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ABSTRACT

The peculiarities of cardiohemodynamics, microcirculation, and microvasculature are presented in the
article; their correlation with significance of the oxidative stress, the level of antioxidative blood potential
and endothelial function in the isolated course of essential hypertension and in conditions of its comorbid-
ity with duodenal peptic ulcer was carried out. It was established that the presence of the remodeling left
ventricle with the unchanged contractile function, and maximal intensity of both resistivity of the periph-
eral vascular system (p<0.001), and disorders of microcirculation and microvasculature on the perivascu-
lar, vascular, and intravascular levels (p<0.001) is typical of the patients with the comorbid course of es-
sential hypertension. The next results showed that manifestations of oxidative stress were the most signifi-
cant (p<0.001) among the patients with the combinative pathology. The index of the antioxidative ability
of blood serum was low in these patients (p<0.001), besides, it had the negative correlation relationship
with the index of the total changes of microhemocirculation and microvasculature (r=-0.467; p<0.05). At
the same time the index of ristomycin-inducted platelet aggregation as reflection of the changed endothe-
lial function and a marker of the thrombogenic risk was also the highest in case of the comorbid course of
essential hypertension (p <0.001). Besides that, its positive correlation relationship with the index of the
total changes of microhemocirculation and microvasculature (r= +0.465; p<0.05) was established.

Thus, the significant increase of resistivity of the peripheral part of the vascular system with the pres-
ence of the significant changes of microcirculation and microvasculature is a typical peculiarity of cardio-
hemodynamics’ changes in the patients with the comorbid course of essential hypertension with the un-
changed contractile function of myocardium of the left ventricle in conditions of its remodeling. Their
connection with intensity of the oxidative stress and the endothelial dysfunction reflects a pathogenetic
community of the vascular changes’ forming and determines their as a factor of aggravation of the essen-
tial hypertension course in conditions of comorbidity.

Keyworps: Essential hypertension, comorbidity, cardiohemodynamics, microcirculation, lipid peroxida-
tion, endothelial dysfunction.

INTRODUCTION
Essential hypertension and duodenal peptic ~ and changed approaches to their treatment.
ulcer is an important medical and social problem While figuring out the development mechanisms

despite the new epidemiological data and the re- ~ Of “mutual aggravation syndrome” in the comorbid
sults of the clinical studies, which completed rep- ~ Pathology [Boyd C, 2005; Sharabichiev Yu et al.,

resentations about mechanisms of their forming  20/4; Shirinsky V et al., 2014; Gubanova G et al.,
2015] the researchers paid their attention to disregu-

latory processes and metabolic changes observed
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VN[O ey Bt e diovascular system pathology resulted to the de-

crease of bioenergetical processes, the increase of
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the forming of the active oxygen forms and the acti-
vation of lipid peroxidation process [Giordano F,
2005; Chekman I et al., 2008; Gonchar O et al.,
2017; Micova Petal., 2017; Munzel Thet al., 2017]
was noted. The importance of lipid peroxidation
processes as a leading link in the peptic ulcer gene-
sis was also established. Besides, the ability of the
lipid peroxidation products to form the changes of
microvasculature vessels and microhemodynamics
was noted. It was accompanied by the trophic disor-
der, hypoxia of the mucous membrane of the stom-
ach and duodenum [Demir S et al., 2003; Kaur A et
al., 2012; Liu L et al., 2013; Kolotilova M et al.,
2014; Minayan M et al., 2018].

The morpho-functional condition of the vessels
and nitrogen oxide have a great importance in the
pathology’s genesis as endothelium is the tissue
which produces factors of multidirectional action
and endothelial dysfunction with chronic low-level
systemic inflammation play a great role in the EHT
pathogenesis. It was noted that activated proinfla-
mamtory factors with the following affection of
the vascular endothelium can be a result of the he-
modynamic stress which accompanies the athero-
genic process [Harrison D et al., 2011; Rajendran
Petal., 2011; Tuev A et al., 2011; Vasilets L et al.,
2012; Dinh Q et al., 2014, Statsenko M et al.,
2018]. The change of the vascular viscoelasticity
properties is one of the significant manifestations
of the vessels’ affections. An early decrease of dis-
tensibility and elasticity of the great vessels with
an unfavorable prognostic value is noted in EHT
[Nazarova O et al., 2012; Otteeva E et al., 2012;

