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ABSTRACT
Chronic mitral valve insufficiency (CMVI) is the most common acquired heart disease in dogs. In heart failure, the cellular
oxygenation and metabolism are affected, which leads to the production of free radicals. Free radicals damage DNA, lipid
and protein molecules in cells. In the present experiment, blood samples were collected from CMVI dogs with heart failure
and were compared with the results obtained from healthy dogs. A significant increase in the levels of xanthine oxidase,
AST, LDH and CK and decrease in the activity of catalase were noticed in CMVI dogs when compared to healthy dogs,
which revealed overall cardiac and skeletal muscle damage in CMVI dogs. Results of biochemical parameters revealed an
increase in urea level and decrease in sodium, potassium and calcium levels in CMVI dogs as compared to control dogs, all
of which indicate cardiac damage in dogs. Study on hematological parameters revealed a significant decrease in Hb, PCV,
RBC and platelet counts and an increase in total WBC counts and percentage of neutrophils, decrease in percentage of the
lymphocyte and monocyte in CMVI dogs than control. These results indicate secondary phenomenon to heart failure. The
present research data indicates the usefulness of these biomarkers in the diagnosis and prognosis of CMVI with heart
failure in dogs.
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INTRODUCTION
Congestive heart failure (CHF) refers to the heart

unable to pump blood to the body at the designed volume
and pressure. In dogs, CHF is mainly caused by chronic
mitral valve insufficiency (CMVI) and dilated
cardiomyopathy (DCM) (Besche et al., 2007). CMVI is
commonly noticed in smaller breed dogs (Haggstrom et al.,
1992). CMVI is characterized by regurgitation of blood from
left ventricle (LV) to the left atrium (LA), which causes volume
overload that leads to left sided CHF with risk of remodeling
and myocardial alterations (Hyun and Layulo, 2011).

Oxidative stress describes imbalance between
formation of reactive oxygen species (ROS) and antioxidant
defences in the body. In human patients with CMVI,
oxidative stress can be a factor for development of
remodelling of myocytes and dysfunctions in heart  (Ahmed
et al., 2010). In vitro studies have reported that ROS level
increases with overstretching and cyclic stretch of myocytes.
Due to this process, contractile function is impaired and
myocytes can undergo apoptosis (Cheng et al., 1995). Studies
on animals have indicated altered antioxidant status and
biomarkers in oxidative stress in dogs with both spontaneous
and experimentally induced cardiovascular disease.
Experimentally induced heart failure in guinea pigs also has
shown increased oxidative stress (Dhalla et al., 1996).

Induced chronic volume overload in canine model also
shown to increase oxidative stress resulting in impaired
contractile function of heart (Prasad et al., 1996).

The enzyme xanthine oxidase (XO) is highly
expressed in the failing heart and it impairs mitochondrial
energy production in cardiac myocytes. Xanthine oxidase
has been shown to be a major source of free radical
generation leading to oxidative stress under ischemic
conditions (Xia et al., 1996; Pandey et al., 2000). These
oxygen free radicals generated by xanthine oxidase in turn
oxidize macromolecules like DNA, proteins and lipid
resulting in myocardial cellular injury (Gorman and Zweier,
1990). As a consequence of damage, malondialdehyde
(MDA) a secondary byproduct of lipid peroxidation,
becomes useful for assessing the oxidative damage in most
of the tissues (Ayala et al., 2014). The normal myocardium
contains antioxidant proteins that act to scavenge H2O2
mainly catalase, glutathione peroxidase, and peroxiredoxin.
Catalase accounts for nearly 80% of all peroxidase activity
in cardiomyocytes (Li et al., 1997).

In this study the oxidative stress markers like
Xanthine oxidase (XO), Malondialdehyde (MDA) and
catalase along with cardiac enzymes like total Creatine
kinase (CK), Lactate dehydrogenase (LDH), Lactate dehy
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drogenase- 1 (LDH-1), Aspartate transaminase (AST) and
other routine biochemical and hematological parameters for
the prognosis of CMVI with heart failure dogs were assessed.
MATERIALS AND METHODS

Blood samples were collected from the dogs
attending the OP ward of Madras Veterinary College
Teaching Hospital, Chennai.  Ten dogs diagnosed with CMVI
were included in the present study after confirmation with
ECG, Chest Radiography and Doppler echocardiography.
Chronic mitral valve disease was confirmed based on the
following observation in colour Doppler echocardiography,
viz. degenerative changes in the mitral valve leaflets, dilated
left atrium in comparison with aorta, dilated left ventricle
and regurgitation at the level of mitral valve (Plate 1).

