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Henb. M3yunTh B3aMMOOTHOIIEHNSI TOMOLIMCTEMHA M MapKepoB (YHKIIMOHAIIBHOTO COCTOSIHUSI SHAOTEUS
y MALMEHTOB C OOJUTEPUPYIOLIMM aTePOCKIEPO30M MPU OlepalysaX Ha a0pTe U apTepusX HUXKHUX KOHEYHOCTEM.

Marepuan u MeToapl. B rccrenoBatye BOILIY 68 MALMEHTOB ¢ OOJUTEPUPYIOLIUM aTePOCKICPO30M HIKHUX
KOHEYHoCTel, cpenHuit Bo3pact 57,8%+7,3 roga, co IIB-III creneHblo XpoHUYECKOil apTepraabHON HEIOCTaTOY-
Hoctu 1o R. Fontaine-A.B. [TokpoBckomy, pacrnpenesieHHbIe Ha TPU TPyMIbl: B | rpyrine BbITTOJIHEHO OelpeHHO-
MmoaKoJieHHoe IyHTupoBanue (n=32), Bo Il — aopro-6eapenHoe mryntupoBanue (n=20), B III — peHTtrensmosa-
CKyJISIpHAsI aHTHOILIACTMKA M CTEHTHPOBAaHKE MOAB3AOLIHEIX apTepuii (n=16). TIpoBeneH KOppelsiMOHHbIN aHa-
JIU3 MEXIy CoAep>KaHUEeM TOMOIIMCTEMHA U MapKepaMK (DYHKIIMOHAJIBbHOTO COCTOSIHUSI SHAOTEJIUS: OKUCIEHHBIMU
JIUTIOTIpOTeMHAMU HU3KO# TutoTHOCTH (okuciaeHHbiMu JITTHIT), Monekynoi aare3uu cocyaucToro sHmoteaus |
tuna (SVCAM-1), nHruOuTOpoM TKaHEBOIo akTuBaropa Iuta3muHoreHa 1 tuma (PAI-1), TKaHeBBIM aKTHBAaTOPOM
wiasMuHoreHa (t-PA), AHHeKCMHOM V B CUCTEMHOM M MECTHOM KPOBOTOKE 0 OMepalliy U ITOCjIe apTepualbHbIX
PEKOHCTPYKIIUM.

Pe3ysbTaTbl. YCTaHOBJIEHBI KOPPEJSIIMOHHBIE B3aMMOCBSI3M MEXIY TOMOIIMCTEMHOM W OKUCJIEHHBIMU
JITTHIT kak B cucTeMHOM KPOBOTOKE, TaK M B TMOPaKEHHOW KOHEYHOCTH, 3Ta acCOLMAIMsI COXPaHsIach IMOCie
PEKOHCTPYKTUBHOTO BMELIATEJIbCTBA, Oblla HauboJiee 3HAUUMOI B MECTHOM KPOBOTOKE Mocjie OeapeHHO-TOIKO-
JIEHHOTO 1IyHTUpoBaHUsl. OTMeueHa A0onepalMoHHas MoJIOXUTeIbHas KOPPEsiysl CHCTEMHOTO YPOBHSI TOMOILIU-
creuHa 1 SVCAM-1 B I rpynme. [TokasaHo BiMsiHMEe TOMOLIMCTEMHA Ha HapylleHue GUOPUHOIMTUYECKOMN (hyHK-
LIMU SHIOTEJIUSI, HAa YTO yKa3blBau TMpsSIMble KOPPEISIIMOHHBIE B3aMMOCBSI3M MeXy romonuctenHoM u PAI-1 B
CHCTEMHOM KPOBOTOKE U B MOPAXXEHHOW KOHEUHOCTU, COXPAHSIOLIMECS MOC/E OTKPBITHIX PEKOHCTPYKIIUMA. BbIsB-
JIEHbl 3HAUMMBbI€ CBSI3U MEXIY TOMOLIMCTEMHOM U YPOBHEM AHHEKCHHA V MPEMMYILECTBEHHO B TPYIIE MalleHTOB
C MopaxeHueM OeqpeHHO-MOAKOJEHHOTO apTepruaibHOrO CerMeHTa.

