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0219
Role of the mitochondria on the paradoxical effect of red wine polyphe-
nols on angiogenesis

Lucie Duluc [Orateur], Caroline Jacques, Francesco Iacobazzi, Raffaella 
Soleti, Gilles Simard, Ramaroson Andriantsitohaina
U1063, Institut de Biologie en Santé, Angers, France

Red wine polyphenol (RWPC) extracts has been reported to possess 
vasoprotective properties that involve nitric oxide (NO) release from endo-
thelial cells via a redox- sensitive pathway. Besides, the molecular target of 
RWPC to release NO has been recently revealed and it involves the acti-
vation of the estrogen receptor alpha (ERα). Paradoxical effects of RWPC 
have been shown with regard to angiogenesis. Indeed in a rat model of 
postischemic neovascularization, low- dose is pro-  whereas high dose is 
anti- angiogenic. NO and ERα are key regulators of mitochondrial func-
tion. Furthermore, angiogenesis is a highly energetic process associated 
with mitochondrial biogenesis. However, whether RWPC induces changes 
in mitochondrial function has never been addressed and it is the aim of 
this study.

The effects of RWPC at low concentration (10- 4 g/l, LCP) and high 
concentration (10- 2 g/l, HCP) after 48 hours time exposure were investigated 
on human endothelial cells. Mitochondrial respiration, expression of bioge-
nesis factors and DNA content was assessed using oxygraphy and qRT- PCR, 
respectively. In vitro capillary formation using Matrigel® was performed. The 
mechanism involved with respect to ER using the ER- antagonist fulvestrant 
was studied. The involvement of both NADPH oxidase and NO synthase was 
addressed using apocynin and L- NA respectively.

LCP, but not HCP, increased mitochondrial respiration. The effect of LCP 
was associated with an increase of both expression of several mitochondrial bio-
genesis factors (NRF- 1, NRF- 2, ERRα, Tfam, PolG) and mitochondrial DNA 
content whereas HCP had no effect on these parameters. All the effects of LCP 
on mitochondrial respiration are prevented by fulvestrant, apocynin and L- NA. 
LCP also promoted in vitro capillary elongation that was prevented by ful-
vestrant, apocynin and L- NA. Finally, the inhibition of mitochondrial protein 
synthesis using chloramphenicol suppressed the pro- angiogenic property of LCP.

The present study highlights the implication of the axis ER, NADPH 
oxidase and NOS pathways on both increase mitochondrial function and 
capillary elongation in response to RWPC at low concentration. They explain 
the paradoxical effect of RWPC depending on the concentration with respect to 
angiogenesis, mitochondria being key targets for its pro- angiogenic properties.
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Early- induced overweight causes rapid changes in heart genomic expres-
sion and long- term cardiovascular, metabolic and oxidative alterations
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Several studies in rodents have shown that postnatal overfeeding (OF) 
induces permanent moderate increase of body weight in the adult life; 

however, cardiovascular and oxidative repercussions of postnatal OF are less 
known.

Immediately after birth, litters of C57BL/6 mice were either main-
tained at 10 (normal- fed group, NF), or reduced to 3 in order to induce 
an OF situation. At weaning, mice of both groups received a standard diet. 
Measurements of phenotypic characteristics and of plasma metabolic para-
meters were performed at 7 months. Tissue oxidative stress was assessed by 
Electron Spin Resonance in the heart and both SOD and catalase activities 
were measured. Cardiac function was assessed by echocardiography and the 
susceptibility to myocardial global ischemia and reperfusion was measured 
ex vivo in isolated perfused heart. Determination of cardiac gene expression 
pro  le was performed with oligonucleotide chips at early and late stages of 
development.

