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ABSTRACT
Oxidative stress has been shown to induce
damage in a variety of canine and human
cardiovascular cell types, and is implicated
in the initiation and progression of various
cardiac diseases. Various antioxidant agents
used in the management of heart failure
appear to confer cardio-protective benefits.
In light of growing evidence for the inadequacy of a monodimensional antioxidant
strategy, there is a demand for an integrated
approach using a combination of antioxidant compounds with complementary or

interdependent effects. In addition there is a
lack of specific data on the effects of natural
antioxidant substances in canine endothelial
cells. To address this topic, we developed
a new canine aortic endothelial cell-based
H2O2 oxidative stress assay. The antioxidant
and cytoprotective effects of four substances, ie, L-carnitine, taurine, pomegranate
extract, and soy isoflavone extract, alone
or in combination, were investigated with
the newly developed cell-based assay and
two free radical scavenging assays. The
results show that pomegranate extract, both
alone and in combination with the other
substances, possesses significant strong
antioxidant and cytoprotective activities in
canine endothelial cells. Data from this and
other published studies suggest that these
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natural substances could be of interest when
developing a multi-dimensional dietary
strategy to reduce the onset and progression
of oxidative stress-induced canine disease
and perhaps more specifically the endothelial degeneration involved in progressive
valvular insufficiencies.
INTRODUCTION
Increased life expectancy of dogs is now
common due to the many advances in canine
nutrition, preventive health care, medicine,
and surgery in recent decades. Cardiac
diseases are considered to be the second
most prevalent cause of death for dogs.1
Valvular endocardiosis and dilated cardiomyopathy are the most common of these,
and are known to have increased prevalence
in aged dogs.2 Oxidative damage leading to
cell death may constitute one of the most
proximal of the cascade of events that result
in heart failure. Experimental studies by
Ceselli et al have highlighted a major role
for oxidative stress in the development of
canine cardiovascular disease.3 Chronic
mitral valvular insufficiency (CMVI), the
major cause of heart failure in dogs, is usually caused by a progressive myxomatous
degeneration of the atrioventricular valves
that contributes to the pathogenesis of this
disease,4 and to an increased cellular oxygen
demand. Recent data suggest that oxidative
stress may also play a significant role in
the initiation and the regulation of cardiomyocyte apoptosis in a variety of cardiac
diseases 5 and that alterations in antioxidant
reactivity in the blood of dogs can be related
to the severity of the cardiac
insufficiency.6, 7.
Therefore, since oxidative stress plays a
significant role in the development and progression of cardiac diseases, the possibility
of regulating it with exogenous compounds
has been further investigated. The benefits
of the amelioration of oxidative stress found
in conjunction with pathophysiological abnormalities have been shown in humans, and
during the past decade considerable effort
has been made to identify and characterize
plant substances that can protect endothelial
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cells from oxidative stress.8, 9 L-carnitine
and taurine, well known for their antioxidant
activity, have been demonstrated to protect
human endothelial cells from oxidative
stress 10, 11 and to confer beneficial effects
on certain dog cardiomyopathies. 12, 13 They
have become two of the most widely used
dietary supplements in dogs suffering from
cardiac problems. 14
Polyphenolic compounds such as soy
isoflavones found in soybean extracts and
tannins from pomegranate extracts have
been widely investigated for their antioxidant activity and their potential beneficial
effects on cardiovascular diseases.15 Indeed,
several studies have reported soy isoflavones
to have a scavenging effect on reactive
oxygen species, inhibitory activity on lipid
peroxidation and cytoprotective effects
against oxidative stress. 9, 16 Pomegranate,
thanks to its high content in polyphenols,
possesses strong antioxidant and cytoprotective activities on human cells. 8, 17
However it appears that the protective
effects on endothelial cells conferred by
antioxidant substances may be speciesdependent and cannot be extrapolated from
species to species. 18 Thus, even if the antioxidant capacity of these four substances has
been evaluated in several in vitro free radical
scavenging assays (such as Oxygen Radical
Absorbance Capacity, Ferric Ion Reducing Antioxidant Power, etc) and on human
endothelial cells, their capability to protect
specifically canine endothelial cells from an
oxidative challenge remains uninvestigated.
To address this question, we have developed a canine endothelial cell-based model
assay to allow the evaluation of natural
substances for their cytoprotective effects.
The effects of four natural substances, alone
or in combination, have been tested with the
cell-based assay and with two free radical
scavenging assays (TEAC and DPPH) in
order to determine their potential in developing a multimodal dietary strategy to reduce
the onset and progression of canine oxidative stress-related diseases.
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MATERIALS AND METHODS
Chemicals and Cell Culture Reagents
Canine Aortic Endothelial Cells (CnAOEC)
and Canine Endothelial Cell Growth Medium were purchased from Tebu-Bio (Le
Perray-en-Yvelines, France). Trolox®, ABTS
(2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid), DPPH (1,1-diphenyl-2-picrylhydrazyl), H2O2, MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
were bought from Sigma-Aldrich (St Louis,
MO, USA). Soy isoflavone extract is a standardized 40% isoflavone extract provided by
ADM (Decatur, Il, USA). Pomegranate extract was bought from Polynat (Las Palmas,
Spain) and is standardized to contain at least
40% of punicosides. Finally, L-Carnitine
and Taurine were provided by Arnaud SAS
(Paris, France). The sample concentrations
to be tested in the different assays, ie, 1, 50
and 250 μg/ml., were estimated by reference
to existing published studies using human
endothelial cells or data reporting plasma
concentrations in dogs or humans following oral supplementation, 10, 12, 19-21 and the
absence of cytotoxicity of the proposed
levels substances on canine AOEC (data not
shown).
Development of the Canine Endothelial
Cell Model
For the development of the CnAOEC cell
assay, several parameters were tested to
define the optimum growing conditions for
the cells, the selection of the appropriate
method for cell viability measurement and
suitable compounds to generate reproducible
oxidative stress. Canine Aortic Endothelial
Cells (CnAOEC) were thawed and cultured
in Canine Endothelial Cell growth medium
following the provider’s instructions.
Thawed cells were inoculated in a
coated flask in growth medium and left for
24 hours at 37°C, 5% CO2, to allow adhesion. After 24 hours, cells were rinsed with
Hank’s buffered salt solution (HBSS) 1X
and new medium was added. Once reaching
80% of confluency, cells were trypsinized at
room temperature and re-seeded. When the
sub-cultured cells formed a monolayer, the
Intern J Appl Res Vet Med • Vol. 10, No. 2, 2012.