3akmouenne. ['MreproMolrcTenHEMUs BHOCUT CBOM 3HAUMMBIN BKJIal B HapylIieHUe (PyHKIIMOHAIBLHOTO CO-
CTOSTHMSI DHAOTENIMSI, OKasblBasl BIMSIHME Ha amonTo3, akTuBaumio ateporeHHbiXx JITTHII, mpokoarymrsHTHBINM mO-
TEHLIUAJ, COXPaHSIOLLMECS U TOC/e apTepUaTibHbIX PEKOHCTPYKIMIA KaK B CUCTEMHOM, TaK U B MECTHOM KPOBOTOKE.

Kntouegvie crosa: obaumepupyrouuil amepocKiepo3 apmepuil HUNCHUX KOHeYHOCmell, aopmonooe300uHblil cee-
MeHm, 6e0peHHO-NOOKOACHHbIU Ce2Menm, PeKOHCMPYKMUBHble ONepayull, peHmeeH0IHO08ACKYAAPHbIE GMeuamenbcmea,
20MOyUCmeuHr, sH0omenuanvHas OuchyHKyus

Objective. To study the relationship between homocysteine and markers of the functional state of the
endothelium in patients with obliterating atherosclerosis in operations on the aorta and arteries of the lower limbs.

Methods. The study included 68 patients with peripheral artery disease, the average age was 57.8+7.3 years,
with II B — III degree of chronic arterial insufficiency according to R. Fontaine-A.V. Pokrovsky, who were divided
into three groups: I group underwent the femoropopliteal bypass (n=32), II — the aorto-femoral bypass (n=20),
IIT — x-ray endovascular angioplasty and stenting of the iliac arteries (n=16). A correlation analysis was made
between the content of homocysteine and the markers of the endothelium functional state of: the oxidized low-
density lipoproteins (oxidized LDL), a molecule of adhesion of the vascular endothelium type 1 (sVCAM-1), the
tissue type 1 plasminogen activator inhibitor (PAI-1), the tissue plasminogen activator (t-PA), Annexin V in the
systemic and local bloodstream prior to surgery and after the arterial reconstructions.

Results. Correlation relationships between homocysteine and oxidized LDL were established both in the
systemic blood flow and the affected limb, this association persisted after the reconstructive intervention, the most
significant in the local bloodstream after femoro-popliteal bypass surgery. Preoperative positive correlation of the
systemic level of homocysteine and sVCAM-1 in group I was marked. The effect of homocysteine on the fibrinolytic
function of the endothelium was shown, as indicated by the direct correlation between homocysteine and PAI-1 in
the systemic blood flow and in the affected limb, which persist after open reconstructions. Significant links between
homocysteine and the level of Annexin V were revealed in the group of patients with the lesion of the femoro-
popliteal arterial segment.

Conclusions. Hyperhomocysteinemia contributes significantly to the disturbance of the endothelium functional
state, affecting apoptosis, the activation of atherogenic LDL, and the procoagulant potential, which persist even after
arterial reconstructions both in the systemic and local bloodstream.

Keywords: peripheral artery disease, aortoileal segment, femoropopliteal segment, reconstructive surgeries, X-ray
endovascular interventions, homocysteine, endothelial dysfunction
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Hayynag HOBM3HA CTAThbH

M3yuyeHO B3aMMOOTHOIIEHWE TOMOLMCTEMHA U MapKepoB (DYHKIIMOHAJIBLHOTO COCTOSIHMSI SHIOTENIUS Y TTAalleHTOB
¢ 00JIMTEPUPYIOUIMM aTePOCKIEPO30M MPU ONEPALMSIX HA A0PTE U apTePUsIX HUXKHUX KOHEUHOCTEN. YCTaHOBJIEHO,
YTO Yy TMalMEeHTOB MMeeTCsl HapyllleHHe (BYHKIIMOHAJTBLHOTO COCTOSIHMSI 3HAOTENUsSI, BBIPAXXKEHHOCTb M XapaKTep
KOTOPOTO KOPPEJNUPYIOT C YPOBHEM TOMOIIMCTEMHA. [ MIeproMoMCcTenHEMUsT BHOCUT 3HAYMMbIN BKJIad B aKTH-
Bauuio ateporeHHbix JITTHII, mpokoaryiastHTHOro moTeHuMana, arnomnTo3a, COXpaHsIIoLUXCsl oce apTepualbHbIX
PEKOHCTPYKIIMIT KaK Ha CUCTEMHOM YPOBHE, TaK U B TIOPaKeHHON KOHEYHOCTH.

