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Review Article: 

Oxidative stress causes cardio myocyte apoptosis: May be the 

determinant of development of myocardial disarray in diabetes  

* S.P. Lasker1 ,  C. McLachlan2 , L . Wang3 ,  S .M.K. Al i4 ,  H.F. Jel inek5   

Abstract: 

Oxidative stress resulting from enhanced free radical formation or defect in anti-oxidant defence 

mechanism, implicates in the development of various disorders including impairment of vasodilatation, 

neuro degeneration, ventricular dysfunction and changes in cardiac muscle cells morphology. 

Oxidative stress activates renin aldosterone angiotensin system and inflammatory cytokines that 

induce apoptosis in heart muscles. It also decreases ATP formation that leads to apoptosis in myocyte. 

As a consequence, the physical force in the heart is increased that may guide to programme cardiac 

muscle cell death. The net effect of oxidative stress leads to an architectural rearrangement of the 

myocardium involving side to side slippage called myocyte disarray. Single myocyte cell death allows 

side by side translocation of cells. However, multiple cells death causes sliding of the myocyte bundle. 

No work has yet been done to correlate the myocardial cell slippage and oxidative stress in diabetes, 

in which heart muscles apoptosis are evident. Thus the present review is done to scrutinize if there is any 

role of oxidative stress on development of myocyte disarray in diabetes.  
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Introduction: 

Heart disease is the major cause of death 

inpatient, with diabetes (1). Risk of death is 

increased many fold if diabetes is associated 

with coronary artery disease (CAD) (2-4). In 1972, 

Ruber et al first proposed that diabetes 

independently impaired cardiac performance &  

 

caused overt heart failure without CAD, 

hypertension and congenital heart disease, on 

observation of four patients who died from heart 

failure (5). A number of experimental studies 

have been carried out to determine that what 

structural alteration deteriorates the cardiac 

functions in drug induced diabetic animals, but 

the results from these studies varied (6,7) Most 

have concentrated mainly on the ultrastructure 

of the cardiac myocyte, accumulation of fat, 

myofibril and collagen fibre (6-8). No study has 

yet been undertaken to correlate between 

diabetes and myocyte disarray.  Literature shows 

that myocytes apoptosis may cause architect-

tural rearrangement of the myocardium involving 

side-to-side slippage of myocytes (9-13). Heart 

muscle apoptosis is obvious in diabetes (14-17). 

Thus, there may be a possibility to develop 

myocardial disarray in diabetes that may lead to 

cardiac dysfunction.  

Myocyte Disarray 

Myocyte disarray was first reported by Teara in 

1958 (18). It is defined as an area of myocardium 

where adjacent myocardial cells are aligned 

perpendicularly or obliquely to each other rather 

than its normal parallel alignment (19-21)      

Figure 1. It is usually found abundantly in the 

interventricular septum (20) .It is also observed in 

the interventricular free wall (20, 21). It is a 

common structural lesion observed in many 
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cardiac diseases, including coronary heart 

disease, cor pulmonale, congenital heart disease 

(22-24) and hypertrophic cardiomyopathy (HCM) 

with (22,23,25) or without obstruction (25,26). 

Males are more predisposed to disarray than 

females (27). Disarray has no relation with heart 

weight (19, 28). 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Normal heart  muscle  

 

 

 

 

 

 

 

 

 

 

 

 

 

(B)  Myocardial  disarray  

 

Figure 1 Photomicrographs showing the 

(A) normal and (B)  myocardial 

disarrayed 

Maron et al proposed that abnormally arranged 

cardiac muscle cells in HCM probably do not 

produce an efficient pattern of contractility and 

may be responsible for marked functional 

limitation and may causes premature sudden 

death (20). They found extensive disorganization 

in left ventricular wall at the necropsy of heart of 

a 25 years old patient in HCM, who died 

suddenly (20). Similar results have been found in 8 

out of 9 young patients who died suddenly from 

HCM. Their heart had greater myocardial disarray 

(29). Animal studies also showed that 4 of the 7 

cats who died suddenly and unexpectedly, had 

marked cardiac muscle cells disorganization in 

ventricular septum along with HCM (30). This 

disorganized myocardial cells arrangement may 

be found in diabetes and may cause morbidity 

and mortality, without CAD. 

