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Abstract

Background: Heart failure (HF) is associated with changes in inflammatory and oxidative stress biomarkers. This study
aimed to evaluate the changes of a panel of inflammatory and oxidative stress biomarkers in dogs with different stages
of HF and its relation with the severity of the disease and echocardiographic changes. A total of 29 dogs with HF as a
result of myxomatous mitral valve degeneration or dilated cardiomyopathy were included and classified as stage-A
(healthy), B (asymptomatic dogs), C (symptomatic dogs) and D (dogs with end-stage HF) according to the ACVIM
staging system. In these dogs an ecnhocardiographic examination was performed and cytokines, and inflammatory
and oxidative stress markers were evaluated in serum.

Results: KC-like was significantly increased in dogs of stage-C (P < 0.01) and -D (P < 0.05) compared with stage-A and
-B. Stage-D dogs showed significantly higher serum CRP and Hp (P < 0.05) but lower serum antioxidant capacity (PON1,
TEAC, CUPRAC, and thiol) compared to stage-A and -B (P < 0.05). After the treatment, serum levels of CRP, Hp and KC-
like decreased and serum antioxidant levels increased compared to their pre-treatment values. Left ventricular
dimension and LA/Ao ratio correlated positively with CRP, MCP-1, and KC-like but negatively with PON1, GM-CSF, IL-7
and antioxidant biomarkers (P < 0.01).

Conclusion: Our results showed that dogs with advanced HF show increases in positive acute-phase proteins and selected
inflammatory cytokines such as KC-like, and decreases in antioxidant biomarkers, indicating that inflammation and oxidative
stress act as collaborative partners in the pathogenesis of HF. Some of these biomarkers of inflammation and oxidative stress
could have the potential to be biomarkers to monitor the severity of the disease and the effect of treatment.
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Background
Chronic heart failure (CHF) is a progressive clinical
syndrome and characterized by exercise intolerance,
dyspnea, coughing, lethargy, abdominal distension (as-
cites), and decrease in the quality and duration of life
due to impaired cardiac and pulmonary functions [1].

Myxomatous mitral valve degeneration (MMVD) and
dilated cardiomyopathy (DCM) are the most common
naturally occurring heart diseases eventually resulting
in CHF in dogs [2, 3] and humans [4].
MMVD is characterized by progressive myxomatous

degeneration of mitral valve leaflets leading to mitral regurgi-
tation and left-sided cardiac remodeling with a general pre-
served systolic function [2]. Dilated cardiomyopathy (DCM)
has recently emerged as having a genetic basis primarily in
large breeds and is characterized by cardiomegaly with
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predominantly impaired left ventricular systolic function. As-
cites is due to right-sided CHF and it is often associated with
biventricular failure in giant breeds with DCM [2, 4, 5].
Although both of them are commonly considered non-

inflammatory conditions [6, 7], studies have found in-
creased circulating inflammatory cytokines in dogs and
humans with CHF due to MMVD [8, 9] and DCM [7, 10].
Increased expression and release of inflammatory cytokines
such as tumour necrosis factor (TNF-α), as well as serum
C-reactive protein (CRP), have been described in humans
[11, 12] and dogs with CHF [13]. Increased levels of mono-
cyte chemoattractant protein 1 (MCP-1) and decreased
levels of interleukins have also been found in dogs with
CHF [8], but there is no data available on how CRP or
other inflammatory biomarkers can change in severe cases
[6]. Although increased levels of oxidative stress biomarkers
are associated with cardiovascular diseases in dogs [14–16]
and humans [17, 18], there are no studies describing oxi-
dative stress biomarkers such as total antioxidant capacity
and thiol, and their relationships with inflammatory bio-
markers and echocardiographic variables among the dif-
ferent stages of CHF.
The objectives of this study were to evaluate a panel of

serum inflammatory and oxidative stress biomarkers in dogs
with different stages of heart failure classified according to
the American College of Veterinary Internal Medicine (ACVI
M) guidelines [3], and to study the correlation between these
biomarkers and echocardiographic variables. Namely, a cyto-
kine panel including 13 cytokines, inflammatory biomarkers
such as ferritin, CRP, haptoglobin (Hp), paraoxonase 1
(PON1) and butyrylcholinesterase (BChE) and oxidative
stress markers such as total antioxidant capacity (cupric re-
ducing antioxidant capacity - CUPRAC, and trolox equiva-
lent antioxidant capacity - TEAC) and total thiol were
evaluated. Furthermore, we sought to evaluate the changes of
these biomarkers after treatment in dogs with severe CHF.

