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Diabetes mellitus is associated with micro and macrovascular complications. Cardiovascular 
complications are the major cause of mortality in diabetics. Platelets of patients with diabetes show a 
large number of structural, functional and metabolic changes. Aim of this review is to discuss all these 
changes and provides a better understanding of the diseae process. 
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Diabetes mellitus is a prothrombotic state with increased 
activation of platelets and coagulation proteins and 
decreased fibrinolytic activity.1 Diabetic 
thrombocytopathy refers to differences in platelet 
functions between diabetic and non diabetic individuals. 
Platelets from diabetic patients exhibit enhanced platelet 
aggregation early in the course of the disease that may 
precede the development of cardiovascular 
complications.2 Platelets from diabetic subjects exhibit 
certain abnormal features which render these individuals 
more prone to thrombotic episodes.  
Enhanced platelets activation 
There is evidence for the in vivo activation of 
circulating platelets in patients with diabetes mellitus.3 
Most reports suggest that there may be a specific 
priming of hyper sensitive platelets in diabetics in 
response to platelet agonists. Circulating platelets go 
through more frequent episodes of release of their 
granules. Augmented granule release implies reduced 
platelet survival due to their accelerated sequestration in 
the circulation. Increased platelet turnover reflects 
increased thrombopoiesis in diabetic patients.4,5 

Altered response to agonists, enhanced 
glycoprotein receptors expression, increase in adhesive 
proteins on the platelet surface, increased fibrinogen 
binding and decreased membrane fluidity is 
instrumental in platelet activation. 
Platelets hyperaggregability 
Platelets hyper aggregation in response to glucose was 
recognised in 1965.6 Enhanced platelet aggregation in 
response to ADP, thrombin, collagen, arachidonic acid 
and epinephrine is seen in patients with diabetes 
mellitus as compared to non-diabetic individuals.7 
Under in vitro conditions these platelets after 
stimulation with platelet agonists show reduced 
threshold for platelet aggregation.8 

Increased platelet aggregation is more apparent 
in patients with diabetes associated with macro vascular 
disease.9 Platelets from diabetic subjects show an 
increased adhesiveness and increased spontaneous 
aggregation as well as aggregation on extra cellular 
matrix.8 

Increased arachidonic acid metabolism 
Thromboxane A2 (TXA2) is one of the most potent 
platelet activators. Enhanced activation of arachidonic 
acid pathway leads to increased TXA2 formation, 
increased phosphoinositide turnover resulting in 
increased protein phosphorylation, enhanced inositol 
trisphosphate production and subsequently accelerated 
Ca2+ mobilisation.10 

Increased TXA2 production in patients with 
diabetes has been reported in vitro as well as in vivo. 
Addition of platelet agonists to platelet rich plasma 
resulted in increased TXA2 synthesis in vitro.11 
Increased urinary excretion of 11-dehydro-TxB2 
supports increased thromboxane metabolism in vivo.12,13 