Oxidative Stress and Myocyte Apoptosis  

In diabetic cardiomyopathy, hyperglycaemia 

causes significant reduction and cellular 

depletion of the glucose transporters GLUTs 1 and 

4 (15).   

Due to unavailability of glucose as energy the 

intercellular metabolism is shifted from glycolysis 

to free fatty acid oxidation, resulting in increased 

production of free radical /reactive oxygen 

spices (ROS). The ROS elicits, an array of damage 

to the cells of heart including membrane lipid 

peroxidation, cross-linking, degradation of 

protein and nicking of DNA, ensuing the 

impairment of cellular integrity and function as 

well as apoptosis (15, 17). Moreover, pyruvate 

oxidation is also reduced by PPAR (peroxisome 

proliferation activated receptor), in diabetes. 

Thus the net result is an excessive glycolytic 

intermediate formation and an increased 

synthesis of ceramide leads to myocyte 

apoptosis (4). 

On the other hand, free radicals are also 

generated from reduced sugar (Amadori 

products). Glycation and oxidation reactions 

between reduced sugars and proteins as well as 

lipids contribute to glycated end products or 

glycoxidation products (31) .Advanced glycated 

end products (AGE) deactivate nitrous oxide 

(NO) and impair coronary vasodilatation. 

Accumulation of AGE modified extracellular 

matrix results in inelasticity of blood vessel wall 

that could interfere with myocardial function 

(32).  

Sustained hyperglycaemia causes formation of 

mitochondrial ROS with effects on transcription of 

DNA that regulates the deposition of collagen in 

the myocardium and leads to contractile 

dysfunction (4).  

In diabetic animals, AGE impairs SERCA 2a 

(Sarcoplasmic/ endoplasmic reticulum Ca2+-

ATPase 2a), which is responsible for depletion of 

intracellular Ca+ levels that play a role in cardiac 

relaxation (33, 34). Furthermore, oxidative 

damage depresses Na+ K+ ATPase and 
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enhances Na+/Ca++ transporters in 

cardiomyocytes and leads to an overload of 

intracellular Ca++, after 12 weeks in 

straptozotocin induced diabetic rats. This may be 

involved in impaired ventricular relaxation 1. 

Interstitial accumulation of AGE also has a 

greater effect on early diastolic filling compared 

to the late diastole, in diabetes alone, which 

indicates the primary dysfunction in the ventricle 

without CAD (35).  

Insulin deficiency or resistance, independent of 

hyperglycaemia also causes cardiac apoptosis 

(36). Removal of insulin causes a significant 

increase in ROS production that result in oxidative 

mitochondrial DNA damage. Insulin deficient 

cells are also succumbed to apoptosis, 

associated with impaired phosphatidylinisitol 3 

kinase (PI-3 ) / AKT signalling pathway and 

decreased Bcl to Bax ratio (36) (Bax is 

proapoptotic factor but Bcl 2 is antiapoptotic 

factor).  

Oxidative Stress and Angiotensin II 

ROS activates the renin-angiotensin system (RAS), 

leading to increased angiotensin II (Ang II) that 

causes the cardiomyocyte hypertrophy and 

apoptosis (37). In rats, RAS is activated despite 

minimal changes in myocardial loading leading 

to cardiomyocyte hypertrophy and apoptosis (4).  