Results
Animals
The groups of the study were integrated by different
breeds. Stage A group included 3 Labrador, 2 Border
Collie, 1 Samoyed, 1 Cavalier King Charles Spaniel, and
1 Anatolian shepherd. Stage B2 group included 2 Golden
Retrievers, 1 Cocker Spaniel, 1 Kopay, 1 Jack Russell,
and 1 Shih Tzu. Stage C group included 2 Anatolian
shepherds, 3 Pekingeses, 1 Shih Tzu, 1 Cavalier King
Charles Spaniel, 1 Pincher, and 3 Terriers. Stage D
group included 3 Anatolian shepherds, 2 Cocker Span-
iels, 1 Pit Bull, 1 German shepherd, and 1 mix breed.

Clinical data
There was a statistically significant difference in ages be-
tween dogs with stage A and C (P < 0.05) as well as stage
A and D (P < 0.01) (Table 1). Heart and respiratory rates

increased in parallel according to the severity of the dis-
eases from stages A to D (data not shown) (P < 0.01).

Echocardiographic variables
Table 1 shows the echocardiographic variables of dogs in
this study. M-mode measurements showed that LV di-
mensions at diastole and systole were increased in stage D
compared to those of other stages of HF (P < 0.01). There
were statistically increases in LA/Ao ratio (P < 0.01), LVID
Dn (P < 0.001), and EPSS values (P < 0.05) between stage
A and B and stage C and D. Mitral valve E/A ratios in
stage D were higher than those of other stages of HF (P <
0.05). FS values did not differ statistically between the
groups (Table 1). EPSS and FS values were presented sep-
arately for DCM and MMVD in Table 1. EPSS values in
dogs with DCM were higher, whereas FS values were
lower than those of dogs with MMVD within and between
groups, at least P < 0.05.

Hematologic and serum biochemical results
Regarding the CBC results, stage C and D showed in-
creases (P < 0.01) in WBC and neutrophil counts, com-
pared to stages A and B (Table 1). RBC and PLT counts
did not differ statistically between groups (data not
shown). There was a significant increase in cTnI level in
stage C (P < 0.01; vs stage A and B) and stage D (P < 0.001;
vs stage A, B2 and C) (Table 1). There were no statistically
significant differences in biochemical parameters studied
between the groups (data not shown).

Inflammatory biomarkers
The cytokines results are shown in Fig. 1. Significant in-
creases in KC-like in dogs of stage C (median/interquartile
range: 972/689–1188 pg/mL; P < 0.01) and D (median/
interquartile range: 917/753–1942 pg/mL; P < 0.05) were
found when compared with stage A (median/interquartile
range: 377/125–531 pg/mL) and B dogs (median/inter-
quartile range: 222/163–309 pg/mL). No significant differ-
ences in IL-2, IL-6, IL-7, IL-8, IL-10, IL-15, IL-18, IP-10,
MCP-1, GM-CSF, TNF-α and IFN-γ results were ob-
served between the different groups of dogs (P > 0.05).
A significantly higher serum CRP concentration (Fig. 2)

was observed in the stage D of CHF (median/interquartile
range: 37.8/26.9–60.9 μg/mL) compared with stage A (me-
dian/interquartile range 2.1/1.5–10.9 μg/mL, P < 0.05) and
with stage B2 dogs (median/interquartile range 4.3/1.0–
9.7 μg/mL, P < 0.05). Hp concentrations were significantly
higher in dogs with stage D when compared with stage A
dogs (median/25th–75th percentiles: 2.4/1.6–3.3 versus
4.8/3.9–5.0 g/L, P < 0.05). A significantly lower PON1 ac-
tivity (Fig. 4) was found in dogs with Stage D of CHF (me-
dian/25th–75th percentiles: 1.9/1.4–2.3 IU/L) compared
with stage A dogs (median/25th–75th percentiles: 3.9/3.5–
4.6 IU/L, P < 0.05) and with dogs with stage B2 (median/
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25th–75th percentiles: 3.9/3.5–4.3 IU/L, P < 0.05). Despite
that groups were not sub-divided as DCM and MMVD,
data from these dogs were coded by different colors
(Fig. 4); serum PON1 activity of dogs with DCM (red
color) seemed to be lower than that of dogs with MMVD
(blue color) within groups in the more severe stages such
as stage C and D and between different groups (stage C vs
stage A and B2). No significant differences were found in
serum ferritin concentrations and BChE activity between
stage A dogs and the different groups of dogs with CHF
(Fig. 2). KC-like, CRP (P < 0.01), Hp (P < 0.01) and PON1
(P < 0.05) showed significant variations after 2 weeks of
the therapy (Fig. 3).

