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Abstract 

This work comprised seventy seven patients with essential hyper- 
tension clasisified into three groups : Group I (38 patients) : Noncompli. 
cated hypertensives, Group II (13 patients) : Hypertensives complicated 
by ischemic heart disease, and group III (26 patients) : Hypertensives 
complicated by recent cerebral infarction. Fourteen healthy age matched 
subjects were taken as a control. They were subjected to full clinical 
assesisment, E.C.G., abdominal sonar, routine laboratory investigations. 
Echocardiography, and C.T. were done when indicated. Plasma renin 
activity as well as plasma endothelin-1 level were measured. ‘We con- 
cluded a significant elevation of plasma endothelin-1 level in patients 
with uncomplicated hypertension as well as in those complicated by 
ischemic heart disease or recent cerebral infarction (P < 0.001). The 
elevation in hypertensives with recent cerebral infarction (group III) was 
significantly higher than that of uncomplicated hypertensives (group I) 
(P < 0.001). Hypertensives with chronic ischemic heart disease (group II), 
showed insignificant elevation of plasma endothelin-1 level when compa- 
red to uncomplicated hypertensives or those with recent cerebral infar- 
ction. The elevation of plasma endothelin level in (group III) showed 
significant positive correlation with systolic, diastolic and mean arterial 
blood pressure, yet, no such correlation was detected in the other two 
groups. In addition, Plasma renin activity showed no significant va- 
riation in our studied groups. Also, no significant correlation was found 
between plasma renin activity and plasma endothelin-1 level. 

Introdwtion In 1985 - 1986, two groups of inves- 

OVER the last decade it has become ap- tigators discovered a vasoconstrictor, pep- 

parent that the endothelium of arteries tide produced by endothelial cells in culture 

and veins regulate the state of vascular and by intact blood vessels subjected to 

contraction and relaxation, the vascular hypoxia, stretches and othr stimuli [2,3]. 

and coworkers 

potent vasocons- 

by vascular en- 

permeability and the adherence of circu- In 1988 Yanagisawa 

lating cells such as platelets to the in- characterized a novel and 

timal surFace[ll. trictor peptide produced 
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dothelial cell and named the compound 

ctEndothelim> [4]. 

Recent studies have demonstrated that 

endothelin circulates in. plasma of normal 

animals and human [S] . 

Increases in circulating endothelin have 

been documented in states of severe car- 

diovascular stress, including cardiogenic 

shock[6], acute myocardial infarction[7], 

after major abdominal surgery [TS] and 

after liver transplantation[9]. 

Those increases are consistent with its 

role as an important endogenous vaso- 

constrictor that appears to mosdulate arterial 

pressure. Intravenous infusion of human 

endothelin induced a rise in blood pressure 

[Sl- 

The vasoconstrictivc properties, modu- 

latory actions on the renin angiotensin and 

aldosterone system and antinatriuretic 

effects of endothelin have been well cha- 

racterized in vitro and in vivo[P(D]. 

The possible pathophysiological role 

of endothelin in hypertension has not been 

fully demonstrated. 

Our aim is to determine plasma en- 

dothelin-l level and to assess its possible 

role in such conditions. 

Material and Methods 

This study was performed on 77 pa- 

tients with essential hypertension (34 men 

and 43 women), their ages ranged bet- 

ween 40-65 years with a mean value of 

51.87 t 1.05. 

The patients were categorized into 

three groups : 
r 

1. 

2. 

3. 

..I___ 

Group (II) : of 38 non complicated 

hypertensives. 

Group (2) : of 13 hypertensives com- 

plicated by ischemic heart disease. 

Group (3) : of 26 hypertensives com- 

plicated by cerebrovascular strokes. 

In comparison, a group of 14 healthy 

,matched (mean age 50.57 t 5.9 years) age 
subjects (9 men and 5 women) were taken 

as a control. 

All patients were subjected to full 

history taking and clinical examination 

stressing on duration, family history of 

hypertension and antihypertensive drugs. 

