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Aims: B;- and By-kinin receptors play a major role in several cardiovascular diseases. Therefore, we aimed to
evaluate cardiac functional consequences of B;- and Bo-kinin receptors ablation, focusing on the cardiac ROS and

Main methods: Cardiac contractility, ROS, and NO generation, and protein expression were evaluated in male
wild-type (WT), B;- (B; "/ ™) and By-kinin (B, /™) knockout mice.
Key findings: Impaired contractility in B; "/~ and B, /™ hearts was associated with oxidative stress through

upregulation of NADPH oxidase p22P"°* subunit. B; ~/~ and B,/ hearts presented higher NO and peroxyni-
trite levels than WT. Despite decreased sarcoplasmic reticulum Ca®* ATPase pump (SERCA2) expression, ni-
tration at tyrosine residues of SERCA2 was markedly higher in B; ™/~ and B, ™/~ hearts.

Significance: B;- and B-kinin receptors govern ROS generation, while disruption of B;- and B,-kinin receptors
leads to impaired cardiac dysfunction through excessive tyrosine nitration on the SERCA2 structure.

1. Introduction

B, and B,-kinin receptors are G protein-coupled receptors and cri-
tical players in a wide range of signaling pathways. Activation of kinins
receptors leads to increasing levels of multiple second messengers, such
as calcium (Ca®"), inositol 1, 4, 5-trisphosphate, arachidonic acid, and
nitric oxide (NO) [1,2]. Indeed, there is compelling evidence showing
that both B;- and B,-kinin receptors play a major role in the main-
tenance of cardiac function, as well as mediating cardioprotective ac-
tions [3-6]. In a recent study, our group demonstrated that mice
lacking B;- and B,-kinin receptors display vascular oxidative stress as-
sociated with endothelial dysfunction due to uncoupled nNOS activity
[7]. However, there is no study evaluating whether kinin receptors
modulate cardiac reactive oxygen species (ROS) production.

In this context, NADPH oxidase emerges as a key enzyme re-
sponsible for generating ROS, mainly superoxide (Oy-~), in

cardiomyocytes. NADPH oxidase is composed of membrane-bound
subunits including, p22P"°* and gp91P"* and cytosolic subunits, such as
p47°"° and p67P"°* [8]. Undoubtedly, it has been consistently reported
the dysfunctional role of oxidative stress on cardiac excitation-con-
traction coupling [9,10]. Furthermore, abnormality in the antioxidant
system further contributes to an inefficient ROS scavenging capacity,
leading to oxidative stress [8]. Thus, oxidative stress is intimately im-
plicated in a variety of cardiac diseases, such as mechanical, electrical,
and structural remodeling [11,12]. Additionally, excessive levels of
ROS and NO may also affect the activity of a variety of proteins in-
volved in cardiac contractile function through redox-nitroso post-
translational modifications [10,13]. Therefore, we aimed to evaluate
cardiac functional consequences of B;- and B,-kinin receptors ablation,
focusing on the cardiac ROS and NO generation.
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2. Materials and methods
2.1. Animals

All experimental procedures were approved by the Federal
University of Minas Gerais institutional Animal Care and Use
Committee. Transgenic Bdkrbl and Bdkrb2 knockout mice were gen-
erated as previously described [14,15], and then backcrossed for 10
generations with C57Bl/6 mice (Taconic, Germantown, NY). Isogenic
male C57 black/6, C57 black/6 Bdkrbl-knockout mice and C57 black/6
Bdkrb2-knockout mice, aged 8-12 weeks (WT, B,/ and B, /7, re-
spectively) (23-28 g), were kindly donated by Prof. Joao Bosco Pes-
quero (Biophysics Department of the Federal University of Sao Paulo,
UNIFESP, Brazil). Animals were housed under standard conditions and
allowed access to food and water ad libitum.

2.2. Isolated heart preparation

After 15 min of heparin administration, the heart was quickly re-
moved and carefully mounted in an aortic perfusion system, as pre-
viously described [4]. Heart was perfused with Krebs-Ringer solution
(in mM: 118.4 NaCl, 4.7 KCl, 1.2 KH,POy,, 1.2 MgS0,47 H,0, 2.5 CaCl,,
11.7 glucose, and 26.5 NaHCO3) on a constant flow (2.3-2.6 mL/min),
maintained at constant temperature (37 * 1°C) and oxygenation (5%
CO, and 95% O5). A force transducer was attached to the apex of the
heart to record the contractile force. The diastolic tension of 0.2-0.5g
was applied to the heart. Tension and perfusion pressure were con-
tinuously recorded on a computer, through a data-acquisition system
(Biopac System, Inc., Santa Barbara, CA, USA). Coronary perfusion
pressure was recorded via a sidearm connected to a pressure trans-
ducer, placed above the tip of the perfusion aortic cannula. Heart rate
(HR) was derived from the changes in cardiac tension.

2.3. Quantitative RT-PCR

To assess gene expression, hearts were snap-frozen in liquid ni-
trogen and total RNA was isolated using TRIzol Reagent (Invitrogen,
Carlsbad, CA). First-strand cDNAs were synthesized using Moloney
murine leukemia virus (MML-V) reverse transcriptase (Promega,
Madison, WI). Real-time PCR was performed using TagMan® probes for
Bdkrbl (TagMan® probe Mm04207315_s1), Bdkrb2 (TagMan® probe
MmO00437788s1), and Gapdh (TagMan® probe Mm99999915_g)
(Applied Biosystems, Foster City, CA). The cycling conditions for
TagMan® were as follows: 10 min at 95 °C, followed by 45 cycles of 30 s
at 95°C, 30s at 60°C and 30s at 72 °C. The relative quantification of
mRNA levels was performed as described in detail in User Bulletin 2
(PerkinElmer, Applied Biosystems, Branchburg, NJ, 1997). Briefly, the
target gene amount was normalized to the endogenous reference Gapdh
and then related to a calibrator (sample with the lowest expression,
namely the controls) using the formula 2—DDCt. Hence, all data that
are expressed as an n-fold difference are related to the expression of
matched controls. Analyses were performed with the Applied
Biosystems® QuantStudio® 5 Real-Time PCR System (Applied
Biosystems, Foster City, CA).

