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 Arterial hypertension is the most common cardiovascular disease which is usually 

caused by combination of several multifactorial abnormalities, including autonomic nervous 

system function, renin-angiotensin-aldosterone system (RAAS), baroreceptor reflexes, 

genetic factors, psychological stress, environmental and dietary factors (1). Along with 

abovementioned reasons some vasoactive peptides, especially endothelin-1 (E1), a substance 

with vasoconstrictor properties, is an important regulator of the vascular tone acting in 

physiological antagonism with atrial natriuretic hormone, prostacyclin and other vasodilator 

agents (2). The role of E- 1 in hypertension has attracted increasing interest over the past few 

years. It has been established that the presence of an intact endothelium is crucial for the 

action of several vasoactive agents (3), however less is known about endothelial function in 

healthy subjects, borderline hypertension or hypertensive patients (4). Studies of E-1 in 

established mild to severe hypertension have shown conflicting results, because the E1 levels 

reported in the different studies cannot be compared directly because of differences in 

antibody characteristics and comparatively small number of participant groups (5, 6). 

However, the multiple regression analyses further strengthen the link between blood 

pressure and endothelin levels, consistently showing that diastolic blood pressure (DBP) had 

the highest impact of the variables studied (4). These findings suggest that a disturbed 

endothelial function could be present before changes in basal sympathetic / parasympathetic 

tone occur (4). Among endothelins, E1 is the only endothelin synthesized in endothelial cells 

(7) producing a marked vasoconstriction and long-lasting hypertensive effect (8). Both 

normal (5) and elevated (9) concentration of E1 have been reported in established 

hypertension. In experimental studies it was shown ET1 overexpression in the vascular wall 

in certain models of experimental hypertension: Deoxycorticosterone acetate (DOCA) – salt 

treated rats, stroke-prone spontaneously hypertensive rats (SHR), angiotensin – II (Ag-II) 

infused rats, and 1-kidney 1-clip Goldblatt rats, while it has not been overexpressed in SHR, 

2-kidney 1-clip hypertensive rats, or L-nitroarginine methylester (L-NAME) –treated rats 

(10). The endothelin system does not appear to play an important role in SHR (11), however, 

some reports have suggested that increased vasoconstrictor responses to ET1 and a role for 

endothelins exist in SHR (12). By authors opinion these results may reflect differences in 

strains of hypertensive rats and experimental approaches. It was established that activation of 

vascular endothelin production is associated with hypertrophic remodelling of resistance 

arteries which can be regressed by endothelin antagonists leading to decrease in arterial 

pressure (13). 



 In DOCA-salt hypertensive animals E1 expression is increased in the vasculature and 

glomeruli of the kidney and enhanced renal E1 production may result in renal 

vasoconstriction and water and sodium retention, contributing to the progression of renal 

failure. DOCA salt-treated SHR develop malignant hypertension and vascular and 

glomerular fibrinoid necrosis, reducing by endothelin antagonists (10, 14). At the same time 

vasopressin, which stimulates endothelin expression in vitro, could be responsible for the 

activation of prepro-E1 gene expression in the vasculature of DOCA – salt hypertensive rats, 

because treatment with V1-vasopressin antagonist resulted in the abolition of enhanced 

vascular prepro- E1 gene expression in the treated rats (15). 

 In Ag-II-infused rats endothelin antagonists reduced cardiac and small-artery 

hypertrophic remodelling (10), that is in contrast with the each effect of these drugs in renin 

dependent 2-kidney 1 clip Goldblatt hypertensive rats, which do not exhibit generalized 

vascular overexpression of E1 (16) or respond to endothelin antagonists with blood-pressure 

lowering (17). Other models of hypertension, such as SHR and long-term L-NAME treated 

rats, that respond to angiotensin antagonism, do not seem to have a significant endothelin 

contribution (10). Thus, the endothelin system is activated in low-renin, salt-sensitive and 

moderate to severe forms of hypertension. The relationship between Ag-II and the 

endothelin system is complex, and its participation in pathophysiology of hypertension 

remains to be clarified (10).  