same method was used to detach and re-seed
the cells to create continuous passages. Cells
were seeded at different densities from 2.104
to 5.104 cells/cm2 in 96-well plates. They
were monitored to establish if they demonstrated their normal cobblestone shaped
appearance when they reached confluency.
This was continued over several passages to
ensure there was no alteration in behavior or
appearance.
Measurement of Cell Viability by MTT
Assay
The MTT assay was used to assess the
viability of CnAOEC cultures exposed to
cytotoxic treatments (Digitonin, 60µM or
DMSO at a range of concentrations from
0.1 to 20%) or to increasing concentrations
(ranging from 0.5 to 16mM) of H2O2 for
24 hr in order to induce an oxidative stress.
In this assay, cell damage is assessed 24 hr
after challenge with the cytotoxic substance
by incubating for 4 hr with MTT at 0.5mg/
ml, 37°C, 5% CO2. Plates are centrifuged,
the formazan resulting from the reaction
with MTT is solubilized in DMSO and
absorbance is measured at 570 nm, with a
correction at 690 nm.
Evaluation of the Potential of Natural
Substances to Protect CnAOEC from
Oxidative Damage
The ability of natural substances to protect
cells from the negative effects of oxidative stress was evaluated in CnAOEC. The
different samples were diluted in culture
medium, and no solubilization issue was
observed with any of the tested substances.
The cells were then pretreated with increasing concentrations (1, 50, 250µg/ml) of
soy isoflavone extract (S), pomegranate
extract (P), L-carnitine (C), taurine (T), and
SPCT mixture (mix of the four substances
where each is present at 0.25, 12.5, 62.5
µg/ml respectively to give the same final
sample concentrations of 1, 50, 250 µg/ml
for 8 hr. After the pretreatment period, cells
were submitted to an oxidative stress (H2O2
at 2mM) for 24 hr and cell viability was
assessed by the MTT assay as previously
described.