2.4. Measurement of intracellular O+~ and NO

Fresh left ventricular cardiomyocytes from adult mice were en-
zymatically isolated as previously described [4]. For measurements of
NO and O,-~, cardiomyocytes were loaded with fluorescent dyes, 4-
amino-5 methylamino-2’,7’-difluorofluorescein (DAF-FM diacetate,
Molecular Probes) and dihydroethidium (DHE; Calbiochem), respec-
tively [16,17]. Briefly, cells were loaded with 10 uM of DAF or DHE for
30 min at 37 °C. Cells were next washed for 30 min in Tyrode's solution
to remove the excess of dye. Confocal images were obtained using ex-
citation/emission wavelengths according to the manufacturer's
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recommendation. Images were obtained using a Zeiss LSM 510META
confocal microscope located at Centro de Aquisicao e Processamento de
Imagens (UFMG). Mean values of the whole-cell fluorescence were
obtained using ImageJ software (NIH).

2.5. Measurement of superoxide dismutase activity

To evaluate superoxide dismutase (SOD) activity, the heart was
homogenized in phosphate-buffered saline (pH 7.4) and centrifuged at
12,000 rpm for 30 min. The supernatant, tetrazolium (1.25mM), and
pyrogallol (100 mL/L) were transferred to a microplate and shaken for
5 min. Subsequently, DMSO was added to the mixture, and absorbance
measured at 570 nm [18]. SOD activity was expressed as U/mg protein.

2.6. Western blot and immunoprecipitation

Western blots (WB) were performed as previously described, with
minor modifications [19]. Hearts were homogenized in ice-cold lysis
buffer enriched with protease and phosphatase inhibitors cocktail.
Protein content was quantified according to the Lowry assay. Protein
samples (40 pg) were denatured and separated using 7.5% sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto a nitrocellulose membrane. We used anti-gp91°"°¥,
anti-p67P1°%, anti-p47PP°%, anti-p22P"°*, anti-Cu/Zn SOD, anti-3-ni-
trotyrosine, anti-NCX, anti-SERCA2, and anti-GAPDH antibodies
(1:1000; Santa Cruz Biotechnology, CA, USA). The immunoprecipita-
tion (IP) was performed as previously described [7]. Briefly, 500 pg of
protein extracts were mixed with 10 pL of goat polyclonal anti-SERCA2
antibody (Santa Cruz Biotechnology, CA, USA), and then incubated at
4°C for 4h. Prewashed protein A/G magnetic beads (50 pL, Pure-
Proteome™ Magnetic Beads, Merck-Millipore, Germany), were added to
the samples, and further incubated for 1 h. For detecting the tyrosine
nitration (anti-3-nitrotyrosine antibody) on SERCA2, samples were se-
parated by SDS-PAGE (7.5%), as described above. Immunodetection,
WB and IP were carried out using enhanced chemiluminescence (Lu-
minata strong™ - Western HRP substrate, Merck-Millipore, Germany).
Digitalized images were analyzed by densitometry using ImageJ soft-
ware (NIH). Protein levels were expressed as ratios of optical densities.
GAPDH was used as a control for any variation in protein loading.

2.7. Statistical analysis

+

All data were expressed as mean = SEM. Statistical comparisons
were performed using GraphPad Prism 6 (San Diego, CA, USA).
Normality and equality of variance were tested by Shapiro-Wilk and
Levene test, respectively. Significant differences between groups were
determined using one-way ANOVA followed by Bonferroni's post hoc
test. Values of p < 0.05 were considered to be statistically significant.
Fluorescence and blots data were presented in arbitrary units.

3. Results
3.1. Impaired contractility in mice lacking B;- and By-kinin receptors

First, we confirmed the genotypes used in the present study. As
shown in Fig. 1A and B, we validated the absence cardiac expression of
B:R or B,R in B; ™/~ or B,™/~ mice, respectively. However, a trend
toward downregulation in B;R expression (p = 0.0521) was observed in
B,~/~ mice (Fig. 1A). In contrast, B,R expression was upregulated in
B, 7~ mice (Fig. 1B). We next evaluate whether B;- and B,-kinin re-
ceptors modulate cardiac function, we assessed the cardiac contractility
through Langendorff-perfused hearts. As shown in the Fig. 1C, the
systolic tension was significantly impaired in B; "/~ and B,/ hearts
compared with WT, whereas no significant changes were observed in
the diastolic tension (Fig. 1D) and heart rate (Fig. 1E). Interestingly, the
coronary perfusion pressure in By~ and B,/ hearts was
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Fig. 1. Impaired contractility in mice lacking B;- and B,-kinin receptors. mRNA expression of B;R (A) and B;R (B). ND, not detected. C, systolic tension; D, diastolic
tension; E, heart rate; F, coronary pressure. n = number of animals. *p < 0.05 and **p < 0.01 compared to WT mice.

significantly higher than WT hearts (Fig. 1F).

3.2. B;- and Ba-kinin receptors modules redox-nitroso balance in the heart

We then investigated whether B;- and B,-kinin receptors are in-
volved in the cellular synthesis of ROS. As shown in the Fig. 2A, B; ™/~
and B, ™/~ mice showed a marked upregulation of p22P"* expression
compared to WT, while other NADPH oxidase subunits remained un-
changed. Accordingly, isolated cardiomyocytes from B; /~ or B, ™/~
mice showed a significant increase in O,-~ levels (40% and 27%, re-
spectively) compared to WT (Fig. 2B). Furthermore, we found a sig-
nificant reduction of Cu/Zn SOD protein expression in B, 7~ and B,/
~ hearts compared to WT (Fig. 2C). In accordance, SOD activity was
also markedly reduced in B; ™/~ (80%) and B, /™ (70%) hearts com-
pared to WT (Fig. 2D).

Additionally, we demonstrated increased NO levels in cardiomyo-
cytes from B, 7~ and B, ~/~ mice (Fig. 3A). To determine whether the
augmented O,-~ and NO production lead to increased peroxynitrite
(ONOO ™) levels, we assayed the 3-nitrotyrosine levels, an end product
formed by NO and O,-~ reaction. Interestingly, hearts samples ob-
tained from B; ~/~ and B, /"~ mice showed higher total 3-nitrotyrosine
content in a wide range of molecular weight (from 10 kDa to 250 kDa)
than WT (Fig. 3B). Altogether, our results suggest that B;- and B,-kinin
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receptors play a critical role in the cardiac control of redox-nitroso
balance.