What this paper adds

The relationship between homocysteine and markers of the functional state of the endothelium in patients with
obliterating atherosclerosis in operations on the aorta and arteries of the lower limbs has been studied. It has been
established that patients have the dysfunctions of the endothelium state, the severity and nature of which correlates
with the level of homocysteine. Hyperhomocysteinemia contributes significantly to the activation of atherogenic
LDL, procoagulant potential, apoptosis, which persist after arterial reconstructions, both at the systemic level and

in the affected limb.

Introduction

Currently, the endothelial dysfunction is a
subject of interest of researchers in the aspect
of development of reconstructive angiosurgery
complications. There are several forms of endothelial
dysfunction: vasomotor, angiogenic, hemostatic,
adhesion, in which different biological markers are
produced [1].

Indirectly, the functional state of the vascular
endothelium can be judged from the content of
the damaging factors in the blood, which correlate
with the endothelial dysfunction. The homocysteine
mechanism of the endothelial cell damage
plays a significant role in the development of
endothelial dysfunction [2, 3, 4]. It was shown that
increased concentrations of homocysteine induce
platelet activation, increase thrombogenesis, blood
coagulation and decrease fibrinolysis [5].

Previous studies conducted by the authors
of this article showed an increased level of
homocysteine in patients with obliterating
atherosclerosis of the main arteries of the lower
limbs, while the local concentration of homocysteine
significantly exceeded the systemic level by 48.49%,
hyperhomocysteinemia persisted after reconstructive
interventions [6].

Objective. To study the relationship between
homocysteine and markers of the functional state
of the endothelium in patients with obliterating
atherosclerosis in operations on the aorta and
arteries of the lower limbs.

Methods

The study included 68 patients with peripheral
artery disease, the average age was 57.8%+7.3
years, with II B — III degree of chronic arterial
insufficiency according to R. Fontaine —

A.V. Pokrovsky. The patients were divided into three
groups: 1 group underwent the femoro-popliteal
bypass (n=32), II — the aorto-femoral bypass
(n=20), III — x-ray endovascular angioplasty and
stenting of the iliac arteries (n=16). The method of
surgical intervention was determined according to
the "National guidelines for management of patients
with diseases of the lower limb arteries".

The groups were comparable by sex, age (Table 1),
the degree of chronic arterial insufficiency. All
the patients underwent standard conventional
conservative therapy.

Inclusion criteria were male patients with the
presence of obliterating atherosclerosis of the aorta
and arteries of the lower limbs, chronic arterial
insufficiency of the lower limbs of IIB-III degree
according to the classification of R. Fontaine-A.V.
Pokrovsky.

Exclusion criteria were the presence of
autoimmune diseases, inflammatory foci of any
localization, diseases of the liver, blood system,
acute and chronic diseases in the aggravation stage,
diabetes mellitus, cancer at the time of examination
or in the anamnesis, decompensated cardiovascular
diseases, revascularization of the coronary and
peripheral arteries in the anamnesis.

The blood to examine the systemic concentration
of markers was taken from the ulnar vein after
receiving written informed consent from each
patient in the morning on an empty stomach 5 days

Table 1
Characteristics of patients by age (M=)

Group of patients Age
I (n=32) 59.68+6.48
IT (n=20) 56.8+7.68
111 (n=16) 55.43+7.89

Note: I-1I — p<0.05; I-111 — p<0.05; II-11I — p<0.05 differences
of parameters in the group. The data are presented as Mto,
where M — arithmetical mean, — standard deviation of the
characteristic.
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before surgery and on the 5™ day of the postoperative
period. To determine the local concentration of
the studied parameters, the content of the latter
in the blood plasma taken from the subcutaneous
vein of the rear of the foot of the affected limb was
determined.

