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The endothelium forms the lining of tunica intima, a single cell layer at the interface
between the blood and the extravascular fluid spaces. Not many years ago ther endothelium
was considered a simple structural barrier that merely modulated permeation through the vessel
wall by providing pores of appropriate size. Largely as a result of progress in tissue culture
technology, we now know that endothelial cells accomplish a long list of metabolic functions.
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In a number of diseases, endothelial
dysfunction is associated with the
subendothelial accumulation of blood-borne
materials [1]. For example, the accretion of
lipid beneath the endothelium in
atherosclerotic lession reflects the failure of
the endothelium to serve as an effective
barrier between tissue and plasma. Thus, a
modern view of endothelium holds that the
metabolic and endocrine functions of its cells
play a critical role in disease. The normal
endothelium maintains a continuous release
of nitric oxide (NO), which is formed from L-
arginine through the action of the enzyme
nitric oxide synthase [2, 3]. The production of
NO can be stimulated by a variety of
endothelial agonists, including acetylcholine,
bradykinin, histamine and thrombin. Shear
stress resulting from an increase in blood flow
or blood pressure also stimulates NO
production and vessel relaxation. NO also
inhibit platelet aggregation and secretion of
platelet contents, many of which cause
vasoconstriction. The fact, that nitric oxide is
released into the vessel lumen (to inactive
platelets) and away from the lumen (to relax
smooth muscle) suggests that it protects

against both thrombosis and vasoconstriction
[3]. The major cause of insuficient coronary
flow leading to a heart attack is the presence
of atherosclerosis in these vessels.
Cardiovascular diseases (CVD) are the major
causes of mortality in persons with diabetes,
and many factors, including hypertension,
contribute to this high prevalence of CVD.
Endothelial dysfunctions leads to a variety
CVD with platelet hyperaggregability,
coagulation abnormalities, hypertension or
diabetes. They are as important risk factors
for life-threatening complications such as
coronary artery diseases, atherothrombosis,
heart failure and stroke, end-stage renal
disease, diseases associated with serious
cardiovascular and renal co-morbidity and
with substantial a lot of social and economic
costs [4].

Introduction

Endothelial control of Vasodilatation
and Vasoconstriction

The endothelium, which lies between
the blood and the vascular smooth muscle,
serves as a physical barrier for vasoactive
substances that circulate in the blood. Once
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thought to be nothing more than a single layer
of cells that line blood vessels, it is now known
that the endothelium plays an active role in
controlling vascular function. In cappilaries,
which are composed of a single layer of
endothelial cells, the endothelium is active in
transporting cell nutrients and wastes. In
addition to its function in cappilary transport,
the endothelium removes vasoactive agents
such as norepinephrine from the blood, and it
produces enzymes that convert precursor
molecules to active products (e.g.,
angiotensin | to angiotensin Il in lung vessels)
[2, 3, 5, 6]. One of the important functions of
the normal endothelium is to synthesize and
release factors that control vessel dilation. Of
particular importance was the discovery first
reported in early 1980s, that the intact
endothelium was able to produce a factor that
caused relaxation of vascular smooth muscle.
This factor was originally named:
Endothelium-Derived Relaxing Factor /EDRF/
and is now known to be nitric oxide (NO).
Many other cells types produce nitric oxide by
means of similar enzymes. In these tissues,
nitric oxide affords other functions, including
modulation of nerve activity in the nervous
system [3, 6]. The normal endothelium
maintains a continuous release of nitric oxide,
which is formed from L-arginine through the
action of the enzyme nitric oxide synthase.
The production of nitric oxide can be
stimulated by a variety of endothelial agonists,
including acetylcholine, bradykinin, histamine
and thrombin. Shear stress resulting from an
increase in blood flow or blood pressure also
stimulates nitric oxide production and vessel
relaxation. Nitric oxide (NO) also inhibit
platelet aggregation and secretion of platelet
contents, many of which cause
vasoconstriction. The fact that nitric oxide is
released into the vessel lumen (to inactive
platelets) and away from the lumen (to relax
smooth muscle) suggests that it protects
against both thrombosis and vasoconstriction
[3, 6]. In addition to nitric oxide, the
endothelium also produces other vasodilating
substances such as the prostaglandin,
prostacyclin, which produces vasodilatation
and inhibits platelet aggregation. It has been
suggested that the tendency to
vasoconstriction that characterizes
atherosclerotic vessels may be related to
impaired vasodilator function due to disruption
of the vessel endothelial layer. NO is a key
mediator in both the normal and pathological
control of blood pressure. The endothelium
also produces a number of vasoconstrictor
substances, including angiotensin II.,
vasoconstrictor prostaglandins, and a family

