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Abstract
Mitochondria are one of the major sites for the genera-
tion of reactive oxygen species (ROS) as an undesirable 
side product of oxidative energy metabolism. Damaged 
mitochondria can augment the generation of ROS. Dys-
function of mitochondria increase the risk for a large 
number of human diseases, including cardiovascular 
diseases (CVDs). Heart failure (HF) following ischemic 
heart disease, infantile cardiomyopathy and cardiac 
hypertrophy associated with left ventricular dilations 
are some of the CVDs in which the role of mitochon-
drial oxidative stress has been reported. Advances in 
mitochondrial research during the last decade focused 
on the preservation of its function in the myocardium, 
which is vital for the cellular energy production. Expe-
rimental and clinical trials have been conducted using 
mitochondria-targeted molecules like: MnSOD mimetics, 
such as EUK-8, EUK-134 and MitoSOD; choline esters of 
glutathione and N-acetyl-L-cysteine; triphenylphospho-
nium ligated vitamin E, lipoic acid, plastoquinone and 

mitoCoQ10; and Szeto-Schiller (SS)- peptides (SS-02 and 
SS-31). Although many results are inconclusive, some 
of the findings, especially on CoQ10, are worthwhile. 
This review summarizes the role of mitochondria-tar-
geted delivery of agents and their consequences in the 
control of HF.
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Core tip: Dysfunction of mitochondria increases the risk 
for a large number of human diseases, including car-
diovascular diseases. Heart failure (HF) following ische-
mic heart disease, infantile cardiomyopathy and cardiac 
hypertrophy associated with left ventricular dilations 
are some of the cardiovascular diseases in which the 
role of mitochondrial oxidative stress has been repor-
ted. Recent reports on chronic HF followed by ischemic 
heart disease suggested a reduced supply of energy 
necessary for the contractile function of cardiomyo-
cytes. Since mitochondrial damages are central to the 
pathophysiology of HF, various approaches are used to 
target compounds at mitochondria alone or adjunct to 
standard therapies.
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INTRODUCTION
Although substantial improvements were made in the 
treatment of  cardiovascular events during the last decade, 
cardiovascular disease (CVD), such as atherosclerosis, 
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ischemic heart disease (IHD), heart failure (HF), stroke 
and hypertension, still remain one of  the major chal-
lenges to humans. HF is a leading cause of  morbidity and 
mortality in industrialized countries. It is also a growing 
public health problem, mainly because of  the aging of  
population and an increase in prevalence in the elderly. In 
developing countries, around 2% of  adults suffer from 
HF; the prevalence is found to be increased to approxi-
mately 6%-10% over the age of  65[1]. The mechanisms of  
HF are complex and multifactorial. Common causes of  
HF include myocardial infarction (MI) and other forms 
of  IHD, valvular heart disease and different types of  car-
diomyopathies. A study of  healthy adults in the United 
States reported that IHD increases the risk factors of  HF 
by approximately 62%[2]. No curative treatment is cur-
rently available for HF. The existing therapies for HF are 
able to relieve symptoms but are unable to reverse molec-
ular changes that occur in the cardiomyocytes. A reduced 
supply of  energy necessary for the contractile function 
of  cardiomyocytes can explain the chronic HF followed 
by IHD[3]. This may probably be due to the increased 
production of  oxygen radicals with or without preserving 
the antioxidant status in the cardiomyocytes[4]. 