Oxidative stress markers
Variations in the markers of oxidative stress analyzed in
the different groups of dogs are shown in Fig. 4. Dogs
with stage D heart failure presented significant lower
concentrations of serum TEAC (median/25th–75th

percentiles: 0.34/0.25–0.36 mmol/L, P < 0.05), CUPRAC
(median/25th–75th percentiles: 0.22/0.17–0.25mmol/L,
P < 0.05) and thiol (median/25th–75th percentiles: 0.09/
0.06–0.09mmol/L, P < 0.05) when compared to stage A
dogs (median/25th–75th percentiles: 0.49/0.41–0.56mmol/
L [TEAC]; 0.32/0.28–0.40mmol/L [CUPRAC]; 0.25/0.22–
0.36mmol/L [thiol]) and with stage B2 dogs (median/25th–
75th percentiles: 0.46/0.36–0.50mmol/L, P < 0.01 for
TEAC; 0.31/0.27–0.36mmol/L, P < 0.01 for CUPRAC;
0.21/0.14–0.27mmol/L, P < 0.01 for thiol). Concentrations
of TEAC, CUPRAC, and thiol increased after 2 weeks of
therapy in dogs with stage D of CHF (Fig. 5).

Correlation study
Table 2 shows all correlations with statistical signifi-
cance (P < 0.05) found between echocardiographic
parameters and biomarkers studied. The highest correl-
ation (ρ > 0.70) was observed between LA/Ao and
serum cTnI (P < 0.001). CRP positively correlated with

Table 1 Selected clinical, hematological and echocardiographic parameters in dogs with different stages (Stages A, B2, C, and D) of
heart failure. Mean ± SEM

Parameters Stage A
(n = 8)

Stage B2
(n = 6)

Stage C
(n = 10)

Stage D
(n = 5)

Clinical variables

Age (years) 3.5 ± 0.3a 6.0 ± 1.6ab 8.6 ± 1.6 b* 9.1 ± 1.8 b**

Body Weight (Kg) 23.5 ± 3.8 a 19.1 ± 4.7 a 16.0 ± 5.6 a 34.1 ± 8.5 a

Gender (M/F) 2 / 6 2 / 4 6 / 4 3 / 2

Haematological variables

WBC (×103/mm3) 11.5 ± 1.1a 10.1 ± 1.4a 18.4 ± 2.5b#** 18.7 ± 1.5b#**

Neu (× 103/mm3) 7.9 ± 0.8 a 7.3 ± 0.9 a 14.4 ± 2.2 b** 15.7 ± 1.3b**

cTnI ng/mL 0.03 ± 0.04 a 0.03 ± 0.03 a 1.80 ± 1.39 b*** 5.30 ± 2.01 c***

Echocardiographic variables

RVd (cm) 0.62 ± 0.09 a 0.96 ± 0.11 a 0.97 ± 0.33 a 1.36 ± 0.35 a

IVSd (cm) 0.9 ± 0.1 a 1.1 ± 0.1 a 0.7 ± 0.0 a 1.0 ± 0.1 a

IVSs (cm) 1.1 ± 0.1 a 1.3 ± 0.1 a 0.9 ± 0.0 a 1.2 ± 0.1 a

LVd (cm) 3.2 ± 0.2 a 3.0 ± 0.5 a 3.9 ± 0.4 a 5.7 ± 2.0 b#**

LVs (cm) 2.2 ± 0.2 a 2.1 ± 0.1 a 2.8 ± 0.4 a 4.3 ± 0.8 b**#*

PWd (cm) 1.0 ± 0.1 a 0.9 ± 0.1 a 0.6 ± 0.0 b** 0.9 ± 0.0 a

PWs (cm) 1.2 ± 0.1 a 1.2 ± 0.1 a 0.7 ± 0.0 b*** 1.3 ± 0.1 a

LA /Ao 1.1 ± 0.0 a 1.6 ± 0.1 b 2.2 ± 0.1 b#*** 2.3 ± 0.1 bc#***

LVIDDn 1.38 ± 0.31a 1.72 ± 0.12 b** 1.78 ± 0.18bc** 2.03 ± 0.49c***#***

MV E/A 1.9 ± 0.21 a 2.2 ± 0.2 ab 2.2 ± 0.1 ab 3.0 ± 0.5 b*

EPSS (cm)
(DCM/MMVD)

