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The aim of the present study was to determine plasma levels of endothelin-1 (ET-1) in normal healthy 
population, patients with diabetes mellitus (DM) and its correlation with hypertension and nephropathy 
in DM. A total of 34 patients with DM, that included 19 cases with simple DM without nephropathy and 
15 cases with diabetic nephropathy were used in the study. Four of the cases were considered simple 
DM and seven cases with diabetic nephropathy were also hypertensive. Thirty three healthy controls 
were included in the study. Endothelin estimation was done by indirect enzyme linked immunosorbent 
assay (ELISA). In healthy individuals, plasma ET-1 levels ranged from 2.6 to 5.6 pg/ml with a mean level 
of XX±YY. The mean value of ET-1 in diabetic nephropathy as well as in non-complicated DM was 
significantly higher compared to controls. ET-1 was significantly elevated in DM with hypertension 
compared to than in control group. We conclude from this study that ET-1 is more elevated in DM 
associated with hypertension and nephropathy than simple DM. The significant findings of the study are 
that ET-1 is significantly increased in DM whether associated with nephropathy or not and also in DM 
with hypertension as compared to healthy controls. The increased plasma ET-1 might be a precipitating 
factor for DM in the predisposed individuals. We recommend plasma ET-1assessments in DM patients 
especially in male patients. 
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INTRODUCTION 
 
Endothelin (ET) is a peptide which was discovered by 
Yanagisawa et al. (1988), he found ET produces 
contraction of porcine coronary artery and it was more 
potent than angiotensin II in producing contraction of 
blood vessels (Yanagisawa et al., 1988).  

There are three different isoforms of ET termed ET-1, 
ET-2 and ET-3. All three isoforms are made up of 21 
amino acids. There is homology between ET-11 and ET-
2. ET-1 is the major active isoforms expressed in the 
vasculature (Schiffrin, 2005). ET is formed by cleaving 
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amino acids from pre-proendothelin (ProETs) by 
endopeptidase(s) to generate 38 to 39 aminoacids 
peptides which are called as Big ETs. Big ETs are further 
converted into mature ETs by endothelin converting 
enzymes which basically are of 2 types ECE-1 and ECE-
2. There are four spliced isoform of ECE-1 called as 
ECE1a, 1b, 1c, 1d (Valdenaire et al., 1999), all are 
encoded by one gene, but differ by their N terminal amino 
acid. ECE 1b is an intracellular enzyme (D'Orléans-Juste 
et al., 2003) whereas other have catalytic domain outside 
the cells.  

ECE1b forms heterodomains with other ECE-1isoforms 
and regulate extracellular ECE-1 activity (Muller et al., 
2003). ECE-2 is present on smooth muscle cells and 
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converts big ET-1 to ET-1 close to ET receptors. ET are 
produced by cells of many different organs including 
endothelial cells, vascular smooth muscle cells of arteries 
and veins, fibroblast, myocytes in heart and several types 
of cells in kidney, lung, gut, brain, peripheral endocrine 
tissue and placenta (Kohan, 1997; Resink et al., 1990; 
Properzi et al., 1995). Contrary to ET-2 and ET-3, ET-1 is 
also produced by vascular endothelial cells where it is 
more abundant. ET-1 is also produced by cells of cancer, 
pancreas, mast cells, various other endothelial epithelial 
and smooth muscle cell populations (Ergul, 2002).  

Expression of ET-1 is stimulated by hypoxia, 
angiotensin II, nor-epinephrine, vasopressin, F-
isoprostane, serotonin while vasodilators such as nitric 
oxide, prostaglandins E2 and I2, atrial and brain 
natriuretic factors inhibit ET-1 production and release 
(Krämer et al., 1994; Rajagopalan et al. 1997; Shreenivas 
and Suzanne, 2007).  

Endothelins are powerful vasoconstrictor peptides and 
abudently present in blood vessel, hence it has role in 
hypertension. Production of ET-1 is increased in the 
endothelin and the kidney in a salt dependent model of 
hypertension (ref). ET-1 elicits an inflammatory response 
by increasing oxidant stress in the vascular wall 
remodeling and endothelial dysfunction in hypertensive 
models (Schiffrin, 2005; Villar et al., 2005; Stjernquist, 
1998).  