A total of 30 other dogs were examined clinically to
serve as healthy control. About 5 ml of blood sample was
collected from cephalic vein from all healthy and diseased dogs
for estimation of blood, enzyme and biochemical parameters.

XO activity was assayed by the modified method
of Bergmeyer et al., (1974). MDA level was measured by
the method of Satho, (1978). Catalase activity was
determined by the method of Beers and Sizer (1952). All
the enzymatic and biochemical parameters were analyzed,
using diagnostic kits (M/S. Agappe Diagnostics Ltd.,
Ernakulum, and Kerala, India) as per the manufacturer’s
protocol except LDH-1 isoenzyme, which was measured as
per the method of Welshman and Carol Rixon (1967). All
the chemicals used in the assay were of analytical grade
(Merck or equivalent). Hematological parameters were
analysed using auto-analyzer (Biosystems, A15).

The results are expressed as mean ± SE for all
parameters. The data was analyzed by “unpaired t test”
(Snedecor and Cochran, 1994) and the level of significance
of the test falling less than 0.01 (p <0.01) was considered
statistically significant.

Plate 1: Echocardiographic findings with cmvi.

A) 2-D Echocardiogram showing severely dilated left atrium and highly increased LA/AO Ratio.

B) 2-D Echocardiogram and color flow doppler showing severe mitral regurgitation.
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RESULTS AND DISCUSSION
A.   Oxidative stress markers: The results of the oxidative
stress markers for control and CMVI groups are presented
in the  Table 1.

In the present study, a highly significant increase
in the activity of xanthine oxidase (XO) was observed in
dogs with CMVI, much in concurrence with the findings of
Sesh et al., (2015) who noticed a significantly increased
activity of XO in dogs with dilated cardiomyopathy, when
compared to healthy dogs. Berry and Hare (2004) opined
that circulating XO levels localized in blood and myocyte
are up-regulated in congestive heart failure. The XO enzyme
expression is increased in the failing heart (Ekelund et al.,
1999; Jong et al., 2000; Cappola et al., 2001; Amado et al.,
2005) as much as four fold, recorded in the failing dog heart.
Amado et al., (2005) showed that XO in total heart extracts
is upregulated at the transcriptional level. A similar
mechanism presumptively underlines the observations of the
present study. Although Ayala et al., (2014) reported elevation
of MDA in acute myocardial injury, in the present study there
was no significant difference of MDA level between the

control and CMVI group which may be due to chronic nature
of the disease.

Similar findings were expressed by Freeman et al.,
(2005) in their investigations on Chronic Valvular Disease
in dogs (CVD) who opined that MDA is a less precise
indicator of lipid peroxidation and Reiman et al., (2017) in
their investigations on Myxomatous Mitral Valve Disease
(MMVD) in dogs, opined that the increase in MDA
concentration may be noted in cardiac tissues but may not
be reflected in the circulating plasma. Hence, the above
reasons also hold good for the results observed for MDA
concentrations in the present study and plasma estimation
of MDA may not serve as a reliable indicator for CMVI.

There was a highly significant decrease in catalase
activity in CMVI dogs than control. Baumer et al., (2000)
in their studies on Idiopathic Dilated Cardiomyopathy in
humans reported that the mRNA and protein levels of catalase
remained unchanged but the catalase activity decreased,
which may be due to the post-translational modification of
the enzyme leading to inactivation. Endogenous inhibition
of catalase activity in vivo may be a mechanism with potential

C) M-Mode echocardiogram showing severely dilated left ventricles.

D) 2D Echocardiogram showing degenerative changes in mitral valve leaflets.