OF led to an increase in adult mice body weight (+30%) as compared to 
NF group. Signi  cant increases of plasma cholesterol, insulin and leptin levels 
were observed in OF mice. Myocardial tissue oxidative stress, SOD and cata-
lase activities were increased in OF mice. In vivo, diastolic (97 vs. 114mmHg, 
p<0.05) and systolic (126 vs. 140mmHg) blood pressures were signi  cantly 
higher in OF. Moreover, LV shortening and ejection fraction were decreased 
in OF mice. Ex vivo, after 30min of ischemia, hearts isolated from mice that 
underwent postnatal OF showed lower recovery of coronary  ow (35% vs. 
55%, p<0.05) and developed ventricular pressure. Moreover, infarct size was 
increased in OF group (31% vs. 54%, p<0.05) as compared to NF. Several 
genes expression were modi  ed in OF mice, such as members of the apelin 
pathway.

These results show that OF induces metabolic, oxidative and functional dis-
turbances but also a higher susceptibility to cardiac functional damage after 
ischemia ex vivo. Complementary data are required to understand the cellular 
pathways involved in these cardio- metabolic and oxidative modi  cations.
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Grape- derived polyphenols improve aging- related endothelial dysfunc-
tion in rat mesenteric artery: Role of oxidative stress and the angi-
otensin system