115

Table 1: Analysis of CnAOEC Cell Viability assessed by MTT assay (A) in presence of Digitonin and different concentrations of DMSO and (B) after the exposure with different concentrations of hydrogen peroxide. Data are mean values of 4 (A) or 3 (B) independent experiments ±
SD.
A
Treatment

% of viability

SD

Control
Digitonin (µM)

100
27
61
77
75
75
50
46

12
10
3
8
4
21
11
12

Treatment

% of viability

SD

Control
Digitonin (µM)

100
27
117
126
99
51
38
43
44

12
10
18
18
31
12
1
4
4

DMSO (%)

60
0.1
0.5
1
5
10
20

p value
(t-test vs control)
0.000
0.000
0.005
0.002
0.000
0.000
0.000

B

H2O2 (mM)

60
0.5
1
1.5
2
4
8
16

Trolox Equivalent Antioxidant Capacity
(TEAC) Assay
This method is based on the ability of antioxidant molecules to quench the long-lived
radical ABTS°+, a blue-green chromophore
with characteristic absorption at 734 nm,
compared with Trolox, a water-soluble vitamin E analog, as a positive control. Samples
of the test substances and Trolox are diluted
in PBS buffer in order to obtain the selected
concentrations. Then 200 µl of ABTS°+ at
7 mM concentration is added to 50 µl of
sample or Trolox solution in 96-well plates.
Absorbance of the different samples is read
every 2 minutes for 6 minutes (incuba-
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p value
(t-test vs control)
0.000
0.000
0.000
0.905
0.000
0.000
0.000
0.000

tion time) at room temperature. Results are
presented as percentage of ABTS radical
inhibition, and in Trolox equivalent (µM).
DPPH Antioxidant Assay
This antiradical activity assay is based
on the ability of antioxidant molecules to
reduce the stable purple DPPH radical.
The test was performed in 96 well-plates
where 190 µl of DPPH solution (150 µM) in
ethanol were mixed with 10 µl of sample solution prepared in PBS buffer at the selected
concentrations. The absorbance of the mixture is read at 540 nm every 5 minutes for 30
minutes at room temperature. Upon reduction, the color of the solution fades (violet
Vol. 10, No. 2, 2012 • Intern J Appl Res Vet Med.

Table 2: Data from TEAC assays of natural substances. Data are the mean of three independent experiments. Data not sharing the same superscript are significantly different (P<0.05).

Sample
Control
Soy Isoflavones (µg/
ml)
Pomegranate
(µg/ml)
L-Carnitine
(µg/ml)

Taurine (µg/
ml)
SPLT.Mix
(µg/ml)

Trolox (µM)

1
50
250
1
50
250
1
50
250
1
50
250
1
50
250
5
10
15
20
25
30
40

TEAC ASSAY
ABTS°+ inhibition
%
SD
0.00
4.09
9.04
1.94
83.44
5.42
91.62
2.99
27.84
4.12
97.37
2.75
97.38
2.61
0.45
4.95
0.37
4.59
0.92
4.19
0.00
4.02
0.00
4.42
0.00
4.66
8.91
3.57
97.16
2.66
96.79
2.82
12.67
4.29
25.45
3.48
37.29
3.66
50.59
3.27
62.32
2.48
75.23
2.17
97.81
2.54

color to pale yellow color). The percentage
of reduction (referred to as “inhibition” or
“quenching”), reflects the free radical scavenging capacity of the sample tested. Trolox
is again used as a positive control. Results
are presented as percentage of inhibition of
the DPPH radical. It is noteworthy that with
the pomegranate extract at the concentration
of 250 µg/ml, a precipitate was observed
after the incubation with DPPH, preventing
a relevant reading of the absorbance.
STATISTICAL ANALYSIS
Experimental data from the cell-free systems
Intern J Appl Res Vet Med • Vol. 10, No. 2, 2012.

Trolox equivalent
%
SD
0. 000
0.33
3.54†
1.33
33.43
0.36
¶
36.68
11.32
11.11
9.80
38.99□
66.17
38.99□
73.94
§
0.14
2.35
§
0.11
1.16
0.32§
1.85
§
0.00
1.08
§
0.00
0.43
§
0.00
2.01
3.52†
3.42
□
38.90
50.62
□
38.76
65.44
-

were expressed as mean ± SD and analyzed
using Student’s t-test with commercial
software (SYSTAT, SPSS Inc, Chicago, Ill).
Data obtained with the natural substances
in the canine aortic endothelial cell-based
assay were statistically analyzed by oneway ANOVA. Differences were considered
significant at P<0.05.
Results
Development of the CnAOEC Cell Based
Assay
At 5.104 cells/cm2 cells demonstrated their
typical cobblestone shaped appearance and
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reached 100% confluency after 7 days of
culture (Fig. 1). Because the behavior and
appearance of CnAOEC remain unchanged
between passage 1 to 14 (data not shown),
cells were used until passage 14 at a
maximum. The MTT assay was selected
to measure cell viability based on the data
obtained following the treatment of the cells
with digitonin at 60 µM (73% reduction ±
10%) and with DMSO at 10 and 20% (Table
1A). Free radical injury to the CnAOEC was
induced with a H2O2 treatment at a concentration range of 2 to 16 mM. MTT assay
results indicated that cell viability was significantly decreased after 24 hr of exposure
(Table 1B).

