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The term biomarker encompasses various biological indicators that objectively reflect a patient's medical status with & < & = <
precision and reproducibility. These indicators range from basic measurements like pulse and blood pressure to more 3 & i a&m
intricate laboratory tests. Cardiac markers are crucial for accurate and prompt diagnosis of heart diseases in animals. ¢, » S & =
Given the challenge of diagnosing cardiac diseases in small animals due to nonspecific clinical signs, cardiac < Lé NG >
markers provide quantitative indicators of biological processes. These markers include cardiac troponins for S & z Y
myocardial injury, natriuretic peptides for myocardial function, lipoproteins for serum homeostasis, and markers for g > JB -
inflammation of the cardiovascular system. Among natriuretic peptides, atrial natriuretic peptide (ANP) has emerged AR AN (|_7
as a significant tool in diagnosing and monitoring cardiac diseases. ANP, primarily synthesized in cardiac atria, 2 m
regulates salt and fluid excretion, counteracts vasoconstriction, and inhibits the renin-angiotensin-aldosterone §

system, contributing to the maintenance of cardiovascular homeostasis. Additionally, it functions as a biomarker for
ventricular hypertrophy and congestive heart failure (CHF) in animals. Furthermore, it protects against hypertension
and cardiac remodeling by demonstrating antagonism to the same system. This review addresses the definition of
biomarkers within the context of molecular biology, elucidates their multifaceted functions in the animal organism
in light of integrative physiology, and explores the pathologies correlated with ANP, with an emphasis on its
etiopathogenesis and clinical manifestations.
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INTRODUCTION

According to Barbosa (2022), biomarkers play a crucial role in both the diagnosis and the prognosis of animal
pathologies, providing a valuable tool for the clinical evaluation of these conditions. In 1998, the Biomarkers Definitions
Working Group of the National Institutes of Health established the definition of a biomarker as "a characteristic that is
objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention™ (Strimbu and Tavel, 2010).

Cardiac markers are used to enhance the accuracy and speed of diagnosing heart disease in animals, thereby
allowing for early prognosis and therapeutic interventions (Yonezawa et al., 2010). These cardiac markers are
quantifiable indices of biological processes executed by a specific organ or system, as noted by Oyama (2015). In the
medical field, cardiac markers are categorized into four groups, each associated with distinct clinical conditions. The first
category relates to myocardial injury or necrosis, typically indicated by cardiac troponins. The second category pertains
to myocardial function represented by natriuretic peptides. The third involves serum lipoprotein homeostasis including
high-density lipoprotein (HDL) and low-density lipoprotein (LDL). The fourth category, concerns the inflammation of
the cardiovascular system (Yonezawa, 2010). In the contemporary scientific landscape, natriuretic peptides (NPs) have
been recognized as pivotal instruments in the diagnostic evaluation and therapeutic monitoring of cardiac pathologies.
Empirical evidence indicates that the quantification of N-terminal pro-brain natriuretic peptide (NT-proBNP) in the
serum and plasma of canine and feline species serves as the sole biomarker facilitating the identification and monitoring
of congestive phenomena as well as indirectly, assessing myocardial function in small animals (Lima and Ferreira,
2017). ANP has demonstrated clinical utility in various scenarios. For instance, in patients with heart failure, ANP levels
are often elevated as a compensatory mechanism to counterbalance volume overload and increased cardiac workload
(Felker et al., 2017). ANP also shows promise in managing acute kidney injury due to its ability to dilate renal
vasculature and increase renal blood flow, underscoring the importance of biomarkers in identifying subclinical acute
kidney injury before the onset of renal failure (Pinto, 2023). These examples highlight the clinical relevance and
potential therapeutic applications of natriuretic peptides in various medical conditions (Felker et al., 2017).
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When evaluating patients with comorbidities in veterinary medicine using cardiac markers, it is crucial to consider
species differences, the impact of concurrent medical conditions, and the complexity of interpreting results to ensures an
accurate and comprehensive assessment of the animal's cardiac health. Baseline values for cardiac markers can vary
among animal species, implying that normal reference ranges can vary between them (Mendes et al., 2019). The
presence of comorbidities, such as renal, hepatic, or endocrine diseases, can alter cardiac marker levels, resulting in
falsely elevated or reduced values, such as kidney failure, which can affect BNP levels in dogs and cats (Mendes et al.,
2019) and heart failure, in which the evaluation of plasma levels of ANP and its molecular precursors has proven
fundamental for diagnosis in small animals (Freire et al., 2024).

In this context, the present review aims to address cardiac markers by analyzing cardiovascular physiology, with a
particular focus on atrial natriuretic peptide (ANP). It explores ANP's functions in canine and feline organisms, its non-
physiological behavior, and its applications in veterinary medicine.

METHODOLOGY

This study was conducted through a bibliographic review, with emphasis on literature available on the internet relevant
to ANP. A total of 78 academic articles were examined using databases such as Scopus, Web of Science, Google
Scholar, SciELO, PubMed, and journals provided by CAPES. The inclusion criteria for articles in the review were the
presence of specific keywords, the origin of the research sources, and the analysis of the titles and summaries of the
articles. On the other hand, the exclusion criteria were the irrelevance of the content to the topic of the study, the type of
publication, and the date of publication. The strategies for finding appropriate articles included the identification of
keywords related to ANP (Biomarker, Canine, Feline, Heart physiology), applying publication date and type filters,
analyzing titles and abstracts, and cross-referencing. The research was carried out systematically and comprehensively to
ensure the consideration of all the relevant literature.