Plasma glucose concentration and HbA1c 
directly affect thromboxane metabolism. Improved 
glycaemic control has been shown to reduce 
thromboxane A2 production in several11,13 but not in all 
studies.14,15 Increased TXA2 production has been related 
to diabetes-associated micro and macro angiopathy.12,13 
Increased calcium flux 
Platelets of patients with type 2 diabetes mellitus show 
abnormal calcium homeostasis. Increased calcium 
mobilisation from intra-platelet storage pool and higher 
levels of intracellular free calcium has been reported in 
patients with diabetes mellitus.16,17 Intracellular free 
calcium has been correlated with the reduction in 
membrane fluidity.16 Altered properties of platelet 
membranes are related to calcium mobilisation resulting 
in platelet hyper function.10,16,18 In addition to alterations 
in platelet calcium homeostasis, intracellular magnesium 
concentrations are also reduced consistent with an 
increase in platelet hyperaggregability and 
adhesiveness.19 
Platelets nitric oxide synthesis 
Nitric oxide (NO) and prostacyclin inhibit platelet-
endothelium interactions and promote endothelium 
mediated vasodilation. Platelets from diabetic patients 
produce less NO and prostacyclin. Concentration of NO 
is less in the platelets of diabetic patients than non-
diabetic individuals.20 Insulin stimulates NO synthesis in 
platelets.21 
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Platelet secretary products 
Activated platelets release mitogenic and chemotactic 
factors like platelet-derived growth factor, transforming 
growth factor-β (TGF-β), vascular endothelial growth 
factor (VEGF), basic fibroblast growth factor (bFGF), 
platelet derived epidermal growth factor (PDEGF) and 
insulin-like growth factor-1 (IGF-1). Platelet factor-4 
(PF-4), plasminogen activator inhibitor-1 (PAI-1), von 
Willebrand factor, β-thromboglobulin, fibrinogen, 
fibronectin and thrombospondin are also significantly 
released upon platelet activation.22 Elevated plasma 
levels of -thromboglobulin and PF-4 have been 
observed in patients with diabetes mellitus.14,23 
Platelet membrane glycation 
Hyperglycaemia is responsible for the non-enzymatic 
glycation of platelet membrane proteins. Non-enzymatic 
glycation of platelet membrane proteins leads to 
alterations in the protein structure, conformation and 
membrane lipid dynamics.24–26 Reduced platelet 
membrane fluidity appears to be related to the extent of 
glycation of membrane proteins. 

Altered dynamics of platelet membrane lipids 
in turn results in enhanced expression of receptors that 
are crucial for platelet functions. These include P-
selectin, fibrinogen receptors and von Willebrand factor 
receptors.27,28 Increased expression of adhesion 
receptors, e.g., αIIbβ3 have been attributed to more 
frequent episodes of platelet activation and 
degranulation. Increased expression of these receptors 
makes these molecules much more susceptible to 
potential ligands.29 
Membrane glycation of low density lipoproteins 
Low density lipoproteins (LDL) glycation has been 
shown to be contributory factor towards increased 
platelet sensitivity to aggregating agents.30 Degree of 
LDL glycation positively correlates with the rate of 
platelet aggregation.30 Hyperglycaemia causes an 
increase in non-enzymatically glycated LDL (glycLDL) 
rendering the platelets more susceptible to oxidative 
stress.31,32 GlycLDL inhibits platelet membrane Ca2+-
ATPase which may lead to increased intracellular Ca2+ 
concentration and decreased NO synthase activity.33  

Inhibition of platelet membrane Na+/K+-
adenosine triphosphatase (Na+/K+-ATPase) activity is 
another mechanism of platelet dysfunction due to 
glyLDL.34 Lipoproteins also enhance thromboxane 
generation during platelet activation.35 Oxidised lipids 
provide a surface for the activation of prothrombinase 
complex in diabetes mellitus. 
Expression of increased surface markers on platelet 
membrane 
Platelets from diabetic patients have increased number, 
adhesiveness and activity of several platelet specific 
glycoprotein receptors (GP). Increase in the number of 
GPIIb/IIIa (αIIbβ3),27 GPIb-IX-V, GPIa/IIa, CD6236–38 

and CD6338 have been observed in patients with 
diabetes mellitus. Increased expression of platelet 
αIIbβ3 is consistent with enhanced fibrinogen binding 
and aggregability in patients with diabetes.39 Platelet 
receptor activation has been correlated with glycaemia 
in clinical38 and experimental studies40 and also with 
vascular complications.37 

Enhanced surface expression of these adhesion 
molecules suggests that platelets also communicate with 
leukocytes. Platelets play a pivotal role in inflammation 
mediated tissue damage in the vessels. Up-regulation of 
CD40-CD40 ligand system has been observed in 
patients with diabetes mellitus.41 CD40L on platelets 
correlates with high HbA1c levels.41 

P-selectin and CD40L are shed from platelet 
surface into plasma in biologically active soluble 
form.42,43 Studies have shown elevated levels of soluble 
P-selectin.44 and CD40L37,45-47 in patients with diabetes 
mellitus and cardiovascular diseases.48 Elevated levels 
of these compounds may reflect a prothrombotic state 
and accelerated atherosclerosis.49–51 

