-
Arg9-bradykinin (DABK) concentration. The ATPase activity
was measured as described in Section 2 (n = 5). O, ATPase ac-
tivity in the absence of bradykinin and des-Arg9-bradykinin.
The des-Arg9-bradykinin concentration was increased from
10312 to 1037 M. The results are expressed as percentage of the
control. *Statistically signi¢cant when compared to the control
(P6 0.05).
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mogenate preparation, the stimulatory e¡ect of
10310 M bradykinin on the Na�-ATPase activity
was not modi¢ed by Hyp3. On the other hand, the
inhibitory e¡ect of 10310 M bradykinin on the Na�-
ATPase activity observed in basolateral membrane
was completely reversed by Hyp3 in a dose-depend-
ent manner with maximal e¡ect observed at the
concentration of 1038 M Hyp3. In the presence of
1037 M Hyp3, 10310 M bradykinin stimulated the
Na�-ATPase activity by 45%.

Fig. 3 shows that the addition of increasing con-
centrations (from 10312 to 1037 M) des-Arg9-brady-
kinin, an agonist of B1 receptor, stimulated the Na�-
ATPase activity of the cortex homogenate and baso-
lateral membrane preparation by 105 and 148%, re-
spectively. The maximal e¡ect, in both preparations,
was obtained at a concentration of 1039 M des-Arg9-
bradykinin.

These data suggest that the interaction of brady-
kinin with B2 receptor inhibits the Na�-ATPase ac-
tivity while its interaction with B1 stimulates it.

3.3. Role of kininases

Bradykinin can be cleaved by kininases I and II.
Kininase I (also called carboxypeptidase N) is an
exopeptidase that removes the C-terminal Arg from
bradykinin, while kininase II is a carboxydipeptidase
that cleaves the dipeptide Phe8-Arg9 and thus inacti-
vates bradykinin [1,5]. The di¡erences in the e¡ect of
bradykinin on the Na�-ATPase activity in basolater-
al membranes and homogenate preparations could
be due to the cleavage of bradykinin by di¡erent
kininases. In order to investigate this hypothesis, 25
WM mergetpa, an inhibitor of kininase I, and 25 WM
captopril, an inhibitor of kininase II, were used in
the presence of bradykinin [24,25]. The concentra-
tions of the inhibitors were at least ¢ve times higher
than those necessary to inhibit the kinases in other
systems [24,25]. The data depicted in Fig. 4 show the
modulation of the Na�-ATPase by di¡erent concen-
trations of bradykinin (from 10312 to 10310 M) in the
presence of mergetpa. It can be seen that an increase
in bradykinin concentration up to 10310 M, in the
presence of 25 WM mergetpa, promoted a similar
inhibition of the Na�-ATPase activity of homoge-
nate and basolateral membrane preparations. Fur-
ther increase in the bradykinin concentration com-

pletely abolished this inhibition in both prep-
arations, with maximal e¡ect obtained with 1036 M
bradykinin. On the other hand, in the presence of
25 WM captopril the addition of 10310 M bradykinin
did not change the Na�-ATPase activity of the
basolateral membrane and homogenate preparations
(Fig. 5).

These data suggest that the product of the cleavage
of bradykinin by kininase II in cortex homogenate
preparation stimulates the Na�-ATPase activity by
interaction with B1 receptors. However, the bradyki-
nin not cleaved to des-Arg9-bradykinin or the des-
Arg9-bradykinin when in higher concentration could
promote the inhibition of the enzyme activity medi-

Fig. 4. Dependence of ouabain-insensitive Na�-ATPase activity
in the cortex homogenate (A) and in isolated basolateral mem-
brane (B) on bradykinin concentration in the presence of 25
WM mergetpa. O, ATPase activity in the absence of bradykinin
and mergetpa. The ATPase activity was measured as described
in Section 2 (n = 5). The bradykinin concentration was increased
from 10312 to 1036 M. The results are expressed as percentage
of the control. *Statistically signi¢cant when compared to the
control (P6 0.05).
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ated by B2 receptor. To verify if bradykinin, in lower
concentrations (10313 to 1037), could inhibit the
Na�-ATPase activity of the basolateral membrane
in the presence of des-Arg9-bradykinin (1038 M)
the experiments summarized in Fig. 6 were per-
formed in both preparations. In all conditions, mer-
getpa 25 WM was added to the reaction medium. As
shown in Fig. 6, the addition of des-Arg9-bradykinin
1038 M stimulates the Na�-ATPase activity by 107
and 102% both in cortex homogenate and in isolated
basolateral membrane, respectively. This e¡ect, in
both preparations, is reversed by bradykinin in a
dose-dependent manner. The maximal e¡ect ob-
served in the presence of mergetpa was obtained
with bradykinin 1039 M. This concentration is 1000

times lower than the concentration that promotes
maximal inhibition of the Na�-ATPase in cortex ho-
mogenate in the absence of mergetpa (Fig. 1). These
data indicate that bradykinin in lower concentrations
inhibits the Na�-ATPase activity in the presence of
des-Arg9-bradykinin, explaining its inhibitory e¡ect
in cortex homogenate. However, we cannot rule
out a possible inhibition of the Na�-ATPase activity
by the interaction of des-Arg9-bradykinin with B2

receptors [1,5].