The level of homocysteine in the blood of
patients was determined by a solid-phase enzyme-
linked immunosorbent assay using “eBioscience”
reagents (Austria).

As markers of the functional state of the
endothelium, the content of the oxidized
lipoproteins of low density (oxidized LDL),
adhesion molecules of the vascular endothelium
type 1 (sSVCAM-1), Annexin V, inhibitor of
tissue activator of plasminogen type 1 (PAI-1)
and tissue plasminogen activator (t-PA) by the
method of enzyme immunoassay using reagent kits
(Mercodia Oxidized LDD ELISA, "eBioscience",
"Technoclone", Austria).

Statistics

Statistical analysis of the results of the study was
carried out using a standard set of office programs.
Methods of descriptive statistics, parametric
correlation analysis, including the determination of
correlation coefficients with R. Fisher's correction,
were used. The significance of the characteristics of
p was estimated by calculating the criteria t and tz
and comparing their values with the control points

tst. Differences between groups were considered
statistically significant at a significance level of p
<0.05.

The mean age values of the patients are pre-
sented in the form M=*c, where M is the arithmetic
mean, o is the standard deviation, the levels of the
studied indicators are in the form M*m, where m
is the standard error of the arithmetic mean. The
significance of the differences in the average indica-
tors was determined by the Student’s t test.

Results

The level of homocysteine and markers of the
functional state of the endothelium is presented in
Table 2.

Correlation analysis revealed a significant
direct correlation between initial concentrations
of homocysteine and oxidized LDL in group I of
patients (r=0.469, p<0.01) in the systemic blood
stream. High postoperative values of homocysteine
significantly correlated with the postoperative
content of oxidized LDL in group II patients in the
operated limb (r=0.483, p<0.05) (Table 3).

A positive correlation was established between
the systemic level of homocysteine and sSVCAM-1
in the 1st group (r=0.426, p<0.05) and a negative
correlation of the indices in the group III of
patients (r=-0.567, p<0.05). After reconstructive
interventions, no significant correlations between
homocysteine and adhesion molecules were detected

Table 2
The level of homocysteine and markers of the functional state of the endothelium (M+m)
Markers Group of Before surgery After surgery Reference
patients  Systemic blood ~ Local blood  Systemic blood ~ Local blood ~ Parameters!
flow flow flow flow
Homocysteine, I 17.48+1.62 27.31+4.47 16.53+2.49 19.18%3.09 5-12
mol / L 11 19.95+3.07 33.4616.2 23.246.38 15.5610.79%
111 26.9516.63 32.54+6.38 26.21+8.72 37.29£8.19
Oxidized LDL | 91.56%+1.38 92.5612.05 72.71£1.68" 73.34%+1.7% 26-117
11 96.5+0.48 100.85+0.63 79.65x1.17 76.4%1.23%
111 104.06+1.4" 110.25£1.36 95.06+0.98" 85.87£1.29%
sVCAM-1, | 149.19£17.21  211.72%+18.14  199.57+13.21"  321.81+30.43* 131,3-1222,7
ng/ml 11 155.12+£18.68  192.28429.13 168.2+17.49 319.33+33.35%
111 175.79+£26.86  205.54+31.83 206.26+28.5 299.83+33.57%
Annexin V, I 0.77+0.12 0.69%0.10 1.38%0.12" 2.7240.66* <0,8
ng/ml II 2.92+1.03 1.64%0.25 2.51£0.38 2.21£0.25
111 0.869£0.11 0.56%0.13 1.661+0.39 1.267%0.2%
PAI-1, | 116.03+4.85 122.94+5.31 131.96+6.05° 138.99+5.76% 4-100
ng/ml 11 134.839+£8.71  126.559+6.82 121.67+4.45 101.657+6.96*
11 122.66+5.95 135.51£6.53 140.22+6.37" 196.08+11.22%
t-PA, I 3.58%0.19 3.43+0.32 4.82+0.39" 4.91£0.36* 2-8
ng/ml II 4.15%0.53 4.57%0.78 3.31£0.448 2.659+0.22%
111 4.3840.49 3.661+0.22 5.08%+0.739 4.548+0.47
Note: ' — the range of reference values is given according to the instructions to the reagent sets. * — p<0.05 relative to systemic