The primary factor that initiates the dysfunction of  
mitochondria has been proposed to be the defects in 
oxidative phosphorylation (OXPHOS) which can further 
enhance the production of  reactive oxygen species (ROS) 
and eventually destroy the mtDNA[5]. Since slowly divid-
ing/postmitotic cardiac myocytes are highly dependent 
on energy from OXPHOS, the cardiac myocardium will 
be affected, especially when the proportion of  the dam-
aged mitochondria is considerably high, as evidenced in 
HF[3]. Hence, challenging mitochondrial dysfunction re-
mains one of  the main streams of  mitochondrial research 
that is primarily focussed on alleviating the organ damage 
associated with CVD. In spite of  experimental evidence 
to support the role of  mitochondria-mediated antioxidant 
therapy to alleviate the ROS-mediated injury in CVD, cli-
nical studies are fragmentary. Many antioxidant molecules 
are designed and evaluated in clinical and experimental 
trials to stop the deterioration of  mitochondrial function 
but only a few achieve success. Hence, mitochondrial-
targeted antioxidant therapy for CVDs is a controversial 
field and warrants further research. It is worth knowing 
the scope for mitochondrially-mediated interventions in 
the conventional therapeutic regimen in order to render 
complete protection for early stages of  CVD to result in 
protection for HF. This review discusses the mitochon-
dria-targeted delivery of  agents to alleviate the decline of  
myocardial function in CVD. 

FORMATION AND DAMAGE INDUCED 
BY REACTIVE OXYGEN SPECIES IN THE 
MITOCHONDRIA OF CARDIOMYOCYTES
Mitochondria play a key role in cardiac energy balance. 
Energy for cardiomyocytes is solely met from mitochon-
drial OXPHOS. Moreover, mitochondria are involved 

in maintaining the fine regulatory balance between Ca2+ 
concentration and production of  ROS and nitric oxide 
(NO). The majority of  cellular oxygen (O2) that enters 
into mitochondria is reduced to water in the mitochon-
drial respiratory chain, whereas a fraction of  all O2 con-
sumed can be converted to potentially cytotoxic ROS, 
such as superoxide anion radical (O2

-.), indicating that the 
mitochondrion itself  is the source of  ROS[6]. Any fac-
tor that affects the flow of  electrons (e-) in the electron 
transport chain (ETC) can result in the leakage of  e- to 
O2, leading to the formation of  O2

-. The O2
- is a primary 

radical that could produce other ROS, such as hydrogen 
peroxide (H2O2) and hydroxyl radicals (·OH), in the fail-
ing myocardium. The .OH is generated by the reduction 
of  H2O2 in the presence of  endogenous iron and copper 
by means of  the Fenton reaction. Copper and iron are 
found to be mobilized following myocardial ischemia. 
Chevion et al[7] reported a 8 to 9-fold higher level of  
copper and iron in the first coronary flow fraction of  
reperfusion after 35 min of  ischemia compared to the 
pre-ischemic value in isolated rat heart. This was further 
supported by the obervation of  Reddy et al[8] that early 
treatment with deferoxamine, a potent iron chelator, lim-
its the injury related to myocardial ischemia/reperfusion 
in dogs, probably due to the lesser availability of  iron for 
the Fenton reaction. The production of  various ROS in 
the mitochondrion is given in Figure 1.

The drugs being used in clinical practice, such as statins 
(decreases ubiquinone), aspirin and valproic acid (sequesters 
of  CoA), doxorubicin and daunorubicin (releases ROS), 
and acetaminophen (decreases reduced glutathione), will 
affect mitochondrial energy production and may play a 
critical role in the development of  cardiomyopathy[6]. Phy-
siologically, increased demand of  the organ can favor the 
generation of  free radicals. Sudheesh et al[9] recently repor-
ted that isoproterenol-induced acute MI in rat affected 
the respiratory chain complexes Ⅰ-Ⅳ, mediated through 
an increase in the ROS level in the cardiomyocytes. Fur-
thermore, the declined antioxidant status in the mito-
chondria during aging can also provoke mitochondrial 
dysfunction in cardiomyocytes[10]. Hypercholesterolemia 
can also affect mitochondrial functions by declining the 
mitochondrial membrane potential mediated through 
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the generation of  ROS and activation of  mitochondrial 
apoptotic pathway[11]. 

