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Abstract
Background and Aim: Aldosterone is a hormone, belonging to the group of mineralocorticoids, mainly synthesized in the
adrenal cortex, basically its function is to regulate blood pressure and sodium‑potassium levels in the body; high levels of
this hormone have harmful effects in the organism and mainly in the heart in chronic form. Dilated cardiomyopathy is a
progressive disease of heart muscle that is characterized by ventricular chamber enlargement and contractile dysfunction,
is one of the most common cardiac conditions in dogs of medium and large breeds. The aim of the study was to determine
and quantify if a dog’s cardiac cells possess the capacity to synthesize aldosterone, as well as, the differences that appear
between a healthy heart and with dilated myocardiopathy (DMC).
Materials and Methods: Cardiac tissues were used from six healthy dogs and six with DMC. Enzyme‑linked immunosorbent
assay was performed to determine if the dog’s heart cells synthesized this mineralocorticoid in a similar way to rat, rabbit,
and human tissues, as well as quantitative differences between the healthy heart and DMC.
Results: In healthy dog hearts, aldosterone values were 62.5 pG for both the atria and right ventricle and 125 pG for the left
ventricle. As for dog hearts’ with DMC, results were 125 pG in all four cavities.
Conclusion: Both the healthy and DMC dog hearts produce aldosterone in all four cavities, observing that production
increases in the atria and right ventricle of those hearts with DMC, as an intrinsic mechanism of cardiac remodeling.
Keywords: cardiac insufficiency, dog heart, enzyme‑linked immunosorbent assay, mineralocorticoids.
Introduction

In dogs, 95% of cardiac diseases are acquired
with a predominance of mitral valve degeneration in
small breeds and cardiomyopathy in larger ones [1‑3].
It has been documented that in canine, human, and rat
species, cardiac fibrosis is produced only due to an
excess of aldosterone and a greater salt consumption
than considered normal. The histological features of
aldosterone‑induced cardiac fibrosis may include pro‑
liferation of cardiac myocytes, fibroblasts, and intense
perivascular inflammation [4,5].
Most of aldosterone’s pathophysiologi‑
cal effects have a course of several weeks and
therefore, are most likely dependent on miner‑
alocorticoid receptors. However, some inflam‑
matory markers (tumor necrosis factor and ED‑1)
and collagen III deposition increases have been
observed in some models of fibrosis induced by
mineralocorticoids [6‑9].
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In previous studies, we determined the presence
of aldosterone (Al) receptors in both healthy dog car‑
diac tissues and with dilated myocardiopathy (DMC),
their distribution, biochemical characteristics and the
modifications present under both conditions [10,11].
In this research, we will determine if dog cardiac
cells possess the capacity to synthesize this mineralo‑
corticoid in a similar way as rat, rabbit [12‑13] and
human[14] tissues do, as well as, the differences that
appear between the healthy heart and with DMC.
The aim of the study was to determine and quantify
if a dog’s cardiac cells possess the capacity to synthesize
aldosterone, as well as, the differences that appear between
a healthy heart and with dilated myocardiopathy (DMC).
Materials and Methods
Ethical approval

To accomplish this research, tissues from the four
cardiac chambers were subtracted from six healthy
dogs and six dogs with DMC. These tissues had been
used in a previously published study and kept in freez‑
ing [4], and approved by the Meritorious Autonomous
University of Puebla Institutional Animal Care and
use Committee (BCB‑001/2012).
Animals

Before euthanasia and their extraction from
the rib cage, the heart samples were washed with
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Hartman’s solution with the intention of eliminating
by drag, any blood trace including aldosterone of ext‑
racardiac origin. After thawing the cardiac tissues,
homogenates, and enzyme‑linked immunosorbent
assay (ELISA) were performed to such, using a com‑
mercially specific kit (Cayman Chem, Aldosterone
ELISA kit, Item #501090). Samples were read using
an ELISA reader and a Bio Teck EL×800 plate washer
and xChek Assay Management System software, ver‑
sion 3.20 Idexx Lab. Inc.
Tissue homogenate procedure