3.3. Genetic ablation of B;- or Bx-kinin receptors leads to changes in
proteins involved in cardiac contractility and participate in the tyrosine
nitration on SERCA2

To assess whether B;- and B,-kinin receptors regulate proteins re-
lated to the Ca®>* handling, we next evaluated whether mice lacking B;-
or B,-kinin receptors mediate changes in expression of NCX or SERCA2.
As shown in the Fig. 4A, hearts from B; /'~ and B, ™/~ mice presented
a significant upregulation in the NCX expression, associated with a
downregulation in SERCA2 levels compared to WT. To determine
whether kinin receptors mediate redox-nitroso post-translational mod-
ifications in proteins related to the cardiac contractility, we assessed
whether SERCA2 is a specific target of ONOO~ . We then im-
munoprecipitated SERCA2 protein using specific antibody and tyrosine
nitration assessed using an anti-3-nitrotyrosine antibody. Accordingly,
the levels of 3-nitrotyrosine in the structure of SERCA2 were markedly
higher in hearts from B; ™/~ and B,~/~ mice (3.5 and 2-fold respec-
tively) than WT (Fig. 4B).
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Fig. 2. B;- and By-kinin receptors module ROS gen-
eration through NADPH oxidase in the heart. A,
Representative western blots of NADPH oxidase
subunits (left) and quantitative analysis (right); B,
representative DHE images (top, scale bar = 10 um)
and quantitative analysis (bottom); C, representative
western blot of Cu/Zn SOD (top) and quantitative
analysis (bottom); D, SOD activity. n = number of
animals. *p < 0.05, **p < 0.01 and ***p < 0.001
compared to WT mice.
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4. Discussion

In the present study, we provide evidence that mice lacking B;- and
By-kinin receptors display a remarkable impairment of cardiac con-
tractility associated with downstream changes on SERCA2 through
redox-nitroso post-translational modifications. It has been consistently
demonstrated that oxidative stress modulates components related to the
excitation-contraction coupling in ventricular myocytes [10,13,20].
However, taking into account that exacerbated ROS generation plays a
pathological role in the heart, the mechanisms underlying the regula-
tion of ROS production through kinin receptors remained poorly un-
derstood until now.

Initially, we confirmed the genetic ablation of the target gene.
Indeed, previous studies showed a compensatory upregulation of the
remaining kinin receptor in animals with genetic deletion of either B1
or B2 kinin receptor [21-23]. However, we did not find an increase in
the expression of B;R in B, ™/~ mice, while B,R was upregulated in
B; "/~ mice. Although unexpected, we hypothesize that the difference
in the genetic background used in the present study might be a de-
termining factor in B,/ mice. Here, C57BL/6 J strain served as the
reference control of genetic background, while previous studies used
B6129SvF2 mice [22,23]. Then, we validated previous studies sup-
porting cardiac dysfunction in mice lacking B;- and B,-kinin receptors.
Recently, our group has demonstrated that B;- and B,-kinin receptors
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form complex heteromers with nNOS and eNOS in vascular cells [7].
Moreover, we showed that B; ™/~ and B,/ mice display vascular
endothelial dysfunction associated with oxidative stress and reduced
endothelium-dependent vasodilation through uncoupled nNOS activity
[7]. Thus, supporting the high coronary perfusion pressure in B, ™/~
and B, ™/~ mice.

The present study further showed that B;- or B,-kinin receptors
govern intracellular mechanisms that control redox homeostasis, here
identified by upregulation of the membrane-bound NADPH oxidase
p22P"°* subunit accompanied by increased O,-~ generation. A rea-
sonable explanation for the oxidative stress found in B, /'~ and B, ™/~
mice might be a possible unbalance between renin-angiotensin and
kallikrein-kinin systems, as previously described [24-26]. Indeed,
overactivation of the renin-angiotensin system is commonly associated
with a vast number of cardiovascular disorders through NADPH oxi-
dase-dependent mechanisms, such as cardiac hypertrophy and myo-
cardial fibrosis [27-29]. Interestingly, B, ~/~ mice do not show cardiac
hypertrophy [4,30,31]. Although previous studies have shown that
B, /"~ mice display cardiac hypertrophy [31-33], these findings have
not been consistently reported [30,34]. These discrepancies may be the
result of differences in the gender, age, genetic background or method
adopted to evaluate cardiac hypertrophy. Thus, great caution should be
taken when interpreting data from this genetic approach, since a large
number of off-target genes is profoundly affected by genetic ablation of

Fig. 3. B;- and B,-kinin receptors module redox-ni-
troso balance in the heart. A, Representative DAF
images (top, scale bar = 10 um) and quantitative
analysis (bottom); B, representative western blots of
3-nitrotyrosine (left) and quantitative analysis
(right). n = number of animals. *p < 0.05 and

2.0 **¥p < 0.001 compared to WT mice.
pEy
15 *
1.00 ——
0.5
0.0 n4 L K
WT B B

124



T.R.R. Mesquita, et al.

Life Sciences 228 (2019) 121-127

A B IP:SERCA2 Fig. 4. Genetic ablation of B;- or By-kinin receptors
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kinin receptors, including angiotensin-converting enzyme and angio-
tensin receptor type 1 [34-36].

We further demonstrated that enhanced NO levels in B; 7~ and
B, /"~ ventricular myocytes are associated with higher 3-nitrotyrosine
contents than in WT mice, which indicate an unbalance in redox-nitroso
status. Downstream, increased ONOO ™~ generation may lead to specific
post-translational modifications on a wide variety of proteins involved
in the Ca®" handling and cardiac contractility, such as Ca®>* ATPases
(including SERCA2), Na,1.5 and Ca,1.2 [13,37]. Along with enhanced
NADPH oxidase activity, the lower ROS scavenger property also con-
tributes to ventricular dysfunction due to abnormalities in nitrotyrosine
levels on proteins involved in the Ca®>* handling. Therefore, we hy-
pothesized that disruption of B;- and B,-kinin receptors might affect the
cardiac contractility through a redox-nitroso mechanism. Thus, this
oxidative environment could favor the appearance of cardiac patholo-
gies, in which abnormalities in the Ca®>* signaling and impaired cardiac
contractility are recurrent themes [11,38]. Moreover, it is known the
dual protective/deleterious role of NO [39,40], while its highly com-
partmentalized production within cardiomyocytes is related to opposite
effects on cardiomyocytes contractility [41,42]. However, whether
these micro-nanodomains are also disrupted in B; "/~ and B, /"
ventricular myocytes further studies are certainly needed.