BIOMARKER OF MYOCARDIAL FUNCTION: NATRIURETIC PEPTIDE

Natriuretic peptides have been studied for several decades to understand their role in various physiologically important
processes (Rao et al., 2021). Initially, they were recognized for regulating salt excretion and blood pressure volume
(Maack, 2006). Atrial Natriuretic Peptide is a peptide consisting of 28 amino acids with a cysteine-cysteine disulfide
bridge (Volpe, 2014). Primarily found in the cardiac atria and stored in secretory granules, ANP is a significant marker
of ventricular hypertrophy and congestive heart failure (Maack, 2006). This peptide, the most important among
circulating natriuretic peptides, plays a crucial role in the regulation of renal function and plasma volume under normal
conditions (Maack, 2006; Richards, 2007). The secretion of ANP is directly stimulated by atrial stretch or pressure, as
occurs during volume expansion and hypertension (Richards, 2007). In the wvasculature, ANP counteracts
vasoconstriction, and in systemic capillaries, it increases permeability, facilitating fluid transfer from the intravascular
compartment to the interstitial space, a phenomenon known as the “third spacing effect” (Sisson, 2004). Additionally,
ANP inhibits the renin-angiotensin-aldosterone system, neutralizes sympathetic effects, and interferes with the synthesis
and effects of other hormones or paracrine/autocrine substances that regulate blood pressure and volume, such as
endothelin and vasopressin (Gonsalez et al., 2018). This combined action of ANP aims to maintain blood pressure and
blood volume within normal physiological ranges, contributing to cardiovascular homeostasis (Gonzalez et al., 2018).
Atrial natriuretic peptide and its N-terminal pro-ANP cleavage product (Figure 1) were the first natriuretic peptides
to be studied (Srisawasdi et al., 2010). ANP is one of the primary natriuretic hormones produced and secreted by the
cardiac muscle in response to stress or stretching of cardiomyocytes caused by volume overload, hypoxia, and
myocardial hypertrophy (Oyama, 2015; Ruaux et al., 2015; Alkhawan et al., 2016; Pelander et al., 2017). It is worth
noting that all natriuretic peptides (NPs) are synthesized as pre-pro-hormones (Samad et al., 2023) with long peptide
sequences called proANP and proBNP, and stored in granules attached to the membranes of atrial and ventricular tissues,
respectively (Del Ry et al., 2014; Cahill et al., 2015; Harris et al., 2017). The physiological effects of the active fractions
of natriuretic peptides stimulate, through the ANP receptor, diuresis and natriuresis, increasing the glomerular filtration
rate and inhibiting the tubular transport of sodium through the renal collecting duct. These receptors are present in the
lungs, heart, kidneys, adrenal glands, blood vessels, and the central nervous system (Cahill et al., 2015; Hezzel et al.,
2015; Harris et al., 2017). Various factors can affect ANP concentrations in dogs and cats. Among these, the age of the
animal is an important factor, as changes in cardiac function with aging can lead to an increase in ANP levels.
Additionally, the breed of the animal can influence plasma ANP levels. Furthermore, concomitant diseases, such as
cardiac lesions and renal insufficiency, can also affect ANP levels (Cruz et al., 2017). There are several testing
techniques for the measurement of ANP, including immunoassays such as the enzyme-linked immunosorbent assay
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(ELISA) and the radioimmunoassay (RIA). ELISA is frequently used for its high sensitivity and specificity, while RIA,
although also highly sensitive, involves the use of radioisotopes (Hezzell et al., 2015).
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Figure 1. Atrial natriuretic peptide cleavage. (Source: Potter et al., 2009).

Figure 1 illustrates the structure of the pre-prohormone for ANP on the left. The final amino acid sequence and the
structure of the mature peptide, along with the main degradation product, are shown on the right, with the cleavage site
indicated by scissors. Initially, the ANP gene, located on chromosome 1 in humans, produces a 151-amino acid hormone
known as pre-pro-ANP. Then, 25 amino acids are removed from the signal sequence, converting the chain into pro-ANP,
which is transported to the Golgi complex. Before secretion, pro-ANP is cleaved again, possibly by membrane proteins,
resulting in a functional chain of ANP with 28 amino acids (Potter et al., 2009).

Pro-atrial natriuretic peptide (proANP) is primarily produced by atrial myocytes and, to a lesser extent, by
ventricular myocytes (Potter et al., 2009). When the myocardium is subjected to stress or stretch, (such as in response to
volume overload, the production of proANP increases, especially in ventricular myocytes (Mahendram et al., 2022).
Atrial wall distension or pressure stimulates the release of ANP, which acts as a protective mechanism of the body
against cardiovascular volume overload and helps regulate the renal function (Del Ry et al., 2014; Kanno et al., 2016).
ANP is valuable for assessing cardiac function, particularly in volume overload situations (Rao et al., 2021). However,
its sensitivity and specificity can be influenced by factors such as age, sex, heart rhythm, and renal function. Concurrent
diseases like heart failure, renal disease, or hypertension can also affect ANP levels (Kanno et al., 2016; Mahendran et
al., 2022). Monitoring variations in ANP levels over time and comparing them to species-specific reference ranges can
aid in evaluating cardiovascular health and making therapeutic decisions in dogs and cats (Kanno et al., 2016). Cardiac
troponins (Tnl and TnT) are highly sensitive and specific for myocardial infarction although their levels can increase in
various conditions such as heart failure, pulmonary embolism, septicemia, and renal failure (Mahendran et al., 2022).
Brain natriuretic peptide (BNP) is another biomarker, particularly sensitive and specific for heart failure. Additionally, it
is useful in distinguishing between cardiac and pulmonary dyspnea (Barbosa, 2022). Each of these three biomarkers has
its distinctive advantages in clinical practice: Whereas BNP assesses volume overload, cardiac troponins detect
myocardial muscle damage, and BNP evaluates heart failure and distinguishes dyspnea. Clearly, the choice of a
biomarker depends on the specific clinical conditions of the patient (Hori et al., 2020).

