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& Abstract

1.  Endothelin-1(ET-1)-the most potent endothelial-derived vasoconstrictor/mitogenic 

   peptide

2.  Plasma and tissue concentrations of ET-1 as well as responses to the peptide are 

   changed in various forms of disease in humans and animals.

3.  Endothelin activity is also altered in atherosclerotic and ischemic disease,  

   nephropathy, retinopathy, erectile dysfunction, and neuropathy, many of the well-

   known complications of diabetes. 

4.  New evidence shows that antagonists of the endothelin system might beneficially 

   affected and potentially overcome some of these complications.

5.  It is concluded that although alterations in ET-1 release and action are clearly 

   associated with the diabetic state, further studies using inhibitors of the endothelin 

   system are warranted to determine its precise role in the complications of the dis.

& The cardiovascular endothelin system

*Endothelin family consisted of three 21-amino acid peptides-ET-1, ET-2 and ET-3. *The biological actions of the ETs are primarily mediated by two distinct, G-protein-

 coupled receptor subtypes-ETA and ETB. 

*EndothelinA receptors have a high affinity for ET-1 and ET-2 than ET-3, ETB 

  receptor binds all three forms with equal affinity. 

*Translation of the preproETmRNA generates preproET, which is converted to big  

 ET and finally cleaved by ET converting enzyme (ECE) to facilitate production of 

 biologically active peptide.

*ET-1 released by vascular endothelial cells exerts an autocrine influence by 

 promoting vasodilatation, subsequent to activation of ETB receptors located on 

 endothelial cells. It also exerts a paracrine effect on adjacent vascular smooth muscle 

 cells (VSMC) in evoking vasoconstrictor and mitogenic actions by activation of both 

 ETA and ETB receptors.

*The primary target of ET-1 is the vasculature where it evokes transient 

 vasodilatation mediated by endothelial ETB receptors, followed by slow-onset and 

 sustained contraction mediated by ETA and ETB receptors located on VSMC. 

*The functional response to ET-1 varies throughout different tissues and vascular 

 beds due to differences in distribution and expression of these two receptor subtypes.

*ET-1 also induces contraction and increases inotropy in cardiac muscle, regulates 

 salt and water homeostasis through actions in the kidney, stimulates the renin-

 angiotensin and sympathetic nervous systems, contracts pulmonary airway and 

 vascular smooth muscle and induces hypertrophy of vascular, mesangial and cardiac 

 muscle & acts as a modulator of basal vascular tone.

*Endothelium regulates both vascular tone and growth, the vasoconstrictor and 

 mitogenic actions of ET-1 are opposed by vasodilator and antigrowth factors such as 

 endothelial-derived relaxing factor (EDRF) and prostacyclin.

*Key metabolic variables that are changed in diabetes mellitus such as plasma insulin, 

 glucose and lipids are well known to directly regulate the release of ET-1. 

*Prolonged and excessive exposure of both endothelial cells and VSMC to the 

 metabolic dysregulation of diabetes mellitus could promote atherosclerotic and other  

 morphological changes. Morbidity associated with the diabetic state primarily results 

 from pathological changes at the vascular level that logically fit with many of the 

 known actions of ET-1. 

*Endothelin activity is also altered in atherosclerotic and ischemic disease, 

 nephropathy, retinopathy, erectile dysfunction, and neuropathy. Striking new 

 evidence shows that antagonists of the endothelin system might beneficially affected 

 and potentially overcome some of these complications.

& Endothelin-1 concentrations in normal and diabetic plasma

*ET-1 comprises the lion’s share of circulating ETs, the other isoforms ranging from 

 undetectable to extremely low in concentration. Endothelial cells produce almost 

 exclusively ET-1.

*Plasma concentrations of ET-1 range between 1 and 5 pmol rarely exceeding 25 

 pmol, even in pathological states.

*The majority of endogenous ET-1 is released from endothelial cells abluminally 

 towards the VSMC and increases (decreases) in ET-1 plasma concs are thought to 

 reflect overproduction (underproduction) and spillover (or lack of) of ET-1 from 

 endothelial cells.

*Alterations in plasma ET-1 could also reflect changes in renal, receptor or enzyme-

 mediated clearance of the peptide.

