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ENDOTHELIAL DYSFUNCTION IN ISCHEMIC HEART DISEASES

_ ) Jalilov Sh., st year Master in Cardiology
hoalimova Z.M., research advisor, candidate of medical sciences, associste professor of the
Department of Internal Medicine, Tashkent Medical Academy, Tashkent, Urzinicisan

Aim. To assess the role of disorde

rs of vasodilating, vasoconstrictor and adhesive furctions of
the endothelium i 1
othelium in the developm

‘ ; ent of angina pectoris in patients with ischemic disease heart 1 CHD).
y / l({lcrm! and methods. 93 patients with coronary heart disease were exumined, 25 of them
with functional class |1 (FC) angina pectoris, 30 with FC 1], 2% w

consisted of 23 healthy individuals. Bicycle  ergome
cchocurdlugmplu' were used to verify IHD. The vasodilating function of the enduthelivm was
assessed by endothelium-dependent ( EDVD) and endothelium-independent vasodilation (ZIDVD) of
the brachial arlery; vasoconstrictor function - by the level of endothelin-1 (ET- -1). The adhesive
Junction of the endothelium was Judged by the concentration of intercellulur cdresior moleciles
JCAM-1, VCAM-1, and E-selectin,

Results. With angina pectoris I FC, the indicators of EDVD and EIDVD, the level of £7-] and
the content of imtercellular molecules adhesions were within the normal range. Az the FC of anging
pectoris increased, the vasodilating function of the endothelium was inkibited crd the production of
ET-1 and intercellular adhesion molecules increased FC [V angina was characerized by
overexpression of JCAM-1, VCAM-1, E-selectin, excessive secretion of ET-1 at low levels of EDVD
and EIDVD.

Conclusion. The clinical course of coronary artery disease is associztzd wize impoired
vasodilating, vasoconstrictor and adhesive functions endothelium.

Key words: ischemic heart disease, angina pectoris, endothelial dvsfurction emdachelium-
dependent vasodilation, endothelin-1, adhesion molecules.

ith FC IV. The control group
Iry, 24-hour FECG  monitoring, and

Al

JUCOYHKIHSASHAOTEIAANTPH HINEMHYECKOHBO.TE3HH CEPIILA

AKanunos U, maructp | Kypca no cneunansioctn Kapauozomas
Ioaanmosa 3.M., pyKOBOANTE L, K.M.H., JOUEHT Kadeaps! BHY TpeHuuX Gonssnsi Nel
TawkeHTCKas MeAHUMHCKaR akadenus, TawkenT, Yilexuctan

Lleas. Oyenumy poab Hapywenuti 6a300U1AMUPYIOWET, EAZOKOHCMPUKMODNOS & IANSUSHOL
qhynxyuii 3HOOMeIUA 6 pazeUMUN CMEHOKAPOUU Y BOILHLIX UULEMUNECKOl &‘)‘!(353-‘4.‘ cepduz (TBC).

Mamepuar u memoodsi. Obcnedosanvt 93 6orenvix HEC, uz nux 33 - co emevocapdues 1
gynxyuonarsrozo xacca (PK), 30 — Il @K, 28 — IV OK. Konmporssyro apymmy coomasuru 23
30opoeeix  auy. [ gepupuxayuu  HBC  ucnoavsosatu  geroopoowem»ue,  Qymovmae
sonumopuposanue 3K, axoxapouozpapuio. Ba:odl'f.'mmugwom_}':'o Gynxyuo 3\:,11,:,5;,?
oyenugaiu no sndomenuiizasucumoi (33B) u andomenutinesasucumon easodunes *n.-:. "|;'..::JR..;‘ 1
nievegoii apmepuu; 6a3OKONCMPUKMOPHYIO (YNKYUI0 — NO ypOsHIo axoomerusa- ",_'J-?,I‘ 05
adzezusnoil (ynkyuu HOOMENUA CYOUTU NO KOHYEHMPAUU MOTEKYT MENCKTEMONNE adaesi —

