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The aim of the study is to examine the correlation between the endothelial dysfunction indices and the clinical class of the disease
before and after the operation in patients with varicose disease of the lower extremities.

Materials and methods. In total, 69 patients with varicose disease of the lower extremities were examined, with preoperative and
long-term postoperative measurements of homocysteine, nitrotyrosine and eNOS by the immunoassay analysis.

Results. The results of dynamic changes in endothelial dysfunction indices in 69 patients with varicose disease of the lower
extremities, examined before and after an operation, were analyzed. A significant correlation between the mean values of
homocysteine, nitrotyrosine and eNOS with the clinical class of lower extremity varicose vein disease (LEVVD) has been
determined.

Conclusions. A significant decrease in the indices of homocysteine, nitrotyrosine and increased eNOS was observed long
term following operation compared to the initial values before it. It has been established that the homocysteine values were
relatively stronger correlated with the patient’s age than with the LEVVD clinical class, and nitrotyrosine and eNOS were
relatively higher correlated with the LEVVD class than with the patients’ age.

AuHamMika nokasHUKIB eHAOTeAiaAbHOI AMCOYHKLII A0 Ta NicAs onepauii
Y XBOPUX Ha BapUKO3HY XBOPOOY HMXKHIX KiHLiBOK

A. 10. PasaHos, 0. B. MamyHuak

MeTa po60TK — BUBYMTU Y XBOPUX HA BapWKO3HY XBOPOOY HMXKHiX KiHLiBOK (BXHK) B3aeEMO3B'30k MOKa3HMKIB eHAoTENianbHOI
ANCYHKLT 3 KNMIHIYHUM KacoM 3aXBOPOBaHHSA [0 Ta nicns onepawyii.

Marepianu Ta metogu. O6¢Texunm 69 nauieHTiB i3 BapuKO3HO XBOPODO HIMKHIX KiHLIIBOK.

MeTonom iMyHODEepPMEHTHOTO aHani3y BU3HaAYMK PiBHI FOMOLIMCTETHY, HITpoTUpo3uHy Ta eNOS [0 Ta y BigganeHi TepMiHm nicns
onepatlji.

Pesynkrari. BUB4Mnu anHamiuHi 3MiHM nokasHuKiB enpoTenianbHoT AMCEYHKLT Y XBOPUX Ha BapyUKO3HY XBOPOOY HIMKHIX KIHLIIBOK,
kX obCTeXMNN 0 Ta nicns onepawii. Busisunu BiporigHUi B3aeMO3B'30K CepeaHiX 3HaYeHb MOKa3HMKIB FOMOLMCTEIHY, HITpO-
TMpo3unHy Ta eNOS i3 kniHiyHum knacom BXHK.

BucHoBku. BctaHoBynM BiporigHe 3HWXEHHS! NOKa3HWKIB FOMOLMCTEIHY Ta HITpOTUPOo3uHy, nigsuiieHHs eNOS y BigaaneHi
TepMiHu nicns onepadii NOPIBHAHO 3 BUXIAHUMM 3HAYEHHAMM. 3HAYEHHSI FOMOLMCTEIHY BiJHOCHO BULLE KOPENtOE 3 BIKOM na-
LieHTa, HiX i3 kniHivHUM knacom BXHK, a HiTpoTuposnHy Ta eNOS — BiJHOCHO BHLLE kKopertotoTb i3 knacom BXHK, Hix i3 Bikom
nauieHTiB.

AvHamMKMKa noka3aTenen IHAOTEAMAAbHOW AUCHYHKLMM AO U NOCAE OnepaLUu
y 60AbHbIX BAPUKO3HOW 60AE3HBIO HUKHUX KOHEYHOCTEN

A. 10. PaszaHos, 0. B. MamyHuak

Llenb pa6oTbl — 13yunTb Y 60MbHBIX BAPUKO3HOM BOME3HbI0 HIKHUX koHewHocTel (BEHK) B3anMocesab nokasateneit aHgote-
NnanbHON ANCEHYHKLNM C KIMHUYECKM KIaccoM 3aborneBaHus 10 1 nocrne onepawuy.

