
Introduction

As early as 1985, a peptidergic activity produced in en-
dothelial cells that caused coronary vasoconstriction was
described and the family of peptides named endothelins
has been subsequently isolated and identified by Yana-
gisawa et al. (62). It was first isolated, characterized, and
cloned in porcine aortic endothelial cells. These peptides
figure local hormones with diverse tasks in health and
disease (25). Later a group of snake cardiotoxic venoms
from Israel mole viper Atractaspis engaddensis Haas, was
isolated and characterized by Kochva et al. (34). Presently
high level of homology between snake venom sarafotoxins
and mammalian endothelins was described (5,33). These
native peptides from different sources come under endo-
thelin/sarafotoxin family of biologically active compounds
(6). These are peptides of similar structure but different ori-
gin and function: first are important regulation molecules
in all vertebrate organisms, second are toxic principles of
venom from dangerous snake Israel mole viper.

Structure of endothelins and sarafotoxins

The endothelins are a family of related peptides. Each
has 21 aminoacids. Each isoform has two intra-chain disul-
phide bridges linking paired aminoacid residua producing an
unusual semiconical structure. These bridges and C-terminal
domain appear to be essential for the actions of endothelins
as their removal leads to substantial loss of biological activi-

ty (47). Also all known sarafotoxins are 21 amino acids pep-
tides with two intra-chain disulphide bridges. The similarity
of endothelins and sarafotoxins is evident from Fig. 1.

Fig. 1: Primary structure of endothelins, vasoactive intesti-
nal contractor (VIC), and sarafotoxins (SFTX). All peptides
have 21 amino acids and two disulphide bridges between
Cys1 – Cys15 and between Cys3 – Cys11. Amino acids are
marked with one letter codes: C = Cysteine, D = Aspartic
acid, E = Glutamic acid, F = Phenylalanine, H = Histidine,
I = Isoleucine, K = Lysine, L = Leucine, M = Methionine,
N = Asparagine, Q = Glutamine, S = Serine, T = Threonine,
V = Valine, W = Tryptophan, Y = Tyrosine. 

Types of endothelins

The endotheline family consists of 3 structurally similar
isopeptides: endothelins-l, -2, and -3. Although vascular
endothelial cells are the major source of endothelins, there
are also produced by a wide variety of cell types including
renal tubular endothelium, glomerular mesangium, cardiac
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myocytes, glia, the pituitary, macrophages, mast cells, etc.
(28). The genes that encode these peptides are found to be
on chromosomes 6, 1 and 20 respectively (28). Endothelin-l
is a peptide secreted mostly by vascular endothelial cells,
the predominant isoform expressed in vasculature and the
most potent vasoconstrictor currently known (1). Endo-
thelin-2 has similar vasoconstrictor potency to endothelin-l
and appears to be synthesized predominantly in the kidney
and intestine (26). Endothelin-3 is the least potent vaso-
constrictor. Its precursor mRNA is detectable in the central
nervous system, kidneys, lungs, pancreas and spleen (18).

Biosynthesis of endothelins

Endothelin-1 is derived from the parent protein mole-
cule, pre-proendothelin consisting of 212 amino acids. Pre-
proendothelin is primarily processed in the cytosol of the
endothelial cells to proendothelin 1 of 38 or 39 amino acids
depending on the species (28). The production of endothe-
lin 1 from proendothelin-1 occurs by enzymatic cleavage by
the action of cell membrane enzyme – endothelin-converting
enzyme (ECE). It is suggested that the ECE is pivotal in the
genesis of endothelin-1 (13). Peptide backbone is splitting
at the Trp21–Val22 site (28). Endothelin-1 is also produced
by epithelial, mesangial, neuronal glial cells and liver (15). 

Secretion of endothelin-l is stimulated by a variety of
substances. These include the catecholamines, proteins such
as thrombin, angiotensin-2 and arginine vasopressin (AVP),
high and low density lipoproteins, transforming growth fac-
tor B, insulin, several cytokines and ions (calcium). Various
vasoactive substances like nitric oxide, atrial natriuretic
peptide, PGI2 and PGE2 inhibit the production and secre-
tion of endothelin-l. Also hypoxia and ischemia are impor-
tant physiological stimuli for endothelin-1 production (36).
Plasma concentrations of endothelin-1 has been reported
to vary between 0.25 and 20 pg.ml-1 (58).