Endothelin receptor antagonist lowers the blood 
pressure in hypertensive patients. In humans there are 
reports by Krämer et al. (1994); Shreenivas and Suzanne 
(2007) and Cassone et al. (1996) that ET-1 is elevated in 
hypertension. Elevated levels have also been found in 
patients with uremia (Totsune et al., 1989; Koyama et al., 
1989). Hypertension is a very common problem in 
diabetic patients. The aim of the present study was to find 
out levels of ET-1 in normal healthy population, patients 
of diabetes mellitus (DM) and its correlation with 
hypertension and nephropathy in DM.  

Recent studies have also shown increased ET-1 
production in hypertension and chronic kidney disease 
(CKD). ET-1 causes vasoconstriction, inflammation and 
fibrosis thereby promotes hypertension and 
atherosclerosis in CKD. ET-1 antagonist improves 
proteinuria in CKD (Kohan, 2010).  

Most of the complications of retinopathy, nephropathy 
and neuropathy are due to disturbed microvascular 
function, structural and functional changes in the 
microcirculation present in DM. There is imbalance 
between endothelial derived vasodilatation and 
vasoconstrictor substances in DM. ET-1 is potent 
vasoconstrictor substance and is found increased with 
microangiopathy in Type II DM. Vascular endothelial 
dysfunction may precede insulin resistance (Creager et 
al., 2003; Kalani et al., 2007). Many studies have shown 
positive correlation between plasma and urinary level of 
ET-1 in diabetic nephropathy in various stages including 
glomerular filteration rate (GFR), mesangial cell 

 

  
 
 

 
expansion, uremia and microalbuminuria (Candido and 
Allen, 2002; Zanatta et al., 2008). 

 
MATERIALS AND METHODS 
 
A total of 34 patients of Diabetes Mellitus were taken from the 
outpatient department of Nephrology of Sir Sunderlal hospital, 
Banaras Hindu University, Varanasi during a period of 3 months. 
Out of which 19 cases were simple DM without nephropathy and 15 
cases were of DM with nephropathy. Four of the simple DM and 
seven cases of diabetic nephropathy were hypertensive also. 
Thirty-three healthy controls from staffs and student of the institute 
were included in the study with no present and past history of 
hypertension or DM. ET-1 measurements were accomplished by 
indirect enzyme linked immunosorbent assay (ELISA), (R and D 
system, U.S.A., supplied by M/S Zentech India Varanasi, India) 
following the manufactures directions. Briefly, antibody specific to 
ET-I was pre-coated on micro plate. Standards, samples, control, 
conjugates were pipetted into the wells. Any ET-I present in sample 
is sandwiched by immobilized antibody and enzyme linked antibody 
specific to ET-1. After washing substrate is added to develop colour 
which is stopped by sulphuric acid and the colour is measured 
spectrophotometrically. Absorbance is inversely proportional to the 
concentration of ET-1 in the sample. 

 
Statistical analysis 
 
The statistical analysis of the data was done using Student’s t test 
for difference of means on SPSS for windows (Version 16.0) 
statistical package (SPSS Inc., Chicago, IL) computer statistics 
program. P values less than 0.05 was taken as a statistically 
significant difference. 
 
 
RESULTS 
 
Plasma ET-1 levels in healthy controls varied from 2.6 to 
5.6 pg/ml. Mean value of control cases was 4.21 ± 0.84 
pg/ml. A trend of decreasing ET-1 was seen with 
increasing age, though no statistical difference was 
detected between age groups (Table 1).  

ET-1 level was correlated with the sex of the patients. 
Although there was mild increase in ET-1 in males as 
compared to females (5.5 ± 2.2 vs. 4.3 ± 0.83 pg/ml) and 
in DM cases compared to the control group (4.8 ± 1.0 vs. 
4.1 ± 0.86 pg/ml), the differences were not statistically 
significant (Table 2).  

ET-1 was measured in the 34 cases of DM of which 15 
were with nephropathy while 14 were of simple DM 
without any complications.  