Myocyte hypertrophy and apoptosis occur by 

upregulation of any component of the RAS from 

angiotensinogen to angiotensin receptor level 

(38). Ang II has four receptors. Both receptor 1 

(AT1) and receptor 2 (AT2) cause apoptosis. AT 1 

receptor mediated apoptosis may occur 

secondary to vascular growth and remodelling 

and AT2 receptor mediated apoptosis oppose 

cell proliferation. Both the AT1 and AT2 increase 

the proapoptotic factor Bax but AT2 decreases 

the antiapoptotic factor Bcl 2. Cardio myocyte 

apoptosis is initiated by AT1.  AT1 activates tyrosin 

kinase c-src that stimulates phospholipase C 

(PLC-γ) leading to the formation of diacyle 

glycerol and activation of protein kinase C (PKC). 

Increase in the activity of PKC causes the 

activation of nicotinamide adenine diphosphate 

(NADPH) oxidase and produces superoxide (O2.), 

which reacts with nitric oxide (NO) to form 

peroxynitrate (ONO2). Protein, lipid as well as 

purine and pyrimidine of DNA are oxidized by 

ONO2 that stimulates. Apoptosis occurs as a 

result of P53 mediated elevation in the Bax/Blc 2 

ratio and dependent mechanism that results in 

mitochondrial death (39). 

AT2 linked death cascade requires tyrosine 

phosphatase that reduces phosphorylation state 

Bcl-2 and upregulation of Bax as well as 

promotes ceramide synthesis. Elevation of 

intracellular ceramide proceeds caspase-3 

activation and DNA fragmentation (40). It is 

noted that apoptosis is mainly mediated by 

activation of caspase-3 but it does not affect 

necrosis in induced  ischaemia/reoxygenation 

(41). 

Moreover, Ang II stimulate the release of 

aldosterone that also stimulates cardiomyocyte 

apoptosis by caspase 3 activation (42).  

Local Angiotensin II effects are modulated by the 

function of insulin like growth factor (IGF)- a key 

factor for cardiac growth and function.  In 

diabetes, IGF-1 is reduced that activates 

dependent gene regulation and leads to  up 

regulation of  Bax, local RAS and accumulation 

of ROS that causes myocyte death (37). Myocyte 

apoptosis was increased by two fold without IGF-

1, was at 7 and 30 days after the onset of 

diabetes. After 30 days, myocyte necrosis was 

severe with loss of 24% of ventricular myocytes 

and there was 28 % myocyte hypertrophy (37). 

Oxidative Stress and Inflammatory Cytokines 

Sustained hyperglycaemia causes increase in 

ROS which causes a decrease in NO level that 

leads to myocardial inflammation and 

endothelial dysfunction (4). Myocardial 

inflammation produces large number of 

cytokines (IL1, IL6 and TNF). Interleukin 1 (IL 1) 

causes myocyte hypertrophy and decreases the 

myocyte contractility. Tissue necrosis factor (TNF) 

leads to myocardiocyte apoptosis (43).  

TNF mediated cardiac apoptosis is activated by 

both the extrinsic and intrinsic death pathways. 

Extrinsic pathway is initiated by ligends that bind 

to death receptor TNFR1 (TNF receptor1).  It has 

two sequential complexes termed “complex I” 

and “complex II,” whereas intrinsic pathway is 

governed by various proapoptotic proteins from 

mitochondria that lead to increased cytosolic 

level of cytochrome-c, caspase-3 and caspase-9 

so as to restrict Bcl 2 over expression (43).  

Engagement of TNFR1 by TNF ligand leads to 

recruitment of the death domain–containing 

proteins TRADD and TNFR-interacting protein 

serine-threonine kinase 1 (RIP1), which then 

participate in, either by complex I or complex II. 

TNFR1 also promotes the activation of the 

cytoprotective transcription factor NF-êB as well  
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Figure 2: shows apoptosis by the specific cell signal and ATP depletion pathway 

as activation of JNK. When NF-êB is activated by 

complex I, complex II is inhibited by inhibitor c-

FLIPL, and the cell survives. However, when c-

FLIPL is degraded by JNK, activation of complex II 

cell death is preceded. Complex II is located in 

the cytosol, assembled with TRADD and RIP1, 

where they associate with Fas death domain 

(FADD) and caspase-8 (43).  