Endothelin-2 is produced primarily in the kidney and
intestine from undetermined cells. It is also produced in
the placenta, uterus and myocardium. Endothelin-2 has no
unique function known to date and it has not been demon-
strated in plasma. Endothelin-3 has been found in high con-
centrations in the brain (46).

The source of sarafotoxins

Sarafotoxins are natural substances from the venom of
snakes genus Atractaspis. This genus represent the evolutio-
nary old sort of reptiles and includes about 18 species of
small, fossorial African and Middle Eastern snakes (54)
known for their ability to envenomate prey with a back-
wards stab of a single fang (10,21). Their curious enveno-
mation behavior is associated with unusual features of
cephalic anatomy (57), including a viper-like maxilla, a pa-
latopterygoid bar with a gap between the pterygoid and the
palatine, as well as few teeth on the palatine and none on
the pterygoid. 

The toxicologically best known species of genus Atra-
ctaspis is A. engaddensis (21) known as Israel mole viper or
erdviper. Israel mole viper is a very dangerous snake. In
Middle East this reptile is on the list of ten most dangerous
snakes and its snakebite is life threatening (35). A bite by
Israel mole viper can sometimes produce a considerable
oedema, paresthesia, blisters and local necrosis. A specific
antiserum is available in endangered regions (27).

Israelite research workers (37) write that during routine
milking of a group of Atractaspis engaddensis, one of them
was bitten in the index finger by one fang, as is characteris-
tic of bites by snakes of this genus. Local effects, oedema,
erythema and numbness appeared within minutes, followed
by systemic effects, including general weakness, sweating,
pallor, fluctuations in the level of consciousness, vomiting
and watery non-bloody diarrhoea. Gross oedema of the hand
developed and extended up to the forearm. Two hours after
admission to the hospital, blood pressure rose to 180/110
mm Hg, the ECG showed normal sinus rhythm and no
signs of atrioventricular conduction block. An ECG obtained
24 h after the bite showed new T-wave inversions in leads
V5 + 6, which gradually returned to baseline within several
days. The local effects healed during the following weeks,
but some discoloration and tenderness remained even 10
months after the bite. A maximal exercise (SPECT) study
carried out five months after the bite was normal and a multi-
gated radionuclear ventriculogram (MUGA) showed nor-
mal left-ventricular function. It may be assumed that the
rise in blood pressure observed in this case reflects a syste-
mic vasoconstrictive effect of the sarafotoxins, while the ST
changes may have been caused by the direct effect of the
toxins on the heart or indirectly by vasoconstriction of the
coronary arteries. However, ischaemia secondary to a rise
in blood pressure or to excitement could also explain the
observed ECG-changes.

According to „Australian venom and toxin databasis“
the toxicity of venom from A. engaddensis is comparable to
the venoms from the other dangerous snakes such as Acantho-
phis antarcticus (common death adder), Dendroaspis poly-
lepis (black mamba), Crotalus durissus terrificus (cascabel)
(4).

Types of sarafotoxins

Sarafotoxins are snake cardiotoxic peptides from the
venom of A. engaddensis, structurally related to the endo-
thelins (14,23,27,33). The venom from the snake A. engad-
densis has a very high lethal potency, with an i.v. LD50 of
0.06–0.075 mg.kg-1 body weight in mice. The action of
the venom is rapid and death results from seemingly neu-
rotoxic effects. However, even at high concentrations, the
venom does not block contractions of skeletal muscles that
are directly or indirectly stimulated. The most prominent
action of the venom is seen in the function of the heart in
anesthetized mice, with or without artificial respiration.
The ECG changes are similar to those recorded in human
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victims and are the result of an A-V block that is caused by
an apparent direct action of the venom on the heart (60).
In experiments in mice the venom (0.1 mg/kg, i.v.) produ-
ced a transient hypertension followed by fluctuation of arte-
rial blood pressure, leading to cardiac failure within 20 min.
Various kinds of ECG changes, including S-T depression
and A-V block were observed within 10 sec after injection.
A dose as low as 1 microgram of venom injected into the
perfusion system produced a marked coronary vasospasm
in the Langendorff heart preparation, whereas no deleteri-
ous effect was found in the atrial preparation at a concen-
tration as high as 10 micrograms/ml. It is concluded that
the cardiotoxic effects of the venom are primarily due to
coronary vasospasm (39). The cardiotoxic polypeptides iso-
lated from the venom of the snake A. engaddensis has an
LD50 of 15 micrograms.kg-1 body weight in white mice. Intra-
venous administration in mice of lethal doses of the toxin
causes death, within seconds (61).