of peptides called endothelins. There are at
least three endothelins. Endothelin-1 made by
human endohelial cells, is the most potent
endogeneous vasocontrictor known [3, 7].

Endothelial cells and platelet
aggregation. Thrombosis is also an important
event in any situation in which endothelial
injury and function are lost, or blood flow is
obstructed. The aggregation of platelets and
the activation of the clotting cascade are
exquisitely sensitive to alterations in the
microenvironment. Activated platelets, in turn
release factors that initiate clotting, resulting
in the formation of complex thrombus on the
vessel wall. For thrombosis to occur,
endothelial continuity must be disrupted or the
endothelial cell surface must change from an
anticoagulant to a procoagulant surface. The
most common denuding endothelial injury is
the progressive endothelial disruption of an
andvancing atherosclerotic lesion. Denuding
endothelial injury has also been described in
homocysteinemia, as a response to the
injection of radiologic contrast dyes, and in
hypoxia and endotoxemia. In addition, the
interactions of a thrombus with the underlying
subendothelium may cause a further
disturbance of endothelial integrity. The
simplest view is that subendothelial
thrombogenic molecules are covered by a
nonthrombogenic cell layer — endothelium.
The endothelium plays an active rather than a
passive role in the control of thrombosis.
Endothelial cells also synthesize plasminogen
activators, and thus may dissolve some clots
as they form. In addition, endothelial cells at
the site of thrombosis may take up vasoactive
amines released from platelets. The presence
of these antithrombotic mechanisms on the
endothelial surface has raised the intriguing
possibility that endothelial dysfunction might
lead to thrombosis in vivo [8].

Atherosclerosis. Cardiovascular
diseases (CVD) are the major causes of
mortality in persons with diabetes, and many
factors, including hypertension, contribute to
this high prevalence of CVD. Hypertension and
coagulation changes are more frequent in
patients with diabetes compared with patients
without the disease. The major cause of
insuficient coronary flow leading to a heart
attack is the presence of atherosclerosis in
these vessels. Atherosclerosis (sometimes
called ,hardening of the arteries”) is disease
characterized by a thickening of the arterial
wall with large numbers of abnormal smooth-
muscle cells and deposits of cholesterol and
other substances in the portion of the vessel
wall closest to the lumen [9]. The mechanisms
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that initiate the thickening are not clear, but it
is known that cigarette smoking, high plasme
cholesterol concentration, hypertension,
diabetes, and several other factors increase
the incidence and the severity of the
atherosclerotic process. The mechanism by
which atherosclerosis reduces coronary blood
flow is quite simple: The extra muscle cells and
various deposits in the wall bulge into the
lumen of the vessel and increase resistance
to flow. This is usually progressive, often
leading ultimately to complete occlussion.
Acute coronary occlussion may occur
because of : (I) sudden formation of a blood
clot on the roughened vessel surface, (2) the
breaking off of a fragment of blood clot or fatty
deposit that then lodges downstream,
completely blocking a smaller vessel, or (3) a
profound spasm of the vesselrs smooth
muscle. If the coronary occlussion is gradual,
the heart may remain uninjurred because, over
time new accessory vessels supplying the
same area of myocardium develop [7, 10].
The question of whether regular excercise is
protective against heart attacks is still
contraversial, although more and more
circumstantial evidence favors this view.
Certainly, modest excercise programs induce
a variety of changes consistent with a
protective effect: (l) increased diameter of
coronary arteries, (2) decreased severity of
hypertension and diabetes, which are risk
factors for atheroscleroris, (3) decreased
plasma cholesterol concentration (yet another
risk factor) whith simultaneous increase in the
plasma concentration of a cholesterol-
carrying lipoprotein thought to be protective
against atherosclerosis and (4) improved
ability to dissolve clots. Finally, the results of
long-term studies that evaluated the effects
of excercise on evidence of atherosclerosis
are also suggestive of some degree of
protection. In a number of diseases,
endothelial dysfunction is associated with the
subendothelial accumulation of blood-borne
materials. For example, the accretion of lipid
beneath the endothelium in atherosclerotic
lession reflects the failure of the endothelium
to serve as an effective barrier between tissue
and plasma. Thus, a modern view of
endothelium holds that the metabolic and
endocrine functions of its cells play a critical
role in disease. The extent and severity of
atherosclerosis is increased by diabetes.
Significant atherosclerosis is rarely found in
healthy premenopausal women, but diabetes
predisposes them to its early appearance.
Thus myocardial and cerebral infarcts are
extremely common complications of diabetes.
Indeed, atherosclerotic coronary heart

