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Abstract
There is a growing body of evidence that Diabetes 
Mellitus leads to a specific cardiomyopathy apart from 
vascular disease and bring about high morbidity and 
mortality throughout the world. Recent clinical and 
experimental studies have extensively demonstrated 
that this cardiomyopathy causes impaired cardiac per-
formance manifested by early diastolic and late systolic 
dysfunction. This impaired cardiac performance most 
probably have emerged upon the expression and activ-
ity of regulatory proteins such as Na+/Ca2+ exchanger, 
sarcoplasmic reticulum Ca2+-ATPase, ryanodine recep-
tor and phospholamban. Over years many therapeutic 
strategies have been recommended for treatment of 
diabetic cardiomyopathy. Lately, inorganic elements 
have been suggested to have anti-diabetic effects due 
to their suggested ability to regulate glucose homeosta-
sis, reduce oxidative stress or suppress phosphatases. 
Recent findings have shown that trace elements exert 
many biological effects including insulin-mimetic or 
antioxidant activity and in this manner they have been 
recommended as potential candidates for treatment of 
diabetes-induced cardiac complications, an effect based 
on their modes of action. Some of these trace elements 
are known to play an essential role as component of 

enzymes and thus modulate the organ function in 
physiological and pathological conditions. Besides, they 
can also manipulate redox state of the channels via  
antioxidant properties and thus contribute to the regu-
lation of [Ca2+]i homeostasis and cardiac ion channels. 
On account of little information about some trace ele-
ments, we discussed the effect of vanadium, selenium, 
zinc and tungstate on diabetic heart complications.

© 2013 Baishideng. All rights reserved.

Key words: Diabetic cardiomyopathy; Electrophysiol-
ogy; Trace elements; Insulin-mimetic; Antioxidant

Core tip: Diabetic cardiomyopathy is one of the major 
causes of mortality in diabetic patients. Common cel-
lular defects underlying the progressive cardiac compli-
cations of diabetes are reduction in the rate of contrac-
tion, low myosin ATPase activity, dysregulation of [Ca2+]i 
homeostasis and altered ionic currents. Accordingly, it 
is of critical importance to develop therapeutic strate-
gies that will effectively inhibit diabetes induced fatal 
complications. In last decade, several trace elements 
have been suggested to improve performance of dia-
betic heart based due to their potential anti-diabetic 
and/or antioxidant activity. In this article the effects of 
trace elements on electrophysiological alterations of 
diabetic heart were discussed in detail.
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INTRODUCTION
Cardiomyopathy, which develops independent of  any 
major vascular disease, is one of  the main complications 
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of  diabetes resulting in a high percentage of  morbidity 
and mortality. Although atherosclerotic vascular dis-
eases occur frequently in diabetic conditions, a specific 
type of  cardiomyopathy that results in impaired cardiac 
performance has been widely described in clinical and 
experimental studies[1-7]. In clinical aspect, diabetic cardio-
myopathy is a disease which manifests itself  particularly 
by early diastolic and late systolic dysfunction. As a mat-
ter of  fact, elevated end-diastolic left ventricular (LV) 
pressure, reduced end-diastolic LV volume, impaired LV 
function in response to physiological stress and reduced 
LV filling rates in diabetic humans and animals are well-
characterized[7-9]. These functional abnormalities of  
diabetic heart are likely to stem from multiple cellular 
defects such as reduction in the rate of  contraction and 
relaxation, low myosin ATPase activity, myosin isoforms’ 
shift from V1 (fast) to V3 (slow), deterioration of  sarco-
plasmic reticulum (SR) calcium uptake and reduction in 
glucose carrier (GLUT-4)[10,11]. Consistent with this, our 
reports and other studies have demonstrated prolonged 
periods of  contraction and relaxation and in turn reduced 
tensile strength of  rat papillary muscle in type 1 diabe-
tes[12,13]. However, unchanged tensile strength despite 
slow left ventricular papillary muscle contraction and re-
laxation has been also suggested in experimental diabetes 
model in rats[3,4,14]. At cellular level prolongation of  action 
potential (AP) duration has been consistently shown in 
diabetic hearts[3,4,15,16]. Significant alterations in the ionic 
currents that constitute AP configuration have been 
proposed as the main culprit of  this prolongation, and 
indeed reduced transient outward (Ito) along with smaller 
steady-state K+ currents (or Iss) have been reported[3-6,15,16], 
despite unchanged Ca2+ currents[5,6]. Additionally, inward 
rectifier K+ current (IK1) has not been stated to have 
changed, but the delayed rectifier current (IK), thought to 
modulate late repolarization of  AP, has decreased in dia-
betic ventricular cells[6,16].