About 100 mg of auricle and ventricle tissues
were washed with 1×phosphate‑buffered saline and
homogenized with 1 mL of the same buffer using a
homogenizer (Pro scientific Model Pro200) at a rate
of 35,000 rpm and stored at − 20°C during 12 h.
Two freeze‑thaw cycles were performed to break the
homogenate cell membranes; then they were con‑
verted into Eppendorf tubes and centrifuged for 5 min
at 5000 g (6682 rpm) at − 4°C. The agglomerates were
removed and the supernatants preserved at − 20°C in
aliquots. Samples were centrifuged after being thawed
and before being used (supernatants).
After completing the preparation of ELISA kit
reagents, the aldosterone standard test was ran, with
double dilutions in eight tubes as follows: In a stan‑
dard tube, 100 μL of aldosterone was mixed with
900 μL of distilled water; from this tube, 100 μL of the
contents were taken and added to 900 μL of distilled
water, obtaining tube #1. From tube #1, 500 μL of its
contents were taken and mixed to 500 μL of distilled
water in another tube to obtain tube #2, and so on, the
procedure is repeated until tube No 8. On completion
of the aldosterone standard test, the samples were pro‑
cessed as follows:
The homogenates were thawed and centrifuged
before their use; wells 1‑A and B were left empty (Blk
control), 150 μL of ELISA buffer was added to 50 μL
of acetylcholinesterase (AchE) tracer (nonspecific
binding [NSB] control) in wells 1‑C and D.
In wells 1‑E, F and G, a mixture of 100 μL
ELISA buffer, 50 μL of AChE tracer and 50 μL of
polyclonal aldosterone antiserum (control B0) were
added. In the 1‑H well, 5 μL of AchE tracer (TA con‑
trol) were added. For wells 2‑A to H, 50 µL of AChE
tracer, 50 µL of antiserum and 100 µL of the aldoste‑
rone standard previously prepared (2‑A well, tube #1,
2‑B well, tube #2… 2‑H well, tube #8) were added.
In wells 3‑6 A to H, 100 μL of the homogenates were
added to 50 μL of AChE tracer and 50 μL of anti‑
serum, incubated during 18 h at 4°C. The Ellman’s
Reagent was reconstituted with distilled water, 5 wash
cycles were performed to the plate with the buffer, and
200 μL of solution was added to the washed wells. In
addition, another 5 µL of AChE tracings were mixed
into the well with the TA control. Afterward, the plate
was read at 405 nm using an ELISA reader (Biotek
EL×800).
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ELISA

The assay was performed twice. Three plate
readings were performed. The Blk control (1‑A, B)
values from both readings were averaged, this result
was then subtracted from the value of each of the
remaining wells of the plate, except the control val‑
ues. The NSB and B0 control values were also aver‑
aged. The NSB average was subtracted from the B0
average to obtain the B0Max value. To graph the
aldosterone curve values from the wells and sam‑
ples, the following formula was used: Al value or
sample ‑ NSB/B0Max.
Statistical analysis

Data were analyzed using the software IBM
SPSS 20 for Windows (SPSS Inc., Chicago, USA).
The Kolmogorov–Smirnov test was used to confirm
normality. Results between groups were compared
using the Student’s t‑test when distributions were nor‑
mal and the Mann–Whitney U‑test when distributions
were not. P ≤ 0.05 was considered significant.
Results

Table-1 summarizes the aldosterone quantifica‑
tion per cardiac cavity in dogs. Both, the healthy dog
heart as well as the heart with malonyl‑CoA decar‑
boxylase produces Al in all four cavities. It can also
be observed that in the DMC dog heart, there is an
aldosterone increase present in the atria and right
ventricle, while in the left ventricle, no significant
differences were detected in both hearts (healthy
and with DMC). In the following Figures‑1 and 2,
Al concentrations between cavities and healthy hearts
and DMC, can be analyzed and compared against the
standard curve.
Discussion

