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Obesity is associated with endothelial dysfunction that may

contribute to the development of diabetes, hypertension, and

atherosclerosis. Endothelin-1 (ET-1), which is produced mostly by

vascular endothelial cells, has potent vasoconstrictor and

proliferative activity in vascular smooth muscle cells and, there-

fore, has been implicated in regulation of vascular tonus and the

progression of atherosclerosis, suggesting that ET-1 may be

important in endothelial dysfunction. We studied whether diet-

induced weight loss (i.e., lifestyle modification) affects plasma ET-

1 concentration in obese individuals. We measured plasma ET-1

concentration in seven obese men (age: 48 6 4 years old, body

mass index: 27.7 6 0.5 kg/m2) before and after a 3-month, diet-

induced weight reduction program (i.e., lifestyle modification

program). Caloric restriction reduced body weight from 78 6 3 to

68 6 2 kg (P , 0.001) and resulted in 12.1 6 1.2% reduction in

body mass index (24.3 6 0.3 kg/m2, P , 0.0001). After the weight

reduction program, systolic and diastolic blood pressure signifi-

cantly decreased (128 6 7 vs. 115 6 4 mm Hg, P , 0.05 and 88 6 4

vs. 77 6 2 mm Hg, P , 0.01, respectively). The plasma level of ET-1

significantly decreased after the program (5.1 6 0.4 vs. 4.0 6 0.3

pg/ml, P , 0.05). The percentage systolic blood pressure

reduction and percentage plasma ET-1 concentration reduction

was in a linear relationship (r¼ 0.86, P , 0.05). Furthermore, the

relationship between percentage weight reduction and percent-

age plasma ET-1 concentration reduction was linear (r¼0.87, P ,

0.05). We conclude that weight loss by low-calorie diet (i.e.,

lifestyle modification) reduces plasma ET-1 concentration in

obese individuals. This reduction may contribute to the improve-

ment of obesity-induced endothelial dysfunction. Exp Biol Med

231:1044–1047, 2006
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Introduction

Obesity is strongly associated with endothelial dys-

function that may play a role in the development of diabetes,

hypertension, and atherosclerosis (1, 2). Endothelial dys-

function is a common abnormality in obesity. Damage to the

endothelium is an important risk factor for cardiovascular

diseases because it leads to structural changes, such as

thickening of the intima and media of vessel walls. Clinical

and animal studies have confirmed a strong relationship

between obesity and cardiovascular disease such as

diabetes, hypertension, and atherosclerosis (2–4). However,

mechanisms linking obesity with endothelial dysfunction

have not yet been fully clarified.

Vascular endothelial cells play a major role in

maintaining cardiovascular homeostasis in health and

diseases (5, 6). Endothelin-1 (ET-1) is a potent vaso-

constrictor peptide produced by vascular endothelial cells

(6, 7). ET-1 has potent vasoconstrictor effect on vascular

smooth muscle cells (8). It has also been reported that

systemic administration of an endothelin receptor antagonist

significantly decreased systemic blood pressure and periph-

eral vascular resistance in healthy humans, strongly

suggesting that endogenous generated ET-1 contributes to

basal vascular tonus in humans (9). Furthermore, ET-1 is a

pro-mitogen, potentiating the response of other growth

factors; therefore, ET-1 has been implicated in the

progression of atherosclerosis (6, 10, 11). Thus, ET-1 has

been implicated in regulation of vascular tonus and

progression of atherosclerosis, suggesting that ET-1 may

be important in endothelial dysfunction.

Obesity is strongly associated with endothelial dys-

function. However, the mechanisms underlying obesity-

induced endothelial dysfunction are unclear. Endogenous

ET-1 may play an important role in endothelial dysfunction

because ET-1 has been implicated in regulation of vascular

tonus and progression of atherosclerosis. The purpose of the
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present study was to examine whether diet-induced weight

loss affects plasma ET-1 concentration in obese individuals.