0.2 ± 0.1a 0.4 ± 0.0a

(0.7 ± 0.3/0.2 ± 0.1+)
0.5 ± 0.1 ab

(1.2 ± 0.3/0.3 ± 0.1+)
1.2 ± 0.3 b*

(1.5 ± 0.4/0.4 ± 0.1+)

FS (%)
(DCM/MMVD)

32 ± 2 a 35 ± 2a

(31 ± 3/38 ± 5)
29 ± 2 a

(16 ± 6/33 ± 7+)
26.7 ± 5.5 a

(16 ± 7/47 ± 9+)

In the same rows, the difference between different letters was statistically significant, but the difference between all values with the same letter was not
significant. * P < 0.05; ** P < 0.01; *** P < 0.001
# Compared with Stage B2
+ Comparison between dilated cardiomyopathy (DCM) and myxomatous mitral valve disease (MMVD) (at least, P < 0.05)
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LVDd (ρ = 0.40; P = 0.035), LVIDDn (ρ = 0.41; P =
0.037) and LA/Ao (ρ = 0.60; P = 0.001), in addition KC-
like and MCP-1 correlated positively with LA/Ao (ρ =
0.52; P = 0.004) and LVIDDn (ρ = 0.41; P = 0.003), re-
spectively. All antioxidant biomarkers were negatively
correlated with LVIDDn, being the highest coefficient
of correlation with CUPRAC (ρ = − 0.52; P = 0.006).
There were not statistically significant differences be-
tween gender and measured parameters.

Discussion
To the best of the authors’ knowledge, this is the first
study that reports changes in a panel of inflammatory
and oxidative stress biomarkers in dogs with different
stages of heart failure (stage A, B2, C and D) and their
correlations with echocardiographic findings. In this
study, CHF due to MMVD or DCM was diagnosed
based on a thorough cardiopulmonary assessment as re-
ported in the previous studies [5, 13], and classified by

Fig. 1 Cytokine results in dogs of different stages of heart failure: Stage A, Stage B2, Stage C and Stage D. IL, interleukin; IP-10, interferon gamma-
induced protein 10; MCP-1, monocyte chemoattractant protein 1, GM-CSF, granulocyte-macrophage colony-stimulating factor; KC-like,
keratinocyte-derived chemokine; TNF-α, tumor necrosis factor–alpha; IFN-γ, interferon–gamma. Red and blue colors represent data from dogs
with dilated cardiomyopathy (DCM) and myxomatous mitral valve disease (MMVD), respectively
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stage A through D according to the ACVIM consensus
statement guidelines [3].
Accumulating evidence indicates that acute-phase pro-

teins (APPs), inflammatory cytokines and oxidative
stress may have a role in the pathogenesis of CHF in
humans [19] and dogs [8, 20], but it is not known how
inflammatory biomarkers changes in the different stages
of heart failure. In this study, KC-like, which is an in-
flammatory chemokine, increased in serum of dogs with
more severe stages. In addition increased concentrations
of CRP and Hp and decreased activity of PON1 in stage
D dogs showed that APPs may be associated with end-
stage CHF. This would indicate that there is an inflamma-
tion associated with CHF specially in severe cases. Similar
to our results, significantly higher serum CRP

concentration was found in dogs with decompensated CHF
compared with compensated dogs with heart disease and
healthy dogs [13].

The decrease in PON1 in dogs at stage D found in
our study could indicate that the lack of the protective
effect of PON1 could be involved in the more severe
stages of CHF and is in agreement with the negative cor-
relation between PON1 activity and severity of heart fail-
ure [21, 22]. PON1 is an enzyme with cardioprotective
action in atherosclerosis and related vascular diseases
[23], and its activity decreased in humans with CHF [24,
25] and also in situations of increased systemic oxidative
stress and risk for cardiovascular disease such as dia-
betes mellitus and hypercholesterolemia in mouse [26]
and humans [27]. Serum PON1 activity was suggested to