4. Discussion

In the present work, we studied the regulation of
the ouabain-insensitive Na�-ATPase in cortex ho-

Fig. 5. Interaction between 10310 bradykinin and 25 WM capto-
pril on ouabain-insensitive Na�-ATPase activity in the cortex
homogenate (A) and in isolated basolateral membrane (B). The
ATPase activity was measured as described in Section 2 (n = 5).
Bradykinin 10310 (brady) was added where indicated. The re-
sults are expressed as percentage of the control. *Statistically
signi¢cant when compared to the control (P6 0.05).

Fig. 6. Interaction between bradykinin and des-Arg9-bradykinin
on ouabain-insensitive Na�-ATPase activity in the cortex ho-
mogenate (A) and in isolated basolateral membrane (B). In all
conditions 25 WM mergetpa was added. The ATPase activity
was measured as described in Section 2 (n = 6). Bradykinin con-
centration from 10313 to 1037 M (brady) and des-Arg9-bradyki-
nin 1038 M were added where indicated. The results are ex-
pressed as percentage of the control. *Statistically signi¢cant
when compared to the control (P6 0.05).
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mogenates and isolated basolateral membranes prep-
arations of proximal tubule by bradykinin.

The Na�-ATPase was initially described in aged
microsomal fractions from guinea-pig kidney cortex
[26]. Later, the presence of this enzyme was demon-
strated in basolateral membranes of the proximal
tubule from di¡erent species [27]. Characteristically,
this enzyme is not inhibited by ouabain and is inhib-
ited by furosemide and ethacrynic acid [9].

Since bradykinin has multiple actions in the kidney
[4^7,28], we studied the e¡ect of bradykinin on the
ouabain-insensitive Na�-ATPase activity in cortex
homogenates and basolateral membrane prepara-
tions of proximal tubule. In both preparations, we
observed a biphasic e¡ect of bradykinin on the Na�-
ATPase activity. It has been suggested that bradyki-
nin has a much higher a¤nity for B2 than for B1

receptors [1,5,29]. Bachvarov et al. [30] observed
that the Kd for bradykinin binding in cloned rabbit
B2 receptor expressed in COS-1 cells is 2.1U1039 M.
As shown in Fig. 1, the bradykinin concentration
that inhibits the Na�-ATPase activity in basolateral
membrane preparation is close to the bradykinin
concentration that binds to B2 receptors, suggesting
that the inhibitory e¡ect of bradykinin is mediated
by its interaction with B2 receptor. This hypothesis is
favored by the observation that the inhibitory e¡ect
of bradykinin on the enzyme activity is completely
abolished by Hyp3, an antagonist of B2 receptor
(Fig. 2). In addition, it was found that the B2 recep-
tor is located in both cortical and medullar segments
of the nephron [8,31,32].

The fact that the inhibitory e¡ect of bradykinin on
the Na�-ATPase in the basolateral membrane is re-
versed at higher concentrations of bradykinin (from
1039 to 1036 M), indicates a possible action mediated
by interaction with B1 receptor. This hypothesis is
supported by the following observations: (1) in the
presence of 1037 M of Hyp3, an antagonist of B2

receptor, bradykinin 10310 M stimulates the Na�-
ATPase activity in the isolated basolateral membrane
(Fig. 2); and (2) des-Arg9-bradykinin, an agonist of
B1 receptor, stimulates the Na�-ATPase activity in
the cortex homogenates and isolated basolateral
membrane preparations (Fig. 3).