- -1 u E-cenekmuna.
s ;;ei;c.::rfambl. Tpu cmenoxapouu Il @K noxazamean I3BI w SHIBL _)::\\;(‘;‘-) ) 1Y u
codeparcaniie MONEKY MeJHCKNeMOYHOU ao2e3uu OblAU 6 npec)c:mr nopaunt, o vepe c.e-.uv-\:-.‘ -u-n.v-i:.'ﬂ Gt’.\
cmenoxapouu ommeyeno  yeHemenue eaao_dummup}-')ozqeu (hynxyus ’3.-«c‘t»rr_zb?-:°:;<., :.':.om:irmir
npodykyuu IT-1 u Monexya MejiCckiemoyHou adeezuu. Crizeuuxa;x)‘m 1 l Q.’\ .::‘._ ‘\%::\vmu:::
aunepaxcnpeccueii JCAM-1, VCAM-1, E-cenexmuna, us0bimoulOl Cexpeyuets Jiss Mk NSk
noxazamennx 3B u SH3B/.
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3axniovenue. Knunuveckoe mevenue HEC cenzano ¢ napywenuamu 6azodunamupyiouyer,
6A30KOHCMPUKMOPHON u adze3usHou dhynkyuii sndomeaus.

Ku?qeswe cro6a; wueMuseckan Goresnn cepoya, cmenokapous, OucqyHkyus moomenus,
Indomenunzasucurasn eazoouramayus, sndomenum-1, MOJICKYI6I adeesiiu.

YURAK ISHEMIK KASALLIGIDA ENDOTELIAL DISFUNKTSIYA

.!alilov Sh., kardiologiya mutaxassisligi bo'yicha 1-kurs magistri
Shoalimova Z. M., rahbar, 1. f, n., 1-son ichki kasalliklar kafedrasi dotsenti
Toshkent tibbiyot akademiyasi, Toshkent, O*zbekiston

Magsad. Yurak
rivojlanishida endote
rolini baholash.

. ishemik kasalligida (YIK) bilan og'rigan bemorlarda stenokardiya
liyning vazodilatatsiya, vazokonstriktor va adgeziv Sunkisiyalari buzilishining

Materiallar va usullar. YIK bilan kasallangan 93 bemor tekshirildi, ulardan 35 tasi YIK II
Junktsional sinf, 30 tasi - 1 FS, 28 tasi - IV FS. Nazorat guruhi 23 sog'lom odamdan iborat. YIK
verifikatsivasi  uchun veloergometriva, sutkaliklik EKG monitoringi, exokardiyografivadan
Joydalanilgan. Endoteliyning vazodilatatsiya funktsiyasi elka arteriyasining endoteliyga bog'liq va
endoteliyga bog'lig bo'lmagan vazodilatatsiya bilan baholandi; vazokonstriktor funkisiyasi —
endotelin-1 darajasi bo'vicha, endoteliyning adgeziya funktsiyasi hujayralararo adgeziv molekulalari
—JCAM-1, VCAM-1I va E-selektin kontsentratsiyasi bilan baholandi.

Natijalar. Stenokardiya Il FS bilan endotelivga bog'liq va bog'liq bo'lmagan vazodilatatsiva
ko'rsatkichlari, ET-1 darajasi va hujayralararo adgeziya molekulalarining tarkibi normal
diapazonda bo'lgan.  Stenokardiya FS ortishi bilan endoteliyning vazodilatatsiva funkisivasini
pasayishi, ET-1 ishlab chigarish va hujayralararo adgeziya molekulalarining ko'payishi gavd etildi.
IV FS da JCAM-1, VCAM-1, E-selektinning giperekspressiyasi, endoteliyga bog'li va bog'liq
bo'lmagan vazodilatatsiya past darajalarida, ET-1 ning ortiqcha sekretsiyasi bilan ajralib turdi.

Xulosa. YIKning klinik kechishi endoteliyning vazodilatatsiva, vazokonstriktor va adgeziv
Sunktsiyalarining buzilishi bilan bog'liq.

Kalit so'zlar: Yurak ishemik kasalligi, stenokardiva, endotelial disfunktsiva, endotelivga
bog'lig vazodilatatsiya, endotelin-1, adgeziya molekulalari.