*Some vascular beds are highly sensitive to pathophysiological increases in plasma 

 ET-1 and its concentrations are increased in various cardiovascular disease states.

*The status of ET-1 plasma conc. In Type 1 DM is controversial.

*Streptozotocin (STZ) diabetic rat-have increased plasma ET-1 after 8 weeks and 

 attenuated concs. before 5 weeks of exposure to diabetes-the duration of DM appears 

 to determine the direction of changes in plasma ET-1 in animal model.

*In pts with Type 1 DM, both increased and decreased ET-1 has been reported, but in 

 Type 2 DM, plasma ET-1 has been reported to be both increased & unchanged.

*Altered plasma ET-1 in diabetes can be restored to normal by restoration of 

 metabolic control.

( Summary: although it is clear that plasma ET-1 is altered in diabetes, the nature 

            and direction of these changes are not clear. Local and tissue ET-1 

            conc. would provide a more relevant measure of pathological changes 

            in ET.

& In vitro vascular reactivity studies

*ET-1 causes a potent, sustained contraction of aorta vessel mediated primarily by 

 ETA receptors present on VSMC.

*Attenuated vasoconstrictor responses to ET-1 are present in aorta from STZ rats as 

 early as 2 weeks after induction of diabetes-attributed to ET receptor down 

 regulation resulting from either protein kinase C activation or increased ET-1 

 production. This abnormality can be corrected by restoration of metabolic control.

*Long term exposure to diabetes—the trend towards exaggerated responses to ET-1 

 reverses and actually becomes slightly attenuated in conjunction with the 

 development of endothelial dysfunction and increased plasma lipid conc.

*Exaggerated ET-1 evokes vasoconstriction in aorta from hyperinsulinemic/insulin 

 resistant obese Zucker rats-attributed to alterations in Ca2+ channel activity in 

 VSMC and is restored by metabolic control. But mesenteric perfusion responses to t

 the peptide remain unchanged.

*Physiolocal responses to ET-1 vary amongst different vascular beds.

(Summary: limited in vitro vascular reactivity studies suggested that alterations in 

            responsiveness to ET-1 exist in both conduit and resistance arteries in 

            model of diabetes. Diabetes might affect specifically ET receptors or 

            ET-1 signalling pathways. Some of the differences in responsiveness to 

            ET-1 in diabetes might be related to changes in the relative proportions 

            of ETA and ETB receptors.

& In vivo hemodynamic studies:

*The in vivo responses to ET-1 varies in different vascular beds depending on 

 expression and density of vasodilator ETB and vasoconstrictor ETA and ETB  

 receptors.

*ET-1—transient drop in BP followed by a slow and sustained increase in BP.

*The systemic depressor responses to ET-1 results from vasodilation in the 

 hindquarter and carotid vascular beds, although the renal and mesenteric vascular 

 beds are constricted.

*During the pressor phase, vasoconstriction predominates in all 4 vascular beds 

 resulting in an increase in total peripheral resistance. Although cutaneous,  

 splanchnic, coronary, pulmonary and renal vascular beds are all potently contracted 

 by systemically ET-1, the latter 3 are most sensitive.

*Endogenous ET-1 acts as a basal regulator of BP in healthy humans.  

*Renal vasculature is known to be highly sensitive to physiological increases in  

 plasma ET-1.

*Recent studies show impaired pressor responses to ET-1 in vivo in diabetes.

*Attenuated ET-1 evoked increases in BP and reductions in cutaneous blood flow in 

 STZ rats.

*The only study in human diabetes examining in vivo reactivity to ET-1 showed a 

 lack of sensitivity to the vasoconstrictor effects of locally infused ET-1 in forearms 

 of patients with Type 2 DM.

(Summary: too few studies to draw definite conclusions on hemodynamic 

            responses to ET-1 in diabetic states. The hemodynamic actions of ET-1 

            in diabetes appear dependent on the pre-existing duration of diabetes, 

            the status of endothelial function and vascular bed under consideration.

& Role of ET-1 in the vascular complications of diabetes mellitus

Hypertension

Hypertension occurs in diabetic pts at a greater incidence than general population.

ET-1 is weel known to promote sustained increases in BP and a recent study shown that bosentan, a non-selective ETA/ETB antagonist, lowers BP in pts with essential hypertension.