Fig. 2 Values of C-reactive protein (CRP), haptoglobin (Hp) and ferritin in dogs with different stages of heart failure: Stage A, Stage B2, Stage C
and Stage D. The plots show median, 25th and 75th percentiles. Red and blue colors represent data from dogs with dilated cardiomyopathy
(DCM) and myxomatous mitral valve disease (MMVD), respectively
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be inversely associated with oxidative stress in serum
and macrophages, with PON1 deficiency resulting in
increased oxidative stress [27] and formation of react-
ive oxygen species (ROS) [21]. Therefore, the ob-
served changes in chemokines, APPs and PON1
activity in this study provide further support for a
role of systemic inflammatory activity and oxidative
processes in the progression of CHF and a potential
antioxidant compensatory role of PON1. In the
present study, serum PON1 activity of dogs with
DCM showed lower values than that of dogs with
MMVD, in agreement with the study of Mahadesh-
Prasad et al. [22] reporting a negative correlation of
PON1 activity and severity of DCM.
Several reports have demonstrated enhanced expres-

sion and release of inflammatory cytokines and several
chemokines in humans with CHF [28–30]. In this study,
a panel of serum cytokines and chemokines was evalu-
ated, and only serum KC-like levels were increased in

symptomatic stages of CHF (stage C and D) compared
to asymptomatic (stage B2) and healthy dogs (stage A).
In a study similar to ours, Zois et al. [8] reported that
MCP-1 chemokine was increased in CHF dogs compared
to healthy dogs and some ILs decreased with disease
severity. Information about KC-like, a major neutrophil
chemoattractant, is limited, but it appears to play a role in
systemic or generalized inflammation [31]. Increased
plasma levels of KC-like have been associated with severe
cardiac depression in old mice [12]. The observed positive
correlations between KC-like and other analytes in our
study (CRP, Hp, ferritin, and WBC and neutrophil counts)
suggest an inflammatory role for KC-like. Inflammatory
mediators may be released from the failing myocardium
itself, and also from circulating WBC, platelets, endothelial
cells, and from the liver and lungs and may contribute
to myocardial depression and detrimental consequences
such as endothelial dysfunction and cardiac myocyte
apoptosis [32, 33].

Fig. 3 Serum concentrations of keratinocyte chemotactic like (KC-like) (a), C-reactive protein (CRP) (b), haptoglobin (Hp) (c) and paraoxanase-1
(PON-1) (d), before (n = 5) and 2 weeks after the treatments (n = 5) in stage D of chronic heart failure. * P < 0.05 ** P < 0.01
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In our study, lower values of all antioxidant bio-
markers were found in severe stages of CHF. Similar to
our findings, some of the antioxidant biomarkers such as
thiol was decreased in humans with CHF [17]. De-
creased myocardial contractility or pressure/volume
overload leads to myocardial ischemia, which in turn in-
duces a decrease in antioxidant compounds [34, 35] a.
In the presented study, decreasing antioxidant capacity
and antioxidant enzyme levels in serum of dogs with
stage D may be due to ongoing oxidative stress during
CHF that can influence the initiation and progression of
valve lesions [25, 36, 37]. The decrease in antioxidant
biomarkers could be connected with the increase in in-
flammatory biomarkers since the imbalance between an-
tioxidants and oxidants can lead to induction of
inflammatory cytokines [36, 38]. As changes in markers
of inflammation and oxidative stress were more pro-
nounced in stage D dogs, it can be suggested that the
degree of inflammatory activity and antioxidant system
impairment may be linked to the severity of the disease.

When the individual animals were evaluated before
and after the treatment, there was in general, a decrease
in the biomarkers of inflammation and an increase in
the antioxidant biomarkers, which was associated with
the clinical improvement of the dogs. Although the
number of animals was low and these findings should be
demonstrated in larger and more diverse groups of dogs
with severe stages of HF, it could be postulated that bio-
markers such as CRP and antioxidant biomarkers could
have potential diagnostic and prognostic relevance to
monitoring treatment in cases of severe CHF (stage D).
Our findings of a positive correlation between CRP

levels and LV diameter and LA/Ao ratio are in agree-
ment with a previous report made in dogs with CHF [6].
This finding and the negative correlation found between
these cardiac variables and serum PON1 activity would
indicate that APPs have possible role in the pathophysi-
ology of CHF in dogs. MCP-1 protein was found to be
correlated positively with cTnI and LVIDDn, suggesting
that it may have an important role in myocardial damage