Delcayre et al.[13] describe that the discovery of
the production of Aldo in a rat’s heart demonstrates
the existence of an Aldo tissular system that is the
presence in a cell or a group of cells of all the bio‑
chemical elements necessary to hormone synthesis
and of its specific receptors making a local autocrine
or paracrine action possible.
Intervention of aldosterone from cardiac origin
in remodeling of the left ventricle in post‑infarction
has been evidenced very recently in the rat, reinforc‑
ing the idea that mineralocorticoids have functions,
in physiologic as well as in pathologic conditions,
in cardiovascular tissue. In the literature review per‑
formed to over 60 articles, including those cited here,
no reports were found in which the production of Al
was not quantified within the heart of any species, nei‑
ther by cardiac cavity nor in DMC, which is a first for
the present study.
Our results demonstrate that a canine’s heart,
regardless of being healthy or with DMC, is able to
synthesize aldosterone, coinciding with reported data
in those of rat, rabbit [12], and human [13,14] heart
tissues.
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Although there are too few animals to provide
any meaningful conclusions, that because of the lim‑
itations of the protectionist groups that makes diffi‑
cult work experimentally with dogs, and it demon‑
strates lower aldosterone values in the sick heart
compared to the healthy hearts, those findings show
that: The dog cardiac tissues have the property of
aldosterone production, and a tendency to increase the
myocardiopathy.
The non‑variability in the production of aldoste‑
rone between the left ventricle of the healthy dog’s
heart and those with DMC remains unclear; however,
Table-1: Aldosterone quantification per cardiac cavity in
dogs, according to the ELISA assay absorbance.
[pG]

Al

S

MCD

Cavity

2000
1000
500
250
125
62.5
31.3
15.6

11.12
18.03
30.92
43.86
59.89
71.15
79.38
95.9

68.89
69.80
69.04
61.57

60.3
59.23
59.45
61.93

AD
AI
VD
VI

[ ]=Concentration values in picograms (pG/mL),
Al=Values from aldosterone curve, S=Values for healthy
hearts per cavity, MCD=Values of sick hearts (AD=Right
atrium, AI=Left atrium, VD=Right ventricle, VI=Left
ventricle), MCD=Malonyl‑CoA decarboxylase

it is possible that as the present study is an acute type,
the modifications could be presented at a longer time
to produce or induced the disease.
Aldosterone receptor expression or recognition
sites in cardiac tissues are increased in DMC [11].
Hence, according to the results reported in this paper,
there is a correlation between these cell recognition
sites, in response to AI production increases in the
heart, which makes us assume, that these increases,
promote the process of cardiac remodeling.
Conclusion

The quantification of intrinsic cardiac aldoste‑
rone allows us to provide an unreported knowledge
of variations in the healthy heart and with DMC. In
addition to the involvement of the RAAS in the patho‑
genesis of the disease (endocrine aldosterone), the
activation of the atrial myocardium and right ventricle
of the heart is confirmed, perhaps as reinforcement to
this system (autocrine/paracrine aldosterone) or com‑
pensatory mechanism of cardiac remodeling. In either
case, as fully demonstrated, increases heart failure.
Authors’ Contributions

AV and AR: Conceived and designed the exper‑
iments. AV, AR, GM, CP, and MC: Performed the
experiments. AV and MC: Analyzed the data AV, AR,
and MC: Contributed reagents/materials/analysis
tools AV and AR: Wrote the paper. All authors read
and approved the final manuscript.
Acknowledgments

The project was partially funded by CONACyT
Basic Science 2012 (No. 179272) and PRODEP
2015 (BUAP‑CA‑298). We thank the participation of
Miss Lynette Romero for the review and correction of
language and style.
Competing Interests
Figure-1: Aldosterone standard curve.

The authors declare that they have no competing
interests.

Figure-2: Average concentrations of intrinsic cardiac aldosterone.
Veterinary World, EISSN: 2231-0916

1331

Available at www.veterinaryworld.org/Vol.10/November-2017/8.pdf

8.

References
1.
2.

3.
4.
5.

6.

7.