Marepuansi n metogbl. O6cnenosanu 69 60MbHbLIX BAPUKO3HON BONE3HBLIO HIBKHIX KOHEYHOCTEN.

MeTomom VIMMyHOd)epMeHTHOFO aHanusa onpeaenanu ypoBHW roMouncTenHa, HUTPOTUPO3NHa W eNOS fo v B otaaneHHsle
CPOKM nocne onepawuuu.

Pesynbratbl. M3yumnn guHamuyeckne M3MeHeHus nokasatenen SHAOTennanbHoOM AMCGyHKUMM Y 69 GonbHbIX BapUKO3HO
60nesHbI0 HUKHUX KOHEYHOCTel, obecnenoBaHHbIX 40 1 nocne onepaumn. OnpeneneHa AOCTOBEPHas B3aMMOCBSA3b CPEAHNX
3HaYeHuI nokasateneil romouucTenHa, HUTpoTuposnHa n eNOS ¢ knnuHuyeckum knaccom BBHK.

BriBofbl. OTMeYeHO JOCTOBEPHOE CHINKEHME NMOKa3aTenem roMOLMCTENHA 1 HUTPOTUPO3uHa U noBbiLleHne eNOS B oTaaneHHbIe
CPOKY NOCre onepaLny B CPAaBHEHUM C UCXOAHBIMU 3HAYEHNAMU. YCTAHOBMEHO, YTO 3HAYEHMWS FOMOLWICTENHA OTHOCUTENBHO BhILLE
KOPPENUPYIOT C BO3pacTOM NauMeHTa, YeM C KnnHudeckum knaccom BBHK, a HutpotuposnHa n eNOS — oTHOCHTENBHO BblLle
KoppenupytoT ¢ knaccom BBHK, yem ¢ Bo3pacTom nauueHToB.
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A modern study of the venous system pathology has per-
mitted to reconsider a number of provisions concerning
aetiology and pathogenesis that may directly affect the
diagnosis and therapeutic tactics and, in particular, the
concept of endothelial dysfunction (ED) in patients with
lower extremity varicose vein disease). In particular, the
role of ED as a link of LEVVD pathogenesis has not yet
been properly defined [1].

Itis known that endothelial cells synthesize and secrete
biologically active substances that are vasoconstrictors,
vasodilators, involved in the processes of inflammation,
thrombosis, proliferation and the vascular wall remodeling.
ED is defined as an imbalance between relaxing and con-
strictive factors, between anti-and procoagulant mediators
or growth factors and their inhibitors [2].

The method of assessing the ED severity is evaluation
of these substances or endothelium-damaging factors blood
content, levels of which are correlated with ED. [3].

Accurate mechanisms of ED development in chronic
venous insufficiency of the lower extremities remain un-
derstudied and venous hypertension, stasis, ischemia /
hypoxia of tissues and vascular walls, free radical damage,
cytokine action, hyperhomocysteinemia, endogenous and
exogenous intoxication are of key importance [4-6].

Of note, nitric oxide (NO) plays a key role in the mech-
anisms of ED. A decrease in NO concentration leads to
vasoconstriction in veins, stimulation of platelet aggregation,
platelet and leukocyte adhesion. [7]

NO is a product of the NO synthases (NOS), which
convert L-arginine to NO and L-citrulline. In terms of effects
on vascular venous dysfunction, the most important one
is endothelial nitric oxide synthase (eNOS), which is an
enzyme of endothelial cells and cardiomyocytes. Therefore,
the role of eNOS is decisive in the pathophysiological effects
of NO on the vascular bed, including the venous one [8,9].

One more significant biological marker of oxidative
stress is 3-nitrotyrosine, which is identified as a marker of
inflammation and NO production. Assessment of its plasma
concentration is a marker of NO-dependent affections in
vivo [10-12].