It is of great interest and importance to study whether

weight loss causes a decrease in plasma ET-1 concentration

in obese humans. We hypothesized that weight loss can

reduce plasma ET-1 concentration in obese individuals, and

that this reduction contributes to the improvement of

obesity-induced endothelial dysfunction. In the present

study, we measured plasma ET-1 concentration in obese

men before and after a 3-month, diet-induced weight

reduction program.

Materials and Methods

Subjects. Seven obese men participated in the study

(48 6 4 years old, height: 167.6 6 2.0 cm, body mass

index [BMI]: 27.7 6 0.5 kg/m2). None of the participants

was taking medication on a regular basis at the time of the

study. The obese subjects performed a 3-month, low-calorie

diet intervention study.

The study was approved by the Ethical Committee of

the Institute of Health and Sport Sciences, the University of

Tsukuba. This study conformed with the principles outlined

in the Helsinki Declaration, and all subjects gave their

written informed consent before inclusion in the study.

Experimental Design. All obese men were studied

before and after 3 months of diet-induced weight reduction

program (i.e., lifestyle modification program). Body weight,

BMI, systolic blood pressure, diastolic blood pressure,

venous plasma glucose concentration, and venous plasma

ET-1 concentration were measured before and after a 3-

month, diet-induced weight reduction program in the obese

men. Before they were tested, subjects fasted for 12 hrs.

Blood pressure was measured in duplicate, with subjects in

the upright sitting position. All measurements were

performed at a constant room temperature (258C).

Dietary Protocol. All subjects were instructed to

take meals per day consisting on average of 420 kcal of

protein, 840 kcal of carbohydrate, and 420 kcal of fat (total:

1680 kcal/day). Subjects kept daily food diaries during the

3-month intervention period and learned about proper daily

nutrition (well-balanced protein, carbohydrates, fat, various

amino acids, vitamins, and minerals) through weekly

lectures and counseling by skilled dieticians.

Measurement of Plasma ET-1 Concentration by
Sandwich-Enzyme Immunoassay. Each blood sample

was placed in a chilled tube containing aprotinin (300 KIU/

ml) and EDTA (2 mg/ml), and was then centrifuged at 2000

g for 15 min at 48C. The plasma was stored at �808C until

use. Plasma (1 ml) was acidified with 3 ml of 4% acetic

acid, and immunoreactive ET-1 was extracted with a Sep-

Pak C18 cartridge (Waters, Milford, MA), as previously

described in our article (12). The elutes were reconstituted

with 0.25 ml of assay buffer and were subjected to

sandwich-enzyme immunoassay. The sandwich-enzyme

immunoassay for ET-1 was carried out as previously

described using immobilized mouse monoclonal antibody

AwETN40, which recognizes the NH2-terminal portion of

ET-1, and peroxidase-labeled rabbit anti-ET-1 COOH-

terminal peptide (15–25) Fab9 (12). The Fab9 fragment of

this rabbit antibody was used as an enzyme-labeled detector

antibody after being coupled with horseradish peroxidase.

The coefficient of variation of the ET-1 assay for intraassay

variation was 11% and coefficient of variation for interassay

variation was 13% (13). We previously reported that the

lowest detection limit of this assay was 0.4 pg/ml for ET-1

(14). The plasma ET-1 levels in the present study were far

beyond the lowest limit of detection with this assay (0.4 pg/

ml) in all subjects.

Statistics. Values are means 6 SE. To evaluate

differences in the levels before and after weight reduction

program in obese men, Student’s t test for paired values was

used. P , 0.05 was accepted as significant.

Results

All seven obese men completed the 3-month, low-

calorie diet intervention study. Table 1 shows the body

weight, BMI, blood pressure, and plasma glucose concen-

tration in the obese men before and after 3 months of the

weight reduction program. Body weight markedly decreased

after the weight reduction program (Table 1). BMI also

remarkably decreased after the program (Table 1). After the

weight reduction program, systolic blood pressure and

diastolic blood pressure significantly decreased (Table 1).