An increasing number of studies suggest that E1 plasma levels are usually normal in 

human hypertension, while in severe form of hypertension, particularly in black patients E1 

plasma concentration may be increased (18, 19). Normotensive offspring of hypertensive 

parents have enhanced plasma endothelin responses to mental stress, suggesting a genetically 

determined endothelial dysfunction revealed at an early stage preceding the development of 

hypertension (20).  

In clinical investigations it was shown, that patients with chronic kidney disease (CKD) 

lack the diurnal variation in arterial stiffness seen in matched subjects without CKD. With 

regard to the endothelial system 24-hour variation in plasma E1 has revealed á night-time 

rise in patients with CKD compared with fall in healthy volunteers and medium-term dosing 

with a selective ETA receptor antagonist produces a greater fall in nocturnal blood pressure 

compared with an alternative blood pressure lowering method with a similar overall 24-hour 

antihypertensive profile (21). In other study it has been shown that nocturnal dip in plasma 

E1 in healthy volunteers is reversed in patients with CKD. The explanation for this diurnal 

variation in endothelin system activation is unclear, but assumingly it may be based on the 

regu37 lation of ET1 mRNA and protein in the kidney by circadian protein period 1, which 

contributes to the regulation of renal sodium transport and so blood pressure (21, 22).  

Nighttime dosing of antihypertensive medication is well recognized treatment strategy 

(21). In clinical trials were assessed the efficacy of a combined inhibitor of the endothelin- 

converting enzyme and neutral endopeptidase the effect of inhibitor on blood pressure was 

significantly higher at night suggesting that E1-may be a key mediator in the 24- hour 

control of blood pressure (21, 23). 



 A group of authors (24,25,26) have considered the several possible mechanisms 

involving in improving blood pressure dipping by ETA receptor antagonist sitaxentan, 

suggesting nocturnal upregulation of the endothelin system in CKD. Given a suitable 

pharmacokinetic profile regarding sitaxentan which has a plasma half-life of H” 10 hours 

allows once a day dosing of this drug. Aside from this, the effects of an sitaxentan relate to 

the degree of renin-angiotensin system blockade, because ACE inhibitor or Ag-II receptors 

antagonist potentiate the effects of ETA antagonist at night. Finally, treatment with a 

selective ETA receptor antagonist may allow an unblocked ETB receptor to promote 

natriuresis and diuresis (27) allowing recovery of a dipping blood pressure phenotype. 

 A recent report (28) showed that clock gene period-1 (PER-1) knockout mice have a 

similar blood pressure phenotype as the circadian clock knockout mices. PER-1 knockout 

mices exhibited a 24-h mean blood pressure that was 18mm Hg less than in wild-type mices. 

PER-1 knockout mices also had elevated levels of inner medullary E1 compared with wild-

type mices. Given the known role of E1 in mediating the inhibition of ENaC and regulation 

of blood pressure, the observation of increased E1- in PER-1 knockout mices provided one 

possible mechanism which contributes to the blood pressure phenotype in these mices (29, 

30). 

 In other investigations it was shown that E1 contributes to endothelial progenitor cells 

(EPCs) reduction and dysfunction via an ETA/NADPH oxidase pathway-induced oxidative 

stress in salt-sensitive hypertension (31). In this study both ETA and ETB receptors were 

expressed in EPCs, but only ETA receptors were significantly increased in EPCs of DOCA-

salt rats. EPC number and function were reduced un DOCA-salt rats compared with sham 

controls and both were reversed by in vivo blockade of ETA receptors or NADPH oxidase. 

ROS level was elevated in EPCs from DOCA-salt rats, accompanied by increased EPC 

telomerase inactivation and apoptosis, which were reduced by ETA or NADPH oxidase 

blockade.  

The different findings suggest that disturbances in the endothelial function may be 

involved in the early development of hypertension and disturbed endothelial function could 

be present before changes in basal sympathetic/parasympathetic tone occur, which is 

supported by the study showing that the release of prostacyclin, another endothelium 

derived vasoactive substance during physiological stress is markedly elevated in untreated, 

early hypertension (4, 32). It is also believed the possible causal relationship between 

endothelin and neuropeptide “Y”, which might reflect elevated basal sympathetic tone better 

than norepinephrine (32) in the development of sustained hypertension.  