Possible pathogenetic mechanisms of the homocys-
teine influence on the vascular wall, including the venous
one, are under discussion: disorder of the endothelium
dependent vasodilatation, oxidative stress, contributing to
proteins and lipids peroxidation due to increased super-
oxide dismutase production, as well as to the increased
thrombogenesis and coagulation. It is generally recognized
that homocysteine is an atherogenic factor that plays an
important role in the early stages of atherogenesis: inhibition
of endothelial cell growth, prooxidative effects, mitogenic
effects on smooth muscle cells, stimulation of proteins
accumulation and collagen biosynthesis.

The result of these processes is the development of
ED, and then structural and geometric changes in the
vascular wall [13]. However, the effect of homocysteine on
the venous wall endothelium functional change in LEVVD
is understudied.

These substances are involved in the biochemical
processes occurring in the venous endothelium, and can
be the trigger point of damage, resulting in endothelial and
leukocyte activation, which is the starting point of venous
inflammation. Repetitive episodes of inflammation in the en-

dothelium lead to chronic recurrent injury in the venous wall,
which in its turn leads to the vein wall remodeling [14,15].

The purpose

The purpose of the study is to examine the correlation
between the endothelial dysfunction indices and the cli-
nical class of the disease before and after the operation
in patients with varicose disease of the lower extremities.

Material and methods

A total of 69 patients were examined. They were divided
into three clinical groups:

1) 23 patients with C3 clinical class of the disease;

2) 23 patients with C4 clinical class of the disease;

3) 23 patients with C5-C6 clinical class of the disease.

Criteria for inclusion in the study: patients with primary
LEVVD of C3-C6 clinical classes classified by CEAP,
non-operated previously.

Exclusion criteria of the study: patients with primary
LEVVD of CO-C2 clinical classes according to CEAP clas-
sification; patients with congenital, secondary or unidentified
LEVVD etiology; previously operated patients.

Additionally, 15 clinically healthy persons were exa-
mined.

Examination of healthy persons and patients with
LEVVD included preoperative and long-term postoperative
measurements of homocysteine, nitrotyrosine and eNOS,
by sandwich enzyme immunoassay technology following
the manufacturer’s instructions, using standard test systems
and photometer “Sunrise TS” (Tecan, Austria) at the Depart-
ment of Laboratory Diagnostics and General Pathology of SI
“Zaporizhzhia Medical Academy of Postgraduate Education
of the Ministry of Health of Ukraine”.

For measuring these markers, blood plasma sampling
was performed in patients using the following procedure: 1
ml of sodium citrate was collected into the test tube, added
with 9 ml of whole blood on the wall of the test tube. Then
it was shaken and mixed. The blood was centrifuged (no
later than 30 minutes after the collection) at 3.000 rpm for
15 minutes. Plasma was drawn into two 1.5 ml eppendorf
tubes and stored in a freezer at -20 °C.

Commercially available enzyme-linked immunosorbent
assay (ELISA) system kit (Axis-Shield, Norway) was used
to determine the total serum homocysteine concentration;
nitrotyrosine was measured by ELISA using a kit “Hbt
nitrotyrosine” (HyCult Biotechnology, Netherlands) and
levels of eNOS — an ELISAKit for Nitric Oxide Synthase 3
Endothelial (NOS3) (Cloud-Clone Corp., USA).

Statistical data processing was performed taking into
account the principles of evidence-based medicine. The
database was compiled by means of the Excel software,
according to the original documentation with patients’ med-
ical records. Statistical calculations were performed using
the Statgraphics Plus for Windows 7.0 software package
for data statistical analysis.

To describe the selective normal distribution of quan-
titative characteristics, the mean values and the standard
errors of the mean as M + m were calculated.