ANTAGONISM OF ATRIAL NATRIURETIC PEPTIDE HORMONE TO THE RENIN-ANGIOTENSIN-
ALDOSTERONE SYSTEM

ANP plays a crucial role in regulating blood pressure, exerting an antagonistic relationship with the renin-angiotensin-
aldosterone system (RAAS) (Aradjo and Ramos, 2022). The RAAS comprises interrelated elements including renin, an
enzymatically active hormone, angiotensin peptides with various activities, aldosterone, and a mineralocorticoid
(Martyniak and Tomasik, 2022). ANP, circulating through the system, increases natriuresis and diuresis, acting
specifically on renal tubules (Aradjo and Ramos, 2022). Currently, this hormone is recognized as a potent suppressor of
the RAAS (Maack, 2006). Juxtaglomerular cells are responsible for renin production, a key component of the RAAS,
which functions to promote salt reabsorption and elevate blood pressure (Rao et al., 2021). Maack (2006) underscores
the role of ANP as a physiological equilibrium to salt-retention mechanisms that developed as mammals made the
transition from aquatic to terrestrial habitats. ANP secretion adds endocrine characteristics to the heart, obtained by
cardiomyocytes, especially in response to atrial volume distension, resulting in atrial cavity expansion and subsequent
release of ANP into the systemic circulation (Aradjo et al., 2021). Furthermore, it has been observed that ANP presents
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relevant antagonism to the RAAS, which can attenuate the physiological mechanism triggered by the release of renin in
the kidneys. This release triggers a series of reactions to control blood pressure (Atlas et al., 1986). Additionally, ANP
acts as a hypotensive agent, counteracting the effects of angiotensin Il and aldosterone, which lead to the increase in
systemic blood pressure (Atlas et al., 1986; Atlas and Maack, 1992; Maack, 1996). The stimulating role of angiotensin Il
in aldosterone release by the adrenal glands is notable, as it increases sodium and water reabsorption, thereby elevating
blood pressure and restoring homeostasis (de Oliveira et al., 2019). In molecular terms, ANP inhibits the activity of
juxtaglomerular cells in the kidneys responsible for producing renin, an enzyme that catalyzes the conversion of
angiotensinogen to angiotensin I (Schettini et al., 2022). Thus, by inhibiting renin release, ANP reduces the production
of angiotensin I, which is further converted into angiotensin Il by the angiotensin-converting enzyme (ACE), stimulating
aldosterone release (Simdes et al., 2006). Moereover, aldosterone promotes sodium and water reabsorption in the
kidneys and increases blood volume and blood pressure (Wagner, 2014). ANP inhibits aldosterone release and reduces
sodium and water reabsorption, leading to decreased blood volume and blood pressure (Freire et al., 2024). These
molecular mechanisms enable ANP to regulate blood pressure and fluid balance in the body, counteracting the effects of
the RAAS (Bekele, 2023). From a pharmacological standpoint, the use of mineralocorticoid receptor antagonists
(MRAS) is a pharmacological intervention that modulates the activity of the RAAS in managing cardiac diseases in
animals (Spencer et al., 2020). Spironolactone is the only MRA licensed for veterinary use which is utilized in the
treatment of congestive heart failure caused by valvular regurgitation in dogs. Additionally, the combination of
spironolactone with benazepril is a therapeutic option for this condition.

CARDIORENAL SYNDROME AND ITS RELATIONSHIP WITH ATRIAL NATRIURETIC PEPTIDE

The cardiorenal syndrome (CRS) in humans is described as ‘conditions involving the heart and kidneys where
dysfunction, whether acute or chronic, in one of these organs can cause corresponding acute or chronic dysfunction in
the other’ (Gavazza et al., 2020). This interaction between the two systems involves various mechanisms related to
volume regulation and dysfunction (Pouchelon et al., 2015; Athwani et al., 2017; Smyth et al., 2017). Martinelli et al.
(2016) highlighted that there are currently no specific biomarkers for cardiorenal syndrome. Assessment of renal
function or damage is always performed for the renal part, while atrial natriuretic peptide and troponin | are used for the
cardiac component (Martinelli et al., 2016).

ARTERIAL HYPERTENSION

Systemic arterial hypertension (SAH) is a pathological condition of significant relevance in the clinical management of
dogs and cats, given that this condition is defined by the continuous increase in systolic or diastolic blood pressure,
which can result in harmful effects, primarily affecting the kidneys, heart, eyes, and the central nervous system
(Pellegrino et al., 2010). According to Ware (2006), conditions associated with SAH may include renal diseases, cardiac
diseases, hyperadrenocorticism, and hyperthyroidism. Blood pressure (BP) is determined by cardiac output and
peripheral vascular resistance; therefore, an increase in cardiac output, peripheral vascular resistance, or both will bring
about elevated levels of BP (Athavale and Lewis, 2009).

Blood pressure is controlled by nervous, endocrine, cardiovascular, and renal mechanisms. Thus, conditions that
impact these mechanisms can lead to changes in blood pressure, such as hypotension and hypertension (Nogueira and
Poggiani, 2013). Hall (2011) and Nogueira and Poggiani (2013) described the function of ANP as inhibiting sodium
reabsorption, promoting glomerular hyperfiltration, and halting renin release, acting on renal arterioles, venules, and
tubular epithelium. Natriuretic peptides, particularly ANP and BNP, have emerged as effective biomarkers for left
ventricular dysfunction and are increasingly utilized as biomarkers in pulmonary arterial hypertension (PAH) and right
ventricular (RV) dysfunction (Nogueira and Poggiani, 2013). Notably, ANP and BNP are upregulated in response to
hypoxia and exert cardioprotective effects (McMahon and Bryan, 2017). In recent years, the recognition of the
importance of systemic hypertension in dogs and cats has led to fundamental changes in understanding the
pathophysiology and management of various diseases, including chronic kidney disease and arterial hypertension
(Brown et al., 2022).

In humans, pulmonary hypertension has been associated with increased levels of cardiac troponin and ANP (Rolph
& Cavanaugh, 2022). While studies have evaluated cardiac biomarkers in dogs with pulmonary hypertension, reports on
cats with this condition are, thus far, limited (da Silva et al., 2012; Rolph and Cavanaugh, 2022). Although cardiac
biomarkers have been rigorously assessed for their use in heart pathologies, many are influenced by various respiratory
or systemic diseases (Smith et al., 2015). Several cardiac biomarkers show elevated levels in cases of pulmonary
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hypertension (PH). However, distinguishing between congestive heart failure (CHF), PH, or a combination of both is
challenging when relying solely on biomarkers (Smith et al., 2015).

CHRONIC KIDNEY DISEASE

Chronic Kidney Disease (CKD) is a metabolic disease characterized by progressive and irreversible loss of renal
function due to a decrease in the number of functional nephrons (Tavares, 2021). According to De Nicola et al. (1997),
high concentrations of ANP are observed in patients with CKD, a condition characterized by irreversible kidney lesions
that progress over months to years. Although more common in elderly dogs, CKD can occur at any age (McGrotty,
2008; Polzin, 2011; Bartges, 2012). As nephrons are lost, there is a decrease in the glomerular filtration rate (GFR),
resulting in azotemia due to increased concentration of nitrogenous compounds in the blood. Additionally, substances
that are typically reabsorbed by the renal tubules, such as proteins, may be excreted, leading to proteinuria. Therefore,
ANP is recognized as a biomarker of renal injury (Polzin, 2011; Bartges, 2012).

Cruz et al. (2017) reported elevated levels of natriuretic peptides in hypertensive cats with CKD, indicating that the
release of ANP by cardiomyocytes may increase in response to arterial hypertension, myocardial hypoxia, and ischemia.
CKD is a frequently diagnosed condition in dogs and cats. Studies suggest that its prevalence ranges from 0.5% to 7% in
dogs and from 1.6% to 20% in cats (Lund et al., 1999; Polzin, 2011). These statistics highlight CKD as one of the most
common pathologies in feline species (Polzin, 2011). The disease, which can arise from various causes, is characterized
by progressive and irreversible loss of renal function, leading to a range of health complications in affected animals
(Lund et al., 1999; Polzin, 2011). Although there is no breed or age predilection (Polzin, 2011), it is known that
morbidity and mortality are more prevalent in older dogs and cats (Polzin, 2011).

