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Abstract
Endothelin (ET) is a peptide secreted by the endothelial cells of blood vessels. It has a very strong vasoconstrict-
ing effect. Endothelin-1 (ET-1) is present in the blood in low concentrations, but in response to the stimulus of 
cigarette smoking, it can be released into the interior of blood vessels in substantial quantities, resulting in rapid 
vasoconstriction. ET-1 activity causes ischemia and hypoxia in many organs, particularly in the pancreas. The 
destructive action of tobacco smoke components on the cells of the pancreas is known, but so far the mechanisms 
of these changes are not fully understood. It has been suggested that ET-1 may play a major role in this process. By 
inducing vasoconstriction in the pancreas, with a subsequent disruption in its blood flow, ET-1 leads to structural 
changes in this organ and to exocrine and endocrine dysfunction. ET-1 also has the ability to induce secretion of 
pro-inflammatory cytokines (IL-1, IL-6), which intensify existing pancreatitis and lead to the progression of this 
disease. ET-1 can stimulate collagen production in the pancreas, which contributes to the formation of fibrosis in 
patients with chronic pancreatitis. Nicotine from tobacco smoke intensifies insulin resistance in patients with dia-
betes. High insulin concentrations induce the secretion of ET-1 by the endothelial cells of the pancreas. By inducing 
vasoconstriction and subsequent tissue hypoxemia, ET-1 can cause a decrease in peripheral glucose utilization and 
contribute to the progression of type 2 diabetes. ET-1 is considered a risk factor for pancreatic diseases, particularly 
acute ischemia and pancreatitis (Adv Clin Exp Med 2013, 22, 5, 745–752).
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Streszczenie
Endotelina (ET) jest peptydem wydzielanym przez komórki śródbłonka naczyń krwionośnych. Charakteryzuje 
się silnym działaniem wazokonstrukcyjnym. Endotelina-1 (ET-1) występuje we krwi w niewielkim stężeniu, ale 
w odpowiedzi na działający bodziec, jakim jest palenie papierosów, może być uwalniana do światła naczyń w znacz-
nych ilościach, co wywołuje gwałtowny skurcz naczyń. Działanie ET-1 powoduje niedokrwienie i niedotlenienie 
wielu narządów, zwłaszcza trzustki. Dotychczas poznano destrukcyjne działanie składników dymu tytoniowego 
na komórki trzustki, mechanizm tych zmian nie jest jednak do końca wyjaśniony. Przypuszcza się, że główną rolę 
w tym procesie może odgrywać ET-1. Na skutek indukcji skurczu naczyń krwionośnych trzustki z następczym 
zaburzeniem jej ukrwienia ET-1 doprowadza do strukturalnych zmian w obrębie tego narządu, zaburzeń funkcji 
egzokrynnej i endokrynnej. ET-1 ma również zdolność do indukcji wydzielania cytokin prozapalnych (IL-1, IL-6), 
co nasila istniejący stan zapalny trzustki, doprowadzając do progresji tej choroby. Peptyd może pobudzać wytwa-
rzanie kolagenu w trzustce, co przyczynia się do powstawania zwłóknień u osób z przewlekłym zapaleniem trzust-
ki. Nikotyna, której źródłem jest palenie papierosów, nasila insulinooporność u osób chorych na cukrzycę. Duże 
stężenie insuliny indukuje wydzielanie osoczowej ET-1 przez komórki śródbłonka trzustki, która prawdopodobnie 
na skutek wywoływania skurczu naczyń i następowej tkankowej hipoksemii zmniejsza obwodowe zużycie glukozy 
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Recent scientific reports have shown an in-
crease in blood endothelin (ET) concentration 
in various diseases, especially cardiovascular and 
pulmonary diseases, but also in glaucoma, organ 
transplants, diseases of the bones and skin [1–5]. 
The role of endothelin in inducing pancreatic dis-
eases is known [6–8], but the mechanisms of en-
dothelin’s effects on the pancreatic cells remains 
unclear. A relationship between a high endothelin 
concentration in the blood and cigarette smoking 
has been observed [9]. It is known that cigarette 
smoking induces structural changes leading to in-
flammation and cancer of the pancreas [9–11]. It 
has been demonstrated that components of tobac-
co smoke participate in endo- and exocrine dys-
function of pancreas [12, 13]. For these reasons, 
a high endothelin concentration and cigarette 
smoking seem to be important factors in structur-
al and functional disorders of the pancreas. A rela-
tionship between endothelin and acute or chronic 
pancreatitis and diabetes has also been shown [6, 
10, 28]. ET-1 is even considered a risk factor in 
acute inflammation and ischemia of the pancre-
as [14]. In this paper, the role of high endothelin 
concentrations induced by cigarette smoking in 
pancreatic diseases is investigated.