In patients with diabetes mellitus platelets also 
show hypersensitivity to collagen. Elevated expression 
of platelet Fc-receptor correlates with increased 
collagen-induced aggregation.52,53 
Platelet metabolic alterations 
Since glucose entry into the platelets do not depend on 
insulin, intra-platelet glucose concentration mirrors the 
extra cellular concentration.54 Hyperglycaemia has been 
clearly established as a causal factor for in vivo platelet 
activation and platelet hyperactivity in patients with 
diabetes mellitus.55 

Hyperglycaemia induces a number of changes 
in the platelet functions. It causes increased activation of 
platelets exposed to high shear stress both in vitro and in 
vivo.56 Metabolic alterations of platelets leading to 
increased sensitivity to agonists are due to impaired 
calcium homeostasis, activation of PKC, decreased 
production of platelet-derived nitric acid and increased 
formation of superoxide anion. Reduced glutathione 
levels and nitric oxide synthase activity are some other 
metabolic alterations in the platelets of patients with 
diabetes.54,57,58 
Altered platelet size and volume 
Predominantly large platelets circulate in patients with 
diabetes mellitus. This has been considered secondary to 
an increased ploidy and activation of megakaryocytes.59 
Larger and younger platelets are considered to be more 
reactive. 

Mean platelet volume (MPV) correlates well 
with the number of glycoprotein molecules on platelet 
membrane, the thromboxane synthesising capacity and 
platelet granule contents of various platelet specific 
proteins.4 Increased MPV has also been associated with 
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proliferative diabetic retinopathy.4 However, MPV does 
not seem to be influenced by glycaemic control.60 
Platelet life span 
Studies on platelet survival in patients with diabetes 
mellitus have produced conflicting results. Some studies 
have shown decreased platelet survival in patients with 
diabetes mellitus with overt vascular complications.61 
Other researcher however did not find any difference in 
platelet survival and vascular complications. They also 
failed to demonstrate any relationship between platelet 
survival and vascular complications in patients with 
diabetes mellitus compared to normal healthy 
controls.62,63 
Platelet-leukocyte interaction 
Inflammation and thrombosis cause activation of 
endothelial cells, leukocytes and platelets. Complex 
interaction between these cells is influenced by several 
mediators.  

Platelets may influence leukocyte activation, 
chemotaxis and phagocytosis.64 Platelet-released 
adenine nucleotides and platelet derived growth factor 
induce leukocyte degranulation. Adherent platelets, 
platelet-derived microparticles, PDGF, PF-4 and TXA2 
enhance leukocyte rolling and adhesion.65 PDGF is also 
a chemottractant and enhances phagocytosis by 
neutrophils and monocytes. Superoxide formation by 
neutrophils may be enhanced by platelets bound to 
neutrophils or platelet-released ADP while intact non-
stimulated platelets may inhibit neutrophil superoxide 
production.66 Leukocyte chemotaxis, adhesion and 
superoxide generation are inhibited by P-selectin and 
nitric oxide released from platelets.67  

Platelets and platelet-derived products 
influence leukocyte function in several ways. Platelets 
and leukocytes may form platelet-leukocyte aggregates 
or conjugates (PLAs) mainly via platelet-expressed P-
selectin and its receptors P-selectin glycoprotein ligand-
1, CD15, αIIbβ3 and CD11b/CD18.  

Diabetic angiopathy involves atherosclerosis, 
inflammation and thrombosis due to abnormal function 
of platelet and leukocyte. In diabetic microangiopathy 
increased platelet and leukocyte activation and 
heterotypic aggregation are evident.68 

REFERENCES 
1. Carr ME. Diabetes mellitus: A hypercoagulable state. J Diabetes 

Complications 2001;15:44–54. 
2. Mandal S, Sarode R, Dash S, Dash RJ. Hyperaggregation of 

platelets detected by whole blood platelet aggregometry in newly 
diagnosed non insulin-dependent diabetes mellitus. Am J Clin 
Pathol 1993;100:103–7. 