In conclusion it may be suggest that E1 may participate in vascular damage in 

cardiovascular disease and blood pressure elevation in experimental models and human 

hypertension and its antagonists could become effective disease modifying agents in different 

forms of cardiovascular disease.  

 

 

 



References:  

 

1. Mancia G. et al. Practice guidelines for the management of arterial hypertension of the 

European Society of Hypertension (ESH) and the European Society of Cardiology. 

Hypertension. 2013. 31:1925.  

2. Bonhomme M. C., Cantin M, Garsia R. Relaxing effect of atrial natriuretic factor on 

endothelin precontracted vascular strips. Proc. Soc. Exp. Biol. Med. 1989, 191:305- 315. 

3 . Vanhoutte P. M. Endothelium and control of vascular function. Hypertension. 1989, 

13: 658-667. 

 4. Lemne C.E., Lundberg T, Theodorsson T, Faire U.D. Increased basal concentrations of 

plasma endothelin in borderline hypertension. J. of Hypertension. 1994, 12:1069- 1074.  

5. Schiffrin E.L., Thibault G: Plasma endothelin in human essential hypertension. Am. J. 

Hypertension. 1991.4: 303-308. 

 6. Kohno M, Yasunari K, Murakawa K. L. et al. Plasma Immunoreactive Endothelin in 

Essential Hypertension. Am. J. Med. 1990. 88:614-618. 

 7. Yanagisava M, Kurihare H, Kimura S. et al. A novel potent vasoconstrictor peptide 

produced by vascular endothelial cells. Nature. 1988. 332:441-415.  

8. Pemow J., Franco-Cerecedo A, Matran R. et al. Effect of endothelin-1 on regional 

vascular resistance in the pig. J. Cardiovasc. Pharmacol. 1989, 13(Suppl. 5): S205-S206.  

9. Schichiri M, Hirata Y, Ando K: Plasma endothelin levels in hypertension and chronic 

renal failure. Hypertension. 1990.15: 493-496. 

 10. Schiffrin E.L. Role of Endothelin-1 in Hypertension. 1999. 34:876-881. 

 11. Li J.S., Schiffrin E.L. Effect of chronic treatment of adult SHR with an endothelin 

receptor antagonist. Hypertension. 1995.25(part I): 495-500.  

12. Cargnelli G, Rossi G, Bova S. et al, In vitro vascular reactivity to endothelin: a 

comparison between young and old normotensive and hypertensive rats. Clin. Exp. 

Hypertension A. 1990. 12:1437-1451.  

13. Schiffrin E. L., Lariviere R, Li J.S. et al. Deoxycorticosterone acetate plus salt induces 

overexpression of vascular endothelin-1 and severe vascular hypertrophy in SHR. 

Hypertension. 1995. 25(2): 769-773.  

14. Li J, S, Schurch W, Schiffrin E. Renal and vascular effect of chronic endothelin 

receptor antagonism in malignant hypertensive rats. Am. J. Hypertens. 1996. 9: 803-811. 

 15. Intengan H. D, He G, Schiffrin E.L. Effect of V1 vasopressin antagonism on small 

artery structure and vascular expression of preproendotellin-1 in DOCA-salt hypertensive 

rats. Hypertension. 1998. 32:770-777. 

 16. Sventek P, Turgeon a, Garcia R, Schiffrin E. L. Vascular and cardiac overexpression of 

endothelin-1 gene in onekidney one clip Goldblatt hypertensive rats but only in the late 

phase of two-kidney one clip Goldblatt hypertension. J. Hypertension. 1996. 14:57-64.  

17. Hocher B, George I, Rebstock J. et al. Endothelin system- dependent cardiac 

remodeling in renovascular hypertension. Hypertension. 1999. 33:816-622. 