One study showed that plasma ET-1 acts as a marker of hypertension in pt with Type 1 DM.

However, in type 1 DM, increased BP usually develops as a result of nephropathy.

In contrast, hypertension precedes renal damage in Type 2 DM, but its cause is not known.

In Type 2 DM, those with both hypertension and macrovascular disease, but not with hypertension alone, had higher plasma ET-1 thatn those with uncomplicated Type 2 DM.

Based on limited current evidence, it appears unlikely that ET-1 contributes to hypertension in either type 1 DM or Type 2 DM.

Atherosclerosis

Atheroslcerotic vascular disease oxxurs in diabetic pts at a rate much higher than general population and macrovascular complications resulting from atherosclersis are responsible for the greatest number of deaths associated with disease.

Altered endothelial function occurring in diabetis states ultimately leads to smooth muscle proliferation.

There is evidence supporting a role for ET-1 in the atheroslcerotic process. ET-1 production and plasma conc. Are increased in pts with atheroslcerosis and atherosclerotic human arteries have up=regulated ET-1 peptide expressio.

Bosentan-prevent neo-intima formation in a rabbit carotid artery model of atherosclerosis.

Selective ETA blockade reduced atheroma formation independent of plasma cholesterol and BP.

Later studies confirmed that increased plasma ET-1 is a marker of atherosclerotic macrovascular disease in pts with Type 2 DM.

Those with the highest ET-1 conc. Had both atherosclerosis and Type 2 DM.

( blockade of the ET system might have profound beneficial effects on atherosclerotic vascular disease in diabetic pts. Such effects might also be neficial in reducing vascular remodelling, cardiac hypertrophy and renal glomerulosclerosis resulting from diabetes alone or in combination with hypertension.

Neurovascular abnnormalities

Early reduction in blood flow to peripheral nerves leading to endoneurial hypoxia contributes to nerve conduction deficits in diabetes.

Studies in STZ rats have established a possible role for ET-1 in etiology of attenuated endoneurial blood flow in diabetes.Increased vasoconstrictive capacity to ET-1 is present in the neurovasculature of diabetic animals.

Diabetic retinopathy

Abnormal retinal hemodynamics contribute to the development of diabetic retinopathy.

Ocular tissue is a rich source of ET-1 peptide expression., and ET-1 has been shown to maintain ocular blood flow in vivo.

Alterations in ET-1 production and action have been hypothesized to contribute to diabetic retinopathy and other ocular vascular diseases.

In vitro studies have shown that hyperglycemia can alter both production and responses to ET-1 in pericyes, the contractile cells of the retinal microcirculation.

Later studies showed that increases in endogenous ET-1 production and resistance to the vasocinstrictor actions of the peptide in retinal blood flow alterations in diabetes.

One recent study showed ET-1 conc. In the vitreous fluid of diabetic pts with PDR are actually decreased.   

Increased plasma ET-1 has been observed in Type 2 DM pts with retinopathy but without other end-organ damage related to diabetes.

Nephropathy

The kidney is an important site of action for ET-1.

Glomerular EC, mesangial cells, and epithelial cells secrete ET-1.

ERT-1 constrict renal vessels, contracts mesangial cells, inhibits salt and water reabsorption, enhances glomerular proliferation and stimulates extracellular matrix accumulation.

Pathophysiological conc of ET-1 cause profound renal vasoconstriction with little effect on systemic BP.

Alterations in urinary, total renal, glomerular and ureteral ET-1 peptide, mRNA and receptor levels are present in animal models of diabetes.

Studies with ET antagonists have also shown a role for this peptide in renal dysfunction in diabetes.

Tx with ETA receptor antagonist, FR139317 for 24 weeks—attenuated the fall in Ccr and reduced urinary protein excretion and mRNA expression for extracellualr matrix components and growth factors in glomeruli of STZ rats.

Another LU135252-decreased raised urinary ET-1 in STz rats but only had modest effects on albumin excretion.

The non-selective ETA/ETB receptor antagonist, PD142893—restored renal blood flow to normal and reduced urinary protein and albumin excretion in proteinuric STZ rats as ACE inhibitors (enalapril).

Few studies examining renal ET-1 in humans with diabetes. 