In diabetic nephropathy group 2, (13.33%) patients had 
ET-1 below 3 pg/ml and the majority 8 (53.33%) patients 
had ET-1 between 3 to 5 pg/ml. 5 cases (33.33%) had 
ET-1 values above 5 pg/ml. The mean value of ET-1 in 
diabetic nephropathy as well as in non complicated DM 
was significantly higher compared to controls (Table 3). 
The mean value of ET-1 was higher in the nephropathy 
group (5.7±2.2 pg/ml) as compared to non-complicated 
group (4.9 ± 1.2 pg/ml) but the differences were not 
statistically significant. ET-1 level were also analyzed 
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Table 1. Showing age wise distribution of endothelin in healthy controls. 
 

Groups age in years Total no. of cases Endothelin (pg/ml) Mean±SD t p 
 
(A) 20-30 3 4.56±0.63 

(B) 30.1-40 18 4.24±0.88 
(C) 40.1-50 8 4.07±0.78 
(D) 50.1-60 4 4.10±1.08 
Total 33 4.21±0.84 

  
A vs. B 0.596 0.558 
B vs. C 0.463 0.647 
C vs. D 0.046 0.964 
A vs. C 0.963 0.361 
A vs. D 0.654 0.542 
B vs. D 0.283 0.780 

 
P value<0.05 is significant. 

 

 
Table 2. Showing sex wise distribution of endothelin in diabetes mellitus and healthy 
controls. 

 
 

Groups Male(A) Female(B) 
PA vs. B  

 Mean±SD Mean±SD  

   
 

 Diabetes mellitus 5.45±2.15 4.82±1.03 0.295 
 

 Controls 4.31±0.834 4.06±0.869 0.431 
  

P value<0.05is significant. 
 

 
Table 3. Level of endothelin in diabetes mellitus with and without renal complications and controls. 

 
   Range of endothelin    

 Groups (No of cases) < 3 pg/ml 3-5 pg/ml > 5 pg/ml Mean±SD P 
  No % No % No %   

 (A) Diabetes mellitus without any renal involvement(19) 4 21.05 10 52.63 5 26.31 5.15±1.32 A vs. C 0.003 
 (B) Diabetic nephropathy(15) 2 13.33 8 53.33 5 33.33 5.60±2.09 B vs. C 0.002 
 (C) controls 1 3 27 81.81 5 15.15 4.21±0.84 A vs. B 0.178 
 
P value<0.05 is significant. 
 
 

 
according to hypertension. Out of 34 cases, 11 had 
hypertension. In the hypertensive group all patients had 
ET-1 concentration above 3 pg/ml. There was a 
significant relationship between ET-1 and hypertension. 
ET-1 was significantly elevated in DM with hypertension 
compared to the control group, 4.94±1.42 vs 4.21±0.84 
pg/ml respectively (Table 4). 
 
 
DISCUSSION 
 
In present study of 33 control cases in the age range of 
between 19 to 50 years, ET-1 concentrations ranged from 
2.30 to 5.30 pg/ml. Similarly, Cassone et al. (1996) also 
reported a similar range between 2.30 ± 5.50 pg/ml but 
their mean value of ET-1 was lower than us (3.90±1.50 
pg/ml).  

Reports of ET-1 plasma concentrations in DM vary 
considerably with positive correlation. In a steptozotocin 
diabetic rat model, the duration of diabetes appears to 
determine the direction of changes in plasma ET-1 
(Cassone et al., 1996; Totsune et al., 1989; Koyama et 
al., 1989).  

An experiment is conducted on 100 patients of DM  and 

 
 

 
19 healthy controls, and found that ET-1 was increased 
more than two folds in DM (1880 ± 50 fmol/l) as 
compared to controls (540 ± 50 fmol/L) but they did not 
find any correlation of ET-1 with blood pressure, renal 
disease, retinopathy, duration of DM and level of fasting 
blood sugar (Tada et al., 1994). Some studies carried out 
in type I DM reported raised ET1 (Makino and Kamata 
1998; Hopfner et al., 1999). While some groups reported 
decrease of ET-1 in type I DM (Takahashi et al., 1990; 
Collier et al., 1992). Similarly, in type II DM there are 
controversial reports. Some studies, Hoak et al. (1992) 
and Smulders et al. (1994) reported an increase in ET-1 
levels in type II DM while others (Malamitsi-Puchner et 
al., 1996; Morise et al., 1995) did not find any change 
from normal controls. Similar to these studies, we also 
found slightly but significantly elevated ET-1 in DM with 
nephropathy and DM associated with hypertension as 
compared to non complicated DM.  