3. Fukuda K, Ozaki Y, Satoh K, Kume S, Tawata M, Onaya T, et al. 
Phosphorylation of myosin light chain in resting platelets from 
NIDDM patients is enhanced correlation with spontaneous 
aggregation. Diabetes 1997;46:488–93. 

4. Tschoepe D. The activated megakaryocyte-platelet-system in 
vascular disease: focus on diabetes. Semin Thromb Hemost 
1995;21:152–60. 

5. Watala C, Boncler M, Pietrucha T, Trojanowski Z. Possible 
mechanisms of the altered platelet volume distribution in type 2 

diabetes: does increased platelet activation contribute to platelet 
size heterogeneity? Platelets 1999;10:52–60. 

6. Bridges JM, Dalby AM, Millar JHD, Weaver JA. An effect of D-
glucose on platelet stickiness. Lancet 1965;1:75–7. 

7. Leoncini G, Signorello MG, Piana A, Carrubba M, Armani U. 
Hyperactivity and increased hydrogen peroxide formation in 
platelets of NIDDM patients. Thromb Res 1997;86:153–60. 

8. Knobler H, Savion N, Shenkman B, Kotev-Emeth S, Varon D. 
Shear-induced platelet adhesion and aggregation on 
subendothelium are increased in diabetic patients. Thromb Res 
1998;90:181–90. 

9. Coppola L, Verrazzo G, La Marca C, Ziccardi GP, Grassia A, 
Tirelli A, et al. Effect of insulin on blood rheology in non-diabetic 
subjects and in patients with type 2 diabetes mellitus. Diabet Med 
1997;14:959–63. 

10. Oskarsson HJ, Hofmeyer TG. Diabetic human platelets release a 
substance that inhibits platelet-mediated vasodilatation. Am J 
Physiol 1997;273:371–9. 

11. Halushka PV, Mayfield R, Wohltmann HJ, Rogers RC, Goldberg 
AK, McCoy SA, et al. Increased platelet arachidonic acid 
metabolism in diabetes mellitus. Diabetes 1981;30:44–8. 

12. Davi G, Catalano I, Averna M, Notarbartolo A, Strano A, 
Ciabattoni G, et al. Thromboxane biosynthesis and platelet 
function in type II diabetes mellitus. N Engl J Med 
1990;322:1769–74. 

13. Tomaselli L, Cerletti C, de Gaetano G, Notarbartolo A, Davi G, 
Pupillo M. Normal platelet function, but increased platelet 
activation in vivo in diabetic patients. Thromb Haemost 
1990;64:604–60. 

14. Small M, Douglas JT, Lowe GD, MacCuish AC, Forbes CD. 
Effect of insulin therapy on coagulation and platelet function in 
type II (non-insulin-dependent) diabetes mellitus. Haemostasis 
1986;16:417–23. 

15. Alessandrini P, McRae J, Feman S, FitzGerald GA. Thromboxane 
biosynthesis and platelet function in type I diabetes mellitus. N 
Engl J Med 1988;319:208–12. 

16. Watala C, Boncler M, Golanski J, Koziolkiewcz W, Trojanowski 
Z, Walkowiak B. Platelet membrane lipid fluidity and intraplatelet 
calcium mobilisation in type 2 diabetes mellitus. Eur J Haematol 
1998;61:319–26. 

17. Takaya J, Iwamoto Y, Higashino H, Ishihara R, Kobayashi Y. 
Increased intracellular calcium and altered phorbol dibutyrate 
binding to intact platelets in young subjects with insulin-
dependent and non-insulin-dependent diabetes mellitus. 
Metabolism 1997;46:949–53. 

18. Winocour PD, Watala C, Kinlough-Rathbone RL. Membrane 
fluidity is related to the extent of glycation of proteins, but not to 
alterations in the cholesterol to phospholipid ratio in isolated 
platelet membranes from diabetic and control subjects. Thromb 
Haemost 1992;67:567–71. 

19. Gawaz M, Langer H, May AE. Platelets in inflammation and 
atherogenesis. J Clin Invest 2005;115(3):378–84. 

20. Martina V, Bruno GA, Trucco F, Zumpano E, Tagliabue M, Di 
Bisceglie, et al. Platelet cNOS activity is reduced in patients with 
IDDM and NIDDM. Thromb Haemost 1998;79:520–2. 