There was no significant change in plasma glucose

concentration before and after the program (Table 1). The

plasma level of ET-1 significantly decreased after the

program (5.1 6 0.4 vs. 4.0 6 0.3 pg/ml, P , 0.05; Fig. 1).

Figure 2 shows the relationship between the percentage

plasma ET-1 concentration reduction and the percentage

systolic blood pressure reduction or percentage weight

reduction. The percentage systolic blood pressure reduction

and percentage plasma ET-1 concentration reduction was in

a linear relationship (r ¼ 0.86, P , 0.05; Fig. 2A).

Furthermore, the relationship between percentage weight

reduction and percentage plasma ET-1 concentration

reduction was linear (r ¼ 0.87, P , 0.05; Fig. 2B).

Table 1. Body Weight, BMI, Blood Pressure, and
Plasma Glucose Level in Obese Men Before and After

3-Month Diet-Induced Weight Reduction Programa

Before After P

Body weight, kg 78 6 3 68 6 2 P , 0.001
BMI, kg/m2 27.7 6 0.5 24.3 6 0.3 P , 0.0001
Blood pressure,

mm Hg
Systolic 128 6 7 115 6 4 P , 0.05
Diastolic 88 6 4 77 6 2 P , 0.01

Plasma glucose,
mg/dl

100.0 6 5.1 94.3 6 3.0 P , 0.10

a BMI, body mass index. Values are means 6 SE.
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Discussion

In the present study, we measured plasma ET-1

concentration in obese men before and after a 3-month,

diet-induced weight reduction program. After the program,

because of which the body weight and BMI markedly

decreased, the plasma ET-1 concentration significantly

decreased. We also demonstrated that the low-calorie diet

in obese men significantly decreased systolic and diastolic

blood pressure, suggesting the improvement of endothelial

dysfunction. Furthermore, there was a significant positive

correlation between the percentage plasma ET-1 concen-

tration reduction and percentage systolic blood pressure or

body weight reduction in obese men. Therefore, we suggest

that the reduction of ET-1 by weight loss may contribute to

the improvement of obesity-induced endothelial dysfunction

because ET-1 has been implicated in regulation of vascular

tonus and progression of atherosclerosis.

Obesity is strongly associated with cardiovascular

disease (1–4). Obese individuals are at increased risk for

diabetes, hypertension, atherosclerosis, and other cardiovas-

cular diseases. Obesity is also associated with endothelial

dysfunction that may play a role in the development of

hypertension and atherosclerosis (1). Endothelial dysfunc-

tion is a common abnormality in obesity. Vascular

endothelial cells produce ET-1, which is a potent vaso-

constrictor peptide and has potent proliferating activity in

vascular smooth muscle cells (6, 7, 9–11). Thus ET-1 has

been implicated in regulation of vascular tonus and

progression of atherosclerosis, suggesting that ET-1 may

be important in the endothelial dysfunction. Cardillo and

colleagues (15) have shown recently that blockade of

endothelin A receptor induces significant vasodilation in

overweight and obese humans. Therefore, increased vas-

cular production of ET-1 in hypertensive patients with

increased body mass has been suggested as a potential

mechanism for endothelial dysfunction. In the present study,

the plasma ET-1 concentration significantly decreased after

the weight reduction program. The present study also

demonstrated that blood pressure reduced after the program.

We considered that the reduction of ET-1 may participate in

the mechanism underlying the improvement of endothelial

dysfunction by modest weight loss. Therefore, it is possible

that modest weight loss can improve endothelial dysfunc-

tion in obese humans through reduction of ET-1 production.

Several reports indicate that weight loss and lifestyle

modifications can improve endothelial function. It has been

shown that 6 months of weight reduction and exercise

improve endothelial function and reduce selective markers

of endothelial activation and coagulation in obese individ-

uals (16). Thus lifestyle modification in the form of caloric

restriction and moderate intensity physical exercise in obese

subjects may be of importance for improvement of

endothelial dysfunction. A recent study demonstrated that

weight reduction with a very low-calorie diet improves

flow-mediated vasodilation in obese subjects (17). It has

Figure 1. Plasma concentration of ET-1 before and after 3 months of
weight reduction program in obese men (n¼7). Values are means 6
SE.