Raised 24-h urinary ET-1 in Type 2 DM with albuminuria and increases in circulating ET-1 preceded the microalbuminuric phase of renal damage related to DM.

( Summary: it is clear that alterations in urinary and renal ET-1 content are associated with diabetic nephropathy.

Hypoxia and ischemia

ET-1 is a powerful constrictor of the cerebral and coronary vasculature capable of inducing hypoxia and ischemia.

Hypoxia promote ET-1 synthesis in vivo in humans.

Increases ET receptors in cardiac membranes, and augments the contractile actions of ET-1.

ET-1 has been hypothesized to contribute to ischemic damage in MI and stroke.

Plasma conc of ET-1 are increased in AMI and are predictive of 1-yr mortality in human and ET antagonist shown beneficial effects.

DM are known to have increased susceptibility to hypoxic and ischemic injury in myocardial and cerebral vessles.

& Metabolic variables influencing ET-1 production and action in diabetes

It is clear that the DM state is associated with changes in the release and action of ET-1 in nearly all of the target sites affected by the disease.

ET-1 might be pathogenic in diabetic vascular disease

1) Hyperglycemia-equivocal results (Fig 1)

2) Insulin-high conc increased ET receptor in aortic smooth muscle cells, modulator 

  of ET-1 peptide, ET receptors and ET-1 mediated responses in both in vitro and in 

  vivo. (Fig 2)

  Hyperinsulinemia has been attribute to accelerated vascular disease.

3) Lipids—raised lipids are capable of altering tissue responsiveness to ET-1. (Fig 3)

4) Endothelial dysfunction, EDRF action, and duraiton of disease-Increased 

  EDRF production is thought to occur in early diabetes due to nitric oxide synthase 

  activation mediated by hyperglycemia.

  Metabolic dysregulation of diabetes is associated with inhibition of EDRF release 

  and action through a multitude of direct and indirect actions (Fig 4)

  Although hyperglycemia could activate EDRF production in the short term, as the  

  duration of diabetes progresses, atherosclerotic changes and other events such as 

  glycation end product and superoxide radical formation clearly promote 

  pathological changes in endothelial function leading to suppressed EDRF action.

  A recent study showed that vasodilation mediated by EDRF is attenuated in short 

  term STZ rats but becomes paradoxically impaired with increasing duration of 

  diabetes.

  Alterations in EDRF in diabetes could also appreciably affect ET-1 activity.

  EDRF suppresses ET-1, ET receptor blockade restored EDRF function in a model 

  of atheroclerosis, suggesting that ET-1 acts to inhibit EDRF in pathological states.

  As diabetes progresses from diagnosis to end stage, changes in ET-1 release and 

  action would vary in parallel with changes in EDRF and endothelial function.

5) Metabolic variables-summary: It is clear that many well-known metabolic 

  abnormalities encountered in diabetes contribute individually and synergistically to 

  alterations in the release and action of ET-1.

& Conclusion

1. The diabetic state is associated with a multitude of metabolic abnormalities capable 

  of directly and indirectly contributing to endothelial and VSM dysfunction and 

  consequently affecting ET-1 release and action.

2. The important role of ET-1 as a modulator of vascular tone and growth indicate that 

  such changes might have important pathophysiological consequences in the 

  development of diabetic vascular complications.

3. Antagonists of the ET system are rapidly progressing for the Tx of cardivascular 

  conditions including CHF, cerebrovascular ischemia and pul. Hypertension.

4. Recent studies in animal models indicate that blockers of the ET system might also 

  beneficially affect and even reduce some of the complications of diabetes such as 

  nephropathy & neuropathy.

& Animal models of heart failure (Australian & New Zealand Journal of Medicine 1999;29:403-9)

Evidence of activation of the sympathetic nervous system and increased secretion of hormones such as renin, angiotensin, aldosterone, vasopressin, atrial natriuretic factor and endothelin.
& Normal endothelial cell function (Lupus 2000;9:183-8)

Endothelial cell functions, primarily involving regulated mediator secretion or altered surface protein expression, are vital for normal homeostasis. Endothelial cells secrete the potent vasodilator and anti-platelet agent prostacyclin and nitric oxide, and also the potent vasoconstrictor peptide endothelin-1; they control the selective adhesion and emigration of leukocytes from the bloodstream; and they are the source of circulating von Willebrand factor, tissue plasminogen activator and type 1 plasminogen activator inhibitor. The properties of healthy endothelium ensure that an antithrombotic and anticoagulant balance is maintained in the bloodstream, and provide a tonic vasodilator action that controls blood flow and pressure on a minute-to-minute basis. Disturbances of normal endothelial function are strongly implicated on the pathogenesis and autoimmune vasculitic disease including lupus.