In CKD, there is often an observed increase in plasma levels of natriuretic peptides (Suda et al., 1988). Although
CKD is commonly associated with changes in cardiac hemodynamics, the mechanisms underlying the rise in plasma
concentration of natriuretic peptides in patients with renal dysfunction remain undetermined (Tsutamoto et al., 2006).
According to Polzin (2011) and Courand and Lantelme (2014), several studies have established that CKD is a leading
cause of death in dogs.

CONGESTIVE HEART FAILURE

Congestive heart failure (CHF) occurs when the heart is no longer able to supply the necessary amount of blood to the
body (Queiroz et al., 2022). Changes in cardiac muscle or valves result in a chronic decrease in cardiac output and
activation of compensatory mechanisms, such as the renin-angiotensin system (RAS) and the sympathetic nervous
system (Knight, 1992). These mechanisms induce tachycardia, peripheral vasoconstriction, and retention of sodium and
water, leading to an increase in blood pressure and cardiac output, which optimizes tissue perfusion (Awan and Mason,
1996; Camacho, 1996). However, the prolonged activation of these compensatory mechanisms leads to the evolution of
the clinical signs observed in CHF, including congestion, ascites, pleural effusion, pulmonary and limb edema, as well as
symptoms such as fatigue, exercise intolerance, dyspnea, tachycardia, gallop rhythm, murmurs, and arrhythmias
(Calvert, 1991; Camacho, 1996; De Morais, 2000).

ANP is an important biomarker for the diagnosis and monitoring of CHF in dogs and other mammals. It is secreted
by cardiac cells in response to stress and volume overload, leading to an increase in plasma concentration in dogs with
CHF (Hori et al., 2012). Measurement of ANP levels can be valuable in diagnosing CHF in dogs, especially when
clinical signs are nonspecific or when there is uncertainty about the presence of the disease (Hori et al., 2012; Oyama,
2015; Lima and Ferreira, 2017). Kanno et al.’s (2016) study involving 16 healthy dogs and 51 untreated dogs, with some
having right-sided heart failure (RHF), demonstrated that plasma levels of ANP in dogs with RHF were significantly
higher than those in both the healthy control group and those without RHF.

The connection between ANP and CHF in cats has been the subject of a study by Mendes et al. (2019), which
aimed to understand the role of ANP in cardiac conditions in cats. In cases of CHF in cats, there may be an increase in
ANP levels, which acts as a compensatory mechanism to regulate fluid balance and blood pressure. Research suggests
that plasma ANP levels may vary in cats with cardiac conditions, including congestive heart failure (CHF), where ANP
levels fluctuate depending on the severity of heart failure and the stage of the disease (Frangois et al., 2002). However,
Khaki et al. (2022) report that ANP is not an effective parameter for diagnosing the subclinical stages of myxomatous
mitral valve disease (MMVD). They suggest that serum BNP levels are more accurate across all stages of DMVM.
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CONCLUSION

The use of biomarkers has become increasingly common in veterinary medicine, as they not only provide an efficient
means of monitoring animal health and identifying diseases in their early stages but are also particularly useful for the
diagnosis and monitoring of cardiac, renal, and metabolic diseases. The serum concentration of ANP is useful for
diagnosing cardiovascular diseases in dogs and cats. Its crucial function in regulating blood volume and blood pressure
makes it a valuable indicator of the animal's cardiovascular health. In the case of chronic kidney disease, it is believed
that ANP may play a role in regulating renal function. It is of paramount importance for veterinary medicine to conduct
further studies on ANP, given that ANP establishes itself as an indispensable tool for the care and treatment of
cardiovascular diseases in dogs and cats. However, there is still much to be discovered about the role of ANP in different
animal health conditions and diseases. Thus, additional research in this area can contribute to improving diagnoses and
treatments in veterinary medicine.

DECLARATIONS

Authors’ contributions

Formal analysis and investigation were carried out by all authors, and the original draft of the manuscript was
collectively prepared by them. Additionally, all authors participated in the review and editing process. All authors
checked and approved the final version of the manuscript for publication in the present journal.

Funding
No funding was received for conducting this study.

Availability of data and materials
All data generated during the research are relevant and included in this published article.

Competing interests
The authors did not indicate any conflicts of interest.

Ethical considerations
Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancy) have been checked by all the authors.

REFERENCES

Alkhawan H, El-Hunjul M, Nguyen J, Desai R, Syed U, and Vittorio T (2016). Natriuretic peptide hormones in congestive heart failure: Challenges,
clinical interpretation and review of studies. Acta Cardiologica, 71(4): 417-424. DOI: https://www.doi.org/10.1080/AC.71.4.3159694

Araljo FG, Zanzarini TJ, Mendes ECB, Gongalves JBB, and Ramos RR (2021). Antagonism of atrial natriuretic peptide hormone to the renin-
angiotensin-aldosterone system. Anais do forum de iniciagdo cientifica do Unifunec, 12(12). DOI: https://www.doi.org/10.24980/aficf.v12i12

Araljo FG and Ramos RR (2022). Atrial natriuretic peptide antagonist to the renin-angiotensin-aldosterone system and effects on systemic blood
pressure regulation. Jornal de Quimica Medicinal Moderna, 10: 13-22. DOI: https://www.doi.org/10.12970/2308-8044.2022.10.02

Athavale D and Lewis MA (2009). Physiology and treatment of hypertension. Paediatrics and Child Health, 19(1): 9-14. DOI:
http://www.doi.org/10.1016/j.paed.2008.09.015

Athwani V, Bhargava M, Chanchlani R, and Mehta AJ (2017). Incidence and outcome of acute cardiorenal syndrome in hospitalized children. Indian
Journal of Pediatrics, 84(6): 420-424. DOI: http://www.doi.org/10.1007/s12098-017-2307-3

Atlas SA and Maack T (1992). Atrial natriuretic factor. In: E. E. Windhager (Editor), Handbook of physiology: Renal physiology. Oxford University
Press., New York, pp. 1577-1673. DOI: https://www.doi.org/10.1093/med/9780199592548.003.0034_update 001