Indeed, oxidative stress may alter gene expression related to sar-
coplasmic Ca?™ homeostasis, as shown in failing human hearts and
animal models of heart failure [13,43,44]. Here, the molecular re-
modeling in the protein expression of NCX and SERCA2 in hearts from
B, ~/~ and B,/ mice are strikingly similar as found in humans failing
hearts [45-47]. However, although the evidence that cardiomyocyte
exposed to a modest oxidative stress leads to activation of NCX by redox
modification at cysteine residues [10,48,49], to date, there is no study
demonstrating available tyrosine residues on NCX for nitration. On the
other hand, SERCA2 contains 18 tyrosine residues and can undergo
tyrosine nitration, of which only 2 are highly reactive and essential for
its activity [50-52]. Accordingly, our data revealed that disruption of
kinins receptors increases oxidative post-translational modifications,
leading to nitration of tyrosine residues on the SERCA2 structure. Ad-
ditionally, increased levels of SERCA2 nitration was previously reported
in patients with idiopathic dilated cardiomyopathy [53].

Interestingly, senescent hearts show marked oxidative stress ac-
companied by nitrotyrosine accumulation and decreased SERCA ac-
tivity [54,55]. Moreover, a previous study showed changes in the
abundance of kinin receptors during aging, presenting an increase in
the expression of B;-kinin receptor, whereas B,-kinin receptor was
significantly reduced in elderly rats [56]. Therefore, the interplay be-
tween kinin receptors expression and redox-nitroso balance during the
aging process emerge as potential mechanisms in the regulation of
cardiac dysfunction during the aging. In line with these findings, old
rats present augmented nitration at 294 and 295 tyrosine residues,
causing decreased Ca®* reuptake through inhibition of ATPase activity
[51,52,57]. Thus, these studies indicate that SERCA2 nitration at

tyrosine residues are sub-molecular targets of a redox-nitroso signaling
pathway in the heart.

A potential mechanism not explored here is the fact that both kinin
receptors are functionally coupled with an array of different key pro-
teins [7,58-61]. Therefore, disruption of these macromolecular protein-
protein interactions that are conformationally arranged to play a phy-
siological role might be involved in pathological phenotype shown in
B,/  and B,™/~

In summary, we provide mechanistic evidence that B;- and B,-kinin
receptors govern ROS generation and balance of redox-nitroso signaling
pathways. Ultimately, our results suggest that excessive tyrosine ni-
tration on SERCA2 structure might be involved in the impaired cardiac
dysfunction found in B; 7~ and B/~ mice.
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Conflict of interest statement
The authors report no conflict of interest.
Author contributions

TRRM participated in all steps of this study and drafted the manu-
script. RMS, ICGJ, GKMA, VAF, LMS, LSAC and AALG data curation.
SG, JBP, JLP, AJF, and SLS handled funding, conceived and designed
the research. All authors made critical revision of the manuscript.

Funding

This study was supported by Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq), Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Fundacdo de
Apoio a Pesquisa e a Inovacao Tecnolégica do Estado de Sergipe
(FAPITEC/SE), and Fundacao de Amparo a Pesquisa do Estado de Minas
Gerais (FAPEMIG).

References

[1] L.M.F. Leeb-Lundberg, F. Marceau, W. Miiller-Ester], D.J. Pettibone, B.L. Zuraw,
International Union of Pharmacology. XLV. Classification of the kinin receptor fa-
mily: from molecular mechanisms to pathophysiological consequences, Pharmacol.
Rev. 57 (2005) 27-77, https://doi.org/10.1124/pr.57.1.2.

J. Christopher, V. Velarde, A.A. Jaffa, Induction of B1l-kinin receptors in vascular
smooth muscle cells: cellular mechanisms of MAP kinase activation, Hypertension
38 (2001) 602-605, https://doi.org/10.1161/01.HYP.38.3.602.

D. Roman-Campos, H.L. Duarte, E.R. Gomes, C.H. Castro, S. Guatimosim,

A.J. Natali, A.P. Almeida, J.B. Pesquero, J.L. Pesquero, J.S. Cruz, Investigation of
the cardiomyocyte dysfunction in bradykinin type 2 receptor knockout mice, Life
Sci. 87 (2010) 715-723, https://doi.org/10.1016/j.1fs.2010.10.011.

S. Lauton-Santos, S. Guatimosim, C.H. Castro, F.A. Oliveira, A.P. Almeida,

M.F. Dias-Peixoto, M.A. Gomes, P. Pessoa, J.L. Pesquero, J.B. Pesquero, M. Bader,
J.S. Cruz, Kinin B1 receptor participates in the control of cardiac function in mice,
Life Sci. 81 (2007) 814-822, https://doi.org/10.1016/j.1fs.2007.06.033.

A. Duka, I. Duka, G. Gao, S. Shenouda, I. Gavras, H. Gavras, Role of bradykinin B1
and B2 receptors in normal blood pressure regulation, Am. J. Physiol. - Endocrinol.
Metab. 291 (2006) E268-E274, https://doi.org/10.1152/ajpendo.00382.2005.

[2

[3]

[4

[5]


https://doi.org/10.1124/pr.57.1.2
https://doi.org/10.1161/01.HYP.38.3.602
https://doi.org/10.1016/j.lfs.2010.10.011
https://doi.org/10.1016/j.lfs.2007.06.033
https://doi.org/10.1152/ajpendo.00382.2005

T.R.R. Mesquita, et al.

[6]

[71

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

O. Oldenburg, Q. Qin, T. Krieg, X.-M. Yang, S. Philipp, S.D. Critz, M.V. Cohen,
J.M. Downey, Bradykinin induces mitochondrial ROS generation via NO, cGMP,
PKG, and mitoKATP channel opening and leads to cardioprotection, Am. J. Physiol.
- Heart Circ. Physiol. 286 (2004) H468-H476, https://doi.org/10.1152/ajpheart.
00360.2003.

T.R.R. Mesquita, G.P. Campos-Mota, V.S. Lemos, J.S. Cruz, I.C.G. de Jesus,

E.A. Camargo, J.L. Pesquero, J.B. Pesquero, L.D.S.A. Capettini, S. Lauton-Santos,
Vascular kinin B1 and B2 receptors determine endothelial dysfunction through
neuronal nitric oxide synthase, Front. Physiol. 8 (2017) 228, , https://doi.org/10.
3389/fphys.2017.00228.

K. Bedard, K.-H. Krause, The NOX family of ROS-generating NADPH oxidases:
physiology and pathophysiology, Physiol. Rev. 87 (2007) 245-313, https://doi.org/
10.1152/physrev.00044.2005.