On the other hand, regulation of  intracellular Ca2+ 
concentration ([Ca2+]i) is very critical for myocardium 
and has overriding impact on the contraction of  heart. 
Therefore, diabetes induced abnormalities in cardiac 
contractility have been correlated with the intracellular 
[Ca2+]i changes[5, 6,12,14,17]. However, despite the plenty of  
data about dysregulated [Ca2+]i in diabetic myocardium, 
current findings are somehow controversial particularly 
in terms of  the direction of  change[14,18,19]. Nevertheless, 
amplitudes of  Ca2+ transients recorded under electrical 
stimuli have been reported to be smaller, while their time 
to peak and decay were mostly longer[5,6,19-22]. Therefore, 
it is most likely that diabetic cardiac dysfunction arises 
due to changes in expression and/or activity of  cellular 
mechanisms that regulate [Ca2+]i during cardiac cycle. This 
possibility has been widely studied over years and indeed a 
significant decrease has been found in expression of  regu-
latory proteins such as Na+/Ca2+ exchanger NCX (NCX), 
sarcoplasmic reticulum Ca2+ ATPase (SERCA), ryanodine 
receptor (RyR) and phospholamban (PLB), along with re-
duced activity of  NCX and SERCA[11,18,20,22-25]. 

However diabetes is characterized by complexity; it 
likely involves activation of  different pathways leading 
to abnormal [Ca2+]i homeostasis and thus contractile 
dysfunction. For example, currently it is clearly evident 
that reactive oxygen species (ROS) and resultant oxida-
tive stress is involved in the pathogenesis of  diabetic 
cardiomyopathy. Hyperglycemia leads to generation of  
superoxide radicals from both mitochondrial (via oxida-
tion of  glucose) and non-mitochondrial sources (xanthine 
oxidase, nitric oxide synthase and NADPH-oxidase)[26].

DIABETES AND TRACE ELEMENTS
In recent years many inorganic elements have been rec-
ommended as dietary supplement to alleviate the impaired 
insulin metabolism in diabetic patients[5,26-30]. Being es-
sential or not, trace elements have been identified for long 
time as potential candidates for treatment or to mitigate 
severity of  complications of  some metabolic disorders 
including diabetes (Figure 1). Activation of  insulin re-
ceptor signaling, antioxidant properties or inhibition of  
phosphatases have been depicted as potential ways of  
action in modulating glucose homeostasis and preventing 
organ damage[26,29,31]. On the other hand, cardiac com-
plications have been progressively becoming the main 
cause of  death among diabetics due to the improvements 
in the treatment of  diabetic complications with non-
cardiac origin. Accordingly, it is of  critical importance to 
develop therapeutic strategies that will effectively inhibit 
diabetes induced fatal cardiac disorders. Consistently, trace 
elements, some of  which are involved in metabolism as 
essential components of  enzymes, have also been sug-
gested to improve the reduced cardiac performance in 
diabetic heart due to their presumed insulin-mimetic or 
antioxidant activity[3,5,28,32]. Furthermore, recent studies 
have demonstrated that the underlying mechanism of  
this improvement is due most probably to restoration of  
abnormal [Ca2+]i homeostasis and cardiac ion channels. 
Despite the limited number of  studies, it is evident that 
either insulin-mimetic or antioxidant, trace elements are 
capable of  modulating expression and/or redox status of  
ion channels and [Ca2+]i regulating proteins[33-36]. Of  the 
inorganic or trace elements currently known; vanadium, 
selenium, zinc and tungstate were discussed in this review, 
since the effects of  other inorganic elements on diabetic 
cardiac complications have not been well-documented yet.