Thus, we conclude from this study that ET-1 is more 
elevated in DM compared to healthy individuals and in 
DM with hypertension and nephropathy than in simple 
diabetes mellitus. Additional studies in larger series are 
suggested in order to investigate the potential role of ET-
1 in DM with hypertension and nephropathy. 
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Table 4. Levels of endothelin in diabetes Mellitus with and without hypertension and controls. 
 
    Range of endothelin   

Mean±SD P  

 

Groups (No of cases) < 3 pg/ml 3-5 pg/ml > 5 pg/ml  

   
 

  No % No % No %   
 

 (A) Diabetes mellitus (23) 1 4.34 15 65.21 7 30.43 5.27±1.90 A vs. C 0.005 
 

 (B) Diabetic mellitus with hypertension (11) 1 9 7 63.63 3 27.27 4.94±1.42 B vs. C 0.046 
 

 (C) controls 1 3 27 81.81 5 15.15 4.21±0.84 A vs. B 0.508 
  

P value<0.05 is significant. 
 

 
ACKNOWLEDGEMENTS 
 
We are thankful to the Department of Science and 
Technology, Government of India, for financial support. 
 
 
REFERENCES 
 
Candido R, Allen TJ (2002). Haemodynamics in microvascular 

complications in type 1 diabetes. Diabetes Metab. Res. Rev., 18: 
286–304.  

Cassone R, Carlo M, Claudio P, Francesco B, Teresa B, Cesare A, 
(1996). Endothelin-1Plasma Levels in Essential Hypertension: 
Increased Levels with Coronary Artery Disease. Am. Heart J., 132: 
1048-1049.  

Collier A, Leach JP, McClellan A, Jardine A, Morton JJ, Small M (1992). 
Plasma endothelin like immunoreactivity levels in IDDM patients with 
microalbuminuria. Diabetes Care, 15: 1038-1040.  

Creager MA, Lüscher TF, Cosentino F, Beckman JA (2003) Diabetes 
and vascular disease: pathophysiology, clinical consequences, and 
medical therapy: Part I. Circulation, 108: 1527–1532.  

D'Orléans-Juste P, Plante M, Honoré JC, Carrier E, Labonté J (2003). 
Synthesis and degradation of endothelin-1. Can. J. Physiol. 
Pharmacol., 81: 503– 510.  

Ergul Adviye (2002). Endothelin-1 and endothelin receptor antagonists 
as potential cardiovascular therapeutic agents. Pharmacotherapy, 22: 
54-65.  

Hoak TE, Jungmann A, Felber U, Hillmann K, Usadel H (1992). 
Increased plasma levels of endothelin in diabetic patients with 
hypertension. Am. J. Hypertens., 5: 161-166.  

Hopfner RL, McNeill JR, Gopalakrishnan V (1999). Endothelin plasma 
levels and endothelin-1 evoked vascular responses at different 
temporal stages of diabetes in streptozotocin diabetic rats. Eur. J. 
Pharmacol., 374: 221-227.  

Kalani MA, Silveira M, Blombäck J, Apelqvist B, Eliasson JW, Eriksson 
B,. Fagrell O, Torffvit AH, Jörneskog G (2007). Beneficial effects of 
dalteparin on haemostatic function and local tissue oxygenation in 
patients with diabetes, severe vascular disease and foot ulcers. 
Thromb. Res., 120: 653–61.  

Kohan DE (1997). Endothelins in the normal and diseased kidney. Am. 
J. Kidney Dis., 29: 2–26.  

Kohan DE (2010). Endothelin, hypertension and chronic kidney 
disease: new insights. Curr. Opin. Nephrol. Hypertens., 19: 134-9.  

Koyama H, Yoshiki N, Hirotoshi M, Tsutomu T, Takashi I, Tohru Y 
(1989). Plasma endothelin levels in patients with uraemia. The 
Lancet, 1: 991–992  

Krämer BK, Ackermann M, Kohler SM, Riegger GAJ (1994). Role of 
endothelin in hypertension. Clin. Investig., 72: 88-93.  

Makino A, Kamata K (1998). Elevated plasma endothelin-1 level in 
streptozotocin-induced diabetic rats and responsiveness of the 
mesenteric arterial bed to endothelin-1. Br. J. Pharmacol., 123: 1065-
1072.  