Three isotoxins, named sarafotoxins S6a, S6b and S6c,
with strong cardiotoxic activity were isolated from the venom
of A. engaddensis by Takasaki et al. (55). All three sarafo-
toxins are homologous consisting of 21 amino acid residues.
Later also other very similar natural cardiotoxin from the
venom of A. engaddensis was isolated and described: sarafo-
toxin d (S6d). S6d differs from S6b in two substitutions:
Ile19 instead of Val and Thr2 instead of Ser. The toxicity of
S6d and its vasoconstriction potency are very low in com-
parison to S6a and S6b, whereas its IC50 for 125I-S6b bind-
ing is similar to that of S6b. It is suggested that Thr to Ser
substitution, which is shared by two additional weak mem-
bers of the endothelin/sarafotoxin family, S6c and endo-
thelin-3, affects the biological activity of S6d as well (5, 6).

Vasoactive intestinal contractor

Vasoactive intestinal contractor (VIC) is a member of
the peptide endothelin family.

This peptide, three amino acids different from endo-
thelin-1, has less activity in increase of intracellular calcium-
ion level and in percent of response cells than endothelin-1,
endothelin-2, and VIC-S4L6 (one amino acid different
from endothelin-1). EC50 of endothelin-1, VIC-S4L6, endo-
thelin-2, and VIC were 0.5 nM, 0.6 nM, 2.0 nM, and 20
nM, respectively. VIC-like peptide (VIC-LP), 16 amino
acids fragment of VIC precursor protein, had no effect with
a single administration of up to 10 micromol.l-1 (30). From
the Masuo et al. (41) results it is suggesed that VIC and endo-
thelin-2 may have certain physiological roles that differ
from those of endothelin-1 in the brain and pituitary gland.

Endothelin/sarafotoxin receptors

Endothelin receptors are widely expressed in all tissues,
which is consistent with the physiological role of endo-
thelins as ubiquitous endothelium-derived vasoactive pep-
tides, contributing to the maintenance of vascular tone.

Three high affinity endothelin receptors (ETs) belonging to
the G protein coupled family have been identified in human
tissues: endothelin A receptor (ETA), endothelin B receptor
(ETB) and endothelin C receptor (ETC). ETs are upregu-
lated by ischaemia and cycloserine while angiotensin, phor-
bol esters and endothelin-l itself lead to downregulation.
ETA receptor is present mainly in the vascular smooth
muscle and cardiac muscle and mediates vasoconstriction
(42). These receptors have ten fold greater affinity for
endothelin-l or endothelin-2 than endothelin-3. ETB is ex-
pressed predominantly on endothelial cells and extensively
throughout the kidney, liver and uterus (8). This receptor is
also the most abundant endothelin-binding protein in the
brain and is found mainly on astrocytes (49). ETB receptor
binds to all form of endothelins with comparable affinity
(2). ETC has been isolated as last from the frog melano-
phores. This receptor binds endothelin-3 with 3–4 fold
greater affinity than endothelin-l. This receptor may also be
present on endothelial cells (31).

Mechanism of endothelin action

After binding to receptors, endothelin-l activates phos-
pholipase C via a pertussis toxin-insensitive G protein (56).
This causes a rapid increase in intracellular concentration
of inositol triphosphate, which releases Ca2+ from intracel-
lular stores. It also increases membrane diacylglycerol, thus
activating protein kinase 2C. The signaling mechanisms vary
between ETA and ETB receptors. ETA receptor is coupled
to phospholipase and intracellular calcium mobilization
and leads to stimulation of cAMP production in some but
not all cells, while ETB receptor controls sodium/hydrogen
exchange independently of protein kinase C and inhibits
agonist induced cAMP (3). The signaling mechanism of
ETC is presently unknown (16).

Physiology and pathophysiology of endothelins

The endothelin family of peptides are very potent endo-
genous vasoconstrictor and pressor agents, secreted by va-
rious cells and tissues in the human body. The endothelins
have been the subject of intense research on their physio-
logical function and potential pathophysiological role in
various disease states. There is now good evidence that
endothelins regulate vascular tone and blood pressure and
are important in the regulation of various functions like pul-
monary, endocrine, central nervous system and foetal deve-
lopment. Studies with endothelin receptor antagonists have
underlined the important role of endothelins in various
disease states like chronic heart failure, hypertension, bron-
chial asthma, subarachnoid haemorrhage, vasospastic di-
sorders and some developmental disorders. 