Patients were considered to have hy- 

pertension when their diastolic blood pre- 

ssure was in excess of 90 mmHg measured 

in more than two occasions in the supine 

position. Mean arterial blood pressure 

was calculated by the equation : 

Mean arterial blood pressure = 

Diastolic blood pressure + (systolic blood 

pressure - diastolic blood pressure/3) [ll]. 

Electrocardiographic study and abdo- 

minal sonography were performed to all 

patients while, echocardiography and brain 

computerized tomography were performed 

when indicated. 

Blood picture, urea and creatinine, 

liver function tests, fasting and postprandial 

blood sugar, serum lipids (Serum choles- 

terol and triglycerides) and serum uric acid 

were assessed in all patients. Plasma renin 

activity was’ assessed by radioimmunoa- 

ssay [ 121 iYhile plasma endothelin-1 was 

determined by radioimmunoassay on 62 

patients and the control group[l3]. 
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All patients have to with hold drug 

therapy two days prior the study. They 

were hospitalized and rested in bed in the 

supine position for at least 30 minutes 

before sampling blood for endothelin assay. 

Sampling and methods : Venous blood 

samples were collected into a chilled syringe 

and transfered into a polypropylene tube 

containing EDTA (1 mg/ml) and aprotinin 

(500 KIU/ml) at O.C. Plasma was sepa- 

rated and frozen at -20 c” till time of assay. 

Plasma for endothelin evaluation was 

acidified and extracted with 0.1% trifluo- 

roacetic acid, then centril”uged and the 

supernatant was applied to C 18 micro- 

columns (Sep - Pak. waters Inc., Rochester, 

MN), that were activated with 60% ace- 

tonitrile. After supernatant application to 

the column, washing with 0.1 s trifluoro- 

acetic acid and elution with acetonitrile. 

The eluent was evaporated to dryness 

under nitrogen stream at 37 C? bath, and 

the residue was reconstituted in the assay 

buffer (0.05 M phosphate buffer, pH 7.4). 

The assay was carried out with the kit 

produced by Pensiula Laboratories (Belmont. 

CA). 

Results 

Results are shown in tables (1, 2 & 3) 

and in figures (1, 2). 

Table (1) : The Mean of Plasma Renin Activity, and Endothelin-1 Level 
in Control Group and the Tested Groups. 

Group 

Cot1trol group: 

Mean +S.D. 
Group I: 

Mean t SD. 
PI 

Group 2: 
Mean 2 S.D. 
P2 
P4 

Group 3: 
Mean + S.D. 
P3 
P5 
Pb 

Plasma renin activity Plasma eudothelirl-I 
(nghlhr) (p ’ ml) .._ - 

I .57+0.93 8.8221.75 

I .28+0.7 17.2723.15 
>0.05 co.00 I - ._ 

1.17+0.90 24.1854 
BO.05 co.00 1 
--0.05 >0.05 

1.52+0.88 21.1+5.35 
>0.05 <o.oo I 
>0.05 co.00 1 
>0.05 >0.05 

Pl ;= group 1 versus control group. 
P2 = group 2 versus control group. 
P3 = group 3 versus control group. 
P4 = group 1 versus group 2. 
P5 = group 1 versus group 3, 
P6 = group 2 versus group 3. 
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Table (2) : Correlation Between Systolic, Diastolic and Mean Arterial Blooa 

Pressure Versus the Mean Values of Plasma Endothelin-1 Levels in the Three 

Hypertensive Groups. 

ypertenslves wit 

Table (3) : Statistical Analysis Comparing the Mean Values of Postprandial 

Blood Sugar, and Strum Cholesterol Level Between the Tested Groups. 

Mean 

119.31 224 27 

14.82 56 92 

<o.oo I co.05 

N.S NS 

Pl = compares group leversus group 2 

P2 = between group 2 and 3. 
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Fig. 1. Plasma endothelin in normal controls and hypertensive patients. 
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Fig. 2. Relation between diastolic blood pressure and cndothclin-1 in hypertensives 

complicated with cerebral strokes (group 3). 
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Discussion 

Endothelin is a 21 amino acid endo- 

thelium derived peptide first isolated from 

cultured porcine endothelial cells[4]. It 

induces vasoconstiction in variety of vas- 

cular beds, possibly by directly or indirec- 

tly modulating vascular smooth muscle 

dihydropyridine sensitive calcium channels 

[14] or by activating other pathway of 

transmembrane signaling[l5]. 