Evidence shows that cytokines, such as tumor ne-
crosis factor-alpha (TNF-alpha) and interleukin-6, are 
important pathological factors in inflammatory responses 
during the pathological progression of  myocardial isch-
emia/reperfusion and hypertrophy. They are released 
during chronic inflammation, either in endothelial cells 
or cardiomyocytes, and inhibit the electron transport 
through the complex I and complex Ⅲ-ubiquinone cycle, 
facilitating the generation of  ROS[12]. Elevated activities 
of  certain mitochondrial enzymes are also directly corre-
lated with the excess production of  ROS (Figure 2). The 
generated ROS is known to induce oxidation of  low-
density lipoproteins (LDL) in the coronary sinus of  pa-
tients with dilated cardiomyopathy[13]. The oxidized LDL 
is abrogated by binding to the lectin-like oxidized LDL 
scavenger receptor-1 (LOX-1) on the arterial wall[14]. Ac-
tivation of  LOX-1 has been related to many pathophysi-
ological events that lead to IHD. 

The generated ROS under oxidative stress may con-
tribute to potential mitochondrial damage that induces 
endothelial dysfunction and promotes leukocyte adhe-
sion, inflammation, thrombosis and smooth muscle cell 
proliferation[15]. Among the damage induced by generated 
ROS at the cellular level, mtDNA remains the major tar-
get (Figure 3). mtDNA contains about 16.5 kb of  circular 
double-stranded DNA to encode 13 protein components 
of  the ETC. Mitochondrial function is controlled by the 
mtDNA, as well as factors that regulate mtDNA tran-
scription and/or replication. A large part of  the O2

- that 
is formed inside the mitochondria cannot pass through 
the membrane and hence affect the DNA. Since 1988 
when the first mutation in mtDNA was established, more 
than 400 mutations have been identified. The mutations 
described are either typically 50% to 60% for single, 
large-scale deletions or 80% to 90% for point mutations 

in patients with mitochondrial myopathy and encephalo-
myopathy[16]. In general, the majority of  pathogenic point 
mutations are maternally transmitted, whereas large-scale 
deletions of  mtDNA are mostly sporadic. More than 10 
different types of  deletions have been identified in the 
mtDNA among these; the 4977-bp deletion is the most 
prevalent in skeletal muscle, whereas the 7436-bp dele-
tion was detected in the heart of  human subjects in their 
late thirties, with no apparent sex difference[17]. However, 
the clinical severity of  the disease is usually correlated 
with the presence of  > 80% of  the mutated mtDNA 
in the target tissues[18]. Furthermore, at the same level, 
large-scale deletions cause much more severe pathologies 
than point mutations. The patterns of  distribution of  the 
mutated mtDNA and the energy demand of  the target 
tissues are two important factors that determine the path-
ological outcome of  the mutation. HF is frequently asso-
ciated with qualitative and quantitative defects in mtDNA 
and is found to increase with the age of  human subjects. 
Recent evidence has suggested that mitochondria have 
enzymes to proofread mtDNA and fix mutations that 
may occur due to free radicals[19]. 

Often, the damaged mtDNA is degraded by au-
tophagy, whereas mtDNA that escapes the process of  
autophagy, as observed in atherosclerosis, can induce a 
potent inflammatory response. Ding et al[14] demonstrated 
that the damaged mitochondria induced by ox-LDL can 
result in the expression of  toll-like receptor-9 (TLR-9) 
on the cell membrane. TLR-9 senses the unmethylated 
CpG motifs in damaged mt DNA and induces inflam-
mation which is mediated through the pro-inflammatory 
cytokines. Ding et al[14] also demonstrated an intense 
autophagy, TLR-9 expression and inflammatory signals 
in the aorta of  LDL receptor knockout mice when fed 
with a high cholesterol diet. Use of  LOX-1 antibody or 
the ROS inhibitor apocynin attenuated ox-LDL-mediated 
autophagy, mtDNA damage and TLR-9 expression. 
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of  the major agents to induce conformational change 
in many proteins[26]. MPT dissipates the proton electro-
chemical potential gradients, depletion of  ATP and swell-
ing, as well as rupture of  the mitochondria that leads to 
the release of  pro-apoptotic proteins into the cytosol and 
eventually results in death of  cardiomyocytes. Evidence 
indicates that the activity of  complex Ⅱ is not affected as 
it is entirely encoded by nuclear DNA, whereas complex 
Ⅳ activity (cytochrome C oxidase), along with complex 
Ⅰ, partially encoded by mtDNA genes, are frequently re-
duced in patients with mtDNA or tRNA mutations[19]. Mt 
tRNA gene mutations can also variably affect the activity 
of  respiratory chain complexes. 