Selenium
Selenium was first discovered by Berzelius in 1818. This 
Swedish chemist named that new chemical element after 
Selene, the Greek goddess of  the moon. Selenium is an 
essential trace element in man and animals, since it is an 
integral part of  selenium dependent glutathione peroxi-
dase[36]. In humans and experimental studies, selenium de-
ficiency has been suggested to result in increased risk of  
various pathologies including cardiovascular diseases[37]. 
Particularly, selenium deficiency results in Keshan disease, 
which is a special type of  cardiomyopathy caused by di-
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etary inadequacy of  selenium and responds to treatment 
with sodium selenite[38]. Furthermore, adequate selenium 
intake is required for optimal activity of  some key anti-
oxidant enzymes, including glutathione peroxidases and 
thioredoxin reductases, which act to prevent free radical 
damage to various cells[39,40]. As a result of  its protective 
role against oxidative stress, selenium raised considerable 
expectations for the prevention of  cardiovascular diseas-
es including diabetic cardiomyopathy. It appears to have 
insulin-like effects when administered in vivo[41]. In fact, 
several reports have suggested that plasma glucose levels 
were significantly though not completely improved in the 
diabetic rats treated with selenite in different ways either 
orally or via injection[3,42-44]. Interestingly, similar to vana-
dium, selenite decreases plasma glucose levels in hypo-
insulinemic rats without an accompanying correction of  
the insulin levels[3,42]. Nevertheless, the reduced cardiac 
performance characteristics of  diabetic rats such as left 
ventricular developed pressure (LVDP), positive dP/dt (+ 
dP/dt) and negative dP/dt (- dP/dt) have been found to 
be reversed with selenite treatment[42,45].

The effects of  sodium selenite treatment on me-
chanical and electrical properties of  diabetic heart have 
been also studied in detail. Ayaz et al[3] demonstrated 
that selenium supplementation for 5 wk was capable of  
reducing the prolonged peak time and relaxation of  elec-
trically stimulated papillary muscle twitch in diabetic rats, 
although no change was reported between peak tension 
of  the experimental groups. Additionally, the prolonged 
AP duration, which is a typical characteristic of  diabetic 
heart, was shown to be restored after the treatment. In 
the same study, the major repolarizing currents of  AP, Ito 

and Iss, were lower in untreated diabetic cardiomyocytes 
while selenium achieved an apparent increase in treated-
diabetics. However, plasma insulin levels didn’t increase 
significantly despite the long-term administration of  sele-
nium[3]. Although the precise mechanism of  this benefi-
cial effect is not known currently, it is likely that oxidative 
stress, which has been suggested to involve in the etiol-
ogy of  diabetes-induced downregulation of  ion channels, 
is balanced through selenite-mediated augmentation of  
glutathione levels, and resultant enhancement of  endoge-
nous antioxidant defense mechanisms[3,5,28,46]. Additionally, 
oxidative species have been recognized to modulate K+ 
channels and cellular Ca2+ regulation, notably via redox 
modifications of  key amino acid residues involved in the 
function of  ion channels and transporters[33-35,47]. There-
fore, it is most likely that selenium may achieve recovery 
of  impaired cardiac performance and altered K+ currents 
of  diabetic cardiomyocytes via restoration of  the oxidized 
groups of  ion channel proteins.

Vanadium
Vanadium is a trace element that exists naturally in water 
and soil and found in different physiologically active oxi-
dation states[29]. Although the exact physiological actions 
of  vanadium are not known yet, it is supposed to be nec-
essary for the body as a trace element since its deficiency 
has been suggested to result in a variety of  side-effects[29,48]. 
In addition to reproductive problems and skeletal abnor-
malities observed in case of  deficiency, vanadium is likely 
to have a significant role in thyroid, iron, glucose and lipid 
metabolism[29,49]. The total vanadium content of  the body 
has been estimated to be approximately 200 mg[29,50]. The 
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Figure 1  The summarized effects of trace elements on diabetes-induced cardiac complications. AP: Action potential; LV: Left ventricle; SR: Sarcoplasmic re-
ticulum; SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; GSH: Glutathione.
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beneficial effects of  vanadium have been widely studied 
in diabetic conditions and speculated to exert insulin-
mimetic activity through a specific tyrosine kinase recep-
tor or to annihilate free radicals due to its antioxidant 
activity[51-55]. Therefore, the potential use of  vanadium in 
the treatment of  diabetic complications including cardio-
myopathy has been assessed and indeed its hypoglycemic 
effect along with reversal of  functional abnormalities has 
been clearly demonstrated by several studies[28,56-59].