disease is the major cause of death among
adults with diabetes. Platelet aggregation an
important contributory event in
atherosclerosis at sites of endothelial cell
injury, appears to be altered in the diabetics.
A partial explanation is the observation that the
synthesis of the prostaglandin thromboxane A,
is inreased while the counterbalancing effects
of the prostacyclins are reduced. The
superimposed effects of the individualrs
genetic predisposition to vascular disease and
such risk factors as smoking and the use of
oral contraceptives are obviously also
important. Whatever the complex of
pathophysiologic abnormalities that results in
occlusive vascular disease, such disease is a
major cause of morbidity and mortality among
diabetic patients [9, 11].

Conclusions

Important functions of the normal
endothelium is to synthesize and release
factors that can control vessel dilation and
platelets activity. Endothelial dysfunctions with
lower liberation of vasodilatatory active
substances play important roles in
accelerating of many pathological changes
leading to a variety cardiovascular disorders
with vasoconstriction and in subsequent
hypertension, with platelet hyperaggregability
and coagulation abnormalities. They are very
important risk factors for life-threatening
complications such as coronary artery
diseases, atherothrombosis, heart failure and
stroke as well as risk factors of nephrological
disorders with end-stage renal disease,

diseases associated with serious
cardiovascular and renal co-morbidity.
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Pe3iome

SHAOOTESIMN N ANCDOYHKLUNA
SQHAOTENNA — NOCNEACTBUNA OJ14
340POBbA N PUCK CEPOEHHO-
COCYOMCTbIX 3ABOJIEBAHNN

Rutowski J.A., Novotny J., Stanciak J.

OHOOTEeNNM — OOHOCNIOWHbIM nNnacT
MAOCKNX KNIETOK ME3EHXMMHOIO NPOUCXOXAE-
HUS, BbICTUAIOWWIA BHYTPEHHIOI MoBepX-
HOCTb KPOBEHOCHbIX 1 NUMPATNYECKUX COCY-
00B, cepaevHbix nonocrten. Euwe HegaBHO
SHOOTENUI CHMTANCS MPOCTbIM CTPYKTYPHBLIM
6apbepom, KOTOpPbIN NPOCTO MOoAaynupoBan
MPOHNKHOBEHWE BELLIECTB YEPE3 CTEHKY COCY-

Y/IK 616.092 + 006

ha, obecneymBasi NOpbl COOTBETCTBYIOLLLEIO
pasmepa. Bo MHOrom B peaynsraTte nporpec-
ca B TEXHOOMNWN KYNbTUBUPOBAHUS! TKaHEN, B
HacTosLLEee BPeEMS NMOKa3aHo, YTO SHOOTENU-
aNbHbIE KNIETKM OCYLLECTBASAOT MHOMOYNCIIEH-
Hble MeTabonnyeckme QyHKUUN.