ENDOTHELIAL DYSFUNCTION (NO). NO reduces the adhesion of blood cells

IN ISCHEMIC HEART DISEASES to the vascular wall, inhibits the proliferation
Relevance. Ischemic heart discase of vascular smooth muscle cells, and prevents
(CHD) is the most widespread cardiovascular the release of tissue factors that increase the
diseases with a high risk of cardiovascular at- likelihood of thrombosis [5]. The most im-
tacs and death [1,2]. Experimental and clinical portant ol the vasoconstrictors is endothelin-1
studies of recent decades show about the im- (ET-1), which contributes to atherosclerotic
portant role of the endothelial dysfunction in vascular damage, the development of pulmo-
the development of atherosclerosis and is- nary and systemic hypertension, and ischemic
chemic heart disease arising from it [3,4]. damage to the heart and brain [6]. Early signs
Endothelial dysfunction belongs to the of endothelial acti‘\'iw _include‘incn-nscd ex-
early brand frames of vascular disorders and press_.ion of selectins gE-selcclm. l‘-scl:ccun)
seems to be a significant factor in the develop- and intercellular adhesion molecules (JCAM-
ment of atherothrombosis; it is characterized 1, VCAM-1), which is.dirccll_\' related to the
by an imbalance of vasodilating and vasocon- process of atherosclerotic ‘\'nscul:\r damage 1‘71.
strictor substances, increased expression of in- It is believed that they shmul'mc l!\c :\‘dhcsmn
tercellular adhesion molecules [5-7]. of macrophages and their migration into the
The main substance producedendothe- vascular endothelium,

lium is a natural vasodilator - nitric oxide
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Purpose of the study- assessment of
lhe. role of disorders of vasodilating, vasocon-
strictor and adhesive functions of the endothe-
lium in the development of angina pectoris in
patients with coronary artery disease.

Material and methods

. The study included93 THD patients
with stable angina pectoris (all men, mean age
53.2%4.2 years). 35 patients were diagnosed
with angina II functional class (FC), 30 - 111
FC, 28 - IV FC. Most patients with angina Il
(66.7%), 111 (77.8%) and IV FC (84.6%) had
previously suffered a myocardial infarction.
!HD was diagnosed on the basis of clinical and
instrumental data. Attention was paid to the
typical clinical signs of angina pectoris, the
specificity of changes in ECG parameters at
rest and during exercise on a bicycle ergometer
(VEM), during daily ECG monitoring, and
echocardiography (ECHOCG) data.

Patients with grade Il hypertension,
complex disorders heart rate and chronic heart
failure ITI-IV FC (NYHA), severe diseases of
the liver, kidneys, lungs, blood, endocrine or-
gans requiring correction were not included in
the study. Basic therapy for IHD included an-
tiplatelet agents, beta blockers, calcium antag-
onists, statins, nitrates, angiotensin converting
enzyme inhibitors. The control group included
23 healthy male volunteers (mean age
49.9£6.1 years) who underwent VEM (to rule
out latent coronary insufficiency), echocardi-
ography (to rule out myocardial and valvular
lesions), duplex scanning carotid arteries (to
exclude atherosclerosis of non-coronary local-
ization), the study of blood lipids.

To characterize immune inflammatory
responsesions determined the level of pro-in-
flammatory cytokinesns (IL-1p, IL-6, ’_l'NF-a)
in serum by enzyme immunoassay using test
systems of OO0 Proteinovy Kontour (St. Pe-
tersburg).
The vasoregulatory function of the endo-
thelium was assessed using ultrasoundhigh res-
olution system ACUSON 128 XP/10 (USA),
equipped with a linear transducer with a fre-
quency of 7 MHz [14]. Endothelium-depend-
ent vasodilation (EDVD) of the brachial artery
was studied in the 2D ultrasound scanning
mode during the test with reactive hyperemia
and in response to sublingual intake of 500 pg

of nitroglycerin (EIVD). The adhesive func-
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tion of the endothelium was judged by the con-
centration of intercellular adhesion molecules
(JCAM-1, VCAM-1, E-selectin), which were
studied by enzyme immunoassay using test
systems from Bender Med systems (Austria).

Statistical data processing was carried
out with using Microsoft Excel programs 7.0
and statistics for Windows 6.0. Data were pre-
sented as mean value and standard error
(M=m). The p<0.05 level was considered sta-
tistically significant.

Results and discussion

Indicators of EDVD and EIDVD in an-
gina pectoris |l FC on were within the control
values, but significantly decreased with an in-
crease in the FC of angina pectoris (table). With
angina pectoris I11 FC, the level of EDVD was
17.3% less than in healthy individuals; EIDVD
after sublingual administration of nitroglycerin
had only a downward trend. The minimum pa-
rameters of EDVD and EIDVD are set for se-
vere angina (IV FC). Thus, the level of EDVD
of the brachial artery in angina FC IV was sig-
nificantly reduced and significantly differed
not only from the control (36.2%; p<0.001),
but also from the values characteristic of an-
gina Il (29%; p<0.01) and Il FC (22.9%;
p<0.05). The EIDVD indicator was signifi-
cantly lower than the control values (24.5%;
p<0.05) and the data of angina 1l FC (19.2%;
p<0.05). The content of a powerful vasocon-
strictor, ET-1, in angina pectoris Il FC was
within the normal range, but as the severity of
angina pectoris increased, its concentration in
the blood increased. Even with angina I1I FC,
the level of ET-1 increased by 33.3% (p<0.01).
The highest parameters of ET-1 were found in
angina IV FC; its values significantly exceeded
not only the values in healthy individuals (by
66.6%: p<0.001), but also the indicators for an-
gina Il FC (by 56.8%; p<0.01).