These conditions were selected in order
to perform the screening of the selected
natural substances.
Anti-oxidant Protection of Natural
Substances in CnAOEC
The protective effect of pre-treatment with
natural substances on cell viability in H2O2treated cells was evaluated using the MTT
assay. The data showed that between 1µg/ml
and 250 µg/ml, taurine, L-carnitine, and soy
isoflavones extract were not able to maintain
CnAOEC viability during a 2 mM H2O2
oxidative stress challenge (Fig. 2a). However pomegranate extract showed a strong
significant protective effect on CnAOEC

Table 3: Data from DPPH assays of natural substances. Data are mean of three independent
experiments. NC= Not calculated because of a precipitate formation
DPPH ASSAY
Sample
% DPPH quenching
SD
Control
0.00
3.74
Soy Isoflavones
1
1.65
4.93
(µg/ml)
50
2.35
4.62
250
10.98
4.56
Pomegranate
1
11.53
7.02
(µg/ml)
50
55.26
3.39
250
NC
NC
L-Carnitine
1
6.74
5.45
(µg/ml)
50
4.97
5.8
250
14.94
5.09
Taurine
1
4.95
6.03
(µg/ml)
50
10.84
5.12
250
25.09
4.8
SPLT.Mix
1
5.26
5.29
(µg/ml)
50
44.49
1.88
250
50.98
5.01
5
4.21
3.62
10
9.91
2.75
Trolox
15
17.00
2.83
(µM)
20
23.49
3.79
25
28.6
2.75
30
33.06
2.37
40
41.18
1.48
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Figure 1: Morphological observation of CnAOEC seeded at 5.104
cells/cm2 After 2, 3, 5 and 7 days of culture

viability against H2O2 induced cell damage
and in a dose-dependent manner. Indeed,
at 50 and 250 µg/ml, pomegranate extract
improved the cells’ viability following challenge to 35% and 82% respectively, which
is equivalent to an increase in viability of
approximately 2.2-fold and 5.1-fold respectively when compared to the unprotected
oxidatively stressed cells (Fig. 2a). Moreover, this protective effect was still observed
when pomegranate extract was mixed with
the other substances. Indeed, as shown in
Figure 2b, the mix of the 4 substances at
50 µg/ml and 250 µg/ml (corresponding
to a concentration of 12.5 and 62.5 µg/ml
for each ingredient respectively) improves
CnAOEC viability to 41% and 51 % respectively (equivalent to a 2.6-fold and 3.2-fold
increase in viability respectively when
compared to the unprotected oxidatively
stressed cells). Surprisingly, the level of cell
protection induced by the mix of substances
is similar to the protection induced by pomegranate extract alone.
Radical scavenging activity assessment of
natural substances in vitro
In the TEAC assay (Table 2), pomegranate,
and soy isoflavone extracts showed a strong
antioxidant activity. Indeed, pomegranate
extract almost completely quenched ABTS
radical at 50 and 250 µg/ml. ABTS radical was also inhibited, in a dose-dependent
Intern J Appl Res Vet Med • Vol. 10, No. 2, 2012.