In the last decade, the effect of  vanadate compounds 
on impaired performance of  diabetic heart has been in-
vestigated in a large number of  studies that have shown 
significant improvement in diabetes with vanadate 
treatment[28,56]. Ozcelikay et al[60] reported that vanadate 
treatment was capable of  normalizing blood glucose 
and serum thyroid hormone levels, despite the fact that 
serum insulin level of  diabetic animals was not corrected 
significantly. Moreover, vanadate treatment resulted in 
normalization of  mechanical alterations and reversed the 
decreased responsiveness of  diabetic atria to isoprenaline 
in spontaneously-beating preparations from diabetic rats. 
Similarly Heyliger et al[56] assessed the impact of  vanadate 
on cardiac performance in diabetic female rats and found 
that vanadate was capable of  restoring blood glucose but 
not insulin levels when administered for a 4-wk period 
to the diabetic rats. In the same study, vanadate treat-
ment prevented the decline in cardiac performance due 
to diabetes. Organic vanadium complex, bis (maltolato) 
oxovanadium (Ⅳ) was also reported to correct working 
heart parameters such as LVDP and ± dP/dT values in 
streptozotocin-induced diabetic rats, which indicated the 
protective effect of  vanadium derivatives against heart 
dysfunction associated with type 1 diabetes in rats[61]. 
Consistently, decreased peak ± dP/dt and reduced car-
diac efficiency of  diabetic hearts were fully restored 
while myocardial ATP content significantly increased by 
vanadate administration[62]. These results, thus, indicate 
that the normalizing effect of  vanadate on diabetes can 
contribute to the prevention of  cardiac changes observed 
at the early and late stages of  diabetes. 

Taking the central role that Ca2+ plays in cardiac elec-
trical and mechanical activity, it is likely to suggest that 
the beneficial effects of  vanadate entail modulation of  
Ca2+ regulation in diabetic cardiomyocyte. In fact Clark 
et al[28,29] demonstrated that tea-vanadate treatment had 
normalized the contractile response of  diabetic cardio-
myocytes and ameliorated the Ca2+ transients to an extent 
equal to or better than that of  insulin treated diabetic 
animals. It is an effect that were attributed to the allevi-
ated glycemic status because tea/vanadate decoction has 
been shown to restore glycemic status effectively in ro-
dent models of  both Type Ⅰ and Type Ⅱ diabetes mel-
litus[63,64]. Interestingly, tea/vanadate decoction exhibited 
vastly improved glycemic status that could persist beyond 
treatment period[63] and relieved diabetic animals from 
non-specific side-effects of  vanadate or its analogues 
to other organs in the body[65,66]. Vanadate also mimics 
the enhancing effect of  insulin on cardiac K+ currents 

(particularly Ito) in sucrose-fed rats with 3-4 wk treatment 
or 5-6 h incubation of  myocytes, an effect suggested 
to arise due probably to synthesis of  new channels[67]. 
Hence, although we don’t have such data, it is tempting 
to speculate that vanadate is likely to shorten AP duration 
in diabetic myocardium and thereby modulate ventricular 
repolarization and dispersion of  repolarization that have 
been shown to be a major cause of  cardiac arrhythmias 
in diabetes mellitus[68]. 

Vanadate is thought to act via insulin-mimetic and/
or insulin-enhancing action[69] or through activation of  
lipid signaling mechanisms like the phosphatidylinositol 
pathway[54]. It can also scavenge free radicals[55], and ac-
cordingly, vanadate administration has been reported to 
decrease oxidative damage remarkably in the diabetic 
heart[70]. Therefore, the beneficial effect of  vanadate on 
diabetes-induced cardiac dysfunction may stem from its 
ability to serve as a scavenger of  free radicals[27,54,71]. With 
vanadium treatment, glutathione peroxidase, catalase and 
superoxide dismutase levels have been corrected to near 
normal values in diabetic rats[54,55]. However, one another 
study attributed some of  these effects to vanadate’s abil-
ity to prevent diabetic hypothyroidism[60]. In conclusion, 
despite the plenty of  findings that provide evidences for 
improving effect of  vanadium on diabetic heart dysfunc-
tion due most probably to its insulin-mimetic and/or an-
tioxidant action, further studies are needed to fully eluci-
date the molecular mechanism of  these beneficial effects.