Correlation analysis revealed inverse
relationships between ET-1 and EVD (r=-0.51;
p<0.05).

Thus, the severe course of angina pectoris
(FC1V) is characterized by excessive production of
ET-1 against the background of sharply disturb.ed
flow-dependent vasodilation and EIDVD in-
duced by nitroglycerin.

In angina pectoris I1 FC, JCAM-1 val-
ues did not differ from the control. As the se-
verity of angina progressed, a distinct increase
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in JCAM-1 levels was noted. In angina 111 FC,
the concentration of this molecule exceeded
that in the control (27%; p<0.05). The maxi-
mum levels of JCAM-1 were found in angina
pectoris IV FC; they significantly exceeded the
data in healthy people and patients with angina
NFC.

Correlation analysis established rela-
tionships between JCAM-1 and TNF-u
(r=0.39; p<0.05).

The level of the vascular adhesion mol-
ecule VCAM-1 in angina pectoris Il FC tended
to increase, and in angina pectoris 111 FC it sig-
nificantly increased compared to the control
(by 25%; p<0.05). The highest levels of
VCAM-1 were found in angina pectoris IV FC,
its values were significantly higher than both
control data and parameters of angina Il FC (by
22.9%; p<0.05). Correlation analysis revealed
relationships between the concentration of
VCAM-1 and the level of pro-inflammatory
cytokines IL-1f (r=0.44; p<0.05) and TNF-«
(r=0.47; p<0.05).

In the study of the content of E-selec-
tin, active molecule specific only for activated
endothelium, it was found that an increase in the
severity angina pectoris is accompanied by its
increased expression. In angina pectoris Il FC,
there was a tendency to increase the concentra-
tion of E-selectin, and in angina pectoris 111 FC
a significant increase in its level by 31.3% was
registered compared with the control. In severe
angina (1V FC), the level of E-selectin signifi-
cantly exceeded that in the control and in pa-
tients with angina Il FC. Correlation analysis
revealed close relationships between the level
of E-selectin and the concentrations of
VCAM-1 (r=0.64; p<0.01) and JCAM-I
(r=0.59; p<0.01).

There were moderate inverse relation-
ships between left ventricular myocardial mass
and EDVD (r=-0.33; p<0.05); direct relation-
ships of myocardial mass were determined
with the level of ET-1 and E-selectin (r=0.38;
0.41; p<0.05).

Thus, the severe course of angina pec-
toris in patients with coronary artery discase is
associated with hyperexpression of intercellu-
lar adhesion molecules, which develops
against the background of inhibition of EDVD
and EIDVD and increased production of ET-1.

89

Clinical results studies indicate early
endothelial dysfunction that contributes to the
development ot atherosclerosis and related dis-
eases [3-8]. One of the main manifestations of
endothelial dysfunction is a decrease in the
production of substances belonging to the class
of vasodilators, in particular, the endothelium
relaxing factor, NO, and, as a result, a violation
of the ability of blood vessels to expand and
provide an increase in blood flow.

Most authors associate the violation of
EDVD with the suppression of the synthesis of
endothelial relaxing factor (NO) [5]. There-
fore, one of the main mechanisms for the de-
velopment of endothelial dysfunction in pa-
tients with coronary artery disease may be a de-
crease in the synthesis, release, or increased
breakdown of NO[15].

Powerful vasoconstrictor and a predic-
tor of endothelial dysfunction are ET-1, the
formation of which occurs in endothelial cells,
as well as on the surface of smooth muscle
cells [6,16]. ET-1 acts in a paracrine manner on
vascular smooth muscle receptors, causing
their contraction and growth, and in an auto-
crine-paracrine manner on endothelial cells,
causing the production of vasorelaxants and
growth-stimulating factors - NO and prostacy-
clin. ET-1 is one of the most important regula-
tors of the state of the vascular endothelium. In
our study, it was found that the concentration
of ET-1 increased as the FC of angina pectoris
increased: the maximum values of ET-1 were
recorded in angina pectoris IV FC. Correlation
analysis determined inverse relationships be-
tween EDVD and ET-1 level.