Noureddine Idris Khodja [Orateur], Thierry Chataigneau, Cyril Auger, 
Valérie Schini- Kerth
UMR CNRS 7213, Laboratoire de Biophotonique et Pharmaco, Illkirch 
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Aging is characterized with the development of an endothelial dysfunction, 
which affects both the nitric oxide (NO)-  and the endothelium- derived hyper-
polarizing factor (EDHF)- mediated relaxations, associated to vascular oxida-
tive stress and the activation of the angiotensin system. This study investigated 
whether red wine polyphenols (RWPs), antioxidants and potent stimulators 
of NO-  and EDHF- mediated relaxations, improve aging- related endothe-
lial dysfunction, and, if so, examined the underlying mechanism. Mesenteric 
artery reactivity was determined in organ chambers, vascular oxidative stress 
by dihydroethidine and MitoSOX staining, and expression of target proteins 
by immunohistochemical staining. Control young rats (16 weeks) received 
solvent (ethanol, 3% v/v), and middle- aged rats (46 weeks) either solvent 
or RWPs (100mg/kg/day) in the drinking water. The acetylcholine- induced 
endothelium- dependent NO component was slightly reduced whereas the 
EDHF component was markedly blunted in rings of middle- aged rats com-
pared to young rats. The endothelial dysfunction was associated with oxi-
dative stress, an upregulation of angiotensin II and AT1 receptors and a 
down- regulation of SKCa, IKCa, and angiotensin converting enzyme. Intake 
of RWPs for either one or two weeks improved the NO and the EDHF com-
ponent of the relaxation, and normalized oxidative stress, the expression of 
SKCa, IKCa and the components of the angiotensin system. The protective 
effect of the 2- week RWPs treatment persisted for one and two weeks fol-
lowing stopping intake of RWPs. Thus, intake of RWPs caused a persistent 
improvement of the endothelial function, particularly the EDHF component, 
in middle- aged rats and this effect seems to involve the normalization of the 
expression of SKCa, IKCa and the angiotensin system.
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Role of senescence mechanisms in the transition from cardiac hypertro-
phy to heart failure in H11K- transgenic mouse
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Heart failure, a major problem of public health, may be due to hyper-
trophy induced by ischemic episodes, but the mechanisms involved in 
this transition remain unclear. Several arguments suggest that senes-
cence mechanisms could contribute to this process. The H11K- transgenic 
mouse, a model of cardiac- speci  c over- expression of H11 kinase (H11K 
or Hsp22), is characterized by cardiac hypertrophy, high metabolic acti-
vity and protection against myocardial infarction. Surprisingly, this mouse 
exhibits a reduced life span. The objective of our study was to determine 
whether the H11K- transgenic mouse could represent a model of accelerated 
aging and hence an interesting tool to study the potential role of senes-
cence in the transition from cardiac hypertrophy to heart failure. First we 
observed that senescent cells (positive β- galactosidase staining) appeared 
early and were more concentrated in the heart of H11K mice as compared 
to wild type ones. Then we characterized the senescent phenotype of the 
hearts on a molecular scale. Indeed, we examined the level of expression 
of proteins involved in the mechanisms of senescence and showed that p16 
and p19 proteins were up- regulated in the hearts of transgenic animals. 
The expression of these proteins as well as the transcription of p53 factor 
and Chk2 protein increased with aging without change in telomere length 
whereas telomerase activity was increased. Moreover, two- dimensional 
echocardiographic measurements showed that the transgenic hearts were 
characterized by a concentric hypertrophy with reduced ejection fraction. 
Taken together, these results suggest that mice with cardiac- speci  c over- 
expression of H11K display cellular senescence associated with increased 
expression of p16 and p19 proteins and seem to be an interesting model 
to study the involvement of senescence mechanisms in the transition from 
cardiac hypertrophy to heart failure.
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Thymoquinone improves aging- related endothelial dysfunction in the 
rat mesenteric artery
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Aging- related endothelial dysfunction is characterized by blunted nitric 
oxide (NO)-  and endothelium- derived hyperpolarizing factor (EDHF)- 
mediated relaxations in arteries, which may be due, at least in part, to 
increased oxidative stress. Endothelial dysfunction will promote the initia-
tion and development of major cardiovascular diseases such as atheroscle-
rosis and hypertension. Thymoquinone (TQ) is the most active constituent 
of the volatile oil of Nigella Sativa seeds with well documented antioxi-
dative properties and vasodilator effects. This study determined whether 
TQ improves the endothelial function in middle- aged rats. Control young 
rats (16 weeks) received solvent (ethanol, 3% v/v), and middle- aged rats 
(46 weeks) either solvent or TQ (10mg/kg/day) in the drinking water. 
Mesenteric artery reactivity was determined in organ chambers, vascular 
oxidative stress by dihydroethidine and MitoSOX staining, and expression 
of target proteins by immunohistochemical staining. Aging- related blunted 
NO-  and EDHF- mediated responses were associated with down- regulation 
of endothelial nitric oxide synthase (eNOS) and calcium- activated potas-
sium channels (SKCa and IKCa) expression. Endothelial dysfunction was 
also associated with oxidative stress and an upregulation of angiotensin II 
and AT1 receptor expressions. Intake of TQ for 14 days restored NO-  and 
EDHF- mediated relaxations, normalized oxidative stress, the expression 
level of eNOS, SKCa, IKCa and the components of the angiotensin system 
in the mesenteric artery of middle- aged rats. Thus, TQ improves endothe-
lial function in aging, at least in part, through inhibition of oxidative stress 
and normalization of the angiotensin system. TQ may represent a novel the-
rapeutic approach for aging- associated vascular diseases.
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Superoxide anion and gap junctions in agonists- induced pulmonary 
arterial contraction

Na  isha Khoyrattee [Orateur], Roger Marthan, Jean Pierre Savineau, 
Christelle Guibert
Université Bordeaux Segalen, CRCTB U1045, Bordeaux, France

We previously showed that serotonin (5- HT) produces superoxide anion 
(O2

•- ) in the intrapulmonary artery (IPA) smooth muscle. Then, O2
•-  passes 

through the myoendothelial gap junction (connexin (Cx) 43) to decrease 
the bioavailability of endothelial NO and hence reinforce IPA vasoreactivity 
(PLoS ONE, 2009, 4, e6432). Here, we will focus on the signaling pathways 
involved in this process in response to various contractile agonists.