The Biochemical 
Mechanisms of Vascular 
Endothelial Activity

Normal vascular endothelium is a natural 
barrier separating the blood and its components 
from vascular smooth muscle cells and control-
ling the penetration of substances transported by 
the plasma to the arterial wall [15]. The endothe-
lium is considered a separate and independent or-
gan that has secretory, immunological and meta-
bolic functions [16]. This results not only from the 
fact that it takes part in maintaining the circulato-
ry and hematological balance, but it is the prima-
ry factor dictating endocrine endothelial function, 
which determines the tension of vascular smooth 
muscle [15]. Endothelial cells produce mediators, 
which regulate the blood flow, affect the aggrega-
tion and adhesion of platelets, the coagulation and 
fibrinolysis processes, and immuno-inflammatory 
processes (Fig. 1) [17]. 

The discovery in the 1980s that the endotheli-
um is necessary to induce relaxation of isolated ar-
teries exposed to acetylcholine initiated a series of 
studies on the role of endothelial cells in the mech-
anisms of local control of vascular tone. The en-
dothelium also has a control function through the 
release of endothelium derived constricting factor 
(EDCF) [15]. After the discovery of endothelium-
dependent vasoconstriction, it was found that in 
some cases it was inhibited by cyclooxygenase in-
hibitors, while in other cases, this inhibition did 
not occur. Later it was found that endothelial cells 
also release the peptides causing vasoconstriction, 
known as endothelins [15]. In 1985 Rubanyi and 
Vanhoutte discovered a vasoconstricting factor re-
leased from vascular endothelial cells during hy-
poxia [18]. Three years later, a peptide from the 
endothelial cells of a pig aorta was isolated, and 
was given the name of endothelin (ET) by Yanagi-
sawy et al. [19].

To date three isopeptides of endothelin have 
been identified: ET-1, ET-2 and ET-3. All of them 
consist of a polypeptide chain containing 21 amino 
acids. ET-2 differs from ET-1 in the substitution of 
two amino acids, and ET-3 in the substitution of six 
amino acids. Among these three isoforms of poly-
peptides, ET-2 is the most active vasoconstricting 
factor, and the vasoconstriction that it causes per-
sists the longest. The biological activity of individ-
ual isopeptides depends on the presence of disul-
fide bridges as well as C-terminal tryptophan. The 
substitution of the latter by another amino acid 
causes a thousand-fold reduction in the vasocon-
strictive properties of the isopeptides [19, 20]. This 
is probably due to a reduction of affinity to a spe-
cific receptor. The potency of the effect of endothe-
lin is determined by the presence of phenylalanine 
in the 14th position. Conversion of phenylalanine 
to alanine causes a total loss of the vasoconstrictive 
properties of this peptide. This phenomenon ex-
plains the role of phenylalanine in the connection 
between the endothelin and its receptor. This was 
demonstrated on the basis of ET-3, which contains 
tyrosine in the 14th position. In comparison with 
other endothelin isopeptides, which have phenyl-
alanine in this position, ET-3 causes weaker vaso-
constriction [19, 20]. 

i przyczynia się do progresji cukrzycy typu 2. ET-1 rozważana jest jako czynnik ryzyka chorób trzustki, a zwłaszcza 
ostrego niedokrwienia i zapalenia trzustki (Adv Clin Exp Med 2013, 22, 5, 745–752).

Słowa kluczowe: endotelina-1, palenie papierosów, zapalenie trzustki, zaburzenie funkcji krążenia, śródbłonek 
naczyniowy.



The Effect of Endothelin-1 on Pancreatic Diseases in Patients Who Smoke 747

The Role of Endothelin 
in the Induction 
of Vasoconstriction 
Endothelin has a strong vasoconstrictive effect. 