manner, by 50 and
250 µg/ml of soy
isoflavones (83 and
91% quenching
respectively).
On the other
hand, L-carnitine
and taurine showed
no effect on inhibition of ABTS radical. ABTS radical
was also almost
completely inhibited with 50 and 250
µg/ml of the mix
(respectively 12.5
and 62.5 µg/ml of
each ingredient).
This percentage of inhibition is equivalent to
the one obtained with 50 µg/ml of pomegranate alone. In the DPPH assay (Table 3),
both pomegranate extract and SPCT mix at
50 µg/ml showed a significant scavenging
effect on DPPH free radical (around 50 %)
that is similar to the activity obtained with
the Trolox control at 40 mM. Soy isoflavones
extract, L-carnitine, and taurine present an
inhibitory effect on DPPH radical quenching
of 11%, 15%, and 24 % respectively at 250
µg/ml.
DISCUSSION
The development of cardiovascular disease
is a function of numerous environmental
and genetic factors, and data from human
epidemiological studies indicate that a diet
rich in fruits and vegetables has a protective
effect. 22 Several experimental studies have
demonstrated the beneficial effects of antioxidants in animal models of heart failure.
In particular, antioxidants can inhibit cardiac
myocyte hypertrophy, apoptosis, and the
transition of hypertrophy to heart failure and
are able, additionally, to attenuate cardiac
dysfunction.12, 13
The objective of this study was to evaluate the protection against H2O2-induced
oxidative stress in canine endothelial cells
and the free radical scavenging properties
of natural anti-oxidant substances. Prior to
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influenced by the need for complementary
our study, no compounds were described
for their in vitro effects against oxidative
biological effects other than just antioxidant
stress in canine endothelial cells. Moreover,
actions. For the evaluation of the antioxidant
according to Ram & Hiebert, it seems that
and cytoprotective effects of the selected
in some cases the protective effect observed
natural substances, different concentrations
on aortic endothelial cells with natural
between 1 and 250 µg/ml have been selected
antioxidant molecules can be speciesaccording to the data available in the literadependent.18 For this purpose, and since no
ture. 12, 19, 20
canine cell-based model was available to
The different samples have been evaludate, we developed an assay based on the
ated for their cytoprotective effect against
measurement of cell viability following an
H2O2 induced oxidative stress in the newly
oxidative stress using aortic endothelial cells
developed assay. Pomegranate extract alone
from dogs. We have shown that H2O2 was
or in combination was able to show a cytoable to generate oxidative damage that led
protective effect. This effect of pomegranate
to CnAOEC death at concentrations above 2
observed on oxidatively injured CnAOEC
mM. At concentrations below 2 mM, a slight
is in accordance with previous results on
increase in metabolic activity was observed.
human endothelial cells and macrophages
It has already been
Figure 2: Effect of pre-treatment with different natural substances of
reported that, in
CnAOEC exposed to H2O2 2mM on cell viability, assessed by MTT.
some cases, cells
Data are mean of 8 independent experiments ± SD. * significantly difsurviving H2O2
ferent (P<0.05). One way ANOVA student test.
induced oxidative
stress develop a
hypertrophy linked
with the activation
of different metabolic pathways. 23
Following the
development of the
cell based assay,
the antioxidant
potential of four
substances, ie, Lcarnitine, taurine,
pomegranate, and
soy isoflavones
extracts that
were individually
previously associated with beneficial
effects against
oxidative stress in
human endothelial cells 9-11, 17 have
been investigated.
The choice of the
individual components was based on
scientific studies and was also
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submitted to H2O2 or LDLox, showing that
pomegranate extract exerts a cytoprotective
effect in addition to the antioxidant activity
seen in cell-free assays.8 Soy isoflavones extract, L-carnitine and taurine used alone did
not show a protective effect on oxidativestressed CnAOEC in this model.
Interestingly, it has been recently
reported that the soy-derived isoflavones
genistein and daidzein significantly protect
human vascular endothelial cells against
H2O2-induced oxidative stress injury, and
that this protective effect against oxidative
stress in vascular endothelial cells is likely
to be mediated by multiple mechanisms
of action involving the regulation of the
survival signaling pathway of the Bcl-2
family, phosphoinositide 3-kinase, and the
regulation of estrogen receptors. 9 Based
on this observation, and on the low activity of the soy extract in our study, it should
be of interest to further investigate if this
mechanism of action can be effective in
a canine endothelial cell model. The lack
of cytoprotective effect of L-carnitine and
taurine suggests that the described protective
activity of these compounds might be related
to different mechanisms of action. Indeed, it
has been reported that taurine significantly
attenuated the increase in LDH activity and
the decrease in the level of NO in human
endothelial cells submitted to an ox-LDL
stress.11 The mechanisms by which L-carnitine exerts its antioxidant properties are still
under consideration, although it has been
shown that this substance prevents lipid
peroxidation of phospholipid membranes
and increases protein and gene expressions
resulting in antioxidant enzymes and NO.24
We would not expect such effects to be visible in our model.
The combination of natural substances
(each at equivalent dose) showed a significant protective effect of CnAOEC against
oxidative stress, increasing cell viability.
This effect seems to be due to pomegranate
antioxidant properties or potential complementary effects of the substances. Importantly, it seems that the presence of the other
Intern J Appl Res Vet Med • Vol. 10, No. 2, 2012.