Alonso, J.A.M. and Ramírez, E.Y. (2007) Manual Práctico
de Electrocardiografía en Pequeños Animales. Elsevier
España.
Chetboul, V., Serres, F., Tissier, R., Lefebvre, H.P.,
Sampedrano, C.C., Gouni, V. and Pouchelon, J. (2009)
Association of plasma N‑terminal pro‑B‑type natriuretic
peptide concentration with mitral regurgitation severity and
outcome in dogs with asymptomatic degenerative mitral
valve disease. J. Vet. Int. Med., 23(5): 984‑994.
Oyama, M.A. and Levy, R.J. (2010) Insights into serotonin
signaling mechanisms associated with canine degenerative
mitral valve disease. J. Vet. Int. Med., 24(1): 27‑36.
McMahon, E.G. (2001) Recent studies with eplerenone, a
novel selective aldosterone receptor antagonist. Curr. Opin.
Pharmacol., 1(2): 190‑196.
Seferovic, P.M., Pelliccia, F., Zivkovic, I., Ristic, A.,
Lalic, N., Seferovic, J. and Rosano, G. (2015)
Mineralocorticoid receptor antagonists, a class beyond spi‑
ronolactone‑‑focus on the special pharmacologic properties
of eplerenone. Int. J. Cardiol., 200: 3‑7.
Munoz‑Durango, N., Vecchiola, A., Gonzalez‑Gomez, L.M.,
Simon, F., Riedel, C.A., Fardella, C.E. and
Kalergis, A.M. (2015) Modulation of immunity and inflam‑
mation by the mineralocorticoid receptor and aldosterone.
Biomed. Res. Int., 2015: 652738.
Young, M.J. and Funder, J.W. (2002) Mineralocorticoid
receptors and pathophysiological roles for aldosterone in
the cardiovascular system. J. Hypertens., 20(8): 1465‑1468.

9.

10.

11.

12.

13.

14.

Luo, G., Lu, F., Qiao, L., Chen, X., Li, G. and Zhang, Y.
(2016) Discovery of potential inhibitors of aldosterone syn‑
thase from Chinese herbs using pharmacophore modeling,
molecular docking, and molecular dynamics simulation
studies. Biomed. Res., 2016: 4182595.
Verdugo, F.J., Montellano, F.A., Carreno, J.E. and
Marusic, E.T. (2014) Mineralocorticoid receptor antago‑
nists and therapeutic strategies of cardiovascular damage.
Rev. Med. Chil., 142(1): 61‑71.
Reynoso, P.A.R., Rodriguez, B.M., Villa, M.A.E. and
Mucha, C.J. (2017) Expression and biochemical character‑
istics of two different aldosterone receptors in both healthy
and dilated cardiomyopathy dog heart tissue. Vet. Res.
Commun., 41(1): 9‑14.
Patricio‑Martinez, P., Villa‑Mancera, A., Issac‑Salgado, A.C.,
Rodriguez, C.J.C., Mucha, C. and Reynoso‑Palomar,
A.R. (2014) Immunohistochemical expression of aldoste‑
rone receptors in cardiac tissues of healthy dogs. Exp. Clin.
Cardiol., 20(8): 2160‑2164.
Ovaert, P., Elliott, J., Bernay, F., Guillot, E. and Bardon, T.
(2010) Aldosterone receptor antagonists‑‑how cardiovas‑
cular actions may explain their beneficial effects in heart
failure. J. Vet. Pharmacol. Ther., 33(2): 109‑117.
Delcayre, C., Silvestre, J.S., Garnier, A., Oubenaissa, A.,
Cailmail, S., Tatara, E. and Robert, V. (2000) Cardiac aldo‑
sterone production and ventricular remodeling. Kidney Int.,
57(4): 1346‑1351.
Kayes‑Wandover, K.M. and White, P.C. (2000)
Steroidogenic enzyme gene expression in the human heart.
J. Clin. Endocrinol. Metab., 85(7): 2519‑2525.

********

Veterinary World, EISSN: 2231-0916

1332