The decreased levels of c-FLIPL protein may have 

allowed for the activation of caspase-8 within 

complex II as well as the cleavage of Bid to Bid 

with subsequent mitochondrial release of 

proapoptotic factors that amplified the 

activation of the downstream intrinsic pathway 

(43). 

Beside, TNFα mediated apoptosis is also involved 

in the production of second messenger 

sphingolipid, including ceramide, that down 

regulates the expression of Bcl-2 and causes 

programmed cell death (44). 

Oxidative Stress and Reduction of ATP 

Oxidative stress decreases the ATP generation 

which leads to decreased contractile function of 

the myocyte 15. In diabetes, cardio myocyte ATP 

reduction causes apoptosis through non 

signalling pathway. Depletion of ATP leads to loss 

of normal cellular membrane function, disruption 

of transmembrane ion gradient and membrane 

rupture (45) (Figure 2). Both necrosis and 

apoptosis appear in heart muscle by this process 

and may contribute to cardiac dysfunction in 

diabetes, ischaemia and hypertension (45).  

Mechanical Stress 

Mechanical force produced by haemodynamic 

load may lead to myocardial cell death and 

enhances the production of ROS 10. Experiments 

revealed that isolated papillary muscle exposed 

to high level of tension for a three hour period 

caused apoptotic myocyte cell death. 

Imposition of high load increases O2   

consumption and this phenomenon leads to the 

generation of O2. Increased endogenous O2   

production decreases NO release and enhances 

expression of Fas receptor protein (expression 

depends upon extent of load imposed on the 

myocardium) that leads to activate 

programmed cell death 10. In this way, free 

radicals are formed during both ischaemia and 

reperfusion injury (46). Treatment with a No 

releasing drug (C87-3754) revealed that the 

myocyte is protected from detrimental effects of 

overstretching apoptosis by preventing DNA 

strand breaking. NO may alleviate oxidative 

stress and thereby protect the heart from cardiac 

apoptosis (10).   

Apoptosis and Myocardial Disarray 

Whatever the mechanism for apoptosis, cardio-

myocytes apoptosis is obvious in diabetes. It is 
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said that apoptosis may cause architectural 

rearrangement of the myocardium, involving side 

to side slippage of myocytes. Single myocyte cell 

death has been postulated to occur to allow 

side by side translocation of cells within the wall. 

Sliding of the myocyte bundle, however, would 

need multiple cells death (10). Nevertheless, loss 

of cardiac myocyte without cardiovascular 

disease has also been observed in senescent 

heart in human and animals. In human, a loss of 

an average of (38) million cells per year may 

accompany by a reciprocal increase in myocyte 

volume per nucleus, thereby preserving 

ventricular wall thickness (45). 

Structure properties of the ventricle are 

determined not only by its myocytes but also by 

the interstitial connective tissue, which is rich in 

fibrillar collagen III and I. Collagen III acts as a 

strut along with the myocyte, it is aligned to 

branches of collagen fibres course at right angle 

to connect and align the muscle bundle (group 

of six or more myocyte). Thus a depletion of this 

strut may lead to chamber dilatation (45). In the 

failing heart, this setting is distorted by weakened 

connective tissue, which disturbs organ integrity, 

myocyte slippage and ventricular remodeling 

(33).  

In diabetes, increased NO level leads to cardiac 

fibroblast and vascular smooth muscle apoptosis 

leading to increase cytokines (11). IL1β causes 

activation of nitric oxide synthetase (iNOS) that 

leads to increase the production of ONO2.  This 

can trigger the fibroblast apoptosis which may 

hamper collagen synthesis (11).  