Atlas SA, Volpe M, Sosa RE, Laragh JH, Camargo MJ, and Maack T (1986). Effects of atrial natriuretic factor on blood pressure and the renin-
angiotensin-aldosterone system. Federation Proceedings, 45(7): 2115-21. Available at: https://pubmed.ncbi.nlm.nih.gov/2940120/

Awan NA and Mason DT (1996). Direct selective blockade of the vascular angiotensin Il receptors in therapy for hypertension and severe congestive
heart failure. American Heart Journal, 131(1): 177-185. DOI: https://www.doi.org/10.1016/S0002-8703(96)90067-8

Barbosa GVM (2022). Renal biomarkers in acute kidney injury in small animals. Faculty of Veterinary Medicine and Animal Science, Universidade
Estadual Paulista, Brazil. Available at: https://repositorio.unesp.br/server/api/core/bitstreams/al9clad6-624a-46b7-9614-ef1e9e262ffe/content

Bartges JW (2012). Chronic kidney disease in dogs and cats. Veterinary Clinics of North America: Small Animal Practice, 42(4): 669-692.
DOI: https://www.doi.org/10.1016/j.cvsm.2012.04.008

Bekele AT (2023). Natriuretic peptide receptors (NPRs) as a potential target for the treatment of heart failure. Relatérios Atuais de Insuficiéncia
Cardiaca, 20(5): 429-440. DOI: https://www.doi.org/10.1007/s11897-023-00628-8

Brown SA (2022). Systemic hypertension. IRIS, International Renal Society. Available at: http://wwuw.iris-kidney.com/education/hypertension.html
Cahill RJ, Pigeon K, Strong-Townsend MI, Drexel JP, Clark GH, and Buch JS (2015). Analytical validation of a second-generation immunoassay for

475


https://www.doi.org/10.1080/AC.71.4.3159694
https://www.doi.org/10.24980/aficf.v12i12
https://www.doi.org/10.12970/2308-8044.2022.10.02
http://www.doi.org/10.1016/j.paed.2008.09.015
http://www.doi.org/10.1007/s12098-017-2307-3
https://www.doi.org/10.1093/med/9780199592548.003.0034_update_001
https://pubmed.ncbi.nlm.nih.gov/2940120/
https://www.doi.org/10.1016/S0002-8703(96)90067-8
https://repositorio.unesp.br/server/api/core/bitstreams/a19c1ad6-624a-46b7-9614-ef1e9e262ffe/content
https://doi.org/10.1016/j.cvsm.2012.04.008
https://doi.org/10.1007/s11897-023-00628-8
http://www.iris-kidney.com/education/hypertension.html

Carmo et al., 2024

the quantification of N-terminal pro-B-type natriuretic peptide in canine blood. Journal of Veterinary Diagnostic Investigation, 27(1): 61-67.
DOI: http://www.doi.org/10.1177/1040638714562826

Calvert CA (1991). Effect of medical therapy on survival of patients with dilated cardiomyopathy. Veterinary Clinics of North America: Small Animal
Practice, 21(5): 919-930. DOI: https://www.doi.org/10.1016/S0195-5616(91)50103-0

Camacho AA (1996). Clinical study, morphometric and quantitative characterization of atrial ganglion neurons in the intercaval band of dogs with
idiopathic congestive dilated cardiomyopathy. Tese (Livre Docéncia) - Faculdade de Ciéncias Agrarias e Veterindrias, Thesis, Sdo Paulo State
University, Brazil.

Courand P and Lantelme P (2014). Significance, prognostic value and management of heart rate in hypertension. Archives of Cardiovascular Disease,
107(1): 48-57. DOI: https://www.doi.org/10.1016/j.acvd.2013.11.003

Cruz FACS, Torres MM, Poletto D, Mendonga AJ, Guimaraes LD, Almeida ABPF, Silva FG, and Sousa VR (2017). Evaluation of natriuretic peptide
in chronic kidney disease dogs. Pesquisa Veterindria Brasileira, 37(11): 1322-1326. DOI: https://www.doi.org/10.1590/S0100-

736X2017001100020
da Silva AC, Oberlender G, Muzzi RAL, Muzzi LAL, and Coelho MR (2012). Pulmonary hypertension in dogs and cats: Literature review. Revista
Cientifica Eletronica de Medicina Veterinaria, 10(19): 1-13. Auvailable at:

https://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/vYNDV5Ck63NFrFd_2013-6-24-15-7-6.pdf

De Morais HA (2000). Pathophysiology of heart failure and clinical evaluation of cardiac function. In: S. J. Ettinger and E. C. Feldman (Editors),
Textbook of veterinary internal medicine. W.B. Saunders., Philadelphia. pp. 692-712. Auvailable at:

https://www.cabidigitallibrary.org/doi/full/10.5555/20002212143

De Nicola L, Bellizzi V, Cianciaruso B, Minutolo R, Colucci G, Balletta M, Fuiano G, and Conte G (1997). Pathophysiological role and diuretic
efficacy of atrial natriuretic peptide in renal patients. Journal of the American Society of Nephrology, 8(3): 445-55.
DOI: https://www.doi.org/10.1681/ASN.V83445

de Oliveira MM, Furtado LLA, De Abreu CB, Schulien T, Pinto AMBG, De Oliveira LED, Coelho MR, and Lazaro MRA (2019). Cardiorenal
syndrome in dogs: The search for control measures. Veterinaria e Zootecnia, 26: 1-7. DOI: https://www.doi.org/10.35172/rvz.2019.v26.383

Del Ry S, Cabiati M, and Clerico A (2014). Natriuretic peptide system and the heart. Cardiovascular Issues in Endocrinology, 43: 134-143. DOI:
https://www.doi.org/10.1159/000360597

Frangois LMG, Kalil RAK, Pereira JB, Sant'anna JRM, and Nesralla A (2002). Relationship of atrial pressures with atrial natriuretic peptide and its
effects on diuresis and natriuresis during cardiac surgery with cardiopulmonary bypass. Brazilian Journal of Cardiovascular Surgery, 17(3): 258-
265. DOI: https://www.doi.org/10.1590/S0102-76382002000300011

Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA, Fiuzat M, Houston-Miller N, Januzzi JL Jr, Mark DB, Pifia IL, Passmore G et al. (2017). Effect of
natriuretic peptide-guided therapy on hospitalization or cardiovascular mortality in high-risk patients with heart failure and reduced ejection
fraction: A randomized clinical  trial.  Journal ~of  American  Medical = Association,  318(8):  713-720. DOl
https://www.doi.org/10.1001/jama.2017.10565