concentration before surgery; # — p<0.05 relative to local concentration before surgery.
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Table 3
Positive and negative correlation relationships between homocysteine
and markers of the functional state of the endothelium
Markers HC oxidized LDL sVCAM-1 PAI-1 t-PA Annexin V
Before surgery
Systemic blood flow  Femoro-popliteal bypass r=0.469"" r=0.426" r=0.682" =-0.236 r=-0.423"
aorta femoral bypass r=0.101 r=0.259 r=-0.23 r=-0.15 r=0.039
Stents r=-0.145 r=-0.567" r=0.102 r=0.215 r=-0.025
Local blood flow Femoro-popliteal bypass r=0.111 r=0.267  r=0.498"" r=-0.167 r=-0.62"
aorta femoral bypass r=-0.06 r=-0.21 r=0.248 r=0.44" r=0.68"
Stents r=0.284 r=0.05 r=0.604" 1r=0.236 1r=-0.23
After surgery
Systemic blood flow  Femoro-popliteal bypass 1=0.242 r=0.043 r=0.693" r=0.217 r=-0.479"
aorta femoral bypass r=0.43 r=-0.15 r=0.194 r=-0.269 r=-0.09
Stents r=0.06 r=0.039  r=0.15 r=-0.205 r=-0.17
Local blood flow Femoro-popliteal bypass r=-0.182 r=0.279  r=0.276 r=0.09 r=0.661"
aorta femoral bypass r=0.483" r=-0.113 r=0.67" r=0.07 r=-0.203
Stents r=0.001 r=0.26 r=-0.147 r=0.063 r=-0.23

Note: * — p<0.001, ** — p<0.05, *** — p<0.01.

in both the systemic blood flow and the operated
limb in any of the groups.

Patients with the obliterating atherosclerosis of
the aorta and major arteries of the lower limbs were
found to have the vascular endothelial dysfunction,
characterized by imbalance of fibrinolytic
activity with a significant increase in the level
of the inhibitor of the tissue activator of type 1
plasminogen. It was this biochemical marker that
had a significant correlation with homocysteine.
There was a direct correlation between the level
of homocysteine and PAI-1 in the group I of
patients (r=0.682, p<0.001) in the systemic blood
flow, as well as in patients of I and III groups in
the affected limb (r=0.498, p<0.01 and r=0.604,
p<0.05, respectively).

This correlation relationship was maintained
after open arterial reconstructions. Thus, a positive
correlation was established between homocysteine
and PAI-1 level in patients of the I group in the
systemic circulation (r=0.693, p<0.001) and in
patients of the II group in the operated limb (r=0.67,
p<0.001).

The existing initial relationship of homocysteine
with the high-intensity PAI-1 level in the local blood
stream in the group III (r=0.604, p<0.05) is leveled
after angioplasty with stenting.

Initially before surgery, the most significant
correlations between homocysteine and t-PA were
recorded in the group II of patients in the affected
limb (r=0.44, p<0.05).

In the postoperative period, there was no
significant correlation between homocysteine and
t-PA in any of the groups studied.

Between the content of homocysteine and
Annexin V, significant correlation relationships
were found initially in the systemic blood flow in

the group I (r=-0.426, p<0.05), which persisted
after the operation (femoral-popliteal bypass)
(r=-0.479, p <0.01), and before the operation in the
local blood flow in the groups I and II (r=-0.62,
p <0.001 and r=0.68, p<0.001). After reconstructive
surgery, significant correlation relationships in the
operated limb were observed only in patients of the
group I (r=0.661, p <0.001).

Discussion

At present, homocysteine has been shown to
be involved in the pathogenesis of many diseases
[7]. A high level of homocysteine changes the
secretory activity of endotheliocytes, being one of
the important factors aggravating the function of
the vascular endothelium.

The results obtained in this study indicate
that patients with the peripheral artery disease had
the vascular endothelial dysfunction due to the
increased content of homocysteine as an endothelial
damaging factor.