Figure 2. The relationships between the percentage plasma ET-1
concentration reduction and the percentage systolic blood pressure
reduction (A) and the percentage weight reduction (B) after 3 months
of weight reduction program in obese men.
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been reported that, after 2 weeks of low-calorie intake, a

significant improvement in flow-mediated dilatation was

observed in obese hypertensive patients (18). Furthermore,

healthy premenopausal obese women after 1 year of a

weight reduction progam were able to reduce body weight

(10%) with an improvement in vascular responses to L-

arginine (19, 20). The present study demonstrated that the

plasma ET-1 concentration significantly decreased after the

weight loss program with reduction of blood pressure.

Therefore, we suggest that weight loss (i.e., lifestyle

modification) reduces plasma ET-1 concentration in obese

men, and this reduction may participate in improvement of

endothelial dysfunction, thereby contributing to beneficial

effects on the cardiovascular system (i.e., prevention of

progression of hypertension and atherosclerosis by endog-

enous ET-1).

The plasma ET-1 concentration in healthy humans was

1.0–1.5 pg/ml (12), and significantly increased with aging

(i.e., plasma ET-1 concentration was markedly higher in

healthy older humans than in healthy young or middle-aged

humans) (12). Our laboratory previously reported that

plasma ET-1 concentration is increased in some human

diseases (14, 21) (e.g., chronic heart failure [22] and acute

myocardial infarction [21]). In the present study, the plasma

ET-1 concentration in obese humans was 5.1 6 0.4 pg/ml,

and was clearly higher in obese humans than in healthy

humans. Therefore, the increased plasma ET-1 concen-

tration may be associated with obesity-induced diabetes,

hypertension, atherosclerosis, and other cardiovascular

diseases.

In conclusion, we demonstrated that weight reduction

in obese men significantly decreased plasma ET-1 concen-

tration. Because ET-1 has potent vasoconstrictor and

proliferative activity in vascular smooth muscle cells and

has been implicated in the regulation of vascular tonus and

the progression of atherosclerosis, we propose that the

decrease in production of ET-1 by weight loss may be partly

involved in the improvement of endothelial dysfunction in

obese individuals.

1. Rahmouni K, Correia MLG, Haynes WG, Mark AL. Obesity-

associated hypertension: new insight into mechanisms. Hypertension

45:9–14, 2005.

2. McVeigh GE, Brennan GM, Johnston GD, McDermott BJ, McGrath

LT, Henry WR, Andrews JW, Hayes JR. Impaired endothelium-

dependent and independent vasodilation in patients with type 2 (non-

insulin-dependent) diabetes mellitus. Diabetologia 35:771–776, 1992.

3. Hall JE. The kidney, hypertension, and obesity. Hypertension 41:625–

633, 2003.

4. Stern MP. Diabetes and cardiovascular disease. The ‘‘common soil’’

hypothesis. Diabetes 44:369–374, 1995.

5. Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology,

pathophysiology, and pharmacology. Pharmacol Rev 43:102–142,

1991.

6. Rubanyi GM, Polokoff MA. Endothelins: molecular biology, bio-

chemistry, pharmacology, physiology, and pathophysiology. Pharma-

col Rev 46:325–415, 1994.

7. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayasgi M,

Mitsui Y, Yazaki Y, Goto K, Masaki T. A novel potent vasoconstrictor

peptide produced by vascular endothelial cells. Nature 332:411–415,

1988.

8. Miyauchi T, Tomobe Y, Shiba R, Ishikawa T, Yanagisawa M, Kimura

S, Sugishita Y, Ito I, Goto K, Masaki T. Involvement of endothelin in

the regulation of human vascular tonus. Potent vasoconstrictor effect

and existence in endothelial cells. Circulation 81:1874–1880, 1990.