Freire Neto APL, Barrera CL, Castro GA, Lamella GML, Gama HC, Dragone LG, Martiniano RKG, Xisto RAN, and Oliveira R (2024). Emerging
insights into the role of cardiac hormones in cardiovascular disease. Epitaya E-Books, 1(78): 699-722. DOI:
https://www.doi.org/10.47879/ed.ep.2024479p699

Gavazza A, Fruganti A, Turinelli V, Marchegiani A, Spaterna A, Tesei B, Rossi G, and Cerquetella M (2020). Canine traditional laboratory tests and
cardiac biomarkers. Frontiers in Veterinary Science, 7: 320. DOI: https://www.doi.org/10.3389/fvets.2020.00320

Gonsalez SR, Ferrdo FM, Souza AM, Lowe J, and Morcillo LSL (2018) Inappropriate activity of local renin-angiotensin-aldosterone system during
high salt intake: Impact on the cardio-renal axis. Brazilian Journal of Nephrology, 40(2): 170-178. DOI: https://www.doi.org/10.1590/2175-
8239-JBN-3661

Hall JE (2011). Textbook of medical physiology. Elsevier Saunders., Rio de Janeiro, pp. 1151. Available at: B2n.ir/p95682

Harris AN, Estrada AH, Gallagher AE, Winter B, Lamb KE, Bohannon M, Hanscom J, and Mainville CA (2017). Biologic variability of N-terminal
pro-brain natriuretic peptide in adult healthy cats. Journal of Feline Medicine and Surgery, 19(2): 216-223. DOI:
https://www.doi.org/10.1177/1098612X15623825

Hezzell MJ, Boswood A, Lotter N, and Elliott J (2015). The effects of storage conditions on measurements of canine N-terminal pro-B-type natriuretic
peptide. Journal of Veterinary Cardiology, 17(1): 34-41. DOI: https://www.doi.org/10.1177/1098612X15623825

Hori Y, Uchide T, Saitoh R, Thoei D, Uchida M, Yoshioka K, Chikazawa S, and Hoshi F (2012). Diagnostic utility of NT-proBNP and ANP in a
canine model of chronic embolic pulmonary hypertension. Veterinary Journal, 194: 215-221. DOI:
https://www.doi.org/10.1016/j.tvjl.2012.03.022

Hori Y, Iguchi M, Hirakawa A, Kamiya Z, Yamano S, Ibaragi T, Isayama N, Yamashita Y, Iwasa N, Inaba H et al. (2020). Evaluation of atrial
natriuretic peptide and cardiac troponin | concentrations for assessment of disease severity in dogs with naturally occurring mitral valve
disease. Journal of the American Veterinary Medical Association, 256(3): 340-348. DOI: https://www.doi.org/10.2460/javma.256.3.340

Kanno N, Hori Y, Hidaka Y, Chikazawa S, Kanai K, Hoshi F, and Itoh N (2016). Plasma atrial natriuretic peptide and N-terminal pro B-type
natriuretic peptide concentrations in dogs with right-sided congestive heart failure. Journal of Veterinary Medical Science, 78(4): 535-542. DOI:
http://www.doi.org/10.1292/jvms.15-0435

Khaki Z, Nooshirvani P, Shirani D, and Masoudifard M (2022). Diagnostic value of atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP)
and their correlation with lipoproteins in dogs with myxomatous mitral valve disease. BMC Veterinary Research, 18(1): 448. DOI:
https://www.doi.org/10.1186/s12917-022-03548-2

Knight DH (1992). Fisiopatologia da insuficiéncia cardiaca [Pathophysiology of heart failure]. In: S. J. Ettingr (Editor), Tratado de medicina interna
veterindria  [Textbook  of  veterinary  internal  medicine].  Manole.,, Sdo  Paulo, pp. 944-969. Available at:
https://repository.ufrpe.br/bitstream/123456789/2016/1/tcc_veruskadinardelimasilva.pdf

Lima GV and Ferreira FS (2017). N-terminal-pro brain natriuretic peptides in dogs and cats: A technical and clinical review. Veterinary World, 10(9):
1072-1082. DOI: https://www.doi.org/10.14202/vetworld.2017.1072-1082

Lund E, Armstrong PJ, Kirk CA, Kolar LM, and Klausner JS (1999). Health status and population characteristics of dogs and cats examined at private
veterinary practices in the United States. Journal of the American Veterinary Medical Association, 214(9): 1336-1341. Available at:
https://pubmed.ncbi.nim.nih.gov/10319174/

Maack T (2006). The broad homeostatic role of natriuretic peptides. Arquivos Brasileiros de Endocrinologia e Metabologia, 50(2): 198-207. DOI:
http://www.doi.org/10.1590/S0004-27302006000200006

476


http://www.doi.org/10.1177/1040638714562826
https://www.doi.org/10.1016/S0195-5616(91)50103-0
https://www.doi.org/10.1016/j.acvd.2013.11.003
https://www.doi.org/10.1590/S0100-736X2017001100020
https://www.doi.org/10.1590/S0100-736X2017001100020
https://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/vYNDV5Ck63NFrFd_2013-6-24-15-7-6.pdf
https://www.cabidigitallibrary.org/doi/full/10.5555/20002212143
https://www.doi.org/10.1681/ASN.V83445
https://www.doi.org/10.35172/rvz.2019.v26.383
https://www.doi.org/10.1159/000360597
https://www.doi.org/10.1590/S0102-76382002000300011
https://www.doi.org/10.1001/jama.2017.10565
https://www.doi.org/10.47879/ed.ep.2024479p699
https://www.doi.org/10.3389/fvets.2020.00320
https://www.doi.org/10.1590/2175-8239-JBN-3661
https://www.doi.org/10.1590/2175-8239-JBN-3661
http://b2n.ir/p95682
https://www.doi.org/10.1177/1098612X15623825
https://www.doi.org/10.1177/1098612X15623825
https://www.doi.org/10.1016/j.tvjl.2012.03.022
https://www.doi.org/10.2460/javma.256.3.340
http://www.doi.org/10.1292/jvms.15-0435
https://www.doi.org/10.1186/s12917-022-03548-2
https://repository.ufrpe.br/bitstream/123456789/2016/1/tcc_veruskadinardelimasilva.pdf
https://www.doi.org/10.14202/vetworld.2017.1072-1082
https://pubmed.ncbi.nlm.nih.gov/10319174/
http://www.doi.org/10.1590/S0004-27302006000200006