 18. Schiffrin E. L., Thibault G. Plasma endothelin in human essential hypertension. Am. J. 

Hypertens. 1991.4:303-308.  

19. Erguli S, Parish D. C, Puett D. et al. Racial differences in plasma E1 concentrations in 

individuals with essential hypertension. Hypertension. 1996. 28:652-655.  

20. Noll G, Wenzel R.B, Schneider M. et al. Increased activation of sympathetic nervous 

system and endothelin by mental stress in normotensive offspring of hypertensive parents. 

Circulation. 1996. 93:866-869.  

21. Dhaun N, Moorhouse R, Iain M. et al. Diurnal variation in blood pressure and arterial 

stiffness in chronic kidney disease: The role of endothelin-1. Hypertension. 214. 64: 296-304. 

 22. Stow L. R, Richards J, Cheng K.Y. et al. The circadiab protein period 1 contributes to 

blood pressure control and coordinately regulates renal sodium transport genes. 

Hypertension. 2012. 59:1151-1156. 

 23. Parvanova A, Van de Meer I. M, Iliev I. et al. Effect on blood pressure of combine 

inhibition of endothelin-converting enzyme and neutral endopeptidase with daglutril in 

patients with type 2 diabetes who have albuminuria: a randomized crossover, double-blind, 

placebo-controlled trial. Lancet. Diabetes Endocrinol. 2013. 1:19-27. 

 24. Dhaun N, Melville V, Kramer W. et al. The pharmacokinetic profile of sitaxsentan, a 

selective endothelin receptor antagonist, in varying degrees of renal impairment. British J. 

Clin. Pharmacol. 2007. 64: 733-737. 

 25. Dhaun N, Macintyre I.M, Melville V. Effects of endothelin receptor antagonism relate 

to the degree of reninangiotensin system blockade in chronic proteinuric kidney disease. 

Hypertension. 2009. 54:e19-e20. 

 26. Uzu T, Kimura G. Diuretics shift circadian rhythm og blood pressure from nondipper to 

dipper in essential hypertension. Circulation. 1999. 100:1635-1638.  

27. Dhaun N, Goddard J, Webb D. J. The endothelin system and its antagonism in chronic 

kidney disease. J. Am. Soc. Nephrol. 2006. 17:943-955.  

28. Nikolaeva S, Pradervand S, Genteno G. et al. The circadian clock modulates renal 

sodium handling. J. Am. Soc. Nephrol. 2012. 23:1019-1026.  

29. Bugaj V, Pochynyuk O, Mironova E. et al. Regulation of the epithelial Na+-channel by 

endothelin-1 in rat collecting duct. Am. J. Phys. Renal Physiol. 2008. 295:F1063- F1070. 

 30. Ahn D, Ge Y, Stricklett P. K. et al. Collecting ductspecific knockout of endothelin-1 

causes hypertension and sodium retention. J. Clin. Invest. 2004.114:504-511.  

31. Chen D.D, Dong Y. G. and Chen A.F. Endothelin-1 critically contribute to EPC 

reduction and dysfunction via ETA/NADPH oxidase pathway-induced oxidative stress in salt 

sensitive hypertension. Hypertension. 2012. 59(5): 1037- 1043. 

 32. Lemne C, Vesterqvist O, Egberg N.et al. Platelet activation of prostacyclin release in 

essential hypertension. Prostaglandines. 1992. 44:219-235.  

 

 

 

 



გონგაძე ნ., გაბუნია ლ., გვიშიანი მ., მახარაძე თ., მირზიაშვილი მ. 