Collagen synthesis is also degraded by cytokines 

matrix metalloproteinase (MMPs) and this 

degradation is regulated by other cytokines 

tissue inhibitor matrix metalloproteinase (TIMPs). In 

dilated cardiomyopathy and ischaemic 

cardiomyopathy, excessive collagenolysis may 

lead to myocyte rearrangement (slippage) that 

accounts for wall thinning and dilatation, which 

characterizes end stage heart failure(12, 13, 45).  

Tissue necrosis factor (TNF) as well as other 

cytokines and peptide growth factors activate 

MMPs within the failing myocardium (13).  

Thus, apoptosis of cardiac muscle cell and non-

cardiac muscle may contribute to develop 

myocardial disarray in diabetes and may causes 

functional limitation of heart. 

 

 

Hypertrophy and Myocardial Disarray 

It has been suggested that myocyte hypertrophy 

and myocardial fibre disarray are important in 

the pathogenesis of sever congestive heart 

failure (47). Left ventricular hypertrophy (LVH) was 

demonstrated in one-third of patients with type II 

diabetes independent of blood pressure. 4 Left 

ventricular hypertrophy (4, 35, 48, 49) and 

abnormal systolic function (35) frequently coexist 

in diabetic patients. Aortic stiffness and diastolic 

dysfunction in diabetic patients by increasing 

end systolic wall stress may contribute to the 

development of LVH (50) It is revealed that 

systole of HCM is abnormal, has additional 

middle or late systolic phase which may occupy 

over half of the systole, ventricle is nearly empty, 

generates a pressure twice higher than normal 

pre-ejection phase. Such isometric contractions 

provide a power full stimulus to ventricular 

hypertrophy and alter the contraction induced 

linear stress that develops the cardiac muscle 

cells disalignment (25). Myocardial disarray may 

develop in diabetes secondarily from this 

abnormal systolic pressure.  

Conclusion 

Sudden and unexpected death is seen in 

hypertrophic cardiomyopathy (HCM) due to 

presence of myocardial disarray. Literature shows 

that myocyte apoptosis may involve side-to-side 

slippage of myocytes that leads to myocyte 

disarray. Whatever the mechanism for apoptosis, 

cardio-myocytes apoptosis is obvious in diabetes. 

In addition to that, one third of diabetic patients 

have hypertrophied hearts due to ventricular 

dysfunction. Thus there may be a link to develop 

myocardial disarray in diabetes that may express 

cardiac dysfunction leading to heart failure. 

Further studies along these lines are essential.  

References 

1. Ganguly PK, Thlivers JA, Mehta A. Evidence 

against the nonenzymatic glycosylation in 

diabetic cardiomyopathy. Metab 1990; 

33:769-773. 

2. Bala C, Hanchu N. Heart failure and diabetes. 

Rom J Intern Med 2004; 42: 267-275. 

3. Tarantini L, Di-Lenarda A, Velussi M, Faggiano 

P, Comaschi, Faglia M. Diabetes mellitus, left 

ventricular diastolic dysfunction and heart 

failure. Ital heart J 2004; 5 (Suppl 8): 605-615. 

 



Journal of Diabetology, October 2011; 3:2                          http://www.journalofdiabetology.org/ 

(Page number not for citation purposes) Page 6 
 

4. Hayat SA, Patel B, Khattar RS, Malik RA. 

Diabetic cardiomyopathy: mechanisms, 

diagnosis and treatment. Clin Sci 2004; 

107:539-557. 

5. Rubler S, Dlugash J, Yuceoglu YZ, Kumral T, 

Brandwood AW, Grishman A. New type of 

cardiomyopathy associated with diabetic 

glomerulosclerosis. Am J Cardiol 1972; 30:595-

602. 

6. Warley A, Powell JM, Skepper JN. Capillary 

surface area is reduced and tissue thickness 

from capillaries to myocytes is increased in 

the left ventricle of STZ diabetic rat. 

Diabetologia 1995; 38: 413-421. 