Nitric oxide (NO) is a strong vasodilating factor. 
Most blood vessels respond to thrombin primarily 
through the release of endothelium derived relax-
ing factor (EDRF) [15]. This effect is antagonized 
by EDRF-NO released from endothelial cells [15, 
21]. It has been shown that EDRF has an inhibitory 
effect on the synthesis of endothelin. After the ac-
tivation of endothelial receptors by thrombin, an-
giotensin II, catecholamines, vasopressin and IL-1 
and the subsequent induction of mRNA expression, 
the peptide is released, particularly in the direction 
of vascular smooth muscle [15, 21]. It is believed 
that endothelial cells of the aorta and renal glomer-
uli are responsible for the synthesis of this peptide. 
ET is produced in the cytoplasm of these cells and 
then transported across the cell membrane to out-
side the cell. Epithelial cells of the renal glomeruli, 

lung, cerebellum, eye and spinal cord neurons also 
have the ability to synthesize ET [19].

An important role in modulating the pharma-
cological effect is also played by endothelin recep-
tors, which are internalized after the binding of the 
ligand [22]. The regulation of ET receptor expres-
sion occurs with the participation of substances 
such as angiotensin II, vasopressin and/or endo-
thelin alone. In relatively high doses these sub-
stances contribute to a significant reduction in the 
number of receptors. The decrease in receptors 
regulated by agonists is not blocked by inhibitors 
for protein kinase C. This fact indicates the partic-
ipation of another regulatory pathway which is not 
associated with protein kinase C [19]. Endothelin 
receptors are designated as ET-A, ET-B and ET-C, 
each of which has a different distribution and func-
tion [20]. Only ET-B receptors are located on the 
endothelial cell surface, and they are responsible 
for the release of EDRF from these cells [19, 20]. 
The fact that ET can have both vasodilating and 
vasoconstrictive pharmacological effects is ex-
plained by the presence of many subpopulations 

Fig. 1. The biological consequences of endothelial cell producing mediators [22]. 
ET-1 – endothelin-1, NO – nitric oxide, PGI2 – prostaglandin I2, PLC – phospholipase C, PKC – phosphokinase C, 
Ca2+ – free calcium intracellular, TGF-β1 – factor transforming β1, bFGF – basic fibroblast growth factor, PDGF 
– platelet-derived growth factor, cGMP – cyclic guanosine monophosphate, cAMP – cyclic adenosine monophosphate

Ryc. 1. Biologiczne następstwa wydzielania mediatorów przez komórki endotelialne [22]. 
ET-1 – endotelina-1, NO – tlenek azotu, PGI2 – prostaglandyna I2, PLC – fosfolipaza C, PKC – fosfokinaza C, Ca2+ 
– wolny wapń wewnątrzkomórkowy, TGF-β1 – czynnik transformujący β1, bFGF – podstawowy czynnik wzrostu 
fibroblastów, PDGF – płytkowy czynnik wzrostu, cGMP – cykliczny guanozynomonofosforan, cAMP – cykliczny 
monofosforan adenozyny
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of endothelin receptors. Lower doses of ET acti-
vate ET-B receptors, which leads to a release of 
EDRF and vasodilatation. However, higher doses 
cause the activation of ET-A receptors and a vaso-
constrictive effect, which completely masks the va-
sodilatation phase induced by lower doses of ET. 
A large number of studies conducted in vitro have 
shown an increase in ET and mRNA for it as a re-
sult of endothelial dysfunction, ischemia, hypoxia 
and the activation of the thrombin cascade [19].

Hypoxia seems to be an important factor in-
fluencing an increase in the production and release 
of endothelin [19]. The main influences on the se-
cretion of this hormone are humoral substances 
such as TGF β, vasopressin, angiotensin II, adren-
aline and other catecholamines, insulin, bradyki-
nin, glucocorticoids and various cytokines (e.g. 
IL-1), as well as endotoxin, activated plates, throm-
bin, HDL, oxygenated form of LDL, calcium ions 
and phorbol esters. Hypoxia can be achieved after 
the action of these stimuli, which increase the ex-
pression of genes responsible for ET synthesis [19, 
23]. The secretion of the peptide is the highest after 
a few days. The immediate effect of endothelin is 
observed in the increase in blood flow, which sug-
gests the role of ET in blood flow regulation [19].