21. Trovati M, Anfossi G, Massucco P, Mattiello L, Costamagna C, 
Piretto V, et al. Insulin stimulates nitric oxide synthesis in human 
platelets and, through nitric oxide, increases platelet 
concentrations of both guanosine-3,5-cyclic monophosphate and 
adenosine-3,5-cyclic monophosphate. Diabetes 1997;46:742–9. 

22. Reed GL. Platelet secretion. In:  Platelets, 2nd ed. AD Michelson. 
San Diego: Elsevier Academic Press 2007;309–18. 

23. Borsey DQ, Prowse CV, Gray RS, Dawes J, James K, Elton RA 
et al. Platelet and coagulation factors in proliferative diabetic 
retinopathy. J Clin Pathol 1984;37:659–64. 

24. Winocour PD, Bryszewska M, Watala C, Rand M, Epand RM, 
Kinlough-Rathbone RL, et al. Reduced membrane fluidity in 
platelets from diabetic patients. Diabetes 1990;39:241–4. 

25. Winocour PD. Platelet abnormalities in diabetes mellitus. 
Diabetes 1992;41:26–31. 

26. Jokl R, Colwell J. Arterial thrombosis and atherosclerosis in 
diabetes. Diabetes Metab Rev 1997;5:1–15. 

27. Tschoepe D, Driesch E, Schwippert B, Nieuwenhuis HK, Gries 
FA. Exposure of adhesion molecules on activated platelets in 
patients with newly diagnosed IDDM is not normalized by near-
normoglycaemia. Diabetes 1995;44:890–4. 

28. Mazzanti L, Rabini RA, Fumelli P, Martarelli D, Staffolani R, 
Salvolini E, et al. Altered platelet membrane dynamic properties 
in type 1 diabetes. Diabetes 1997;46:2069–74. 

29. Watala C, Gwozdzinski K, Pluskota E, Pietrucha T, Walkowiak 
B, Trojanowski Z, et al. Diabetes mellitus alters the effect of 



Pak J Physiol 2012;8(2) 

http://www.pps.org.pk/PJP/8-2/Saboor.pdf  43 

peptide and protein ligands on membrane fluidity of blood 
platelets. Thromb Haemost 1996;75:147–53. 

30. Watanabe J, Wohltmann HJ, Klein RL, Colwell JA, Lopes-Virella 
MF. Enhancement of platelet aggregation by low-density 
lipoproteins from IDDM patients. Diabetes 1988;37:1652–7. 

31. Kobayashi K, Watanabe J, Umeda F, Nawata H. Glycation 
accelerates the oxidation of low density lipoprotein by copper 
ions. Endocr J 1995;42:461–5. 

32. Millican SA, Schultz D, Bagga M, Coussons PJ, Muller K, Hunt 
JV. Glucose-modified low density lipoprotein enhances human 
monocytes chemotaxis. Free Rad Res 1998;28:533–42. 

33. Byrne CD. Triglyceride-rich lipoproteins: Are links with 
atherosclerosis mediated by a procoagulant and proinflammatory 
phenotype? Atherosclerosis 1999;145:1–15.  

34. Ferretti G, Rabini RA, Bacchetti T, Vignini A, Salvolini E, 
Ravaglia F, et al. Glycated low density lipoproteinsmodify 
platelet properties: a compositional and functional study. J Clin 
Endocrinol Metab 2002;87:2180–4. 

35. Aviram M, Sirtori CR, Colli S, Maderna P, Morazzoni G, Tremoli 
E. Plasma lipoproteins affect platelet malondialdehyde and 
thromboxane B2 production. Biochem Med 1985;34:29–36. 

36. Omoto S, Nomura S, Shouzu A, Hayakawa T, Shimizu H, 
Miyake Y, et al. Significance of platelet-derived microparticles 
and activated platelets in diabetic nephropathy. Nephron 
1999;81:271–7. 