Malamitsi-Puchner A, Economou E, Katsouyanni K, Karachaliou F, 
Delis D, Bartsocas CS (1996). Endothelin 1-21 plasma 
concentrations in children and adolescents with insulin dependent 

 

 
diabetes mellitus. J. Paediatr. Endocrinol. Metab., 9: 463-468. 
messenger RNA expression and peptide secretion in cultured human  

vascular smooth muscle cells. Biochem. Biophys. Res. Commun., 
168: 1303–1310.  

Morise T, Takeuchi Y, Kawano M, Koni I, Takeda R (1995). Increased 
plasma levels of immunoreactive endothelin and vonWillebrand factor 
in NIDDM patients. Diab. Care, 18: 87-89.  

Muller L, Barret A, Etienne E, Meidan R, Valdenaire O, Corvol P (2003). 
Heterodimerization of endothelin converting enzyme-1 isoforms 
regulates the subcellular distribution of this metalloprotease. J. Biol. 
Chem., 278: 545-555.  

Properzi G, Giorgio T, Xu-Hong G, Gianfranco P, Raffaele P, Sandro F, 
Julia MP (1995). Early increase precedes a depletion of endothelin-1 
but not of von Willebrand factor in cutaneous microvessels of diabetic 
patients; a quantitative immunohistochemical study. J. Pathol., 175: 
243–252.  

Rajagopalan S, Jørn-Bech L, Alain B, Sabine K, Joan K, Steven H, Adel 
G, David GH (1997). E Role for Endothelin -1 in Angiotensin II– 
Mediated Hypertension. Hypertension, 30: 29-34.  

Resink TJ, Hahn AWA, Scott-Burden T (1990). Inducible endothelin 
Schiffrin EL (2005). Vascular endothelin in hypertension Vascul. 

Pharmacol., 43(1): 19-29.  
Shreenivas S, Suzanne O (2007). The role of endothelin-1 in human 

hypertension. Clin. Hemorheol. Microcircul., 37: 1-2.  
Smulders RA, Stehouwer CDA, Olthof CG, Van Kamp GJ, T. Teerlink, 

De Vries PMJM, Donker AJM (1994). Plasma endothelin levels and 
vascular effects of intravenous L-arginine infusion in subjects with 
uncomplicated insulin-dependent diabetes mellitus. Clin. Sci., 87: 37-
43.  

Stjernquist M (1998). Endothelins - vasoactive peptides and growth 
factors. Cell Tissue Res., 292 (1): 1-9.  

Tada H, Ikunobu M, Tsuguhiko N, Shigeru K, Susumu M (1994). Effects 
of chronic diabetes on the responsiveness to endothelin-1 and other 
agents of rat atria and thoracic aorta. Gen. Pharmacol., 25: 1221-
1228.  

Takahashi K, Ghatei MA,. Lam HC (1990). Elevated plasma endothelin 
in patients with diabetes mellitus. Diab., 33: 306–310.  

Totsune K, Mouri T, Takahashi K, Ohneda M, Sone M, Furuta T, Saito 
T, Yoshinaga K (1989). Immunoreactive endothelin (IRET) in plasma 
of hemodialysis patients. Kidney Int., 35: 321.  

Valdenaire OD, Lepailleur E, Egidy G (1999). A fourth isoform of 
endothelin-converting enzyme (ECE-1) is generated from an 
additional promoter molecular cloning and characterization. Eur. J. 
Biochem. 264, 341–349.   

Villar  CP,  Carlos  JGA,  Carlos  AF,  Luis AJ, Carlos  JR (2005).  Role 
of Endothelin in  the  Pathogenesis  of Hypertension. Mayo  Clin. 
Proceed., 80(1): 84-96.  

Yanagisawa M, Kurihara H, Kimura S (1988). A novel potent vaso-
constrictor peptide produced by vascular endothelial cells. Nature, 
332: 411-415.  

Zanatta CM, Gerchman F, Burttet L, Nabinger G, Jacques-Silva MC, 
Canani LH, Gross JL (2008). Endothelin-1 levels and albuminuria in 
patients with type 2 diabetes mellitus. Diabetes Res. Clin. Pract., 80: 
299-304. 

 

  