Factors that inhibit the secretion of ET-1 in-
clude NO, natriuretic peptides, prostaglandin E2, 
prostacyclin and heparin [19, 23]. ET-1 expression 
occurs in a species-specific manner [22]. The phys-
iological concentration of ET-1 in human serum is 
about 5 pmol/l [19]. 

The Influence  
of Cigarette Smoking  
on the Endothelial Secretion 

Cigarette smoking is a major factor disrupt-
ing the proper function of the endothelium. Free 
radicals, which are formed in the process of smok-
ing, destroy nitric oxide [24]. Additionally, the 
formaldehyde contained in tobacco smoke can re-
duce NO production [25, 26]. Formaldehyde in-
hibits any increase in the bradykinin-dependent 
calcium concentration in endothelial cells. Low 
calcium concentration impairs the activation of 
eNOS, where the complex of Ca2+/calmodulin is 
a co-factor in NO production [25]. A decrease in 
NO concentration causes peroxynitrite formation, 
which contributes to the production of free oxy-
gen radicals [27]. Decreased NO concentration 
and endothelial dysfunction intensify the synthe-
sis of the ET-1precursor, preproET [24]. A statis-
tically higher ET-1 plasma concentration has been 
shown in healthy smokers as compared to non-

smokers [28]. A high ET-1 concentration in the 
first minutes after smoking of cigarette has been 
recorded. A study by Goerre et al. indicated that 
smoking does not have long-term effects on the re-
lease of ET-1, but a momentary the ET-1 release 
can result in a few hours’ vasoconstriction [29]. 
Animal studies confirm these results: With acute 
exposure to tobacco smoke an increase in the ex-
pression of ET-1 mRNA has been shown, although 
with chronic exposure to tobacco smoke this cor-
relation was insignificant [30]. Cigarette smoking 
influences the release of ET-1 indirectly as well. 
In smokers increased catecholamines levels have 
been noted in the blood, which can significantly 
increase ET-1 production [31, 32]. Moreover, in 
many cases, incidences of platelet activation in the 
circulatory system of smokers have been observed. 
These platelets stimulate the expression of prepro-
ET mRNA and the biosynthesis of ET-1 in endo-
thelial cell cultures. Therefore, the effect of ciga-
rette smoking on the secretion of ET-1 in vivo is 
very complex [31]. ET-1 stimulates the synthesis 
of IL-6 in endothelial cells and TNF-α in macro-
phages, which have a strong inflammatory action 
that causes the initiation and intensification of lo-
cal inflammation [33]. At the same time, tobacco 
smoke stimulates macrophages and epithelial cells 
to produce TNF-α, which “activates” the IL-8 gene 
responsible for the influx and activation of neutro-
phils (Fig. 2) [34]. The inflammatory response in 
the body occurs with each cigarette smoked. It is 
a reaction to tar substances, superoxide radicals, in-
flammatory mediators or a mixture of other com-
pounds contained in the smoke and/or formed in 
vivo in response to tobacco smoke [25].

The Importance of ET-1 
in Pancreatic Diseases
An imbalance between the substances synthe-

sized locally by the endothelium and compounds 
released from cellular components of the blood as 
a result of smoking leads to the development of se-
rious complications in many organs [15]. Previ-
ous studies have shown that the pancreas is prob-
ably the first organ in which pathological changes 
are caused by cigarette smoking [9]. A relation-
ship has been found between the inhalation of cig-
arette smoke and endo- and exocrine dysfunction 
of the pancreas in smokers [9, 11– 13]. It has also 
been demonstrated that there is an increased risk 
of pancreatic calcification in smokers compared to 
non-smokers with chronic pancreatitis [9, 11, 12]. 
Cigarette smoking is factor in the disruption of 
pancreatic vascular endothelial function, which is 
associated with excessive ET-1 production. Other 
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factors disturbing endothelial secretory functions 
are hyperglycemia, hyperlipidemia, hyperosmo-
larity, glycosylation process and oxidative stress 
(Fig. 3). The presence of a disruption in the pan-
creatic vascular endothelial function and increased 
ET-1 production confirm, among other things, the 
significant impact of smoking on the development 
of pancreatic inflammation [35]. 