37. Yngen M, Ostenson CG, Hu H, Li N, Hjemdahl P, Wallen NH. 
Enhanced P-selectin expression and increased soluble CD40 
ligand in patients with type 1 diabetes mellitus and 
microangiopathy: Evidence for platelet hyperactivity and chronic 
inflammation. Diabetologia 2004;47:537–40. 

38. Eibl N, Krugluger W, Streit G, Schrattbauer K, Hopmeier P, 
Schernthaner G. Improved metabolic control decreases platelet 
activation markers in patients with type 2 diabetes. Eur J Clin 
Invest 2004;34:205–9.  

39. Leet H, Paton RC, Passa P, Caen JP. Fibrinogen binding and 
ADP-induced aggregation in platelets from diabetic subjects. 
Thromb Res 1981;24:143–50. 

40. Keating FK, Sobel BE, Schneider DJ. Effects of increased 
concentrations of glucose on platelet reactivity in healthy subjects 
and in patients with and without diabetes mellitus. Am J Cardiol 
2003;92:1362–5. 

41. Jinchuan Y, Zonggui W, Jinming C, Li L, Xiantao K. 
Upregulation of CD40-CD40 ligand system in patients with 
diabetes mellitus. Clin Chim Acta 2004;339:85–90. 

42. Michelson AD, Barnard MR, Hechtman HB, MacGregor H, 
Connolly RJ, Loscalzo J, et al. In vivo tracking of platelets: 
circulating degranulated platelets rapidly lose surface P-selectin 
but continue to circulate and function. Proc Natl Acad Sci USA 
1996;93:11877–82. 

43. Henn V, Steinbach S, Buchner K, Presek P, Kroczek RA. The 
inflammatory action of CD40 ligand (CD154) expressed on 
activated human platelets is temporally limited by coexpressed 
CD40. Blood 2001;98:1047–54.  

44. Jilma B, Fasching P, Ruthner C, Rumplmayr A, Ruzicka S, 
Kapiotis S, et al. Elevated circulating P-selectin in insulin 
dependent diabetes mellitus. Thromb Haemost 1996;76:328–32. 

45. Marx N, Imhof A, Froehlich J, Siam L, Ittner J, Wierse G, et al. 
Effect of rosiglitazone treatment on soluble CD40L in patients 
with type 2 diabetes and coronary artery disease. Circulation 
2003;107:1954–7. 

46. Varo N, Vicent D, Libby P, Nuzzo R, Calle-Pascual AL, Bernal 
MR, et al. Elevated plasma levels of  the atherogenic mediator 
soluble CD40 ligand in diabetic patients: A novel target of 
thiazolidinediones. Circulation 2003;107:2664–9. 

47. Cabeza N, Li Z, Schulz C, Kremmer E, Massberg S, Bultmann A, 
et al. Surface expression of collagen receptor Fc receptor-
gamma/glycoprotein VI is enhanced on platelets in type 2 diabetes 

and mediates release of CD40 ligand and activation of endothelial 
cells. Diabetes 2004;53(2):117–21. 

48. Heeschen C, Dimmeler S, Hamm CW, van den Brand MJ, 
Boersma E, Zeiher AM, et al. Soluble CD40 ligand in acute 
coronary syndromes. N Engl J Med 2003;348:1104–11. 

49. Andre P, Hartwell D, Hrachovinova I, Saffaripour S, Wagner DD. 
Pro-coagulant state resulting from high levels of soluble P-selectin 
in blood. Proc Natl Acad Sci USA 2000;97(13):835–40. 

50. Garlichs CD, Eskafi S, Raaz D, Schmidt A, Ludwig J, Herrmann 
M, et al. Patients with acute coronary syndromes express enhanced 
CD40 ligand/CD154 on platelets. Heart 2001;86:649–55. 

51. Burger PC, Wagner DD. Platelet P-selectin facilitates 
atherosclerotic lesion development. Blood 2003;101:2661–6. 

52. Gibbins JM, Okuma M, Farndale R, Barnes M, Watson SP. 
Glycoprotein VI is the collagen receptor in platelets which 
underlies tyrosine phosphorylation of the Fc receptor gamma-
chain. FEBS Lett 1997;413:255–9. 