Vascular Effects 
Stimulation of ETA and ETB receptors on vascular smooth

muscle cells results in sustained vasoconstriction. Stimu-
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lation of ETB receptors on vascular endothelial cells results
in vasodilatation, probably via release of prostacyclin (PGI2
and NO). Local ECE inhibition and selective ETA receptor
blockade in the forearm vasculature of healthy volunteers
substantially

Increase forearm blood flow suggesting that endogenous
generation of endothelin-l contributes to maintenance of
basal vascular tone in healthy humans (24). In healthy
human subjects, systemic administration of low doses of
endothelin-l produces a modest increase in blood pressure
(59). Endothelin-l also causes venoconstriction in humans.
Endothelin-l enhances the conversion of angiotensin-I to
angiotensin-II in cultured cells and increases adrenal syn-
thesis of both adrenaline and aldosterone. Furthermore
angiotensin II and arginine vasopressin (AVP) increase
endothelin-l secretion from the cultured endothelial cells.
Thus endothelial secretion of endothelin-l and renin-angio-
tensin-aldosterone activation may potentiate each other and
synergistically augment vasoconstriction.

Endothelin-1 has dual vasoactive effects, mediating
vasoconstriction via ETA receptor activation of vascular
smooth muscle cells and vasorelaxation via ETB receptor
activation of endothelial cells. Although it is commonly
accepted that endothelin-1 binding to endothelial cell ETB
receptors stimulates nitric oxide (NO) synthesis and sub-
sequent smooth muscle relaxation, the signaling pathways
downstream of ETB receptor activation are unknown (40).

The role of endothelins in the pathogenesis or main-
tenance of hypertension is controversial. In spontaneously
hypertensive rats, antibodies to endothelin can normalize
blood pressure and restore various associated renal dys-
function to normal. This occurs despite the fact that in
spontaneously hypertensive rats the plasma levels of endo-
thelin are not different from normotensive rats (51). Ad-
vances in the study of pathophysiological mechanisms and
the relationship between several regulatory systems show
that endothelins role is modified by more other peptides
(50).

Cardiovascular Effects
Endothelin-l has potent positive chronotropic and ino-

tropic effects in vitro (29). At higher doses positive ino-
tropism is opposed by ischaemia. In vivo, higher doses
cause a decrease in cardiac output probably due to a com-
bination of systemic vasoconstriction, increasing afterload
and coronary vasoconstriction, causing myocardial is-
chaemia (20). In addition, endothelin-1 appears to play an
important role during that perinatal and postnatal period.
Endothelin-1 can dramatically increase resistance in the
placental microcirculation and may be involved in blood
flow redistribution with hypoxia. At birth, the increase in
oxygen tension is important in triggering ductus vasocon-
striction. It is proposed that oxygen triggers closure of the
ductus arteriosus by activating a specific, cytochrome
P450–linked reaction, which in turn stimulates the syn-

thesis of endothelin-1. On the neonatal heart, endothelin-1
has a positive chronotropic but negative inotropic effect. In
the newborn piglet and the fetal lamb, endothelin-1 causes
a potent, long-lasting pulmonary vasoconstriction (45). Endo-
thelin-1 appears to be a causative agent in the pathogenesis
of pulmonary hypertension (11).

Central Nervous System Effects
The endothelin system, consisting of three peptides, two

peptidases and three G-protein coupled receptors, is widely
expressed in the brain cell types and brain-derived tumor
cell lines. The stimulation of endothelin receptors elicits
a variety of short- and long-term changes at cellular level
but the effects of the modulation of the endothelin system
in brain physiology and pathophysiology are, at the present
time, poorly understood. Altered expression of endothelins
in reactive astrocytes has been observed in many patho-
logical conditions of the human brain, such as infarcts, trau-
matic conditions, Alzheimer’s disease and inflammatory
diseases of the brain. In addition, recent studies have shown
that endothelin antagonists might inhibit growth and in-
duce cell death in human melanoma cells in vitro and in
vivo, and have emphasized a possible role of endothelin
peptides as autocrine or paracrine factor in the prolifera-
tion and dissemination of tumor cell lines (52).