Zinc
Zinc is an essential trace element that is critical in main-
taining cellular functions since it is the cofactor of  nu-
merous enzymes and transcription factors[26,72]. In normal 
cellular physiology, much of  the intracellular zinc is found 
in protein bound form and participates in phosphoryla-
tion/dephosphorylation cascades. Besides, it acts as a 
second messenger in the signaling system[73] and affects 
the redox status of  the cell. Thus, in particular conditions 
zinc can either enhance the cell’s antioxidant capacity or 
trigger the production of  reactive oxygen species[26,74]. 
Consistent with this, Zn deficiency has been suggested 
to result in increased oxidative damage in multiple organs 
including the heart[75-77] due to the decreased cardiac anti-
oxidant capacity[76,78]. 

It has been demonstrated that Zn deficiency induced 
by low concentrations of  Zn in drinking water[79] and 
by Zn chelators increases the likelihood of  diabetes in 
humans and animals[80]. Therefore, it is likely that Zn 
deficiency can be a risk factor for the development of  
diabetes, and in reciprocal manner, diabetes itself  can 
dysregulate Zn homeostasis. Indeed, systemic Zn defi-
ciency has been associated with the high incidence of  
diabetic cardiovascular complications[72,79,81,82]. The po-
tential role of  zinc in the protection of  diabetic patients 
from coronary heart disease has been investigated in a 
recent clinical trial in which serum zinc level was inversely 
proportional to cardiovascular complications[83]. Measure-
ments of  cardiac function have demonstrated that Zn is 
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However, the understanding of  molecular mechanisms 
that involve in Zn related changes in diabetic heart de-
serves further investigation.

Tungstate
Over the past decade, sodium tungstate (Na2WO4), which 
chemically resembles vanadium has become a molecule 
of  interest, since it has a relatively low toxicity and it has 
been suggested to have antidiabetic activity in experimen-
tal studies[93-96]. Although numerous studies have demon-
strated the efficacy of  tungstate as an antidiabetic agent 
in various models of  experimental diabetes, only few of  
them have investigated whether it can improve cardiac 
performance of  diabetic heart as well. One of  these stud-
ies performed by Nagareddy et al[31] has assessed cardiac 
function by measuring left ventricular pressure, the rate of  
contraction and the rate of  relaxation. An apparent car-
diac dysfunction has been shown in untreated diabetic rat 
hearts, which exhibited an inability to respond to the in-
crease in left atrial filling pressure. However, the treatment 
of  diabetic rats with tungstate has improved LVP, + dP/dt, 
and - dP/dt, particularly at higher filling pressures. 

On the other hand, recently we have studied the 
cellular mechanism of  that beneficial effect of  sodium 
tungstate on diabetic myocardium at cellular level. We 
demonstrated that long-term sodium tungstate treatment 
was capable of  ameliorating the amplitude of  shortening 
and associated Ca2+ transients of  diabetic cardiomyocytes, 
although it didn’t improve the rate of  relaxation in either 
traces. Moreover, we showed depressed Ito and Iss in dia-
betic cardiomyocytes which were recovered significantly 
by tungstate administration that might be accomplished 
due to its antioxidant property[5]. This finding is impor-
tant because diminished potassium currents and thus 
prolonged action potential in ventricular cells have been 
suggested to increase the likelihood of  arrhythmia in dia-
betic patients[4,33,67,97]. Hence, tungstate administration is 
likely to reduce this propensity in diabetic patients. 

The underlying mechanism of  these beneficial ef-
fects has been mostly attributed to antioxidant or insulin-
like activity of  tungstate. Because hyperglycemia leads 
to abnormal increase of  ROS production[5,11,35] that have 
been recognized to be capable of  modulating K+ channels 
and [Ca2+]i regulation due to redox modifications of  key 
amino acid residues involved in the function of  intracel-
lular and plasma membrane ion channels and transport-
ers[33,35]. In fact, tungstate treatment was associated with 
significant reduction of  lipid and protein oxidation levels 
in treated-diabetic rats, a finding that further supports this 
hypothesis. Insulin-mimetic or insulin-enhancing activity 
of  tungstate is less likely since we didn’t observe a remark-
able change either in insulin or blood glucose levels after 
supplementation[5]. Contrary to this, some investigators 
have reported increased insulin and/or decreased glucose 
levels that might arise from very high level of  tungstate 
they administered, which may cause side effects[98].
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capable of  improving left ventricular systolic and diastolic 
function. Moreover, inotropic reserve of  left ventricle 
was enhanced in the heart of  the diabetic mice treated 
with Zn compared to that without Zn, which implicates 
alleviated cardiac function with Zn supplementation[30]. 
Wang et al[84] observed lower ± dP/dtmax, suggesting 
reduced LV contractility along with slowing of  relaxation 
in the diabetic mice, which both improved following Zn 
supplementation to near control levels. Furthermore, Zn 
ameliorated the diabetes-induced catecholamine desen-
sitization markedly, which was quantified by measure of  
augmentation of  dP/dtmax after β-adrenergic stimula-
tion. Thus, they concluded that zinc is capable of  im-
proving both basal and stimulated LV function as well as 
inotropic reserve in diabetic hearts. 