ANTIOXIDANTS AND PROTECTION 
OF MITOCHONDRIA IN THE 
CARDIOMYOCYTES
Mitochondrial oxidative stress resulting from an imbal-
ance between the generation of  ROS and the existing 
mitochondrial antioxidant mechanisms has been de-
scribed in the pathogenesis of  CVDs, including HF[27]. 
HF followed by MI can be initiated with the mitochon-
drial damage and dysfunction that can be ascribed to: (1) 
increased lipid peroxidation; (2) reduced mitochondrial 
gene replication, mtDNA copy number and mitochon-
drial gene transcription; and (3) reduced OXPHOS due 
to low respiratory chain complex enzyme activities (Figure 
5). Therefore, preservation of  mitochondrial function 
is essential. Therapies that are designed to interfere with 
mitochondrial oxidative stress could be beneficial. 

Various molecules are involved in the mitochondrial 
protection for the myocardium. Among them, tumor 
necrosis factor receptor-associated protein 1 (TRAP1), a 
member of  the mitochondrial heat-shock family of  pro-
teins (70 kDa), has a central role. Overexpressed TRAP1 
in the ischemia-like condition preserves ATP levels and 

Experiments using siRNA to DNase Ⅱ suggested that 
the DNase Ⅱ digested mtDNA and protected the tissue 
from inflammation. 

In addition to the mtDNA mutations, damage to pro-
tein and lipid molecules in the mitochondrial membrane 
can contribute to the declined OXPHOS. Cardiolipin, an 
essential phospholipid present in the inner membrane of  
mitochondria that serves as a cofactor for a number of  
critical mitochondrial transport proteins and retains cyto-
chrome c at the inner mitochondrial membrane through 
the electrostatic interaction, declines during the oxidative 
damage. Peroxidation of  cardiolipin and its release into 
the cytosol can execute apoptotic cell death[20]. Amino 
acids, such as lysine, arginine, glutamic acid, histidine, 
proline and threonine present in the protein, favor the 
formation of  protein carbonyl or nitration of  the tyro-
sine residues, either by direct oxidation or by the binding 
of  aldehydes that formed from the peroxidation of  lipids. 
Mitochondrial aconitase and adenine nucleotide trans-
locase are highly sensitive to O2

-[21]. ROS-derived lipid 
hydroperoxide can also initiate the strand breaks and base 
modifications in mt DNA. Many cardiotoxic stimuli can 
lead to ROS generation, Ca2+ overload of  the mitochon-
drial matrix, and opening of  a large, nonspecific channel 
in the inner mitochondrial membrane, such as permeabil-
ity transition pore (PTP), finally alter the mitochondrial 
permeability transition (MPT). Ca2+ overload to the mi-
tochondrial matrix can further enhance the generation of  
ROS. Although the exact mechanism of  ROS production 
is debatable, the effect is probably mediated through Ca2+ 
mediated inhibition on the complex Ⅰ[22], Ⅲ[23] and Ⅳ[23] 
of  ETC (Figure 4). Ca2+ can stimulate the TCA cycle de-
hydrogenases to increase the production of  reduced sub-
strate for OXPHOS[24] and further increase the rate of  
respiration as well. Ca2+ can also activate mitochondrial 
nitric oxide synthase to produce NO which in turn in-
hibits the complex Ⅳ[25]. The simultaneous generation of  
NO with O2