According to the literature, only 1% of
homocysteine contained in the blood is in a
restore form, and 99% is oxidized to disulfide with
the formation of free radicals, thereby increasing
oxidative stress and realizing the damaging
effect on the vascular endothelium both due to
direct exposure to autooxidation products. and
by increasing the peroxidation of low-density
lipoproteins and suppressing the synthesis of DNA
in the endothelial cells [8, 9, 10].

During the study, correlation relationships
have been established between the content of
homocysteine and oxidized LDL in both the
systemic blood flow and the affected limb. The
data obtained are consistent with studies indicating
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that the process of oxidation of homocysteine
contributes to the oxidation of low density
lipoproteins, thereby activating the processes of
atherogenesis [8].

To determine the adhesion dysfunction of the
endothelium, the most informative indicator is the
adhesion molecule of the vascular endothelium type
1, the increase in their concentration occurs when
activated by various damaging factors. Correlation
analysis revealed correlations between the initial
systemic level of homocysteine and sSVCAM-1 in
the I and III groups. After performing reconstructive
interventions, there was no significant correlation
between homocysteine and adhesion molecules
in any of the groups, either in the systemic blood
flow or in the operated limb. Apparently, the
damaging effect of homocysteine has only a small
contribution to the development of the adhesion
form of endothelial dysfunction.

The pathogenesis of thrombosis in
hyperhomocysteinemia is not fully understood
and, according to the authors, may be multifactorial
[11], while hyperhomocysteinemia, promoting
activation of the coagulation cascade and increasing
hypercoagulable states, is associated with a risk
of unfavorable cardiovascular events and the
effectiveness of surgical revascularization [12].
The conducted studies confirm the important
role of homocysteine in the disturbance of
fibrinolytic function of the endothelium and the
excessive production of inhibitors of fibrinolysis
activation, as indicated by direct correlation between
homocysteine and PAI-1 level. The inhibitor
of the tissue activator of type 1 plasminogen
plays a key regulatory role in fibrinolysis [13].
Attention is drawn to the correlation between
the homocysteine and the inhibitor of the tissue
activator of type 1 plasminogen in the local blood
stream, suggesting that hyperhomocysteinemia
leads to the activation of procoagulant potential
in the affected limb, representing a risk factor for
the development of thrombotic complications in
the arterial reconstruction zone. The data obtained
are in agreement with the results of researchers
who studied the levels of von Willebrand factor,
plasminogen inhibitor activator, thrombomodulin,
C-reactive protein in patients with the peripheral
arterial diseases combined with high homocysteine
levels [14].

It is shown that homocysteine reduces the
number of cell sites associated with the tissue
activator of plasminogen. The decrease in t-PA
activity is due to the competing interaction of
homocysteine and the tissue plasminogen activator
with the same receptors through Annexin II
cofactor, leading to the disruption in the conversion
of plasminogen to plasmin and a decrease in
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fibrinolytic activity [10]. The conducted study
revealed direct correlation relationships statistically
significant between homocysteine and t-PA
before surgery only in the group II patients in the
affected limb, reflecting a compensatory increase
in fibrinolytic activity in response to the damaging
effect of homocysteine.

There is evidence in the literature that a
high level of homocysteine increases the number
of apoptosis and accelerates aging processes in
endothelial cells [7, 15]. Correlation analysis
revealed statistically significant links between
the content of homocysteine and the level of
Annexin V, mainly in the group of patients with
femoral-popliteal arterial segment lesions, which
draws attention to the presence of an initial
inverse relationship, both in the affected limb
and in the systemic blood stream, and after the
operation in the operated limb, the production
of Annexin V was in direct correlation with
the level of homocysteine (r=0.661, p <0.001),
which indicated a significant damaging effect
of homocysteine on the vascular endothelium,
accompanied by the increased apoptosis in the
conditions of reperfusion.

Conclusions

Thus, the results of studies have established that
patients with the peripheral artery disease have a
disruption of the functional state of the endothelium,
the severity and nature of which correlates with the
level of homocysteine. Hyperhomocysteinemia
contributes significantly to the activation of
atherogenic LDL, procoagulant potential, apoptosis,
which persists after arterial reconstructions, both at
the systemic level and in the affected limb.
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