In cortex homogenates, lower concentrations of
bradykinin (6 1039 M) are also able to stimulate
Na�-ATPase activity. It has been suggested that

brush border membrane of the proximal tubule
from di¡erent species presents both kininases I and
II [29]. Furthermore, it was observed that kininase I
cleaves bradykinin in des-Arg9-bradykinin, an ago-
nist of B1 receptor [1,5,29]. We observed that in the
presence of mergetpa, an inhibitor of kininase I, low-
er bradykinin concentrations inhibit the Na�-ATP-
ase activity in the cortex homogenate as observed
in isolated basolateral membrane (Fig. 4). In addi-
tion, the stimulatory e¡ect of bradykinin on the
Na�-ATPase activity in the cortex homogenate was
not modi¢ed in the presence of captopril, an inhib-
itor of kininase II (Fig. 5). So, we propose that in
cortex homogenates bradykinin is cleaved to des-
Arg9-bradykinin and binds with higher a¤nity to
B1 receptor. Since des-Arg9-bradykinin, an agonist
of B1 receptor, increases the Na�-ATPase activity
in the isolated basolateral membrane as well as in
cortex homogenates, this e¡ect cannot be linked to
the B1 receptor described in the cortical vascular tis-
sue [33].

The concentration of bradykinin that stimulates
the Na�-ATPase activity in isolated basolateral
membrane, in the presence of Hyp3 (an antagonist
of B2 receptor), is far below the Kd for B1 receptors
(Fig. 2). The observed stimulation of 45% of the
enzymatic activity is not maximal since des-Arg9-bra-
dykinin (agonist of B1 receptor) stimulates the same
activity by 148% (Fig. 3). On the other hand, des-
Arg9-bradykinin is a more potent agonist for B1 re-
ceptor than bradykinin, which might explain the ef-
fect of bradykinin in cortex homogenate. These data
indicate that bradykinin stimulates the enzyme activ-
ity even when used in a concentration far below the
Kd for B1 receptors. Furthermore, as shown in Fig.
1, the concentration of bradykinin that promotes
half-maximal stimulation of the Na�-ATPase activity
in basolateral membrane (Fig. 1B) is in the same
range of the Kd for B1 receptor. In IMR-90 cells, a
human cell line that spontaneously coexpresses both
receptor types, the Kd for bradykinin for B1 recep-
tors is 7U1036 M, while the Kd for des-Arg9-brady-
kinin is 5U1037 M [34].

Taken together, these data indicate that bradyki-
nin stimulates the ouabain-insensitive Na�-ATPase
activity in proximal tubule through its interaction
with B1 receptors and inhibits the enzyme through
its interaction with B2 receptors.
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It has been described that bradykinin stimulates
phospholipase C and phospholipase A2 which may
provide a source of arachidonic acid for the produc-
tion of eicosanoids. Recently, it was observed in our
laboratory that activation of protein kinase C in-
creases the Na�-ATPase activity (data unpublished)
and that inhibition of protein kinase A decreases it
[12]. So, one of the possible pathways involved in the
activation of the Na�-ATPase by bradykinin could
be via phospholipase C, which may activate a protein
kinase C. In rabbit vascular smooth muscle cells, it
was observed that interaction of bradykinin with B1

receptor activates protein kinase C [34]. On the other
hand, bradykinin could inhibit the Na�-ATPase ac-
tivity by decreasing the cAMP concentration and,
consequently, the activity of protein kinase A. In
accordance with this hypothesis, it is known that
stimulation of the contraction of rat uterus by bra-
dykinin is mediated by a decrease in the concentra-
tion of cAMP [35]. Since the e¡ect of bradykinin on
the Na�-ATPase activity is the same in both prepa-
rations used in the experiments, it is plausible to
postulate that the e¡ect of bradykinin involves mem-
brane-bound elements, such as phospholipases and
adenylyl cyclase. In cortex homogenate preparation,
only small amounts of the cytosolic components
would be expect to be present due to the dilution
of the medium along the di¡erent experimental steps.
Based on this argument, the involvement of the cy-
tosolic elements in the e¡ect of bradykinin on the
enzyme activity could be ruled out.

Stein et al. [36], proposed that bradykinin (5 Wg
min31) could decrease Na� reabsorption in the prox-
imal tubule from deeper nephrons from dog kidney.
The observation that bradykinin decreases the Na�-
ATPase activity, but does not change the Na�,K�-
ATPase activity in basolateral membranes of the
proximal tubule suggests that the modulation of
Na� reabsorption by bradykinin could, in part, be
due to the inhibition of the Na�-ATPase via B2 re-
ceptors. Recently, we observed that adenosine, a na-
triuretic compound, inhibits the ouabain-insensitive
Na�-ATPase activity, but does not change the
Na�,K�-ATPase activity of the proximal tubule
from pig kidney [12]. These observations could sug-
gest that the primary active transport target involved
in the regulation of the sodium reabsorption in the
proximal tubule by natriuretic compounds is the oua-

bain-insensitive Na�-ATPase and not the ouabain-
sensitive Na�,K�-ATPase.
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