O2
•-  levels were measured by electron paramagnetic resonance. 5- HT 

(100 M) signi  cantly increased O2
•-  levels in rat IPA, whereas phenyleprine 

(PHE) (10 M), endotheline- 1 (ET- 1) (0.1 M) and angiotensine II (10 M) 
had no effect (n=6- 12). With some ELISA assay kits, we showed that 5- HT did 
not modify superoxide dismutase activity (n=8), the enzyme which degrades 
O2

•-  whereas it signi  cantly increased ONOO-  levels (n=8), the product formed 
between O2

•-  and NO. Blockers of sources of O2
•- , namely apocynin and rotenone 

for NADPH oxidase and mitochondria, respectively reduced 5- HT- induced O2
•-  

increase (n=9- 11). The MitoSOX probe (2 M) showed that, unlike ET- 1, 5- HT 
increased the mitochondrial O2

•-  production in rat pulmonary arterial smooth 
muscle cells (PASMC) (n=5). By using Rhod- 2 (1 M), we demonstrated that the 
mitochondrial Ca2+ level was increased by 5- HT and ET- 1 in rat PASMC (n=8- 
13). In contrast to intracellular calcium (Ca2+), extracellular Ca2+ participated to 
this O2

•-  produced by 5- HT. Caveolae removal with methyl- beta- cyclodextrine 
(7mM) decreased 5- HT- induced rat IPA contraction (n=14). Finally, in Cx43+/-  
mice compared to wild type mice, the ET- 1- induced contraction of IPA was 
increased while PHE- induced contraction was decreased (n=5- 14).

Altogether, O2
•-  production, Cx43 and caveolae are important in agonist- 

induced contraction of IPA. Extracellular and mitochondrial Ca2+ as well as 
mitochondrial O2

•-  also participate in this process.
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TNF- α mediated caspase- 8 induces ROS production and TRPM2 acti-
vation in adult ventricular myocytes

Stephanie Roberge [Orateur], Alain Lacampagne, Jeremy Fauconnier
INSERM U1046, Montpellier Cedex 05, France

TRPM2 is a Ca2+- permeable channel of transient receptor potential superfa-
mily (TRP) that has been involved in apoptotic signaling pathway in several cell 
types, however its involvement in cardiac pathophysiology is unknown. TRPM2 
is activated by oxidative stress, TNF- α and/or ADP- ribose. ADP- ribose is pro-
duced by PARP1, a nuclear enzyme involved in DNA reparation. The main 
goal is this study was to determine whether TNF- α may induced a TRPM2- 
like current in adult mice ventricular myocytes. To this aim, we subjected adult 
freshly isolated mice cardiomyocytes to 2h or 4h of TNF- α incubation. Western- 
blot analyses revealed that TRPM2 is expressed in adult mice cardiomyocytes 
but no difference in channel expression after TNF- α incubation was observed. 
After 2h of TNF- α incubation, we recorded, using patch- clamp technique in 
whole cell con  guration, a non speci  c cationic current (ITNF). Acute applica-
tion (<1h) of TNF- α failed to activates a ITNF. This ITNF was also absent when 
cardiomyocytes were incubated with a caspase- 8 inhibitor (z- IETD- fmk) or in 
presence of an antioxidant (NAC). Although, application of TRP commons inhi-
bitors (2- APB, SK&F96365, Gd3+) inhibits the ITNF, the functional anti- TRPC3 
antibody and the TRPC3 inhibitor (pyr3, 10 M) were inef  cient. The TRPM2 
inhibitor, clotrimazole, as well as a PARP1 inhibitor (3- AB) during patch- clamp 
blocked ITNF. All together, we can conclude that TNF- α induces a TRPM2- 
like current in adult ventricular myocytes. TNF- α induces caspase- 8 activa-
tion leading to ROS production. This causes DNA damages leading to PARP1 
activation and ADP- ribose production. An increase of ADP- ribose free in cells 
provoked TRPM2 activation responsible of a massive Ca2+ in  ux which parti-
cipated to cell death. TRPM2 might be good therapeutically target to limit cell 
death in cardiac disease, especially in ischemia/reperfusion.