7. Bhimji S, Godin DV, McNeill JH. Myocardial 

ultrastructural changes in alloxan induced 

diabetes in rabbits. Anat (Bssel) 1986; 125:195-

200.  

8. Mizushige K, Noma T, kiyomoto H, Yu Y, 

Hosomi N, Ohmori K et.al. Alteration in left 

ventricular diastolic filling and accumulation 

of myocardial collagen at insulin- resistant 

prediabetes stage of a type II diabetic rat 

model. Circulation 2000; 101:899-907. 

9. Cheng W, Li B, Kajstura J, Li P, Wolin MS, 

Sonnenblick EH, et.al. Stretch-induced 

programmed myocyte cell death. J Clin 

Invest 1995; 96: 2247-2259. 

10. Tian B, Liu J, Bitterman P, Bache RJ. 

Angiotensin II modulates nitric oxide-induced 

cardiac fibroblast apoptosis by activation of 

AKT/PKB. Am J Physiol Heart Circulation 

Physiol 2003; 285: 1105-1112. 

11. Li YY, Feldman AM, Sun Y, Charles F, Mc- 

Tiernan F. Differential expression of tissue 

inhibitors of metalloproteinase in the failing 

human heart.  Circulation 1998; 98: 1728-1734. 

12. Thomas CV, Coker ML, Zellner JL, Handy JR, 

Crumbley AJ, Spinale FG. Increase matrix 

metalloproteinase activity and selective up 

regulation in LV myocardium from patients 

with end-stage dilated cardiomyopathy, 

Circulation 1998; 97:1708-1715. 

13. Mann DL. Mechanisms and models in heart 

failure: A combinatorial approach. 

Circulation1999; 100: 999-1008. 

14. Fang ZY, Prins JB, Marwick TH. Diabetic 

cardiomyopathy: Evidence, mechanism and 

therapeutic implications. Endo Rev 2004; 25: 

543-567.  

15. Abel ED, Kaulbach HC, Tian R, Hopkins J, 

Duffy J,  Doetschman T, et.al. Cardiac 

hypertrophy with preserved contractile 

function after selective deletion of GLUT 4 

from the heart. The journal of Clinical 

investigation. 1999; 104:1703-1713. 

16. Chowdhry MF, Vohra HA, Galiñanes M. 

Diabetes increases apoptosis and necrosis in 

both ischemic and nonischemic human 

myocardium: Role of caspases and poly–

adenosine diphosphate–ribose polymerase. J 

Thorac and Cardiovas Surg 2007;134:124-131 

17. Harsdorf VR, Li PF, Dietz R. Signalling pathway 

in reactive oxygen species induced 

cardiomyocyte apoptosis. Circulation1999; 

99: 2934-2941. 

18. Teare D. Asymmetrical hypertrophy of the 

heart in young adults. Brit Heart J 1958; 20:1-8. 

19. Maron BJ, Robart CW. Quantitative analysis 

of cardiac muscle cell disorganization in the 

ventricular septum of patient with 

hypertrophy cardiomyopathy. Circulation 

1979; 59: 689-706.  

20. Maron BJ Roberts WC. Hypertrophic 

cardiomyopathy and cardiac muscle cell 

disorganization revisited: Relation between 

the two and significance. Am Heart J 1981; 

102: 95-110. 

21. Fujiwara H, Kawar C, Hamashima Y. 

Myocardial fascicle disarray and fibre 

disarray in 25µ thick sections. Circulation 1979; 

59: 1293-1299. 

22. Sutton StJMG, Lie JT, Anderson KR, O’Brien 

PC, Frye RL. Histopathological specificity of 

hypertrophic obstructive cardiomyopathy. 

Myocardial fibre disarray and myocardial 

fibrosis. Br Heart J 1980; 44: 433-443. 

23. Bulkey BH, Weisfeldt ML, Huchins GM. 

Asymmetric septal hypertrophy and 

myocardial fibre disarray. Features of normal, 

developing and malformed hearts. 