The extremely potent vasoconstrictor 

action of endothelin and wide distribution 

of its binding sites including arteries, brain 

and kidneys[l6], suggest that it might be 

important in bloo’d pressure control as 

well as in the pathogenesis of hypertension. 

Our patients with uncomplicated hy- 

pertension (group I) showed a significant 

elevation of the mean value of plasma en- 

dothelin (17.27 -+ 3.15 pg/ml) compared 

to (8.82 -+ 1.75 pg/ml) in the control 

group, P < 0.001. This is in agreement 

with the findings reported by Shichiri et al. 

(1990)[17], Saito et al., (1990)[18]. Kohno 

and his colleagues (1990) [19] found that 

plasma endothelin-1 level was significantly 

higher in hypertensive patients compared 

to normotensives and borderline hyperten- 

sives. 

Endothelin was more with progress 

than with the onset of essential hyperten- 

sion. Our results showed no overlap in 

plasma endothelin levels between hyper- 

tensives and the control group, also no 

significant correlation between plasma en- 

dothelin level and duration of hypertension 

was detcted (P > 0.05). 

Infusion of endothelin-1 in human 

produces significant rise in blood pressure 

at plasma concentration seven times the 

preinfusion level[5]. The concentration 

of plasma endothelin in our results as well 

as in previous results did not approach 

these values, yet the local concentration 

of endothelin at the site of blood vessels 

might be high enough to increase peripheral 

vascular resistance [20]. 

Several explanations are advocated, 

one is that an increase in the transmural 

pressure across the en~dothelial cells, may 

activate the synthesis and release of endo- 

thelin [21]. Elevation of plasma endothe- 

lin may induce proliferation in vascular 

smooth muscle cells, thereby contributing 

to the development of hypertension. 
Another is that endothelin or one of its 

degeneration products may accumulate 

because of impaired renal function asso- 

ciated with the development of hyperten- 

sion. This is supported by positive cor- 

relation of serum creatinine level and 

negative correlation of glomerular filtration 

rate with plasma endothelin of hypertensive 

patients[ 191. 

Schiffrin and Coworkers [22], found 

that gluteal subcutaneous small resistance 

arteries of male essential hypertensives 

exhibit a decrement in responsiveness to 

endothelin-1. This is due to reduced en- 

dothelin receptor density which can be 

explained by down regulation of endothe- 

lin-1A receptors (ETA) which is res- 

ponsible for endothelin induced vasocons- 

triction [23]. 

The results of our work differs from 

findings reported by Schiffrin and Thiabault. 

[24] and Miyauchi et al.]251 who obser- 

ved similar plasma endothelin level in 
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hypertensives and age matched normoten- 

sive subjects. They also observed signifi- 

cantly low plasma endothelin level in 

women. Yet our results showed no signi- 

ficant difference in plasma endothelin in 

either sex. 

In hypertensive patients complicated 

by ischemic heart disease (group II), the 

mean value of plasma endothelin-1 level 

was statistically significantly higher (24.18 

t 4 pg/ml) compared to (8.82 t 1.75 

pg/ml) in control group, P < 0.0011, but 

no significant difference when compared to 

uncomplicated hypertensives. 

Ranier and Coworkers [26] and Lerman 

et al. [13] demonstrated elevated plasma 

endothelin in all angiographically proven 

coronary artery disease patients. The 

highest concentration was detected in cases 

with unstable angina [ 271. Raised plasma 

endothelin was reported also in patients 

with acute myocardial infarction but not 

in stable or unstable angina[28,29]. 

Chester et al.[30] studied the effect 

of endothelin in normal and diseased human 

epicardial coronary arteries and reported 

that endothelin-I produced dose dependent 

contractions in both normal and diseased 

vessels and the degree of contraction was 

significantly greater in healthy vessels. 

Our patients with ischemic heart di- 

sease had a mean value of plasma cho- 

lesterol level higher than those with un- 

complicated hypertension (P < 0.001). 