& Role of endothelin-1 in atherosclerosis (Annals of the New York Academy of Sciences 2000;902:84-93)

Accumulation of foamy macrophages may modulate the shift of ET receptor subtypes from ETA to ETB in SMCs and an enhanced ET system mediated by ETB receptors may play a pivotal role in the progression of atherosclerosis. This notion has been further supported by a recent finding that administration of ET receptor antagonists resulted in a significant reduction of atherosclerosis in apoE-KO mice.

& Endothelium-derived factors as paracrine mediators of prostate cancer progression (Prostate 2000;44:77-87)

A better understanding of endothelium-derived factors (endothelin-1, basic FGF, TGF-beta, IL-6, and IL-8) as paracrine mediators of prostate carcinogenesis and progression.

& Counteracting progresison of renal disease: a look into the furture (Kidney International 2000;57 Suppl 75:S71-6)

Pharmacological blockade of the renin-angiotensin system has been one of the great success with the early renal disease, particularly diabetics, but in many pts, progression is seen despite administration of angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers. Furtunately, additional targets for intervention, such as endothelin-1. 

& Molecular mechanisms of diabetic renal hypertrophy (Kidney International 1999;56:393-405)

Induction of the transforming growth factor-beta (TGF-) system mediates the actions of high ambient glucose and that this system is pivotal for the hypertrophy of mesangial and tubular cells. Other factors such as hemodynamic forces, protein glycation products, and several mediators (angiotensin II, endothelin-1, thromboxane, and platelet-derived growth factor) may amplify the synthesis of TGF- and/or the expression of its receptors in the diabetic state.

& The postprandial state and risk of cardiovascular disease (Diabetic medicine 1998;15 suppl 4:S63-8.)

Recent studies have shown that excessive postprandial glucose excursions are accompanied by oxidative stress and less, well known, activation of blood coagulation. Increased postprandial glucose levels and lipid concentrations may damage endothelial cells on blood vessel walls. Include activation of protein kinase C, increased expression of adhesion molecules, adhesion and uptake of leukocytes, production of endothelin, proliferation of endothelial cells. Collagen IV and fibronectin, decreased production of NO. 

& Role of endothelin-1 in diabetes mellitus (Diabetes-Metabolism Reviews 1998;14:171-5.)

Endothelin-1 is mainly synthesized by the vascular endothelial cells and acts on the vascular smooth muscle. Because of its vasoconstrictor and mitogenic effects it play a role in the development of vascular diseases. In diabetes mellitus atherosclerosis is accelerated. The authors summarized the available data of the role of endothelin-1 in Type 1 and Type 2 diabetes mellitus and the development of diabetic complication.

& Regulation of the cerebral circulation: role of endothelium and potassium channels (Physiological Reviews 1998;78:53-97)

Under pathophysiological conditions, endothelium may produce potent contracting factors such as endothelin-1. Another major mechanism of regulation of cerebral vascular tone relates to potassium channels. Endothelin-1 and potassium channel-based mechanisms are related because several endothelium-derived factors produce relaxation factors (NO, prostacyclin, endothelium-derived hyperpolarizing factors) by activating of potassium channels. The influence of potassium channels may by altered by disease states including chronic hypertension, subarachnoid hemorrhage, and diabetes.

& Measures of endothelial function as an endpoint in hypertension (Blood Pressure 1997;Supple 2:58-66.)

The vascular endothelial cell is a multipotent cell which has several functions: transport barrier, phagocytosis, coagulation/anticoagulation, fibrinolysis, autocrine/paracrine and metabolic function. The release of vasoactive agents, such as the vasodiators EDRF (NO) and EDHF, and vasoconstrictors, such as endothelin (ET), repreasents an important local mechanism altering the balance of vasodilation/vasoconstriction of the vascular smooth muscle cell. Endothelial dysfunction, asosciated with a deficient NO production and release as well an enhanced ET generation, may be present in some forms of vascular disease, such as hypertension, atherosclerosis, diabetes mellitus or sleep apnea.