- favors the formation of  peroxynitrite, one 
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cell viability during oxygen-glucose deprivation. The pro-
tective effects of  TRAP1 against oxidative stress-induced 
cell death can be ascribed to translocation of  cytosolic 
serine/threonine protein kinase, PTEN-induced puta-
tive kinase 1, to mitochondria and phosphorylation of  
TRAP1 that will prevent the release of  cytochrome c and 
thus preserves MPT. TRAP1 expression is found to be 
elevated in the cardiomyocytes during hypoxia. However, 
the excess production of  ROS in reperfusion/ischemic 
injury can inhibit the TRAP1 mediated protection that 
eventually results in the death of  cardiomyocytes[28]. 
Hence, the role of  enzymatic and non-enzymatic antioxi-
dants in the mitochondria has been inevitable to protect 
the mitochondrial damage. Various mitochondrial anti-
oxidants are useful in alleviating the oxidative stress and 
are depicted in Figure 2. 

The first line of  defense against ROS-mediated car-
diac injury comprises several antioxidant enzymes, includ-
ing Mn-superoxide dismutase (MnSOD) and glutathione 
peroxidase (mtGPx). Among these, mtGPx is an essential 
enzyme that performs several vital functions. Experimen-
tal studies reported the declined cardiac mitochondrial 
antioxidants, such as activity of  Mn-SOD, mtGPx and 
level of  reduced glutathione (GSH) in the myocardium 
of  the aged as well as MI-induced rats[10]. Besides, the 
activities of  the respiratory chain complexes Ⅰ-Ⅳ and 
Krebs cycle dehydrogenases also declined[9]. Several di-
etary supplements, including the mitochondrial cofactor 
and antioxidant lipoic acid (LA), can increase the endog-
enous antioxidants as well as mitochondrial bioenerget-
ics[6]. Overexpression of  the genes for peroxiredoxin-3, a 
mitochondrial antioxidant, or mitochondrial transcription 
factor A (TFAM) could ameliorate the decline in mtDNA 
copy number in failing hearts[28]. Overexpression of  
TFAM may protect mtDNA from damage by direct bind-
ing and stabilizing of  mtDNA. Similarly, overexpression 
of  mtGPx inhibit the development of  left ventricular 
remodeling and failure after MI[29].

Co-enzyme Q10 (CoQ10) and L-carnitine can be 
considered to be a safe adjunct to standard therapies in 
CVD[30]. CoQ10 is an endogenous compound found in 
the inner mitochondrial membrane that is essential for 
electron transport in the ETC and thus for the produc-
tion of  ATP. In addition to its role in bioenergetics, 

CoQ10 is demonstrated to be an inhibitor of  thrombus 
formation and able to reduce ROS in mitochondria. Both 
pre-clinical and clinical studies have shown moderately 
beneficial effects of  CoQ10 in reducing blood pressure, 
blood glucose and myocardial damage[31]. Besides the ap-
plication of  CoQ10 in CVD, its use against the adverse ef-
fect of  drugs, mainly statins, in the intervention of  CVD 
has recently attracted attention. Nevertheless, the antioxi-
dant property of  statins[32,33] can block the endogenous 
biosynthesis of  CoQ10 required for the ETC, resulting in 
cardiomyopathy and muscle pain[34]. CoQ10 supplementa-
tion (100 mg/d) for 30 d has been found to decrease the 
muscle pain associated with statin treatment[35]. In anoth-
er study, fifty consecutive new patients discontinued 28 
mo of  statin therapy due to side effects and began CoQ10 
supplementation at an average of  240 mg/d[36] and were 
followed for an average of  22 mo (84% for more than 12 
mo). The prevalence of  fatigue from 84% on the initial 
visit decreased to 16%, the rate of  myalgia from 64% 
to 6%, dyspnea from 58% to 12%, memory loss from 
8% to 4% and peripheral neuropathy from 10% to 2%. 
Moreover, statin-induced cardiomyopathy was found to 
be reversed with the combination of  statin discontinua-
tion and supplementation with CoQ10.