On the other hand, incomplete relaxation and re-
duced contractile function which were more prominent 
as pacing frequency increased has been reported in dia-
betic cardiomyocytes, but these changes were significantly 
restored by extracellular Zn exposure[8]. These findings 
provide evidences that suggest zinc administration could 
be a possible long term management regimen for incom-
plete relaxation and diastolic dysfunction associated with 
diabetic cardiomyopathy. In addition, extracellular zinc 
ion has been proposed to compete with Ca2+ for the car-
diomyocyte L-type Ca2+ channel and, the release of  SR 
Zn through the RyR also appears to be regulated simi-
larly to that of  SR Ca2+[85-87]. Moreover, extracellular Zn 
exposure could lower the open probability of  RyR and 
presumably reduces SR Ca2+ leak through the RyR, which 
has been shown to be elevated in hyperglycemic condi-
tions[88,89]. Given these results, it is likely that Zn exerts a 
competitive effect on Ca2+ regulatory mechanisms and 
modulates cardiomyocyte function. 

Although the cellular and molecular mechanisms 
responsible for zinc-induced protection against diabetic 
cardiomyopathy has not been fully understood yet, zinc-
binding protein metallothionein (MT) has been proposed 
to play a role in cellular defence against oxidative stress 
associated with diabetic cardiomyopathy[72,84,90]. Indeed, Zn 
supplementation provides significant protection of  the 
heart from oxidative stress. Zn has been demonstrated to 
act as an antioxidant through participation in SOD and 
thioredoxin enzymatic and chelator activities, stabilizing 
cell membranes, and inhibiting lipid peroxidation[26,74,91]. 
Additionally, the relationship between Zn and diabetes 
appears to be complex. Several complications of  diabetes 
have been supposed to be related to increased intracellular 
oxidants and free radicals associated with decreases in in-
tracellular Zn and in Zn-dependent antioxidant enzymes[92]. 
Moreover, Zn is suggested to be important for the normal 
conformation, secretion and function of  insulin[26,30].

All these observations strongly support the notion 
that Zn deficiency occurs in diabetic subjects[82] and Zn 
supplementation may improve cardiac dysfunction or 
damage in these patients due to its systemic antioxidant 
capacity or modulation of  the cellular ionic mechanisms. 
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CONCLUSION
Diabetic cardiomyopathy, one of  the major causes of  
mortality in diabetic patients, is associated with progres-
sive contractile dysfunction. Therefore, it is crucial to 
develop therapeutic strategies that will effectively inhibit 
diabetes-induced fatal complications of  the heart. Among 
the various therapeutic strategies, the restoration of  
glycemic status by insulin-enhancing or insulin-mimetic 
agents can be useful in the prevention of  cardiomyopathy 
in diabetic patients. 

In the last decade, several inorganic compounds such 
as selenium, vanadium, zinc and tungstate have been 
suggested to improve cardiac performance in diabetic 
heart based on its potential anti-diabetic and/or antioxi-
dant activity. Some of  these trace elements are known 
to play an essential role as components of  enzymes and 
thus modulate the organ function in physiological and 
pathological conditions. Current findings clearly demon-
strate that diabetic cardiomyopathy leads to ventricular 
dysfunction due to altered ionic homeostasis in myocytes 
which results in defective excitation-contraction coupling 
of  myocardium and, trace element supplementation can 
prevent these changes and thus ameliorate the diminished 
cardiac function. Therefore, they may have a potential 
therapeutic use in preventing diabetic cardiomyopathy, 
although further investigations and substantial efforts are 
needed to elucidate the underlying mechanism of  their 
beneficial effect. Furthermore, prior to clinical trials, the 
question whether they have side effects or not should be 
addressed unequivocally.
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