The elevation of plasma endothelin 

level in our hypertensive patients with 

ischemic heart disease might be due to 

hypertension, atherosclerosis, congestive 

heart failure (45.4% of cases) and hyper- 

lipidemia. Atherosclerosis was reported 

to be associated with increased plasma 

endothelin level [31]. Also patients with 

congestive heart failure were observed to 

have high plasma endothelin level which 

may contribute to the systemic vasocons- 

triction and cardiovascular remodeling of 

this condition [32]. 

In hypertensive patients complicated 

by recent cerebral infarction (group III), 

the mean plasma endothelin level was sig- 

nificantly higher in group III patients (21.1 

2 5.35 pg/ml) when compared to either 

control group (3.82 t 1.75 pg/ml), and 

uncomplicated hypertensives (group I) 

(17.27 t 3.15 pg/ml) (P < O.OCl). There 

was insignificant difference between 

group III, patients and group II patients. 

Our results are in agreement with the 

findings of Ziv et al.[33] who observed 

a four fold elevation of plasma endothelin 

level in patients with acute non-hemorr- 

hagic infarction. 

Macrae and Coworkers [34] demons- 

trated that endothelin-1 is capable of re- 

ducing cerebral blood flow to pathologi- 

cally low levels when applied to the sur- 

face of an exposed middle cerebral artery 

of anesthetized rats. 

The elevation of plasma endothelin 

level in acute cerebral infarction can be 

explained by enhanced production by da- 

maged endothelial cells within the infarc- 

ted tissue local leakage of endothelin-1 

may induce severe and prolonged constric: 

lion of collateral vessels [ 331. 
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Our patients with cerebral infarctions 

had a mean value of plasma cholesterol 

level higher than those with unco.mplica- 

ted hypertensives (I’ < 0.05). This hyper- 

cholesterolemia may have a role in the 

elevation oLC plasma endothelin level in this 

group. 

In our study, the arterial blood pres- 

sure (either systolic, diastolic or mean) was 

positively correlated with plasma endothe- 

lin levels in hypertensives complicated by 

cerebral strokes (group III), but not in 

group I or group II. 

Saito et al. [IS] and lerman et al. [13] 

noticed no correlation between the plasma 

endothelin-1 levels with systolic, diastolic 

or mean blood pressure in uncomplicated 

hypertensives and those with organ com- 

plications. However, Kohno et al.[19] 

reported that the blood pressure was corre- 

lated to plasma endothelin level in uncom- 

plicated hypertensive patients. 

Also, Schiffrin and Thiabault [24] re- 

ported a positive correlation between plasma 

endothelin level and mean blood pressure 

in hypertensives but not in normotensives. 

The mean value of plasma renin ac- 

tivity of our studied groups showed no sig- 

nificant variations between the tested 

groups. Although our hypertensive pa- 

tients had a mean plasma renin activity 

lower than those of control subjects, yet 

this decrease was insignificant. 

Also, our results showed no signifi- 

cant correlation between plasma renin ac- 

tivity and plasma endothelin levels neither 

in the control group nor in the three hy- 

pertensive groups and this is consistent 

with the results of Schichiri et al. [17]. The 

discrepancies in published experimental 

data indicate that the potential influence 

of endothelin-I on release of renin is not 

yet settled. 

In conclusion, our work demonstrated 

a significant elevation of plasma endothe- 

lin level in patients with uncomplicated 

hypertension as well as in those compli- 

cated by ischemic heart disease or recent 

cerebral infarction. ‘When the last two 

groups were compared to uncomplicated 

hypertensives, the elevation of plasma en- 

dothelin-1 level was significant in those 

complicated by recent cerebral infarction, 

but insignificant in those complicated by 

old ischemic heart disease. This suggests 

a role OF plasma endothelin-1 as a potent 

vasoconstrictor in the pathogenesis of essen- 

tial hypertension and its vascular complica- 

tions. The elevation can be attributed to 

many contributing factors, higher levels 

might be an indicator of a risky state with 

development of vascular complications. 

Further clarification awaits the availability 

of specific endothelin-1 antagonist or in- 

hibitor for clinical use. 
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