substances in the mix did not antagonize the
pomegranate activity. When we consider that
taurine and carnitine are commonly used in
dogs with cardiac diseases, it is important to
establish that there is not an inhibitory effect
on other antioxidant’s actions when they are
combined. Indeed in this study, there may
even be a trend towards a better effect of the
combination, as in the 50 µg/ml of SPCT
mixture, pomegranate is only at 12.5µg/
ml and this mix led to a 41% increase in viability comparable to the value (ie, 35 %) of
pomegranate alone at 50 µg/ml.
In the free radical scavenging assay, the
pomegranate extract was the only substance
to show high scavenging activity both on
ABTS and DPPH radicals. These results are
in accordance with the results from previous
studies on pomegranate extract. Preparations (extracts or juices) from different parts
(arils, peel, or whole fruit) of pomegranate
extract have revealed diverse antioxidant
potency, assessed on several radical scavenging methods. 8, 25-27 Pomegranate extract
showed a high antioxidant activity in a
DPPH model system, in addition to a significant ability to scavenge superoxide, hydrogen peroxide, hydroxyl radicals, and nitric
oxide and to inhibit the oxidation of lipids
and proteins in vitro. 28 It appears that the
antioxidant activity of pomegranate extract
is related to a high content of punicosides
(≥40%). 25, 29 Soy isoflavones demonstrated
a direct scavenging activity only with the
TEAC assay and a weak effect on DPPH
assays. Previous studies have shown that the
antioxidant activity of isoflavones in DPPH
assays may differ according to their chemical structure 30 and it seems that they are
more efficient in assays involving hydrogen
atom transfer reactions such as LDL oxidation assay. 31, 32
Finally, L-carnitine and taurine show
no scavenging activity with the ABTS but a
weak (carnitine) to mild (taurine) effect on
DPPH assay. These data confirm the results
obtained during previous works showing
that taurine’s antioxidant activity is mainly
linked with a direct scavenging effect on
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reactive oxygen species, such as superoxide anion, hydroxyl radical, and hydrogen
peroxide. 33 L-carnitine has been described
recently to be an effective antioxidant in
different in vitro assays including hydrogen
peroxide scavenging, metal chelating activity, superoxide anion radical scavenging, and
also in DPPH scavenging. 34
In prevention and treatment of cardiovascular disease in dogs, taurine and carnitine are often used in combination. Additionally there are increasing amounts of data
suggesting the need for a multi-dimensional
approach to antioxidant management. Thus,
we have also decided to evaluate the radical
scavenging activity effect of the mixture of
the 4 substances. The results show a strong
scavenging activity with both assays. It is
likely that in the TEAC assay, the positive
result is mainly related to the activity of
pomegranate and soy isoflavone extracts,
since L-carnitine and taurine alone do not
demonstrate an effect in this particular assay.
With the DPPH radical assay, the reducing
capacity appears to be mainly related to the
activity of pomegranate extract. It has been
shown that isoflavones-containing soy extract and a mixture of the isoflavones genistein and daidzein similarly inhibit apoptosis
in human endothelial cells. 35 Moreover,
according to that study, soy isoflavones also
failed to have any substantial activity in
classical in vitro testing of ROS-scavenging
potential at the same concentrations that we
used. It was suggested that the alteration by
the isoflavones of cellular levels of proteins
involved in the apoptotic pathway is perhaps
more important than their antioxidants effects.
Our data show that the antioxidant
capacity of natural substances in cell-free
assays does not necessarily correlate with
activities in cell based models. The combination of easy to use and affordable in
vitro assays and cell-based assays should be
recommended as it reveals more information
on the potential benefits of the substances
tested.
In conclusion, the results provided by

122

cell-free and cell-based systems, in addition to already published data, suggest that
taurine, L-carnitine, pomegranate extract,
and soy isoflavones exert antioxidant and
cytoprotective activities through different
mechanisms of action. Multi-component
antioxidant treatment directed to counteract
pivotal ROS-activated pathways appears
as a rational intervention in heart failure.
Studies such as the Lyon Diet Heart Study
suggest promise in the use of a multifaceted
antioxidant approach and imply that agents
with varied ‘antioxidant’ properties may
prove most beneficial36 and can be of interest
to develop a multimodal dietary strategy to
reduce the onset and progression of canine
oxidative stress-related diseases such as
heart failure following CMVI and different
forms of cardiomyopathies.
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