Consistency of the values characterized by the normal
distribution was verified. The results were considered sta-
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Table 1. Results of endothelial dysfunction indices determination before surgery depending on the LEVVD clinical class

ED indices, units Clinical group
Healthy individuals, n =15 C3,n=23 C4,n=23 C5-C6,n=23

Homocysteine, mmol/l 8.01£0.28****** 21.28 £2.36""Y 27.97 £1.90" 36.47 £3.21
Nitrotyrosine, pg/ml 13.71 £ 0.82%***** 34.07 +3.29""Y 49.03 +£2.43"Y 80.85+10.5
eNOS, ng/ml 96.4 +0.81%** 63.07 £7.04" 41.51+2.34" 33.46 £2.91

*: the difference is statistically significant between the healthy individuals and the C3 clinical group patients, P < 0.05; **: the difference is statistically significant between the healthy
individuals and the C4 clinical group patients, P < 0.05; ***: the difference is statistically significant between the healthy individuals and the C5-C6 clinical group patients, P < 0.05;

V: the difference is statistically significant between the patients of the clinical groups C3 and C4, P < 0.05; "*: the difference is statistically significant between the patients of the clinical
groups C3 and C5-C6, P < 0.05; "*": the difference is statistically significant between the patients of the clinical groups C4 and C5-C6, P < 0.05.

Table 2. Results of endothelial dysfunction indices determination in the long-term after the operation depending on the clinical class of LEVVD

ED indices, units Clinical group

Healthy individuals, n=15 C3,n=23 C4,n=23 C5-C6,n=23

Homocysteine, mmol/l 8.01£0.28* ™ *** 15.24 £0.98" 1.16+1.21 10.01 £0.56
Nitrotyrosine, pg/ml 13.71£0.82* ** ** 28.56 +1.08"" 24.30 £0.71"Y 18.30 £1.12
eNOS, ng/ml 96.4 +0.81* ** = 68.66 + 1.23""" 79.14 £ 1.69"" 84.39 +£0.92

*:the difference is statistically significant between the healthy individuals and the C3 clinical group patients, P < 0.05; **: the difference is statistically significant between the healthy
individuals and the C4 clinical group patients, P < 0.05; ***: the difference is statistically significant between the healthy individuals and the C5-C6 clinical group patients, P < 0.05;
V: the difference is statistically significant between the patients of the clinical groups C3 and C4, P < 0.05; **: the difference is statistically significant between the patients of the clinical

groups C3 and C5-C6, P < 0.05; *": the difference is statistically significant between the patients of the clinical groups C4 and C5-C6, P < 0.05.

tistically significant, if the probability level of the test was
lower than the predetermined significance level P < 0.05.
Data comparison for quantitative values was performed
with the help of the lognormal approximation to a normal
distribution (two-tailored T-student test) for small samples.

Results

The obtained results are presented in Tables 1, 2.

As it follows from Table 1, all the studied ED indices
significantly differed between groups of healthy persons
and LEVVD patients. It was found that the mean values
of homocysteine in patients with class C3 of the disease
were significantly higher as compared to those in healthy
persons by 2.7 times (t = 4.5; P < 0.05), to patients with
class C4 — by 3.5 times (t = 8.4; P < 0.05) and with class
C5-C6 — by 4.6 times (t=7.1; P < 0.05).

A similar dynamics of changes was observed when
comparing the mean values of nitrotyrosine: its value was
higher by 2.5 times (t = 4.9; P < 0.05) in patients with class
C3, by 3.6 times (t = 8.5; P <0.05) in patients with class C4
and 5.9times (t=5.1; P <0.05) in patients with class C5-C6
than in healthy individuals. The mean eNOS values also
significantly differed between the patients and the healthy
individuals, but had the opposite correlation nature: values
were higher in healthy persons than in patients with C3 by
1.5 times (t = 3.8; P < 0.05), with C4 —by 2.3 (t=18.4; P <
0.05) and with C5-C6 — by 2.9 times (t = 17.1; P < 0.05).