Renal Effects
Endothelin-1 at plasma concentrations found in certain

pathophysiological conditions in humans may influence
renal perfusion and renal sodium and water excretion.
Sorensen et al. (53) show that intravenous infusion of endo-
thelin-1 at a rate of 1 picomol.min-1.kg-1 for 60 min (n = 9)
or placebo (n = 9) was investigated in 18 healthy human
volunteers with a mean age of 30 yr. In response to endo-
thelin-1 infusion, concentration of endothelin-1 increased
from 0.88 ± 0.27 to 10.73 ± 4.79 (SD).picomol.l-1. Diastolic
blood pressure increased by 7.8% (P < 0.01) and heart rate
decreased by 14.0% (P < 0.01), whereas systolic blood pres-
sure did not change. Renal plasma flow decreased by 34.7%,
glomerular filtration rate decreased by 16.1%, and renal
vascular resistance increased by 66.0% (P < 0.01 all).
Urinary sodium excretion decreased by 57.9% and urinary
flow rate by 40.2% (P < 0.01 for both). As judged from the
clearance of lithium, endothelin-1 did not change absolute
reabsorption of sodium and water in the proximal tubules,
but in the distal tubules absolute reabsorption of both
sodium and water decreased significantly. Plasma concen-
trations of angiotensin II, aldosterone, AVP, and atrial natri-
uretic peptide did not change in response to endothelin-1
infusion. 

Recent data suggest that the renal effect of cyclospo-
rine A, a widely used immunosuppressive agent, causes renal
vasoconstriction and systemic hypertension that are pos-
sibly mediated by endothelin (9). Endothelin may be a me-
diator in the pathogenesis of acute renal failure (19).
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Pulmonary Effects
Endothelin-1 is a potent activator of nonselective cation

currents in bronchial smooth muscle cells (43). Endo-
thelin-1 is a potent mitogen regulator of smooth muscle
tone, and inflammatory mediator that may play a key role
in diseases of the airways, pulmonary circulation, and in-
flammatory lung diseases, both acute and chronic (17).
Endothelin-1 is one of more neuropeptides that share in
vascular resistance in the mammalian pulmonary circula-
tion (32) and possible mediator in some respiratory di-
seases (22).

Endocrine Effects 
Endothelins synthesized within the adrenal cortex may

act as factors to regulate adrenocortical cell activity. The ex-
pression of endothelins has been detected in normal, hyper-
plastic and neoplastic adrenocortical cells. The occurrence
of endothelin receptors has been described in the different
zones of the cortex. Endothelins stimulate the secretion of
both glucocorticoids and mineralocorticoids, and modula-
te the proliferation of adrenocortical cells. The effects of
endothelins on steroidogenic cells are mediated through
the activation of various signaling mechanisms including
stimulation of phospholipase C, phospholipase A2 and
adenylyl cyclase activity, as well as calcium influx through
plasma channels. These observations suggest that locally
produced endothelins may play an important role in the re-
gulation of corticosteroid secretion and in the control of
mitogenesis in normal and tumoral adrenocortical cells
(12). Endothelin-1 is overtly increased in severe congestive
heart failure (CHF) and thus is a likely candidate for the
aldosterone ‘escape’ phenomenon in CHF. Endothelin-1 is
expressed in the adrenal cortex, together with its receptors
ETA and ETB, and directly stimulates aldosterone secretion
in different species, in humans by acting via both ETA and
ETB receptor subtypes (48). Endothelins also participate in
the regulation of pituitary function (38) and probably in
further endocrine effects.

Endothelins and sarafotoxins 
as chemical weapons

Recently the group of regulatory peptides is considered
as agents exploitable for terrorism or warfare purposes (7,
44). Endothelins as physiologically very active bioregula-
tors and sarafotoxins as natural biotoxins act as dangerous
compounds and may be misused for these undesirable acti-
vity.

Endothelin receptor agonists and antagonists

Compounds with affinity to endothelin receptors repre-
sent a novel interesting group of natural and/or synthetically
prepared substances with significant physiological effects
and thay can become a wide potential of new therapeutics
in human and veterinary medicine. Some of these agents

are currently being assessed in early phase of clinical trials
(42). It is still not clear which of these will prove to be of most
therapeutic value. However, evaluation of this undoubtedly
interesting compounds is beyond the scope of our mini-
review.
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