A.-M. Kubin, R. Skoumal, P. Tavi, A. Kényi, A. Perjés, H. Leskinen, H. Ruskoaho,
1. Szokodi, Role of reactive oxygen species in the regulation of cardiac contractility,
J. Mol. Cell. Cardiol. 50 (2011) 884-893, https://doi.org/10.1016/j.yjmcc.2011.
02.005.

G.M. Kuster, S. Lancel, J. Zhang, C. Communal, M.P. Trucillo, C.C. Lim, O. Pfister,
E.O. Weinberg, R.A. Cohen, R. Liao, D.A. Siwik, W.S. Colucci, Redox-mediated re-
ciprocal regulation of SERCA and Na+-Ca2+ exchanger contributes to sarco-
plasmic reticulum Ca2+ depletion in cardiac myocytes, Free Radic. Biol. Med. 48
(2010) 1182-1187, https://doi.org/10.1016/j.freeradbiomed.2010.01.038.

E. Bovo, S.L. Lipsius, A.V. Zima, Reactive oxygen species contribute to the devel-
opment of arrhythmogenic Ca2+ waves during B-adrenergic receptor stimulation
in rabbit cardiomyocytes, J. Physiol. 590 (2012) 3291-3304, https://doi.org/10.
1113/jphysiol.2012.230748.

D.B. Sawyer, D.A. Siwik, L. Xiao, D.R. Pimentel, K. Singh, W.S. Colucci, Role of
oxidative stress in myocardial hypertrophy and failure, J. Mol. Cell. Cardiol. 34
(2002) 379-388, https://doi.org/10.1006/jmcc.2002.1526.

A.V. Zima, L.A. Blatter, Redox regulation of cardiac calcium channels and trans-
porters, Cardiovasc. Res. 71 (2006) 310-321, https://doi.org/10.1016/j.cardiores.
2006.02.019.

J.B. Pesquero, R.C. Araujo, P.A. Heppenstall, C.L. Stucky, J.A. Silva, T. Walther,
S.M. Oliveira, J.L. Pesquero, A.C. Paiva, J.B. Calixto, G.R. Lewin, M. Bader,
Hypoalgesia and altered inflammatory responses in mice lacking kinin B1 receptors,
Proc. Natl. Acad. Sci. U. S. A. 97 (2000) 8140-8145, https://doi.org/10.1073/pnas.
120035997.

J.A. Borkowski, R.W. Ransom, G.R. Seabrook, M. Trumbauer, H. Chen, R.G. Hill,
C.D. Strader, J.F. Hess, Targeted disruption of a B2 bradykinin receptor gene in
mice eliminates bradykinin action in smooth muscle and neurons, J. Biol. Chem.
270 (1995) 13706-13710.

M.M. Mota, T.R.R. Mesquita, T.L.T. Braga da Silva, M.T. Fontes, S. Lauton Santos,
L. dos Santos Aggum Capettini, I.C. Guedes de Jesus, L.J. Quintans Jtnior, K. De
Angelis, R.B. Wichi, M.R.V. Santos, Endothelium adjustments to acute resistance
exercise are intensity-dependent in healthy animals, Life Sci. 142 (2015) 86-91,
https://doi.org/10.1016/j.1fs.2015.10.007.

F.N. Macedo, T.R.R. Mesquita, V.U. Melo, M.M. Mota, T.L.T.B. Silva, M.N. Santana,
L.R. Oliveira, R.V. Santos, R. Miguel Dos Santos, S. Lauton-Santos, M.R.V. Santos,
A.S. Barreto, V.J. Santana-Filho, Increased nitric oxide bioavailability and de-
creased sympathetic modulation are involved in vascular adjustments induced by
low-intensity resistance training, Front. Physiol. 7 (2016) 265, https://doi.org/10.
3389/fphys.2016.00265.

R.M. de Britto, J.A. da Silva-Neto, T.R.R. Mesquita, C.M.L. de Vasconcelos,
G.K.M. de Almeida, I.C.G. de Jesus, P.H.D. Santos, D.S. Souza, R. Miguel-Dos-
Santos, L.A. de Sa, F.S.M. Dos Santos, R.N. Pereira-Filho, R.L.C. Albuquerque-
Junior, L.J. Quintans-Junior, S. Guatimosim, S. Lauton-Santos, Myrtenol protects
against myocardial ischemia-reperfusion injury through antioxidant and anti-
apoptotic dependent mechanisms, Food Chem. Toxicol. 111 (2018) 557-566,
https://doi.org/10.1016/j.fct.2017.12.003.

T.R.R. Mesquita, I.C.G. de Jesus, J.F. Dos Santos, G.K.M. de Almeida, C.M.L. de
Vasconcelos, S. Guatimosim, F.N. Macedo, R.V. Dos Santos, J.E.R. de Menezes-
Filho, R. Miguel-Dos-Santos, P.T.D. Matos, S. Scalzo, V.J. Santana-Filho,

R.L.C. Albuquerque-Junior, R.N. Pereira-Filho, S. Lauton-Santos, Cardioprotective
action of Ginkgo biloba extract against sustained B-adrenergic stimulation occurs
via activation of M2/NO pathway, Front. Pharmacol. 8 (2017) 220, , https://doi.
org/10.3389/fphar.2017.00220.

H. Zhang, A.M. Gomez, X. Wang, Y. Yan, M. Zheng, H. Cheng, ROS regulation of
microdomain Ca2+ signalling at the dyads, Cardiovasc. Res. 98 (2013) 248-258,
https://doi.org/10.1093/cvr/cvt050.

D. Westermann, T. Walther, K. Savvatis, F. Escher, M. Sobirey, A. Riad, M. Bader,
H.-P. Schultheiss, C. Tschépe, Gene deletion of the kinin receptor B1 attenuates
cardiac inflammation and fibrosis during the development of experimental diabetic
cardiomyopathy, Diabetes 58 (2009) 1373-1381, https://doi.org/10.2337/db08-
0329.

1. Duka, E. Kintsurashvili, I. Gavras, C. Johns, M. Bresnahan, H. Gavras, Vasoactive
potential of the B(1) bradykinin receptor in normotension and hypertension, Circ.
Res. 88 (2001) 275-281.