KntoyeBbie cnoBa: SHAOTE/NN, S3HOOTEIN-
aJIbHbIE KJIETKWU, SHAOKPUHHBIVI OpraH, cocy-
anctas cuctema, NO, npocTauvkivH, amc-
QYHKUMNST SHAOTENNS], aTepOoCKIepos, cep-
Je4YHO-CcoCcyancTble 3ab0s1eBaHus.

Pe3iome

EHAOOTENIO | ANCHOYHKUIA
EHOOTENIO - HACJIIAKN OJ14
340POB’A | PUSNK CEPLEBO-

CYONHHNX 3AXBOPIOBAHb

Rutowski J.A., Novotny J., Stanciak J.

EngoTenin - ogHowapoBuii naacT nnoc-
KNX KNITUH ME3EHXUMHOI0 MOXOOXEHHS, L0
BUCTWU/IAE BHYTPILLHIO MOBEPXHIO KPOBOHOCHMUX
i NiMPaTNYHNX CYOVH, CEPLLEBUX MOPOXKHUH.
LLle HepaBHO eHOOTENI BBaXXaBCH NPOCTUM
CTPYKTYpHUM Bap’epoM, k1l NPOCTO Moay-
NIOBAB MPOHMKHEHHS PEYOBUH 4Yepes CTiHKY
cocyny, 3abea3nevyoyn rnopu BiAnNoBigAHOro
po3mipy. baraTo B YoMy B pe3ynbTaTi nporpe-
CYy B TEXHONOTIi KyNbTUBYBAHHA TKAHMH, B Aa-
HWIM Yac NoKa3aHo, WO eHgoTenianbHi KNiTn-
HW 3OINCHIOITb YUCHEHHI mMeTabdoniyHi
dYHKULLI.
Knwo4yoBi cnoBa: EHaotenivi, eHgoTtesniasbHi
KIITUHU, €HOOKPUHHWV opraH, CyauHHa Cu-
crema, NO, npocTtaumkiiH, ANCOYHKLIS eH-
AO0TeNin, arepoCcKIepos, CepLeBO-CyaANHHI
3aXBOPIOBaHHS.
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OCOBEHHOCTU YIMEBOAHOIO UHYKJIEOTUAHOIO OBMEHOB
NMPU PA3JIMMHON 3KCNPECCUM CD 34 B ABEHOKAPLIMHOME
MOJIOYHOW XXENES3bI

LWaroBa O.I1., Xunsko A.A., XomytoB E.B., S3uHkosun4y U.U., CegakoB U.E.,
CkopoboraroBa 3. M.
ZoHeukni HaunoHas1bHbI MeANLIMHCKUNA YyHUBepcuUTeT uM. M.[opbKkoro

B maHHOM mnccnegoBaHMM U3y4eHa B3auMMOCBA3b Mexay ypoBHeM akcnpeccun CD 34 B
OnyXxosiM MOJIOYHOW Xenesbl U akTUBHOCTbIO epMeHTOB 0OMeHa yrneBoaoB U HYK/1eOTUAOB.
YcTaHoBEHa CTaTUCTUYECKU 3HA4YMMas CBS3b MEXAY aKTUBHOCTbIO TMUanHdocdopunassl B
CbIBOPOTKE KPOBM U nokasatenem akcrnpeccun CD 34 B ageHOKapUMHOME MOJIOYHOM Xenesbi.
TumungnHdocdhopunaza n CD 34 yyacTBYlOT B HEOQHIMOreHe3e 1 B3anMOCBA3aHbl CO cTerne-
HblO TMM@OreHHOro MeTacTa3mpoBaHKS.

KnoueBble csioBa: pak MoJ104HOM xene3bl, CD 34, obMmeH yrneBoaoB v HYK/1€OTHO0B.
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