9. Haynes WG, Ferro CJ, O’Kane KPJ, Somerville D, Lomax CC, Webb

DJ. Systemic endothelin receptor blockade decreases peripheral

vascular resistance and blood pressure in humans. Circulation 93:

1860–1870, 1996.

10. Komuro I, Kurihara H, Sugiyama T, Yoshizumi M, Takaku F, Yazaki

Y. Endothelin stimulates c-fos and c-myc expression and proliferation

of vascular smooth muscle cells. FEBS Lett 238:248–252, 1988.

11. Lerman A, Edward BS, Hallet JW, Heublein DM, Sandberg SM,

Burnett JC Jr. Circulating and tissue endothelin immunoreactivity in

advanced atherosclerosis. N Engl J Med 325:997–1001, 1991.

12. Maeda S, Tanabe T, Miyauchi T, Otsuki T, Sugawara J, Iemitsu M,

Kuno S, Ajisaka R, Yamaguchi I, Matsuda M. Aerobic exercise

training reduces plasma endothelin-1 concentration in older women. J

Appl Physiol 95:336–341, 2003.

13. Miyauchi T, Doi T, Suzuki N, Kakihana M, Yamaguchi I, Sugishita Y,

Mitsui T, Hori M, Masaki T, Goto K. Plasma endothelin-1

concentrations in the coronary sinus in dogs with artificially increased

myocardial infarction. Peptides 13:1013–1015, 1992.

14. Miyauchi T, Suzuki N, Kurihara T, Yamaguchi I, Sugishita Y,

Matsumoto K, Goto K, Masaki T. Endothelin-1 and endothelin-3 play

different roles in acute and chronic alteration of blood pressure in

patients with chronic hemodialysis. Biochem Biophys Res Commun

178:276–281, 1991.

15. Cardillo C, Campia U, Iantorno M, Panza JA. Enhanced vascular

activity of endogenous endothelin-1 in obese hypertensive patients.

Hypertension 43:36–40, 2004.

16. Hamdy O, Ledbury S, Mullooly C, Jarema C, Porter S, Ovalle K,

Moussa A, Caselli A, Caballero AE, Economides PA, Veves A, Horton

ES. Lifestyle modification improves endothelial function in obese

subjects with the insulin resistance syndrome. Diabetes Care 26:2119–

2125, 2003.

17. Raitakari M, Ilvonen T, Ahotupa M, Lehtimaki T, Harmoinen A,

Suominen P, Elo J, Hartiala J, Raitakari OT. Weight reduction with

very-low-caloric diet and endothelial function in overweight adults: role

of plasma glucose. Arterioscler Thromb Vasc Biol 24: 124–128, 2004.

18. Brook RD, Bard RL, Glazewski L, Kehrer C, Bodary PF, Eitzman DL,

Rajagopalan S. Effect of short-term weight loss on the metabolic

syndrome and conduit vascular endothelial function in overweight

adults. Am J Cardiol 93:1012–1016, 2004.

19. Marfella R, Esposito K, Siniscalchi M, Cacciapuoti F, Giugliano F,

Labriola D, Ciotola M, Di Palo C, Misso L, Giugliano D. Effect of

weight loss on cardiac synchronization and proinflammatory cytokines

in premenopausal obese women. Diabetes Care 27:47–52, 2004.

20. Esposito K, Pontillo A, Di Palo C. Effect of weight loss and lifestyle

changes on vascular inflammatory markers in obese women: a

randomized trial. JAMA 289:1799–1804, 2003.

21. Miyauchi T, Yanagisawa M, Tomizawa T, Sugishita Y, Suzuki N,

Fujino M, Ajisaka R, Goto K, Masaki M. Increased plasma

concentrations of endothelin-1 and big endothelin-1 in acute myocar-

dial infarction. Lancet 2:53–54, 1989.

22. McMurray JJ, Ray SG, Abdullah IA, Dargie HJ, Morton JJ. Plasma

endothelin in chronic heart failure. Circulation 85:1374–1379, 1992.

WEIGHT LOSS AND ENDOTHELIN-1 IN OBESE MEN 1047