Fig. 4 Trolox equivalent antioxidant capacity (TEAC), cupric reducing antioxidant capacity (CUPRAC), and thiol concentrations in serum of dogs
with different stages of heart failure: Stage A, Stage B2, Stage C and Stage D. The plots show median, 25th and 75th percentiles. Red and blue
colors represent data from dogs with dilated cardiomyopathy (DCM) and myxomatous mitral valve disease (MMVD), respectively
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and cardiac remodeling, as reported in human patients
[39]. On the other hand, the negative correlation be-
tween serum CUPRAC, TEAC, and thiol levels and LV
dimensions may indicate the role of antioxidant system
deficit in the development of cardiac remodeling from
stage B2 to stage D CHF. Studies have shown that deficit
of antioxidant capacity may have a role for myocardial
injury and then developing CHF [40, 41]. Based on these
findings it could be postulated that antioxidant therapy
or supplementation may be beneficial to slow or prevent
the progression of CHF in dogs.
The present study is associated with several limita-

tions. First, the sample size was small and dogs were not
sub-divided as MMVD and DCM in this study, although
this approach has been used in previous studies of
changes in selected analytes in dogs with CHF [13, 42].
Therefore, this should be considered a pilot study and
additional studies should be continued with a large
number of animals with the same disease (MMVD or
DCM or other diseases that can produce CHF) in

separate groups. Second, there were wide-ranging varia-
tions in the body weight and various breeds of the in-
cluded dogs. Both of them can influence several
echocardiographic parameters such as LA and LV di-
mensions, LVIDDn, and EPSS. Although it showed no
significant differences, the group had different body
mass that could influence LVIDd, therefore the results
of correlation between LVIDd and inflammatory and
oxidative stress markers in addition to the hearth dam-
age could have been influenced by the body mass
changes. The LA/Ao ratio indicates the degree of LA
dilation and shows a positive correlation with the sever-
ity of heart failure [43, 44]. LVIDDn is suggested as a
more favorable indicator for evaluation of the degree of
LV dilation in dogs [45]. Therefore, in this study, LA/Ao
ratio and LVIDDn were used to describe echocardio-
graphic evidence of cardiac remodeling. Third, ages in
the control group should have been matched with the
ages of the patient groups. Nevertheless, in the present
study, mean ages in selected dogs were 3.5 yrs. (healthy

Fig. 5 Serum concentrations of trolox equivalent antioxidant capacity (TEAC) (a), cupric reducing antioxidant capacity (CUPRAC) (b) and thiol (c),
before (n = 5) and 2 weeks after the treatments (n = 5) in stage D of chronic heart failure. * P < 0.05
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control), 6.0 yrs. (stage B2), 8.6 yrs. (stage C), and 9.1 yrs.
(stage D), in agreement with those of Reimann et al.
[15]. In addition, gender and body weight were not associ-
ated with differences in concentrations of any cytokine [8].

Conclusion
In conclusion, inflammatory markers such as CRP and
KC-like are increased whereas antioxidant biomarkers
such as TEAC, CUPRAC, and thiol are decreased in
more severe stages of CHF, being these analytes corre-
lated with some echocardiographic measurements. Some
of these biomarkers of inflammation and oxidative stress
could have the potential to be biomarkers to monitor
the severity of the disease and the effect of treatment.
Therapeutic strategies for preventing inflammation and
oxidative stress may contribute to clinical improvement
and slow disease progression.

Methods
This study was performed between July 2018 and May
2019 at the Veterinary Teaching Hospital, Bursa Uludag
University, Bursa / Turkey (Ethic ID: 2018–05 / 02).

Dogs and groups
This study consisted of a total of 29 client-owned dogs
of different breed, age, body weight, and both sexes. The
dogs were classified according to the ACVIM staging
system [3]. Dogs without evidence of cardiopulmonary
and other diseases were included as healthy controls
(stage A, n = 8). Stage B includes two subgroups (B1 and
B2); asymptomatic and presence of heart murmur with
(B2) or without cardiomegaly (B1). In this study, only B2
dogs (n = 6) were selected, which was characterized by
the presence of heart murmur at mitral valve puncta
maxima, and radiographic (vertebral heart score [VHS] >
10.5) and echocardiographic evidence (left atrial to aor-
tic root ratio [LA/Ao] > 1.6 and/or body weight normal-
ized left ventricular internal diameter in diastole [LVID
DN] > 1.7) of left-sided cardiac remodeling due to
MMVD (n = 3) or DCM (n = 3). Stage C and D dogs
were characterized by the presence of clinical signs asso-
ciated with CHF. Stage C (n = 10) had a systolic heart
murmur (≥ grade 3/6) over the mitral valve area with
clinical (coughing, exercise intolerance, etc.), radiological
(VHS > 11.0 and pulmonary edema) and echocardiogra-
phical evidence of left-sided cardiac remodeling as men-
tioned above due to MMVD (n = 7) or DCM (n = 3).
Stage D dogs (n = 5) had a systolic heart murmur (grade
5–6/6), precordial thrill over the mitral valve area and
abdominal distention (ascites), and echocardiographic
evidence of left- and right-sided cardiac remodeling due
to MMVD (n = 2) or DCM (n = 3), in addition to radio-
graphic evidence of cardiomegaly (VHS > 11.5).