[t is known that the functional activity
of the endothelium largely depends on cellular
adhesion molecules. [7,17,18], the overexpres-
sion of which on the membranes of endothelial
cells reflects the process of endothelial activa-
tion. Adhesion molecules play an important
role in the intercellular interaction of endothe-
lial cells, monocytes, smooth muscle cells and
platelets, as well as in the interaction of leuko-
cytes, platelets and fibroblasts with the extra-
cellular matrix,

It has now been established that endo-
thelial cells express E-selectin, JCAM-1 and
VCAM-I [17,18-20]. Their activity is modu-
lated by the proinflammatory cytokines [L-10
and TNF-_J, which induce the expression of E-
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selectin and VCAM-1, and increase the pro-
duction of JCAM-1. E-selectin is an endothe-
lial leukocyte adhesive molecule; its synthesis
is strictly specific for endothelial cells [17,18].
JCAM‘-I is cxprc;;sed on various types ol en-
dothelial cells, epithelial cells, fibroblasts, and
tissue macrophages stimulated by T-lympho-
cytes [19]. JCAM-1 is poorly detected on rest-
ing endothelium, and VCAM-1 is simply ab-
sent. Upon activation of the endothelium, the
expression of these molecules rapidly in-
creases.

Thus, a number of intercellular adhe-
sion molecules (JCAM-1, VCAM-I, E-selec-
tin) is of endothelial origin, which allows us to
consider them as indicators characterizing the
adhesive function of the endothelium.

When assessing the content of JCAM-1
in patients with coronary artery depending on
the severity of angina pectoris, it was found
that in angina pectoris Il FC, its level did not
differ from the control and with the progression
of angina pectoris, its overexpression, which
reaches a maximum at angina IV FC. The re-
sults obtained are consistent with the data of
[21]. which showed an increase in the concen-
tration of JCAM-1 in patients with coronary ar-
tery disease. We found that severe angina (FC
IV) is also associated with increased produc-
tion of the vascular adhesion molecule,
VCAM-1, which is consistent with the results
of the study [22], which shows the relationship
between VCAM-1 indicators and the preva-
lence of coronary atherosclerosis (according 10
coronary angiography) and the thickness of the
carotid intima-media complex. In addition, in
experimental atherosclerosis, VCAM-1 ex-
pression precedes sub endothelial monocyte
accumulation, suggesting a significant role for
VCAM-1 in the carly stages of vascular injury.
DL or oxidized LDL may be responsible for
the induction of VCAM-1 [23].

In our previous studies, activation of im-
mune-inflammatory responses in patients with
coronary artery disease, which is associated
with the severity of the course diseases [24]. In
severe angina pectoris, on increased expression
of pro-inflammatory cytokins TNF-a, TL-1p,
IL-6, which are known to induce the synthesis
of intercellular adhesion molecules [17]. Cor-
relation analysis established the relationship of
E-selectin, JCAM-1 and VCAM-1 with the
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levels of TNF-a and IL-1B, found correlation
between the parameters of the functional state
of the endothelium and myocardium.

. Thus, the results obtained witnessas a
significant violation of the EDVD with hyper-
expression of ET-1, and an increase in the ad-
hesiveness of the endothelium, which confirms
a pronounced dysfunctionendothelium in se-
vere and high FC of stable angina pectoris. The
established patterns of changes in the vasodi-
lating, vasoconstrictor and adhesive functions
of the endothelium in patients with coronary
artery discase with different course of angina
pectoris, apparently, indicate the pathogenetic
role of impaired humoral and vasoregulatory
response of the endothelium in the formation
and clinical course of coronary artery disease.

Conclusions ]
With stable angina 11 FC, the indicators

of EDVD and EIDVD and the level of ET-1 are
within the normal range. Severe course of an-
gina pectoris (FC IV) is characterized by ex-
cessive production of ET-1 and a significant
suppression of the vasodilating function of the
endothelium. The content of intercellular adhe-
sion molecules in angina pectoris I FC did not
differ from the control, and in angina pectoris
high FC (IV) hyperexpression of JCAM-1,
VCAM-1 and E-selectin was registered. Cor-
relation analysis, conducted in patients with se-
vere angina pectoris, found relationships be-
tween indicators of the functional state of the
endothelium and myocardium.

Thus, the clinical course of coronary ar-
tery disease is interconnected with disorders
vasodilatory function of the endothelium, in-
creased production of ET-1, overexpression of
intercellular adhesion molecules JCAM-I1,
VCAM-I and E-selectin.
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