It is also known that organ ischemia is an 
initiating or intensifying factor for existing in-
flammation of the pancreas [2]. Endothelins play 

a significant role in ischemia of the pancreas with 
existing inflammation [14]. Increased ET-1 con-
centrations and enhanced expression of adhesion 
molecules have been observed in smokers [3]. The 
pancreas is very sensitive to the action of ET-1, but 
the effect is dose dependent. Exogenous injection 
of endothelin in an amount causing no changes in 
the cardiovascular system causes a marked reduc-
tion in pancreatic blood flow, which is mainly relat-
ed to the expression of endothelin receptors [36]. 
An increase in ET-1 concentration in the blood is 

Fig. 2. The effect of cigarette smoking on the interaction between macrophages, neutrophils and epithelial cells [48]

Ryc. 2. Wpływ palenia papierosów na interakcje między makrofagami, neutrofilami i komórkami nabłonkowymi [48]

Fig. 3. Factors contributing to endothelial dysfunction in the pancreas. The immunohistochemical localization of 
ET-1 in the pancreas of a smoking patient with chronic pancreatitis (the photograph in the middle of the figure is 
from the authors’ own study)

Ryc. 3. Czynniki sprzyjające dysfunkcji śródbłonka. Immunohistochemiczne umiejscowienie ET-1 w trzustce palącego 
pacjenta z przewlekłym zapaleniem trzustki (zdjęcie w środku schematu; oprac. własne)



M. Śliwińska-Mossoń et al.750

associated with increased permeability of the cap-
illaries, which explains the degree of local tissue 
damage. However, it is still not clear how ET-1 af-
fects vascular permeability. This may be explained 
by the transition of intravascular fluid into the ex-
travascular space, causing an increase in hydrostat-
ic pressure, which is associated with the activity of 
this peptide. The effect of ET-1 on vascular perme-
ability may be related to its impact on the contrac-
tion of myosin and actin, which are part of endo-
thelial cells and the surround pericytes. Pancreatic 
edema is a result of increasing vascular permeabil-
ity [6, 36, 37]. It has been observed that ET-1 has 
an effect on microcirculation in pancreatic islet 
in  vivo in rats [8]. ET-1 injection caused a reduc-
tion in blood flow of the pancreatic island, without 
changes in blood pressure. It was found that the 
vascular system of the pancreas is very sensitive to 
an external injection of ET-1, which acts mainly 
through the ET-A receptors [8].

An increase in of ET-1 concentration has also 
been observed in acute pancreatitis. This hormone, 
through its vasoconstrictor properties, causes hy-
poxia of the inflamed tissue, causing the disease to 
progress [6]. Acute pancreatitis can induce endo-
thelin synthesis and lead to vasoconstriction and 
ischemia of the pancreas. Damaged endotheli-
al cells secrete excessive amounts of ET-1, which 
stimulate these cells to the synthesis of IL-6 and 
macrophages to TNF-α production. These cyto-
kines have pro-inflammatory properties that in-
crease pancreatitis [33]. It has been suggested that 
in this process, endothelin action has a systemic 
nature [6, 37]. Both in smokers and non-smokers, 
ET-1 is considered a risk factor for acute pancreat-
ic ischemia and inflammation [14]. In addition, it 
has been suggested that extensive pancreatic isch-
emia is a predictor that the mild form will develop 
into necrotic-hemorrhagic pancreatitis [6]. 

Plusczyk et al. [7], using microscopy in vivo, 
observed various effects of ET-1, ET-2 and ET-3 
on pancreatic microcirculation, tissue integrity and 
the response to pancreatitis in rats. The flow rate 
of red blood cells and the functional capillary den-
sity is estimated based on a local injection of ET-1, 
ET-2 and ET-3 into the pancreas in the following 
doses: 100, 10, 1 pmol/l. It was shown that ET-1 
in all the doses and ET-2 and ET-3 in the highest 
dose (100 pmol/l) cause disorders of the nutrition-
al blood flow in the exocrine pancreas [7]. An anal-
ysis of vascular injury of the exogenous pancreas 
showed that microvascular dysfunction induced by 
injection of various doses of endothelin correlated 
with different degrees of tissue damage and blood 
vessels in the pancreas compared to controls that 
received local injections of 1 mL of 0.9% NaCl [7]. 
This shows that the three isoforms of endothelin 

cause circulatory dysfunction, which leads to tis-
sue damage and pancreatitis [6, 37].