1184 INDIAN JOURNAL OF ANIMAL RESEARCH

consequences for the intracellular redox balance. Khaper
et al., (2003) reported that in myocardial infarction, catalase
level, while stable initially, decreased over time, a plausible
reason again justifying the present findings. As most of the
peroxidase activity in myocytes is from catalase, this
significant change can drastically alter redox balance in the
myocardium (Pendergrass et al., 2011).
B. Cardiac enzymes: The results of the cardiac enzymes
for control and CMVI group are presented in the Table 1.
The level of total Creatine kinase (CK), Aspartate
transaminase (AST) and Lactate dehydrogenase (LDH)
significantly increased in CMVI group than control. Skeletal
muscle blood flow is limited in patients with chronic heart
failure, due to a combination of low cardiac output and
increased peripheral resistance, leading to muscle
degeneration. Structural or metabolic changes in skeletal
muscle could also be of importance (Schaufelberger et al.,
1996). It is opined that the elevated levels of total CK, AST,
and LDH observed in our study is a consequence of skeletal
muscle damage in CMVI dogs. Further it is also confirmed
by the result as obtained for LDH-1 activity, wherein no
significant difference was observed between control and
CMVI groups.

C. Biochemical parameters: The results of the biochemical
parameters for control and CMVI groups are presented in
the Table 1.

There was no significant difference with respect to
levels of glucose, protein, total cholesterol, HDL- cholesterol
and creatinine between the groups.

A highly significant reduction of sodium levels were
observed in CMVI group than control. A similar observation
was also noticed by Sesh et al.,  (2013) in Dilated
Cardiomyopathy cases of dogs, who suggested that the
decrease in the serum sodium levels may be due to sodium
influx into cardiac tissue for depolarization and excitation.
Bosswood and Murphy (2006) observed that sodium was
seen to vary significantly in dogs with heart failure
suggesting  hyponatremia as a marker of severe or end-stage
heart failure.

Calcium levels in CMVI group were significantly
reduced when compared to control. It is well established
that secondary parathyroidism is a covariant of CHF. The
aldosteronism of CHF predisposes the patient to secondary
hyperparathyroidism because of chronic increase in Ca2+

Table 1: Serum and hematological markers in healthy and chronic mitral valve insufficient (CMVI) dogs (values expressed in Mean ± SE).

Parameters Control CMVI P-value Result
                                                Oxidative stress markers

Xanthine oxidase (U/mL) 6.57 ± 0.41 11.40 ± 0.61 0.000 ***
MDA (µmol/L) 1.61 ± 0.16 2.08 ± 0.24 0.135 NS
Catalase (U/mg Hb) 0.25 ± 0.005 0.22 ± 0.008 0.004 ***

                                                 Cardiac marker enzymes
AST (U/L) 30.26±1.53 41.22±2.29 0.001 ***
CK ( U/L) 29.48±2.19 75.55±5.96 0.000 ***
LDH (WU/L) 309.46± 23.83 401.98±30.44 0.047 **
LDH-1 (WU/L) 26.47±2.40 34.70±3.2 0.080 NS

                                                 Biochemical parameters
Glucose (mg/dL) 88.57 ± 3.96 81.60 ± 4.26 0.347 NS
Total protein (g/dL) 5.41 ± 0.18 4.72 ± 0.35 0.071 NS
Total-Cholesterol (mg/dL) 169.72 ± 8.14 161.49 ± 14.17 0.110 NS
HDL – cholesterol (mg/dL) 58.40 ± 3.87 53.35 ± 3.82 3.771 NS
Sodium (mEq/L) 151.79 ± 4.05 101.70 ± 8.36 0.000 ***
Potassium (mEq/L) 5.25 ± 0.17 4.37 ± 0.38 0.021 **
Calcium (mg/dL) 9.98 ± 0.28 7.81 ± 0.48 0.000 ***
Urea (mg/dL) 28.60 ± 2.12 54.89 ± 6.05 0.000 ***
Creatinine (mg/dL) 0.99 ± 0.05 1.26 ± 0.18 0.054 NS