Circulation 1977; 56: 292-298. 

24. Van der Bel-Kahn J. Muscle fibre disarray is 

common in heart disease. Am J cardio 1977; 

28: 506-514. 

25. Bulkey BH, Weisfeldt ML, Huchins GM. 

Isometric cardiac contraction: A possible 

cause of the disorganized myocardial 

pattern of iodopathic hypertrophic subaortic 



Journal of Diabetology, October 2011; 3:2                          http://www.journalofdiabetology.org/ 

(Page number not for citation purposes) Page 7 
 

stenosis. The New England Journal of 

Medicine 1977; 295: 135-139. 

26. Maron BJ, Ferrans VJ, Henry WL, Clark CE, 

Redwood DR, Roberts WC. Differences in 

distribution of myocardial abnormalities in 

patients with obstructive and non-obstructive 

Asymetric septal hypertrophy (ASH). Light and 

Electron microscopic findings. Circulation1 

975; 50: 436-446. 

27. Geisterfer-Lowrance AA, Seldman T, Christ M, 

Conner DA, Ingwall JS, Schoen FJ, et.al. A 

mouse model of familial hypertrophic 

cardiomyopathy. Science 1996; 272: 731-734. 

28. Vernava AM, Elliot PM, Baboonian C, Davision 

F, Davies MJ, McKenna WJ. Hypertrophic 

cardiomyopathy:Histological feature and 

sudden death in cardiac troponin T disease. 

circulation 2001;104:1380-1384. 

29. Amanda MV, Perry ME, Christina B, Fergus D, 

Michael JD, William JMc. Hypertrophic 

cardiomyopathy: histopathological feature of 

sudden cardiac death in cardiac Troponin T 

disease. Circulation 2001; 104: 1380-1384. 

30. Liu SK, Maron BJ, Telley L. Feline hypertrophy 

cardiomyopathy: Gross anatomic and 

quantitative histologic feature. Am J Pathol 

1981; 102: 388-395. 

31. Baynes JW. Perspectives in diabetes: Roll of 

oxidative stress in development of 

complications in diabetes, Diabetes 1991; 40: 

405-412. 

32. Nesto RW, Libby P. 2001, Diabetes mellitus  

and the cardiovascular system’,  In Heart 

Disease A Text book of Cardiovascular 

medicine, Braunwald, E, Zipes DP & Libby, P 

(eds) vol.2, WB. Saunders Company, 

Philadelphia, USA. 

33. Trost SU, Belke DD, Bluhm WF, Meyer M,  

Swanson E. Overexpression of the 

sarcoplasmic reticulum Ca2+ ATPase 

improves myocardial contractility in diabetic 

cardiomyopathy’, Diabetes 2002; 51: 1166-

1171. 

34. Susanne UT, Darrel DB, Wolfgang FB, Markus 

M, Eric S, Wolfgang HD. Over expression of 

the sarcoplasmic reticulum Ca2+ ATPase 

improve myocardial contractility in diabetic 

cardiomyopathy. Diabetes 2002; 51: 1166-

1171 

35. Liu JE, Palmieri V, Roman MJ, Bella N, Fabsitz 

R, Howard BV. The impact of diabetes on left 

ventricular filling pattern in normotensive and 

hypertensive adult: The strong heart study. 

Journal of the American College of 

Cardiology 2001; 37: 1943-1949. 

36. Ricci C, Pastukh V, Mozaffari M, Schaffer SW. 

Insulin withdrawal induces apoptosis via a 

free radical-mediated mechanism. Can J 

Physiol Pharmacol 2007; 85: 455-64. 

37. Kaystura J, Fiordaliso F, Andreoli AM, Li  B, 

Chimenti S, Medow MS, et.al. IGF-1 Over 

expression Inhibits the Development of 

Diabetic Cardiomyopathy and Angiotensin II–

Mediated Oxidative Stress.  Diabetes 2001; 50: 

1414 -1423. 