An increase in ET-1 concentration correlates 
with chronic pancreatitis [10]. Immunohistochem-
ical studies performed in animal models showed 
differences in the presence of ET-1 in the struc-
tures of the pancreas during chronic inflamma-
tion. In rats with chronic pancreatitis more inten-
sive staining of endothelial cells, acinar and ductal 
cells was observed in comparison with healthy 
controls [38]. An increase in local ET-1 expres-
sion may be related to morphological and hemo-
dynamic changes in chronic pancreatitis [10, 38]. 
In humans, high ET-1 expression in the areas of 
intensive fibrosis was observed (ET-1 has the abil-
ity to induce collagen production) [10]. This may 
suggest the great importance of this peptide in the 
development of chronic pancreatitis. It show also 
a strong the correlation between ET-1 expression 
in the island cells and the degree of fibrosis of the 
exocrine pancreas. In addition, ET-1 receptors are 
located on follicular cells of the pancreas and local 
injection of this hormone causes an increase in the 
blood vessels’ permeability in this area. ET’s capac-
ity for stimulating macrophages and lymphocytes 
to TNF-α and IL-1 production becomes an indi-
rect factor for the progression of chronic pancre-
atitis [10]. Brock et al. [39] observed an increase 
in ET-1 immunoreactivity in chronic pancreatitis; 
interestingly, it was mainly near the location of in-
sulin and glucagons [39]. However, it is still not 
clear whether endothelin has a direct effect on in-
sulin-controlled glucose uptake. It has been shown 
that glucose concentration above the physiologi-
cal level in the blood causes dysfunction of NO-
dependent relaxation of smooth muscle cells [27]. 
NO is the main physiological antagonist of ET-1. 
In smokers with diabetes and those developing in-
sulin resistance, substances contained in cigarette 
smoke can cause NO decomposition, leading to 
excessive ET-1 production [40]. ET-1, as a prod-
uct of endothelial cells, seems to be the element 
connecting the hyperinsulin state with endothelial 
cell dysfunction. A long-term high insulin concen-
tration causes an increase in the sensitivity of vas-
cular smooth muscle to ET-1, as a result of intensi-
fied expression of the ET-A receptor [40]. 

The increase in insulin resistance in smok-
ers is caused mainly by nicotine [27]. In patients 
with type 2 diabetes, the presence of hyperinsulin 
in insulin resistance causes impairment of vascu-
lar wall function. Insulin, its degradation products 
and proinsulin, have the properties of a growth 
factor and stimulate ET-1 secretion [40]. The oc-
currence of this effect along with excessive activ-
ity of platelet-derived growth factor (PDGF), the 
“oxygen explosion”, glycation and the activation of 
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monocytes can cause vasoconstriction and vascu-
lar smooth muscle cell proliferation. 

These processes and an increase in ET-1 con-
centration narrow blood vessels and cause thick-
ening and stiffening of the vessels walls, which lim-
its organ blood flow. 

Cigarette smoking increases the plasma endo-
thelin concentration, which induces vasoconstric-
tion and subsequent tissue hypoxemia and decreas-
es peripheral glucose utilization. Cigarette smoking 
can influence the insulin-like receptor, which can 
reduce the efficacy of peripheral insulin [32].

Conclusions
Tobacco smoke contains substances that can 

intensify the production of compounds with va-
soconstriction and prothrombotic properties. Cig-

arette smoking induces an increase in ET-1 con-
centrations in the blood, vasoconstriction and 
hypoxemia, which can reduce peripheral glu-
cose utilization – an important factor in the pro-
gression of diabetes. The components of tobacco 
smoke cause an increase in ET-1 production by 
the pancreatic endothelial cells. ET-1 has the abil-
ity to induce secretion of proinflammatory cyto-
kines (TNF-α, IL-1, IL-6). Therefore, this peptide 
plays a significant role in the development of isch-
emia and pancreatitis, leading to permanent dam-
age in the structure of this organ. The vasocon-
striction caused by ET-1 leads to hypoxia of the 
pancreas changed by inflammation. This process 
causes the progression of pancreatitis to the ne-
crotic-hemorrhagic form. Elevated concentrations 
of ET-1 also increase the risk of fibrosis and calci-
fication of the pancreatic parenchyma in patients 
with chronic pancreatitis.
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