 

ენდოთელინი-1-ის როლი არტერიული ჰიპერტენზიის დროს 

 

 თსსუ, სამედიცინო ფარმაკოლოგიისა და თერაპიის ¹3 დეპარტამენტები 

 

 მრავალი კვლევით ნაჩვენებია ენდოთელინი-1-ის (E-1) მონაწილეობა 

სისხლძარღვთა ტონუსის რეგულაციაში. გამოვლენილია, რომ ენდოთელიუმის 

ფუნქციის დარღვევას შეიძლება ადგილი ჰქონდეს ბაზალური 

სიმპათიკური/პარასიმპათიკური ტონუსის ცვლილებამდე. ექსპერიმენტული 

კვლევებით რეგისტრირებულ იქნა სისხლძარღვთა კედელში E-1 ჭარბი ექსპრესია 

ვირთაგვების არტერიული ჰიპერტენზიის ისეთ მოდელებში, როგორიცაა: 

დეოქსიკორტიკოსტერონ/ აცეტატით (DOCA) ინდუცირებული ჰიპერტენზია, 

ინსულტისადმი მიდრეკილების მქონე სპონტანურ-ჰიპერტენზირებული 

ვირთაგვების (SHR), ანგიოტენზინი II-ის (Ag-II) ინფუზიით გამოწვეული და ცალი 

თირკმელი 1 კლიპით (1K-1C) მოდელირებული გოლდბლატის ჰიპერტენზიის მქონე 

ცხოველები, მაშინ როდესაც SHR-ში, 2-თირკმელი- 1-კლიპი და L-ნიტრო-არგინ-

მეთილსტერინი (L-NAME) გამოწვეული ჰიპერტენზიის დროს E-1-ის ჭარბი 

ექსპრესია არ იყო გამოხატული. დადგენილ იქნა, რომ ვასკულური E-1-ის 

პროდუქციის აქტივაცია ასოცირდება რეზისტიული არტერიების ჰიპერტროფული 

რემოდელირებასთან და ვაზოპრესინის (V) გამოთავისუფლებასთან, ვინაიდან EA და 

V1 რეცეპტორების ანტაგონისტები DOCA-მარილოვანი ჰიპერტენზიის დროს 

ამცირებდნენ სისხლძარღვებში პრეპრო E-1-ის გენის გაძლიერებულ ექსპრესიას და 

აქვეითებდნენ სისხლის არტერიულ წნევას. რაც შეეხება 2K-1C, SHR და L-NAME-თი 

ჰიპერტენზიის მქონე ცხოველებს, დადასტურებულ იქნა E-1-ის უმნიშვნელო როლი 

ამ ტიპის ჰიპერტენზიის ფორმირებაში. არტერიული ჰიპერტენზიის მქონე 

მშობლების შთამომავლებში მენტალური სტრესის საპასუხოდ ადგილი ჰქონდა E-1-

ის პლაზმური დონის მომატებას, რაც მიუთითებს გენეტიკურად დეტერმინირებული 

ენდოთელიუმის დისფუნქციის შესახებ, რომელიც შეიძლება გამოვლინდეს ადრეულ 

ეტაპზე და წინ უსწრებდეს არტერიული ჰიპერტენზიის განვითარებას. ამასთან 

ერთად, კლნიკური კვლევებით თირკმლის ქრონიკული დაავადების მქონე 

პაციენტებში, ჯანმრთელი სუბიექტებისაგან განსხვავებით, დადგენილ იქნა E-1-ის 

პლაზმური დონის 24 საათიანი ვარიაბელობა მისი პლაზმური კონცენტრაციის 

მომატებით ღამის საათებში. სავარაუდოდ, E-1-ის მსგავს ფლუქტუაციას საფუძვლად 

უდევს E-1-ის mRNA-ას და თირკმლის პროტეინის ცირკადული პროტეინის 

პერიოდი-1-ით რეგულაცია, რომელიც გავლენას ახდენს ნატრიუმის ტრანსპორტზე 

და სისხლის არტერიულ წნევაზე. ასევე ნაჩვენებია, რომ EA-რეცეპტორების ბლოკადა 

ამცირებდა ოქსიდაციური სტრესის მოვლენებს.  

დასკვნის სახით პოსტულირებულია, რომ E-1 არტერიული ჰიპერტენზიის 

დროს მონაწილეობს სისხლძარღვთა დაზიანებაში, რის გამოც მისი ანტაგონისტები 



შესაძლოა ეფექტურ მამოდიფიცირებულ საშუალებებად მოგვევლინოს სხვადასხვა 

კარდიოვასკულური დაავადებების დროს.  