53. Poole A, Gibbins JM, Turner M. The Fc receptor gamma-chain 
and the tyrosine kinase Syk are essential for activation of mouse 
platelets by collagen. EMBO J 1997;16:2333–41. 

54. Vinik AI, Erbas T, Park TS, Nolan R, Pittenger GL. Platelet 
dysfunction in type 2 diabetes. Diabetes Care 2001;24:1476–85. 

55. Davi G, Gresele P, Violi F, Basili S, Catalano M, Giammarresi C, 
et al. Diabetes mellitus, hypercholesterolemia, and hypertension 
but not vascular disease per se are associated with persistent 
platelet activation in vivo. Evidence derived from the study of 
peripheral arterial disease. Circulation 1997;96:69–75. 

56. Gresele P, Guglielmini G, De Angelis M, Ciferri S, Ciofetta M, 
Falcinelli E, et al. Acute, short-term hyperglycemia enhances 
shear stress-induced platelet activation in patients with type II 
diabetes mellitus. J Am Coll Cardiol 2003;41:1013–20. 

57. Assert R, Scherk G, Bumbure A, Pirags V, Schatz H, Pfeiffer AF. 
Regulation of protein kinase C by short term hyperglycaemia in 
human platelets in vivo and in vitro. Diabetologia 2001;44:188–95. 

58. Li Y, Woo W, Bose R. Platelet hyperactivity and abnormal Ca 
(2+) homeostasis in diabetes mellitus. Am J Physiol Heart Circ 
Physiol 2001;280:H1480–9. 

59. Brown AS, Hong Y, Belder A, Beacon H, Beeso J, Sherwood R, 
et al. Megakaryocyte ploidy and platelet changes in human 
diabetes and atherosclerosis. Arterioscler Thromb Vasc Biol 
1997;17:802–7. 

60. Sharpe PC, Trinick T. Mean platelet volume in diabetes mellitus. 
Q J Med 1993;86:739–42. 

61. Jones RL, Paradise C, Peterson CM. Platelet survival in patients 
with diabetes mellitus. Diabetes 1981;30:486–9. 

62. Porta M, La Selva M, Molinatti P, Molinatti GM. Endothelial cell 
function in diabetic microangiopathy. Diabetologia 1987;30:601–9. 

63. Luikens B, Forstrom LA, Johnson T, Johnson G. Indium-111 
platelet kinetics in patients with diabetes mellitus. Nucl Med 
Commun 1988;9:223–34. 

64. Bazzoni G, Dejana E, Del Maschio A. Platelet-neutrophil 
interactions: possible relevance in the pathogenesis and 
inflammation. Haematologica 1991;76:491–9. 

65. Barry OP, Pratico D, Savani RC, FitzGerald GA. Modulation of 
monocyte-endothelial cell interactions by platelet microparticles. J 
Clin Invest 1998;102:136–44. 

66. Nagata K, Tsuji T, Todoroki N. Activated platelets induce super 
oxide anion release by monocytes and neutrophils through P-
selectin (CD62). J Immunol 1993;151:3267–73. 

67. Bath PMW, Hassall DG, Gladwin AM, Palmer RMJ, Martin JF. 
Nitric oxide and prostacyclin: divergence of inhibitor effects on 
monocyte chemotaxis and adhesion to endothelium in vitro. 
Arterioscler Thromb 1991;11:254–60. 

68. Joussen AM, Poulaki V, Qin W, Kirchhof B, Mitsiades N, 
Wiegand SJ, et al. Retinal vascular endothelial growth factor 
induces intercellular adhesion molecule-1 and endothelial nitric 
oxide synthase expression and initiates early diabetic retinal 
leukocyte adhesion in vivo. Am J Pathol 2002;160:501–9. 

Address for Correspondence: 
Muhammad Saboor, Assistant Professor, Baqai Institute of Hematology, Baqai Medical University, Karachi. Cell: 
+92-333-2279927 
Email: msaboor81@gmail.com 