38. Tsutsui H, Matsushima S, Kinugawa S, Ide T, 

Inoue N, Ohta Y, et.al. Angiotensin II Type 1 

receptor blocker attenuates myocardial 

remodelling and preserves diastolic function 

in diabetic heart. Hyper Res 2007; 30: 439-449. 

39. Grishko V, Pastukh V, Solodushko V, Gillespie 

M, Azuma J, Schaffer S. Apoptotic cascade 

initiated by angiotensin II in neonatal 

cardiomyocytes: role of DNA damage.   Am J 

Physiol Heart Circulation Physiol 2003; 285: 

H2364–H72. 

40. Lehtonen JYA, Horiuchi M, Daviet L, Akishita 

M, Dzau VJ. Activation of the de novo 

biosynthesis of sphingolipids mediates 

angiotensin II Type 2 receptor-induced 

Apoptosis. J Biol Chem 1999; 24: 16901–16906. 

41. Vohra HA, Galiñanes M.  Effect of the degree 

of ischaemic injury and reoxygenation time 

on the type of myocardial cell death in man: 

role of caspases. BMC Physiology 2005, 5:14-

25.  

42. De Angelis N, Fiordaliso F, Latini R, Calvillo L, 

Funicello M, Gobbi M, et.al. Appraisal of the 

role of angiotensin II and aldosterone in 

ventricular myocyte apoptosis in adult 

normotensive rat. J Mol Cell Cardiol 2002; 34: 

1655-1665. 

43. Haudek SB, Taffet GE, Schneider MD, Douglas 

L. TNF provokes cardiomyocyte apoptosis 

and cardiac remodelling through activation 

of multiple cell death pathways. J Clin Invest 

2007; 117: 2692-2701. 

 



Journal of Diabetology, October 2011; 3:2                          http://www.journalofdiabetology.org/ 

(Page number not for citation purposes) Page 8 
 

44. Krown KA, Page MT, Nguyen C, Zechner D, 

Gutierrez V, Comwstock KL, et.al. Tumour-

necrosis factor alpha-induced apoptosis in 

cardiac myocytes: involvement of the 

sphingolipid signalling cascade in cardiac 

cell death. J Clin Invest 1996; 98: 2854-2865. 

45. Colucci WS, Braunwald E. Pathophysiology of 

heart failure. In Heart Disease. A Text book of 

Cardiovascular Medicine, Braunwald E, Zipes 

DP and Libby P (eds), vol.1, 2001, WB. 

Saunders Company, Philadelphia, USA. 

46. Mayes PA. Structure and function of lipid 

soluble vitamin’, In Harper’s Biochemistry, 

Murray RK, Granner DK, Mayes PA and 

Rodwell VW (eds), 2000, Appleton & Lange, 

Stanford, Connecticut. 

47. Tanaka M, Fujiwara H, Onodera T, Wu DJ, 

Matsuda M. Morphological features of 

hypertrophic cardiomyopathy with 

congestive heart failure and a small left 

ventricular cavity. Jap Circulation J 1987; 51: 

647-650. 

48. Zhi YF, Satoshi Y, Vinah A, Leanne S, Thomas 

HM. Echocardiographic detection of early 

diabetic myocardial Disease. J Am coll 

cardiol 2003; 41:611-617. 

49. Joffe II, Travers KE, Perreat-Micale CL, 

Hampton T, Katz SE, Morgan JP et.al.  

Abnormal cardiac function in the 

streptozotocin induced non-insulin 

dependent diabetic rat. Non-invasive 

assessment with doppler echocardiography 

and contribution of the nitric oxide pathway’, 

J Am Coll Cardiol 1999; 34: 2111-2119.  

50. Stuthers AD, Morris AD. Screening for and 

treating left ventricular abnormalities in 

diabetes mellitus: a new way of reducing 

cardiac death. Lancet 2002; 359: 1430-1432. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