Acomparative analysis of mean values between groups
of patients with different LEVVD classes also revealed sig-
nificant differences differed reliably. Thus, the mean values
of homocysteine between groups of patients with class C3
and C4 (t = 2.2; P < 0.05), as well as C3 and C5-C6 (t =
3.8; P <0.05) significantly differed from the mean values of
nitrotyrosine: C3 and C4 (t = 3.6; P < 0.05), as well as C3
and C5-C6 (t = 4.2; P < 0.05). The mean values of eNOS
between groups of patients with class C3 and C4 (t = 2.9;
P <0.05), as well as C3 and C5-C6 (t = 3.9; P < 0.05) also
differed significantly, but had opposite dynamics of changes.
The difference between the groups of patients with class C4
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and C5-C6 was: for homocysteine — t = 2.3; P < 0.05; for
nitrotyrosine —t=2.9; P <0.05; foreNOS —t=2.2; P <0.05.

Consequently, the higher LEVVD clinical class was the
higher mean values of homocysteine and nitrotyrosine and
lower mean value of eNOS were.

In order to establish the nature and strength of the
correlation between LEVVD clinical lass, the age of patients
and the studied substances concentrations, the correlation
analysis was performed. It was found that there was a
positive moderate correlation between the class of LEVVD
and homocysteine (r = 0.468; P < 0.05) and nitrotyrosine
(r=10.593; P < 0.05), and a moderate negative correlation
with eNOS (r = -0.582; P < 0.05).

The same correlation pattern was found for the factors
of age and homocysteine (r = 0.600; P < 0.05), nitrotyrosine
(r=0.511; P <0.05)and eNOS (r =-0.329; P < 0.05). More-
over, the stronger correlation was revealed for the studied
values of “age — homocysteine” if compared to “LEVVD
class —homocysteine” and the weaker correlation — for the
values “age — nitrotyrosine” and “age —eNOS”, if compared
to the values “LEVVD class — nitrotyrosine” and “LEVVD
class — eNOS”, respectively.

After 12 months, the operated patients were re-exa-
mined (Table 2).

The analysis of the results showed that in the long term
after the operation, the absolute values of homocysteine
were reduced in 23 (100 %) of patients, nitrotyrosine —in 16
(69.5 %) and an increase in eNOS was noted in 21 (91.3 %)
of the examined patient.

As shown in table 2, all the studied ED indices sig-
nificantly differed between the groups of healthy persons
and LEVVD patients. It was found that the mean values of
homocysteine in patients with class C3 were significantly
higher than those in healthy persons (t = 5.8; P < 0.05), as
well as in patients with C4 (t = 2.1; P < 0.05) and C5-C6
classes (t = 2.7; P < 0.05). A similar dynamics of changes
was observed when comparing the mean values of ni-
trotyrosine between healthy individuals and patients with
C3class (t=9.9; P < 0.05) as well as between C4 (t = 9.6;
P <0.05) and C5-C6 classes (t=2.9; P <0.05). eNOS mean
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values also significantly differed between the patients and
the healthy persons, but had the opposite correlation: in
patients with C3 (t = 16.7; P < 0.05), C4 (t=7.8; P < 0.05)
and C5-C6 (t=9.1; P < 0.05).

A comparative analysis of the mean values between
groups of patients with different LEVVD classes also demon-
strated significant differences. Thus, the mean values of
homocysteine between the groups of patients with classes
C3 and C4 (t=2.6; P <0.05), as well as C3 and C5-C6 (t
=4.6; P < 0.05) significantly differed from the mean values
of nitrotyrosine: C3 and C4 (t=3.3; P < 0.05), as well as C3
and C5-C6 (t = 6.5; P < 0.05). The mean values of eNOS
between the groups of patients with classes C3 and C4
(t=5.0; P <0.05), as well as C3 and C5-C6 (t = 10.2;
P < 0.05) also differed significantly, but with opposite dy-
namics of changes. The difference between the groups of
patients with classes C4 and C5-C6 was: for homocyste-
ine —t=0.8; P> 0.05, for nitrotyrosine — t = 4.5; P < 0.05,
foreNOS —t=2.7; P < 0.05.