J. Xu, O.A. Carretero, L. Zhu, E.G. Shesely, N.-E. Rhaleb, X. Dai, L. Wang, J.J. Yang,
X.-P. Yang, Protective role of AT(2) and B(1) receptors in kinin B(2)-receptor-
knockout mice with myocardial infarction, Clin. Sci. Lond. Engl. 124 (2013) (1979)
87-96, https://doi.org/10.1042/CS20120341.

P. Madeddu, M.V. Varoni, D. Palomba, C. Emanueli, M.P. Demontis, N. Glorioso,
P. Dessi-Fulgheri, R. Sarzani, V. Anania, Cardiovascular phenotype of a mouse
strain with disruption of bradykinin B2-receptor gene, Circulation 96 (1997)
3570-3578.

A.H. Schmaier, The plasma kallikrein-kinin system counterbalances the renin-

126

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Life Sciences 228 (2019) 121-127

angiotensin system, J. Clin. Invest. 109 (2002) 1007-1009, https://doi.org/10.
1172/JCI15490.

A.H. Schmaier, The kallikrein-kinin and the renin-angiotensin systems have a
multilayered interaction, Am. J. Physiol. Regul. Integr. Comp. Physiol. 285 (2003)
R1-13, https://doi.org/10.1152/ajpregu.00535.2002.

E.D. van Deel, Z. Lu, X. Xu, G. Zhu, X. Hu, T.D. Oury, R.J. Bache, D.J. Duncker,
Y. Chen, Extracellular superoxide dismutase protects the heart against oxidative
stress and hypertrophy after myocardial infarction, Free Radic. Biol. Med. 44 (2008)
1305-1313, https://doi.org/10.1016/j.freeradbiomed.2007.12.007.

S.D. Hingtgen, X. Tian, J. Yang, S.M. Dunlay, A.S. Peek, Y. Wu, R.V. Sharma,

J.F. Engelhardt, R.L. Davisson, Nox2-containing NADPH oxidase and Akt activation
play a key role in angiotensin II-induced cardiomyocyte hypertrophy, Physiol.
Genomics 26 (2006) 180-191, https://doi.org/10.1152/physiolgenomics.00029.
2005.

J.K. Bendall, A.C. Cave, C. Heymes, N. Gall, A.M. Shah, Pivotal role of a gp91phox-
containing NADPH oxidase in angiotensin II-induced cardiac hypertrophy in mice,
Circulation 105 (2002) 293-296, https://doi.org/10.1161/hc0302.103712.

C. Lagneux, M. Bader, J.B. Pesquero, P. Demenge, C. Ribuot, Detrimental implica-
tion of B1 receptors in myocardial ischemia: evidence from pharmacological
blockade and gene knockout mice, Int. Inmunopharmacol. 2 (2002) 815-822.

S. Delemasure, N. Blaes, C. Richard, R. Couture, M. Bader, P. Dutartre, J.-

P. Girolami, J.-L. Connat, L. Rochette, Antioxidant/oxidant status and cardiac
function in bradykinin B(1)- and B(2)-receptor null mice, Physiol. Res. 62 (2013)
511-517.

C. Emanueli, R. Maestri, D. Corradi, R. Marchione, A. Minasi, M.G. Tozzi, M.B. Salis,
S. Straino, M.C. Capogrossi, G. Olivetti, P. Madeddu, Dilated and failing cardio-
myopathy in bradykinin B2 receptor knockout mice, Circulation 100 (1999)
2359-2365, https://doi.org/10.1161/01.CIR.100.23.2359.

R. Maestri, A.F. Milia, M.B. Salis, G. Graiani, C. Lagrasta, M. Monica, D. Corradi,
C. Emanueli, P. Madeddu, Cardiac hypertrophy and microvascular deficit in kinin
B2 receptor knockout mice, Hypertens. Dallas Tex 1979 (41) (2003) 1151-1155,
https://doi.org/10.1161/01.HYP.0000064180.55222.DF.

F. Trabold, S. Pons, A.A. Hagege, M. Bloch-Faure, F. Alhenc-Gelas, J.-F. Giudicelli,
C. Richer-Giudicelli, P. Meneton, Cardiovascular phenotypes of kinin B2 receptor-
and tissue kallikrein-deficient mice, Hypertens. Dallas Tex 1979 (40) (2002) 90-95.
R.A. Sabatini, P.B. Guimaraes, L. Fernandes, F.C.G. Reis, P.A. Bersanetti, M.A. Mori,
A. Navarro, A.M. Hilzendeger, E.L. Santos, M.C.C. Andrade, J.R. Chagas,

J.L. Pesquero, D.E. Casarini, M. Bader, A.K. Carmona, J.B. Pesquero, ACE activity is
modulated by kinin B2 receptor, Hypertens. Dallas Tex 1979 (51) (2008) 689-695,
https://doi.org/10.1161/HYPERTENSIONAHA.107.091181.

Z. Shariat-Madar, F. Mahdi, M. Warnock, J.W. Homeister, S. Srikanth,

Y. Krijanovski, L.J. Murphey, A.A. Jaffa, A.H. Schmaier, Bradykinin B2 receptor
knockout mice are protected from thrombosis by increased nitric oxide and pros-
tacyclin, Blood 108 (2006) 192-199, https://doi.org/10.1182/blood-2006-01-
0094.

T. Adachi, R.M. Weisbrod, D.R. Pimentel, J. Ying, V.S. Sharov, C. Schoneich,

R.A. Cohen, S-Glutathiolation by peroxynitrite activates SERCA during arterial re-
laxation by nitric oxide, Nat. Med. 10 (2004) 1200-1207, https://doi.org/10.1038/
nm1119.

S. Lancel, F. Qin, S.L. Lennon, J. Zhang, X. Tong, M.J. Mazzini, Y.J. Kang,

D.A. Siwik, R.A. Cohen, W.S. Colucci, Short communication: oxidative post-
translational modifications mediate decreased SERCA activity and myocyte dys-
function in Gag-overexpressing mice, Circ. Res. 107 (2010) 228-232, https://doi.
org/10.1161/CIRCRESAHA.110.217570.

M.N.S. Santana, D.S. Souza, R. Miguel-dos-Santos, T.K. Rabelo, C.M.L. de
Vasconcelos, J.M. Navia-Pelaez, I1.C.G. de Jesus, J.A. da Silva-Neto, S. Lauton-
Santos, L. dos S.A. Capettini, S. Guatimosim, R.G. Rogers, M.R.V. dos Santos,

V.J. Santana-Filho, T.R.R. Mesquita, Resistance exercise mediates remote ischemic
preconditioning by limiting cardiac eNOS uncoupling, J. Mol. Cell. Cardiol. 125
(2018) 61-72, https://doi.org/10.1016/j.yjmcc.2018.10.016.