Just after the diagnosis of the disease, pimobendan
(0.25 mg/kg, twice a day, PO) was prescribed alone for
stage B2 patients, as suggested in EPIC study [46], or in
combination with other medications; furosemide (2 mg/
kg, once or twice a day, PO), spironolactone (2 mg/kg,
once a day, PO), enalapril (0.5 mg/kg, once or twice a
day, PO), and/or digoxin (0.005 mg/kg, twice a day, PO)
for stage C patients [3]. Stage D CHF or advanced heart
failure was defined as recurrence of CHF signs despite
receiving the initially prescribed doses of standard medi-
cations with furosemide > 4mg/kg/day. For these dogs,
CHF treatment was revised as; pimobendan (0.3–05mg/
kg, twice daily, PO), torsemide (0.2 mg/kg, once or twice
a day, PO), spironolactone (2 mg/kg, once a day, PO),
enalapril in combination with thiazide diuretic (0.5 mg/
kg, twice a day, PO), and if needed, anti-arrhythmic di-
goxin (0.005mg/kg, twice a day, PO) and/or diltiazem
(1 mg/kg, three times a day, PO) [47]. Two weeks later
after revising of the medical therapy, dogs in stage D
were re-examined to collect the data, for two-group
comparison: pre- and post-treatment groups.

Case selection
The diagnosis of MMVD was based on the combination
of following criteria: the presence of mitral valve pro-
lapse (MVP) and/or thickening of the mitral valve leaf-
lets by 2-D echocardiography on right parasternal long-
axis view, and identification of mitral valve regurgitation
on left apical 4-chamber view by color Doppler examin-
ation [48, 49].
DCM was diagnosed based on the echocardiographic

findings such as increased chamber size, increased E
point to septal separation (EPSS) and poor fractional
shortening (FS < 25%) along with ECG and thoracic
radiographic findings. The diagnosis was confirmed
using a scoring system (cut-off score: 6) for DCM pro-
posed by the European Society for Veterinary Cardiology
[5, 50]. If these dogs did not show the clinical signs, they
were defined as a pre-clinical DCM (non-overt / asymp-
tomatic DCM), and were included in stage B2 group.
Overt or clinical DCM was diagnosed when the dogs
had a total score above six, and showed the clinical signs
such exercise intolerance, tachypnea, and coughing; ac-
cording to treatment response, these dogs were included
in stage C (good response) or stage D (refractory heart
failure).
Healthy dogs were recruited from staff and students

at the Veterinary Teaching Hospital. All dogs were
healthy based on normal physical and cardiovascular
examinations and laboratory assessments in which the
results of complete blood count (CBC), serum cardiac
troponin I (cTnI) and serum biochemistry profile
were within the reference ranges suggested for dogs.
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Exclusion criteria
According to the results of the analysis, dog with comor-
bidities such as infectious diseases (pneumonia, urinary
tract disease or pyoderma, etc.), non-infectious diseases
(renal failure, atopy, inflammatory bowel disease or
hepatitis), vector-borne diseases (ehrlichiosis, Lyme, and
dirofilariasis, etc.), endocrine diseases (diabetes mellitus,
hypothyroidism, hyperthyroidism and Cushing disease,
among others) and patients with benign or malignant
tumors were excluded. If the dogs received any kind of
medication (steroids, non-steroids, antibiotics, inotropes
or diuretics, etc) prior to admission to the clinic, they
were not included to the study, because of the fact that
some medication could affect on hematologic and serum
biochemistry profile which were analysed here.