& Renal excretion of endothelin in children (Pediatric Nephrology 1997;11:513-21.)

Endothelin-1 had a wide spectrum of biological activities, vasoconstriction, regulation of other hormones and neurotransmitters, cellular growth and proliferation, bronchoconstriction, and, in the kidney, natriuresis and water diuresis. A high concentration of ET is found in the urine. Renal excretion of ET is influenced by several factors, probably reflecting the intrarenal ET production. ET has a low specificity with regard to renal inury.

& Endothelial function. General consideration (Drugs 1997;53 Suppl 1:1-10.)

The endothelium is involved in both the physiological regulation of vascular tone and the structural transformation of the vessel under pathological conditions. Under physiological conditions, endothelial cells continuously secrete NO, which relaxes smooth muscle cells and ensures vessel patency. Damaged or excessively activated endothelial cells can also secrete vasoconstricor factors, endothelin-1, that affect the differentiation and growth of vascular smooth muscle cells. In diabetes state, there are prounced changes in endothelial cell structure and function. Endothelial cells also interact with cells in the bloodstream, ET-1 and other factors are released from endothelial cells into the bloodstream, where their chemotactic action can induce leukocytes and platelets to migrate to the endothelial wall. Endothelial cells.induced adhesion by expression of specific surface adhesion molecules (selectins, integrins and a supergene family of immunoglobulins) that can interact with ligands on the leukocytes and platelets. The expression of adhesion molecules is increased in endothelial cells chronically damaged by risk factors for atherosclerosis. The disturbed permeability of the endothelial layer in diabetic pts and/or hyperlipidemia leads to an increased influx of substances from the circulation into the vessel wall. In addition, endothelial cell dysfunction can lead to accelerated intravessel blood coagulation. It is evident that the endothelium plays a central role in many of the early pathophysiological processes involved in atherosclerosis. Recent studies, indicate calcium antagonists primarily affect interactions of endothelial cells, smooth muscle cells, monocytes and platelets, which play a central role in the early phases of the development of atherosclerosis, whereas the protective effect of these agent on the vascular system appears to be low at later stages. 

& Vascular endothelial dysfunction (Progress in Cardiovascular Disease 1997;39:325-42)

Injury or activation of the endothelium changes its regulatory functions and results in abnormal endothelial cell function. Dysfunction of the endothelium has been defined as an imbalance between relaxing and contracting factors, between procoagulant and anticoagulant mediators or growth-inhibiting and growth-promoting substances. Endothelial dysfunction noted in hypercholesterolemia, hypertension, syndrome X, diabetes, and atherosclerosis in intima thickening. Nitric oxide, endothelium-dependent hyperpolarization, endothelin, cytokines, adhesion molecules, growth factors, and thrombosis play a role.  

& Endothelins in the normal and diseased kidney (American Journal of Kidney Diseases 1997;29:2-26)

Endothelin-1 is a 21-amino acids peptide that potently modulates renal function. ET-1 is produced by, and binds to, most renal cell type. ET-1 exerts a wide range of biologic effects in the kidney, including constriction of most renal vessels, mesangial cell contraction, inhibition of sodium and water reabsorption by the nephron, enhancement of glomerular cell proliferation, and stimulation of extracellular matrix accumulation. ET-1 functions primarily as an autocrine or paracrine factor, it promotes relative hypotension through increased salt and water excretion, with ET-1 effects in the vasculature, where it promotes relative hypertension through vasoconstriction. Numerous studies indicate that ET-1 is involved in the pathogenesis of a broad spectrum of renal diseases.ET-1 appears to play a role in cell proliferation in the setting of inflammatory glomerulonephritides. The peptide also may mediate, at least in part, excessive extracellular matrix accumulation and fibrosis occurring in chronic renal failure, diabetes, and other disorders. Deranged ET-1 production in the nephron may cause inappropriate sodium and water retention, contributing to the development and/or maintenance of hypertension. Impaired renal clearance of ET-1 may cause hypertension in pts with end-stage renal disease. Many ET-1 antagonists have been developed, the clinical usefulness has not yet been determined.