Discussion

Consequently, in the long term after surgery, the higher
the initial class of the disease was, the significantly lower
mean values of homocysteine and nitrotirosin were, while
the mean eNOS values were higher.

Thus, in patients with LEVVD before surgery, there
was the significant increase in the mean values of homo-
cysteine and nitrotyrosine, as well as the reduction in eNOS
with an increase in the clinical class of the disease. In the
long term after the operation, an opposite correlation was
noted: the decrease in the mean values of homocysteine
and nitrotyrosine, and the increase in eNOS with the initial
class of the disease increasing.

Acomparative analysis of the changes dynamics of the
studied ED indices before and after the operation, depen-
ding on the respective clinical class, showed a significant
decrease in the mean values of homocysteine (for class C3,
t=2.4,P<0.05,for C4-t=7.5,P <0.05, for C5P=0.05,
for C4 -t =9.8, P <0.05, for C5-C6 —t =5.9; P < 0.05),
for C4 —t=8.1; P <0.05) and nitrotyrosine (for class C3 -t
=2.1,P<0,05, for C4 —t=9.8, P < 0.05, for C5-C6 -t =
5.9; P < 0.05) as well as an increase in eNOS (for C4 —t =
13.0; P < 0.05; for C5-C6 — t = 16.7; P < 0.05), except for
class C3 (for class C3 -t =10.78; P < 0.05).

Comparison of the indices in the long-term after the
operation with the values in healthy persons showed that
the content of homocysteine and nitrotyrosine remained
significantly 1.9 (t = 5.8; P < 0.05) and 2.1 times (t = 9.9;
P < 0.05) higher in patients with the primary C3 class,
respectively, while eNOS was 1.4 times (t=16.7; P < 0.05)
lower, for class C4 they were 1.4 (t=2.1; P<0.05)and 1.8
times (t = 9.6; P < 0.05) higher, respectively, while eNOS
was 1.2 times (t = 7.8; P < 0.05) lower, and for class C6
these indicators were 1.2 (t = 3.5; P < 0.05) and 1.3 times
(t = 3.4; P < 0.05) higher, respectively, but eNOS was 1.1
times (t = 9.6; P < 0.05) lower.

Thus, pronounced chronic ischemia (hypoxia) contri-
butes to eNOS suppression and, consequently, reduction
in NO concentration. However, the concentrations of homo-
cysteine and nitrotyrosine are significantly increased. In the
long term after the operation, more significant changes in the

reduction in homocysteine and nitrotyrosine concentrations
as well as eNOS activity enhancement with the initial class
of the disease increasing are due to a more pronounced
reduction in chronic ischemia (hypoxia) compared with its
initial severity.

Conclusions

1) Endothelial dysfunction in patients with LEVVD is
characterized by a significant increase in the mean abso-
lute values of homocysteine, nitrotyrosine and a decrease
in eNOS values compared to healthy persons, and after
the operation, a significant decrease in the mean absolute
values of homocysteine, nitrotyrosine and an increase in
eNOS values compared to the preoperative indices of the
corresponding clinical class of the disease.

2) Patients with LEVVD before the operation demon-
strated a significant increase in the mean values of ho-
mocysteine, nitrotyrosine and a decrease in eNOS with
increasing in the clinical class of the disease. In the long
term after the operation, it was found that the higher the
initial clinical class of LEVVD was, the significantly lower the
mean values of homocysteine and nitrotyrosine and higher
the mean values of eNOS were.

3) In the long term after the operation, the mean values
of homocysteine and nitrotyrosine remained significantly
higher, while those of eNOS were lower than the same
indices in healthy persons.

4) The absolute values of homocysteine are relatively
stronger correlated with the patient's age than with the
clinical class of LEVVD, while nitrotyrosine and eNOS are
relatively stronger correlated with the LEVVD class than
with the patients’ age.
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