Sample collection and measurements
Examinations of the cardiopulmonary system
In this study, the cardiopulmonary system was evaluated
by a thorough physical examination, electrocardiography
(ECG), thoracic radiography and echocardiography in all
dogs. Physical examination included body temperature,
heart and respiratory rates and cardiac auscultation etc.
Bilateral, ventrodorsal and/or dorsoventral radiographs
of each patient were taken, and radiological morphology
of the heart, vertebral heart score, lung and thoracic ves-
sels were examined. ECG was recorded without sedation
using 3 bipolar standard limb leads. Cardiac rhythm ana-
lyses and measurements were performed with a standard
calibration (10 mm/mV and 50 mm/sec), as reported in a
previous study [51].
A transthoracic echocardiographic examination was

performed as reported previously [13, 51, 52]. Briefly,
cardiac measurements were done using conventional
modalities (2-D, M-mode, and color Doppler) and im-
aging techniques (right parasternal short and long
axis, left apical 4–5 chamber and subcostal views)
with phased-array cardiac transducers in all dogs
(Caris Plus Esaote, Italy). Left ventricular related pa-
rameters such as left ventricular internal diameter at
diastole (LVIDd) and systole (LVIDs) were calculated
by the Teichholz method derived from M-mode mea-
surements, at right parasternal long axis view.

Laboratory analysis
Venous blood samples were collected via venipuncture
from the brachiocephalic veins into EDTA tubes for
CBC and serum tubes for biochemistry (inflammatory bio-
markers, cytokine panel, and oxidative stress markers) and
cardiac troponin I (cTnI) analyses. Serum samples were
stored at − 80 °C for a maximum of 8months until
analysis.

Hematological and serum biochemistry analysis
CBC was measured in the animal hospital lab within 1 h
after blood collection (HM5, Abaxis), and only white
blood cell (WBC) and neutrophil counts were presented
in this study. In all dogs, routine serum biochemistry
panel including enzyme activities (ALP, ALT, CK, and
amylase), total protein, electrolytes (Ca, P), renal damage
markers (blood urea nitrogen and creatinine), glucose
and total bilirubin was measured (Comprehensive Diag-
nostic Profile Rotor, VetScan, Abaxis). Serum thyroxine
and cholesterol levels were measured using T4/Choles-
terol Reagent Rotor (VetScan, Abaxis). Serum cTnI was
measured with a portable clinical device (cTnI cartridge,
I-Stat, Abaxis).

Inflammatory biomarkers
Serum ferritin concentration was measured using a com-
mercial immunoturbidimetric assay (Tina-quant Ferritin,
Roche). A commercially available method (Tridelta Ltd.,
Brey, Ireland) was used for haptoglobin (Hp) concentra-
tion measurement. C-reactive protein (CRP) was mea-
sured in serum using an immunoturbidimetric assay (CRP
OSR6147 Olympus Life and Material Science Europe
GmbH, Hamburg, Germany). PON1 and BChE activities
were determined following previously validated assays [53,
54]. All analysis was performed using the Olympus
AU600 (Olympus Diagnostica GmbH) analyzer.

Serum cytokines measurements
Milliplex® MAP magnetic bead panel (CCYTO-90 K
Millipore, Billerica, MA) with an automated analyzer
(Luminex 200, Luminex Corporation, Austin, TX) was used
to determine concentrations of 13 cytokines (interleukin-2
(IL-2), IL-6, IL-7, IL-8, IL-10, IL-15, IL-18, interferon
gamma-induced protein 10 (IP-10), monocyte chemo-
attractant protein 1 (MCP-1), granulocyte-macrophage
colony-stimulating factor (GM-CSF), keratinocyte-derived
chemokine (KC)-like, tumour necrosis factor-alpha (TNF-
α) and interferon-gamma (IFN-γ) in blood serum. The
assay was performed according to the manufacturer’s in-
structions. Internal quality control material provided by the
manufacturer was used to generate a standard curve and
calculate concentration for each analyte.

Oxidative stress biomarkers
Trolox equivalent antioxidant capacity (TEAC), based on
the enzymatic generation of ABTS radical, and cupric redu-
cing antioxidant capacity (CUPRAC) were determined in
serum by using previously validated assays [55, 56]. Serum
thiol concentrations were measured using the method de-
scribed by Jocelyn [57] and modified by Costa et al. [58].
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Statistical analysis
Data were analyzed using a commercial software tool
(GraphPad Prism 6, San Diego, USA). Changes in results
between the different groups were assessed by a non-
parametric test (Kruskal–Wallis followed by Dunn’s mul-
tiple comparison) because of the small sample size. There-
fore, they were presented as median and interquartile
range. Correlations between variables were determined
using the Spearman test. A P < 0.05 was taken as statisti-
cally significant in all cases. Figures were produced with
different colors representing different disease; DCM (red
color) and MMVD (blue color).
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