L-carnitine therapy in HF patients (2 g/d, orally) 
showed improved survival[37]. A recent study in patients 
with mild diastolic HF treated with L-carnitine (1.5 g/d, 
p.o for 3 mo) showed improvement in diastolic func-
tion[38]. Therapy with L-carnitine 9 g/d, intravenously for 
5 d followed by 6 g/d orally for 12 mo along with the 
standard medical therapy may limit the adverse effects of  
acute MI on the heart muscle[39,40]. Tolerance to exercise 
was significantly improved in patients with higher left 
ventricular ejection fraction volume (greater than 30%) 
when treated with the propionyl-L-carnitine adjunct to 
appropriate medical therapy[41]. 

Carvedilol, both the beta blocker (β1, β2) and alpha 
blocker (α1), is indicated in the management of  conges-
tive HF. It is used as an adjunct to conventional treat-
ments with its effect probably mediated through the 
potent antioxidant and anti-apoptotic activities[42]. The 
Japanese Diastolic Heart Failure Study has recently sug-
gested the beneficial effects of  standard dose prescrip-
tions of  carvedilol (> 7.5 mg/d) in HF without affecting 
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the ejection fraction[43]. An ACE inhibitor, captopril, was 
also shown to increase the mitochondrial content in the 
hearts of  dogs following coronary ligation[44], suggesting 
that some of  its beneficial effects may be due to the stim-
ulation of  mitochondrial biogenesis[45]. However, many 
extensive clinical trials using conventional antioxidants 
such as Vitamin E or Vitamin C yielded disappointing 
results[46,47]. According to Murphy and Smith[48], a pos-
sible explanation for this may be that the antioxidants are 
distributed widely in the body with only a small fraction 
being taken up by mitochondria. Therefore, targeting 
biologically active molecules to mitochondria will open 
up avenues for manipulating mitochondrial functions. 

FUTURE PERSPECTIVES OF 
MITOCHONDRIAL PHARMACEUTICS IN 
CARDIOVASCULAR DISEASES
The increase of  mitochondrial concentrations of  antioxi-
dant drugs by selective targeting mitochondria should be 
a practical approach for a wide range of  human diseases. 
Mitochondria-targeted antioxidants have been developed 
as pharmaceuticals and have been shown to be safe and 
effective in phase Ⅱ clinical trials. Various antioxidant 
molecules targeting mitochondria in cardiomyocytes are 
given in Table 1. In general, attempts to achieve cell pro-
tection using antioxidants have been successfully under-
taken with two free radical scavengers, such as 4-hydroxy-
2,2,6,6-tetramethylpiperidin-N-oxide and Salen-Mn(Ⅲ) 
complex of  o-vanillin (EUK-134). Inorganic MnSOD 
mimetics, such as EUK-8 and EUK-134, possess antioxi-
dant properties of  both MnSOD and catalase and have 
been successfully synthesized and partially tested in terms 
of  their antioxidant and anti-apoptotic properties that 
appear to be effective in the heart[49]. The mitochondrial-
targeted version of  vitamin E protected mitochondria 
from oxidative damage induced by iron/ascorbate far 

more effectively than vitamin E itself[50]. 
The GSH pool in mitochondria, approximately 15% 

of  total cellular GSH, is found to be reduced during 
oxidative stress. Choline esters of  GSH and N-acetyl-L-
cysteine were prepared as mitochondria-targeted antioxi-
dants[51]. However, in vivo data are not available to support 
their efficacy. Recently, many trials have been conducted 
in which cationic molecules are targeted using the nega-
tive membrane potential of  the inner membrane as a 
promising approach in this field. Triphenylphosphonium 
(TPP) cation is one among such molecules that are con-
jugated to a range of  antioxidants. Antioxidants ligated 
with TPP, such as vitamin E[50], LA[52], plastoquinone[53] 

and mitochondrial CoQ10 (MitoQ)[54], have been experi-
mentally confirmed to be effective in ameliorating mi-
tochondrial oxidative stress in CVD. TPP, like pentaaza 
macrocyclic Mn(Ⅱ) superoxide dismutase (SOD) mimet-
ic, MitoSOD, is found to be very effective in selectively 
protecting mitochondria from damage[55]. 