World Vet. J., 14(3): 470-478, 2024

Mahendran K, Thakur N, Chethan GE, Choudhary SS, Dey S, Saxena AC, Mahajan S, and Kavitha K (2022). Comparative assessment of troponin t,
atrial natriuretic peptide, b-type natriuretic peptide and echocardiography in the diagnosis of cardiac and renal disorders in canine. Indian Journal
of Animal Research, 56(2): 234-238. Auvailable at:
https://www.indianjournals.com/ijor.aspx?target=ijor:ijarl&volume=56&issue=2&article=017

Martyniak A and Tomasik PJ (2022). A new perspective on the renin-angiotensin system. Diagnostics, 13(1): 16. DOI:
https://www.doi.org/10.3390/diagnostics13010016

Martinelli E, Locatelli C, Bassis S, Crosara S, Paltrinieri S, Scarpa P, Spalla 1, Zanaboni AM, Quintavalla C, and Brambilla P (2016). Preliminary
investigation of cardiovascular-renal disorders in dogs with chronic mitral valve disease. Journal of Veterinary Internal Medicine, 30(5): 1612-
1618. DOI: http://www.doi.org/10.1111/jvim.14524

Mcgrotty Y (2008). Diagnosis and management of chronic kidney disease in dogs and cats. Comparative Animal Practice, 30(9): 502-507.
DOI: https://www.doi.org/10.1136/inpract.30.9.502

McMahon TJ and Bryan NS (2017). Biomarkers in pulmonary vascular disease: Gauging response to therapy. American Journal of Cardiology,
120(8S): S89-S95. DOI: https://www.doi.org/10.1016/j.amjcard.2017.06.014

Mendes T, Sousa PR, Moura R, and Carvalho R (2019). Cardiac biomarkers and their clinical applicability in dogs and cats. Enciclopédia Biosfera,
16(29): 412-436. Available at: https://conhecer.org.br/ojs/index.php/biosfera/article/view/191

Nogueira TQ and Poggiani SSC (2013). Systemic hypertension associated with chronic kidney disease, literature review. Pubvet, 7(1): 1484.
DOI: https://www.doi.org/10.22256/pubvet.v7n1.1484

Oyama MA (2015). Using cardiac biomarkers in veterinary practice. Clinics in Laboratory Medicine, 35(3): 555-566. DOI:
http://www.doi.org/10.1016/j.cll.2015.05.005

Pelander L, Haggstrom J, Ley CJ, and Ljungvall | (2017). Cardiac troponin | and amino-terminal pro B-Type natriuretic peptide in dogs with stable
chronic kidney disease. Journal Veterinary Internal Medicine, 31(3): 805-813. DOI: http://www.doi.org/10.1111/jvim.14703

Pellegrino A, Petrus LC, Yamaki FL, Santos ALF, and Larsson MHMA (2010). Blood pressure values of clinically healthy Golden Retriever dogs.
Biblioteca Digital da Producdo Intelectual-Bdpi, 47(4): 307-314. DOI: https://www.doi.org/10.11606/issn.1678-4456.bjvras.2010.26830

Pinto KRD (2023). Intensive nephrology from the perspective of translational research: Narrative review at the frontier of knowledge. Préticas e
Cuidado: Revista De Salde Coletiva, 4: e16525. Available at: https://www.revistas.uneb.br/index.php/saudecoletiva/article/view/16525

Polzin DJ (2011). Chronic kidney disease in small animals. Veterinary Clinics of North America: Small Animal Practice, 41(1): 15-30.
DOI: https://www.doi.org/10.1016/j.cvsm.2010.09.004

Potter LR, Yoder AR, Flora DR, Antos LK, and Dickey DM (2009). Natriuretic peptides: Their structures, receptors, physiologic functions and
therapeutic applications. In: H. H. H. W. Schmidt, F. Hofmann, and J. P. Stasch (Editors), cGMP: Generators, effectors and therapeutic
implications. Handbook of experimental pharmacology. Springer., Berlin, Heidelberg, pp. 341-366. DOI: http://www.doi.org/10.1007/978-3-540-
68964-5_15

Pouchelon JL, Atkins CE, Bussadori C, Oyama MA, Valden SL, Bonagura JD, Chetbul V, Cowgill LD, Elliot J, Francey T et al. (2015).
Cardiovascular-renal axis disorders in the domestic dog and cat: A veterinary consensus statement. Journal of Small Animal Practice, 56(9): 537-
552. DOI: http://www.doi.org/10.1111/jsap.12387

Queiroz SA, Maingué AP, and Luz PE (2022). Congestive heart failure in dogs: Therapeutic update— Literature review. Revista Terra e Cultura:
Cadernos de Ensino e Pesquisa, 38(75): 139-152. Available at: http://periodicos.unifil.br/index.php/Revistateste/article/view/2490

Rao S, Pena C, Shurmur S, and Nugent K (2021). Atrial natriuretic peptide: Structure, function, and physiological effects: A narrative review. Current
Cardiology Reviews, 17(6): e051121191003. DOI: https://www.doi.org/10.2174/1573403X17666210202102210

Richards AM (2007). Natriuretic peptides. Update on peptide release, bioactivity, and clinical use. Hypertension, 50(1): 25-30. Available at:
https://hyper.ahajournals.org/cgi/reprint/50/1/25

Rolph KE and Cavanaugh SM (2022). Feline pulmonary hypertension: Are we overlooking an important comorbidity?. Journal of Feline Medicine and
Surgery, 24(12): e636-46 DOI: https://www.doi.org/10.1177/1098612X221127233

Ruaux C, Scollan K, Suchodolski JS, Steiner JM, and Sisson D (2015). Biologic variability in NT-pro BNP and cardiac troponin-1 in healthy dogs and
dogs with mitral valve degeneration. Veterinary Clinical Pathology, 44(3): 420-430. DOI: http://www.doi.org/10.1111/vcp.12268

Samad M, Malempati S, and Restini CBA (2023). Natriuretic peptides as biomarkers: Narrative review and considerations in cardiovascular and
respiratory dysfunctions. Yale Journal of Biology and Medicine, 96(1): 137-149. DOI: https://www.d0i/10.59249/NCST6937

Schettini IVG, Faria DV, Nogueira LS, Otoni A, Silva ACS, and Rios DRA (2022). Renin angiotensin system molecules and chemokine (C-C motif)
ligand 2 (CCL2) in chronic kidney disease patients. Brazilian Journal of Nephrology, 44(1): 19-25. DOI: https://www.doi.org/10.1590/2175-
8239-JBN-2021-0030