                                                       Hematological parameters
Hemoglobin (g/dL) 12.77 ± 0.34 9.66 ± 0.66 0.000 ***
PCV (%) 41.08 ± 0.99 26.52 ± 1.41 0.000 ***
RBC (millions/mm3) 6.28 ± 0.12 4.12 ± 0.43 0.000 ***
Platelets (lakhs/mm3) 267440.00 ± 7580.32 157700.00 ± 26373.83 0.000 ***
WBC (millions/mm3) 8968.33 ± 651.16 14945.00 ± 1089.20 0.000 ***
Neutrophils (%) 69.57 ± 0.77 78.30 ± 1.09 0.000 ***
Lymphocytes (%) 23.33 ± 0.74 17.60 ± 0.95 0.000 ***
Monocytes (%) 5.03 ± 0.22 2.60 ± 0.43 0.000 ***
Eosinophils (%) 1.97 ± 0.24 1.50 ± 0.27 0.297 NS
Basophils (%) 0.10 ± 0.05 0.00 ± 0.00 0.311 NS
NS = Not Significant; ** = P<0.05; *** = P<0.01
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losses in urine and feces, with fall in their serum ionized
Ca2+ level. Hyperparathyroidism stimulates excessive
accumulation Ca2+ in heart, skeletal muscle leading to low
level of calcium in blood (Alsafwah et al., 2007). The
reduced serum calcium levels observed in our study concurs
with the above reports.

The level of serum potassium in CMVI group was
significantly reduced than control. The data from
experimental models of cardiac hypertrophy or failure and
terminal heart failure in man, indicate that down-regulation
of potassium currents, particularly transient outward
potassium current may cause abnormalities in repolarization
and contribute to the increased electrical instability of failing
hearts (Tomaselli et al., 1994) which correlates with our
findings.

In the present study a highly significant increase in
the level of urea was observed in dogs with CMVI when
compared to control. But no significant difference in the level
of creatinine was observed among the groups. Atkins et al.,
(2002) have found that serum urea nitrogen concentration
increased over time in dogs with severe mitral regurgitation.
An increase in plasma urea without concomitant changes in
plasma creatinine could be due to a decrease in renal blood
flow with relatively smaller reductions in glomerular
filteration rate as shown in experimental canine CHF
(Lohmeier et al., 2000). Patients with congestive heart failure
and intact kidneys commonly present with an elevation of
blood urea nitrogen level and without increase in the
creatinine level (Hosten, 1990). The increase in urea level
observed in the present study may be due to heart failure,
which may decrease the renal blood flow.
D. Hematological parameters: The results of the
hematological parameters for control and CMVI groups are
presented in the Table 1.

In the present study highly significant decrease in
Hb, PCV, RBC, platelet count was observed in dogs with
CMVI as compared to control group. Anemia in people with
CHF is common and has been correlated with the severity
of heart failure. Low hematocrit and hemoglobin have both

been shown to be the predictors of mortality in human
patients and dogs with heart failure (Tanner et al., 2002 ;
Farabaugh et al., 2004). The decreased hematocrit and
hemoglobin concentrations observed in dogs with CMVI in
the present work may be a secondary phenomenon to heart
failure.

A highly significant increase in total leukocyte count
and percentage of neutrophils was observed in CMVI when
compared to control. No significant difference was observed
in the percentage of eosinophils and basophils between the
groups. Kyne et al., (2000) and Farabaugh et al., (2004)
have reported that total leukocyte and neutrophil count was
increased in heart failure in humans and dogs, which concurs
with the result of the present study.

A highly significant decrease in percentage of
lymphocytes and monocytes was observed in dogs with
CMVI. A decrease in the percentage of lymphocyte has been
observed in different cardiovascular diseases. It was
interpreted as a marker of the physiological stress response,
mediated by an increased release of endogenous
catecholamines or cortisol as suggested by Rudiger et al.,
(2006). Similarly, Horne et al., (2005) have demonstrated
that in cardiovascular failure there is an increase in circulating
neutrophils and decrease in total mononuclear cells
(lymphocytes plus monocytes).
CONCLUSION

In addition to cardiac enzymes, oxidative stress
markers like xanthine oxidase and catalase are also useful
to assess the prognosis of CMVI dogs with heart failure along
with ECG / Doppler echocardiography observations. Among
the biochemical parameters the levels of calcium, sodium
and urea are also useful to assess the severity of the condition.
The assessment of hematological parameters also support
to evaluate the severity of the condition.
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