Adlam et al[54] reported that the myocardium of  the rat 
administered with MitoQ can render protection against 
heart dysfunction, tissue damage and mitochondrial dys-
function induced from ischemia-reperfusion injury. It can 
be given either as iv or orally without toxicity. Graham et 
al[56] showed that MitoQ protects the development of  hy-
pertension, improves endothelial functions and reduces 
cardiac hypertrophy in young hypertensive rats. MitoQ is 
also a promising, novel strategy for preserving vascular 
endothelial function with advancing age and can prevent 
age-related CVD in mice[57]. However, MitoQ was not 
useful in protecting oxidative damage to cardiolipin, accu-
mulation of  protein carbonyls, activity of  mitochondrial 
respiratory complexes, mtDNA copy number, or damage 
to mtDNA[58-60].

Another critical molecule in this field is a synthetic 
peptide called Szeto-Schiller (SS) - peptides, synthesized 
from basic and aromatic amino acids. SS-peptides com-
prised four alternating aromatic/basic D-amino acids in 
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the first or second position with three positive charges 
at physiological pH. SS-02 and SS-31 were shown to be 
protective against cardiac ischemia-reperfusion injury 
when administered on reperfusion by iv, ip or subcutane-
ously[61]. Pre-ischemic intraperitoneal administration of  
these peptides to rats significantly reduced infarct size[62]. 
SS-02 has more efficacy as the free radical scavenger than 
SS-31. The uptake into tissues or metabolism of  these 
peptides has not yet been thoroughly reported. However, 
studies with isolated mitochondria showed that despite 
the cationic nature, these peptides were found to pre-
dominantly target the IMM rather than the mitochondrial 
matrix[63]. SS-31 is currently in clinical trials for ischemia-
reperfusion injury and protects mitochondrial cristae 
by interacting with cardiolipin on the IMM. SS peptides 
scavenge H2O2 and peroxynitrite inhibits lipid peroxida-
tion. They can also inhibit the decline of  MPT and cy-
tochrome c release, thus preventing oxidant-induced cell 
death[64]. Although the delivery of  antioxidants may pro-
tect mitochondria from oxidative stress caused by a vari-
ety of  insults, the area of  mitochondria-specific delivery 
of  drugs is still in its infancy. Among the molecules stud-
ied in CVD, clinical trials on CoQ10 have found that it can 
be considered a safe adjunct to conventional therapies in 
CVD. Despite the beneficial effect of  CoQ10, given alone 
or in addition to conventional therapies in hyperten-
sion and in HF, less extensive evidence in IHD has been 
found[65]. The present findings demonstrate that mito-
chondrial damage plays a prominent role in HF following 
MI and further research into the role of  mitochondria-
targeted agents to prevent the HF is compulsory.

CONCLUSION
Mitochondrial dysfunction plays a key role in the patho-
genesis of  ischemia and reperfusion injury and cardiomy-
opathy. Mutations in mt DNA and abnormalities in mi-
tochondrial function are associated with common forms 
of  cardiac diseases. Despite the promising mitochondria-
targeted drugs that are emerging from the laboratory, 
very few have successfully completed clinical trials. Anti-
oxidants ligated with TPP, such as vitamin E, lipoic acid, 
plastoquinone, MnSOD and mitochondrial CoQ10, have 
been experimentally determined as effective in amelio-
rating the mitochondrial oxidative stress associated with 
CVD. Among the molecules targeting mitochondria, 
MitoQ provides a novel approach to attenuate oxidative 

damage with the potential to become a new therapeutic 
intervention in humans. However, there are insufficient 
data from well designed randomized trials to issue a 
general recommendation for people to take antioxidant 
supplements in order to prevent heart disease. Since mi-
tochondrial damage is central to the pathophysiology of  
HF, various approaches used to target antioxidant com-
pounds at mitochondria should be explored in the devel-
opment for the treatment of  HF. A great deal of  future 
research will be needed before mitochondria-directed 
therapies are made available for the prevention and treat-
ment of  CVD.
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