J.M. Cotton, M.T. Kearney, A.M. Shah, Nitric oxide and myocardial function in
heart failure: friend or foe? Heart Br. Card. Soc. 88 (2002) 564-566.

L.A. Barouch, R.W. Harrison, M.W. Skaf, G.O. Rosas, T.P. Cappola, Z.A. Kobeissi,
I.A. Hobai, C.A. Lemmon, A.L. Burnett, B. O'Rourke, E.R. Rodriguez, P.L. Huang,
J.A.C. Lima, D.E. Berkowitz, J.M. Hare, Nitric oxide regulates the heart by spatial
confinement of nitric oxide synthase isoforms, Nature. 416 (2002) 337-339,
https://doi.org/10.1038/416337a.

R. Carnicer, S. Suffredini, X. Liu, S. Reilly, J.N. Simon, N.C. Surdo, Y.H. Zhang,
C.A. Lygate, K.M. Channon, B. Casadei, The subcellular localisation of neuronal
nitric oxide synthase determines the downstream effects of NO on myocardial
function, Cardiovasc. Res. (2017), https://doi.org/10.1093/cvr/cvx002.

C. Maack, T. Kartes, H. Kilter, H.-J. Schéfers, G. Nickenig, M. Béhm, U. Laufs,
Oxygen free radical release in human failing myocardium is associated with in-
creased activity of rac1-GTPase and represents a target for statin treatment,
Circulation 108 (2003) 1567-1574, https://doi.org/10.1161/01.CIR.0000091084.
46500.BB.

D. Terentyev, 1. Gyorke, A.E. Belevych, R. Terentyeva, A. Sridhar, Y. Nishijima,
E.C. de Blanco, S. Khanna, C.K. Sen, A.J. Cardounel, C.A. Carnes, S. Gyorke, Redox
modification of ryanodine receptors contributes to sarcoplasmic reticulum Ca2 +
leak in chronic heart failure, Circ. Res. 103 (2008) 1466-1472, https://doi.org/10.
1161/CIRCRESAHA.108.184457.

R. Studer, H. Reinecke, J. Bilger, T. Eschenhagen, M. Bohm, G. Hasenfuss, H. Just,
J. Holtz, H. Drexler, Gene expression of the cardiac Na(+)-Ca2+ exchanger in end-
stage human heart failure, Circ. Res. 75 (1994) 443-453.

M. Flesch, R.H. Schwinger, F. Schiffer, K. Frank, M. Siidkamp, F. Kuhn-Regnier,
G. Arnold, M. Bohm, Evidence for functional relevance of an enhanced expression of


https://doi.org/10.1152/ajpheart.00360.2003
https://doi.org/10.1152/ajpheart.00360.2003
https://doi.org/10.3389/fphys.2017.00228
https://doi.org/10.3389/fphys.2017.00228
https://doi.org/10.1152/physrev.00044.2005
https://doi.org/10.1152/physrev.00044.2005
https://doi.org/10.1016/j.yjmcc.2011.02.005
https://doi.org/10.1016/j.yjmcc.2011.02.005
https://doi.org/10.1016/j.freeradbiomed.2010.01.038
https://doi.org/10.1113/jphysiol.2012.230748
https://doi.org/10.1113/jphysiol.2012.230748
https://doi.org/10.1006/jmcc.2002.1526
https://doi.org/10.1016/j.cardiores.2006.02.019
https://doi.org/10.1016/j.cardiores.2006.02.019
https://doi.org/10.1073/pnas.120035997
https://doi.org/10.1073/pnas.120035997
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0075
https://doi.org/10.1016/j.lfs.2015.10.007
https://doi.org/10.3389/fphys.2016.00265
https://doi.org/10.3389/fphys.2016.00265
https://doi.org/10.1016/j.fct.2017.12.003
https://doi.org/10.3389/fphar.2017.00220
https://doi.org/10.3389/fphar.2017.00220
https://doi.org/10.1093/cvr/cvt050
https://doi.org/10.2337/db08-0329
https://doi.org/10.2337/db08-0329
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0110
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0110
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0110
https://doi.org/10.1042/CS20120341
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0120
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0120
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0120
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0120
https://doi.org/10.1172/JCI15490
https://doi.org/10.1172/JCI15490
https://doi.org/10.1152/ajpregu.00535.2002
https://doi.org/10.1016/j.freeradbiomed.2007.12.007
https://doi.org/10.1152/physiolgenomics.00029.2005
https://doi.org/10.1152/physiolgenomics.00029.2005
https://doi.org/10.1161/hc0302.103712
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0155
https://doi.org/10.1161/01.CIR.100.23.2359
https://doi.org/10.1161/01.HYP.0000064180.55222.DF
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0170
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0170
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0170
https://doi.org/10.1161/HYPERTENSIONAHA.107.091181
https://doi.org/10.1182/blood-2006-01-0094
https://doi.org/10.1182/blood-2006-01-0094
https://doi.org/10.1038/nm1119
https://doi.org/10.1038/nm1119
https://doi.org/10.1161/CIRCRESAHA.110.217570
https://doi.org/10.1161/CIRCRESAHA.110.217570
https://doi.org/10.1016/j.yjmcc.2018.10.016
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0200
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0200
https://doi.org/10.1038/416337a
https://doi.org/10.1093/cvr/cvx002
https://doi.org/10.1161/01.CIR.0000091084.46500.BB
https://doi.org/10.1161/01.CIR.0000091084.46500.BB
https://doi.org/10.1161/CIRCRESAHA.108.184457
https://doi.org/10.1161/CIRCRESAHA.108.184457
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0230

T.R.R. Mesquita, et al.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

the Na(+)-Ca2+ exchanger in failing human myocardium, Circulation 94 (1996)
992-1002.

R. Dash, K.F. Frank, A.N. Carr, C.S. Moravec, E.G. Kranias, Gender influences on
sarcoplasmic reticulum Ca2 +-handling in failing human myocardium, J. Mol. Cell.
Cardiol. 33 (2001) 1345-1353, https://doi.org/10.1006/jmcc.2001.1394.

C.R. Weber, V. Piacentino, S.R. Houser, D.M. Bers, Dynamic regulation of sodium/
calcium exchange function in human heart failure, Circulation 108 (2003)
2224-2229, https://doi.org/10.1161/01.CIR.0000095274.72486.94.