Simdes ACS, Pinheiro SV, Pereira RM, Ferreira AJ, and Santos RA (2006). The therapeutic potential of Angiotensin-(1 -7) as a novel renin-
angiotensin system mediator. Mini reviews in medicinal chemistry, 6(5): 603-609. DOI: https://www.doi.org/10.2174/138955706776876203

Sisson DD (2004). Avaliacdo neuroenddcrina de doenca cardiaca [Neuroendocrine assessment of heart disease]. Veterinary Clinics: Small Animal
Practice, 34(5): 1105-1126. Available at: https://www.vetsmall.theclinics.com/article/S0195-5616(04)00062-2/abstract

Smith KF, Quinn RL, and Rahilly LJ (2015). Biomarkers for differentiation of causes of respiratory distress in dogs and cats: Part 1-Cardiac diseases
and pulmonary hypertension. Journal of Veterinary Emergency and Critical Care, 25(3): 311-329. DOI: https://www.doi.org/10.1111/vec.12318

Smyth A, Ronco C, and Garovic VD (2017). Preeclampsia: A cardiorrenal syndrome in pregnancy. Current Hypertension Reports, 19(2): 15. DOI:
http://www.doi.org/10.1007/s11906-017-0714-5

Spencer S, Wheeler-Jones C, and Elliott J (2020). Aldosterone and the mineralocorticoid receptor in renal injury: A potencial therapeutic target in
feline  chronic  kidney disease. Journal of Veterinary Pharmacology and  Therapeutics, 43(3): 243-267. DOI:
https://www.doi.org/10.1111/jvp.12848

Srisawasdi P, Vanavanan S, Charoenpanichkit C, and Kroll MH (2010). The effect of renal dysfunction on BNP, NT-proBNP, and their ratio.
American Journal of Clinical Pathology, 133(1): 14-23. DOI: https://www.doi.org/10.1309/AJCP60HTPGIGFCNK

Strimbu K and Tavel JA (2010). What are Biomarkers?. Current Opinion in  HIV and AIDS, 5(6): 463-466.
DOI: https://www.doi.org/10.1097/coh.0b013e32833ed177

Suda S, Weidmann P, Saxenhofer H, Cottier C, Shaw S, and Ferrier C (1988). Atrial natriuretic factor in mild to moderate chronic renal failure.
Hypertension, 11: 483-490. DOI: https://www.doi.org/10.1161/01.HYP.11.5.483

477


https://www.indianjournals.com/ijor.aspx?target=ijor:ijar1&volume=56&issue=2&article=017
https://www.doi.org/10.3390/diagnostics13010016
http://www.doi.org/10.1111/jvim.14524
https://www.doi.org/10.1136/inpract.30.9.502
https://doi.org/10.1016/j.amjcard.2017.06.014
https://conhecer.org.br/ojs/index.php/biosfera/article/view/191
https://www.doi.org/10.22256/pubvet.v7n1.1484
http://www.doi.org/10.1016/j.cll.2015.05.005
http://www.doi.org/10.1111/jvim.14703
https://www.doi.org/10.11606/issn.1678-4456.bjvras.2010.26830
https://www.revistas.uneb.br/index.php/saudecoletiva/article/view/16525
https://www.doi.org/10.1016/j.cvsm.2010.09.004
http://www.doi.org/10.1007/978-3-540-68964-5_15
http://www.doi.org/10.1007/978-3-540-68964-5_15
http://www.doi.org/10.1111/jsap.12387
http://periodicos.unifil.br/index.php/Revistateste/article/view/2490
https://www.doi.org/10.2174/1573403X17666210202102210
http://hyper.ahajournals.org/cgi/reprint/50/1/25
https://www.doi.org/10.1177/1098612X221127233
http://www.doi.org/10.1111/vcp.12268
https://www.doi/10.59249/NCST6937
https://www.doi.org/10.1590/2175-8239-JBN-2021-0030
https://www.doi.org/10.1590/2175-8239-JBN-2021-0030
https://www.doi.org/10.2174/138955706776876203
https://www.vetsmall.theclinics.com/article/S0195-5616(04)00062-2/abstract
https://www.doi.org/10.1111/vec.12318
http://www.doi.org/10.1007/s11906-017-0714-5
https://doi.org/10.1111/jvp.12848
https://www.doi.org/10.1309/AJCP60HTPGIGFCNK
https://www.doi.org/10.1097/coh.0b013e32833ed177
https://www.doi.org/10.1161/01.HYP.11.5.483

Carmo et al., 2024

Tavares APDS, Santos CGDS, Tzanno-Martins C, Barros Neto J, Silva AMMD, Lotaif, L, and Souza JVL (2021). Kidney supportive care: An update
of the current state of the art of palliative care in CKD patients. Jornal Brasileiro de Nefrologia, 43(1): 74-87. DOI:
https://www.doi.org/10.1590/2175-8239-JBN-2020-0017

Tsutamoto T, Wada A, Sakai H, Ishikawa C, Tanaka T, and Hayashi M (2006). Relationship between renal function and plasma brain natriuretic
peptide in patients with heart failure. Journal of the American College of Cardiology, 47(3): 582-586. DOI:
https://www.doi.org/10.1016/j.jacc.2005.10.038

Volpe M, Rubattu S, and Burnett J Jr (2014). Natriuretic peptides in cardiovascular diseases: Current use and perspectives. European Heart Journal,
35(7): 419-425. DOI: https://www.doi.org/10.1093/eurheartj/eht466

Wagner CA (2014). Effect of mineralocorticoids on acid-base balance. Nephron Physiology, 128(1-2): 26-34. DOIL:
https://www.doi.org/10.1159/000368266

Ware WL (2006). Systemic arterial hypertension. In: R. W. Nelson and C. G. Couto (Editors), Small animal internal medicine. Elsevier., Rio de
Janeiro, pp. 1360-1363. Available at: https://vetbooks.ir/small-animal-internal-medicine-6th-edition/

Yonezawa LA, Silveira VF, Machado LP, and Kohayagawa A (2010). Cardiac markers in veterinary medicine. Ciéncia Rural, 40(1): 222-230. DOI:
https://www.doi.org/10.1590/S0103-84782009005000227

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits

= use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

478


https://www.doi.org/10.1590/2175-8239-JBN-2020-0017
https://www.doi.org/10.1016/j.jacc.2005.10.038
https://www.doi.org/10.1093/eurheartj/eht466
https://www.doi.org/10.1159/000368266
https://vetbooks.ir/small-animal-internal-medicine-6th-edition/
https://www.doi.org/10.1590/S0103-84782009005000227
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