A. Baartscheer, C.A. Schumacher, C.N.W. Belterman, R. Coronel, J.W.T. Fiolet, [Na
+]i and the driving force of the Na+ /Ca2 +-exchanger in heart failure, Cardiovasc.
Res. 57 (2003) 986-995, https://doi.org/10.1016/50008-6363(02)00848-9.

R.I Viner, A.F. Hithmer, D.J. Bigelow, C. Schoneich, The oxidative inactivation of
sarcoplasmic reticulum Ca(2+)-ATPase by peroxynitrite, Free Radic. Res. 24
(1996) 243-259.

R.L. Viner, D.A. Ferrington, T.D. Williams, D.J. Bigelow, C. Schoneich, Protein
modification during biological aging: selective tyrosine nitration of the SERCA2a
isoform of the sarcoplasmic reticulum Ca2 +-ATPase in skeletal muscle, Biochem. J.
340 (1999) 657-669.

K.Y. Xu, J.L. Zweier, L.C. Becker, Hydroxyl radical inhibits sarcoplasmic reticulum
Ca2 +-ATPase function by direct attack on the ATP binding site, Circ. Res. 80
(1997) 76-81, https://doi.org/10.1161/01.RES.80.1.76.

A.J. Lokuta, N.A. Maertz, S.V. Meethal, K.T. Potter, T.J. Kamp, H.H. Valdivia,
R.A. Haworth, Increased nitration of sarcoplasmic reticulum Ca2+-ATPase in
human heart failure, Circulation 111 (2005) 988-995, https://doi.org/10.1161/01.
CIR.0000156461.81529.D7.

M.M. Thomas, C. Vigna, A.C. Betik, A.R. Tupling, R.T. Hepple, Cardiac calcium
pump inactivation and nitrosylation in senescent rat myocardium are not atte-
nuated by long-term treadmill training, Exp. Gerontol. 46 (2011) 803-810, https://

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Life Sciences 228 (2019) 121-127

doi.org/10.1016/j.exger.2011.06.005.

S. Judge, Y.M. Jang, A. Smith, C. Selman, T. Phillips, J.R. Speakman, T. Hagen,
C. Leeuwenburgh, Exercise by lifelong voluntary wheel running reduces sub-
sarcolemmal and interfibrillar mitochondrial hydrogen peroxide production in the
heart, Am. J. Physiol. - Regul. Integr. Comp. Physiol. 289 (2005) R1564-R1572,
https://doi.org/10.1152/ajpregu.00396.2005.

E. Kintsurashvili, A. Duka, I. Ignjacev, G. Pattakos, I. Gavras, H. Gavras, Age-related
changes of bradykinin Bl and B2 receptors in rat heart, Am. J. Physiol. - Heart Circ.
Physiol. 289 (2005) H202-H205, https://doi.org/10.1152/ajpheart.01287.2004.
T.V. Knyushko, V.S. Sharov, T.D. Williams, C. Schoneich, D.J. Bigelow, 3-
Nitrotyrosine modification of SERCA2a in the aging heart: a distinct signature of the
cellular redox environmentf, Biochemistry (Mosc) 44 (2005) 13071-13081,
https://doi.org/10.1021/bi051226n.

R. Golser, A.C. Gorren, A. Leber, P. Andrew, H.J. Habisch, E.R. Werner, K. Schmidt,
R.C. Venema, B. Mayer, Interaction of endothelial and neuronal nitric-oxide syn-
thases with the bradykinin B2 receptor. Binding of an inhibitory peptide to the
oxygenase domain blocks uncoupled NADPH oxidation, J. Biol. Chem. 275 (2000)
5291-5296.

S. AbdAlla, H. Lother, U. Quitterer, AT1-receptor heterodimers show enhanced G-
protein activation and altered receptor sequestration, Nature 407 (2000) 94-98,
https://doi.org/10.1038/35024095.

S. AbdAlla, H. Lother, A. el Massiery, U. Quitterer, Increased AT(1) receptor het-
erodimers in preeclampsia mediate enhanced angiotensin II responsiveness, Nat.
Med. 7 (2001) 1003-1009, https://doi.org/10.1038/nm0901-1003.

B.D. Cerrato, O.A. Carretero, B. Janic, H.E. Grecco, M.M. Gironacci,
Heteromerization between the bradykinin B2 receptor and the angiotensin-(1-7)
mas receptor: functional consequences, Hypertens. Dallas Tex 1979 (68) (2016)
1039-1048, https://doi.org/10.1161/HYPERTENSIONAHA.116.07874.


http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0230
https://doi.org/10.1006/jmcc.2001.1394
https://doi.org/10.1161/01.CIR.0000095274.72486.94
https://doi.org/10.1016/S0008-6363(02)00848-9
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0250
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0250
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0250
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0255
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0255
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0255
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0255
https://doi.org/10.1161/01.RES.80.1.76
https://doi.org/10.1161/01.CIR.0000156461.81529.D7
https://doi.org/10.1161/01.CIR.0000156461.81529.D7
https://doi.org/10.1016/j.exger.2011.06.005
https://doi.org/10.1016/j.exger.2011.06.005
https://doi.org/10.1152/ajpregu.00396.2005
https://doi.org/10.1152/ajpheart.01287.2004
https://doi.org/10.1021/bi051226n
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0290
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0290
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0290
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0290
http://refhub.elsevier.com/S0024-3205(19)30330-3/rf0290
https://doi.org/10.1038/35024095
https://doi.org/10.1038/nm0901-1003
https://doi.org/10.1161/HYPERTENSIONAHA.116.07874

	Ablation of B1- and B2-kinin receptors causes cardiac dysfunction through redox-nitroso unbalance
	Introduction
	Materials and methods
	Animals
	Isolated heart preparation
	Quantitative RT-PCR
	Measurement of intracellular O2?− and NO
	Measurement of superoxide dismutase activity
	Western blot and immunoprecipitation
	Statistical analysis

	Results
	Impaired contractility in mice lacking B1- and B2-kinin receptors
	B1- and B2-kinin receptors modules redox-nitroso balance in the heart
	Genetic ablation of B1- or B2-kinin receptors leads to changes in proteins involved in cardiac contractility and participate in the tyrosine nitration on SERCA2

	Discussion
	Conflict of interest statement
	Author contributions
	Funding
	References