? Logacheva O et al., 2013; Ecobici

M, Iliesku E, 2017; Safar M et al.,

2018]. The researchers have noted
an importance and a role of hemo-
dynamic and neuro-humoral fac-
tors of a pressor and growth char-
acter. It was established that the
disease with the increase of periph-

To overcome it

is possible, due to the

uniting the knowledge and
will of all doctors in the world

eral vascular resistance caused first of all by the
increase of the resistive vessels tonus with follow-
ing remodeling of the heart and vessels is one of
the severe variants of the EHT course. It was also
noted that oxidative stress can result in worsening
of endothelium-dependent vasodilation due to the
increase of nitrogen oxide inactivation. Besides, a
significant decrease of the nitrogen oxide produc-
tion can be a result of EHT [Topchiy I, 2007; Ma-
vanskaya S et al., 2009; Goneng A et al.,
2013;Mel’nikova Yu et al., 2015]. It was also noted
that it is not the only mechanism of the EHT form-
ing taking into account a possibility of the second-
ary endothelial dysfunction in relation to the vas-
cular remodeling.

It is necessary to mention that endothelial dys-
function occurs not only in the cardiovascular sys-
tem pathology, but also in conditions of the diges-
tive system pathology [Oparin A et al., 2002;
Osadchuk M et al., 2005, Panova [ et al., 2012,
Shankar V et al., 2012; Oparin A et al., 2013;
Kaniovska L et al., 2016] besides, this process is
generalized, and it worsens the functional and pro-
tective properties of the mucous membrane of the
gastrointestinal tract. It is interesting to note that
activity of Willebrand factor as the marker of en-
dothelial dysfunction among the patients with pep-
tic ulcer was caused significantly by the presence
of Helicobacter pylori antibodies. In this connec-
tion endothelial dysfunction wasn’t considered
only as one of the mechanisms of its negative in-
fluence upon the protective mucous barrier of the
stomach but also as one of the potential mecha-
nisms of the complicated course of EHT.

We noted the change of the endothelial function
and metabolic indices in the patients with the co-
morbid course of EHT too [Burmak Yu et al.,
2017]. Besides, taking into account the foregoing
we assumed the presence of the peculiarities of the
hemodynamic and microcirculatory changes in
such patients and it was a ground for carrying out
this work.

The aim of the study was to reveal peculiarities
of cardiohemodynamics, microcirculation and mi-
crovasculature, find their connection with the
changed antioxidative blood potential and endo-
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thelial function and to establish their role as a fac-
tor of worsening of the EHT course in conditions
of comorbidity with duodenal peptic ulcer.

MATERIAL AND METHODS

Totally 68 patients (35 males and 33 females)
with essential hypertension of II stage (medicamen-
tous control) were examined. Among them its course
was isolated in 33 patients (the comparative group)
and 35 patients (the main group) had EHT combined
with duodenal peptic ulcer (the remission phase).
The mean age of the patients was 44.4+2.8 years.
The reference indices were obtained in 23 practi-
cally healthy individuals. They and the examined
patients were of the same sex and age.

The study of structural-functional indices of
myocardium and cardiohemodynamics was carried
out by means of echocardiography (Siemens 1-M,
Germany). The following indices were calculated
and estimated: sizes of the right ventricle and the
left atrium, diameter of the aorta, thickness of the
posterior wall of the left ventricle (PWLV ) and the
interventricular septum (IVS,), the end-systolic and
the end-diastolic dimensions of the left ventricle
(ESD,, and EDD,,, accordingly), the end-systolic
and the end-diastolic volumes of the left ventricle
(ESV,, and EDV,, accordingly), the stroke vol-
ume, cardiac output, stroke index and the cardiac
index,the ejection fraction of the left ventricle and
the total peripheral vascular resistance (TPVR).

The study and the analysis of the microhemocir-
culation and microvasculature condition were con-
ducted by biomicroscopy of bulbar conjunctiva
(BBC) by means of a slit lamp “SL-2B” (“ZOMZ”,
Russian Federation) with calculation of conjunctival
indices (CNI) on the perivascular (CNI, ), vascular
(CNI,), intravascular (CNI ) levels and the index of
the total changes (CNI.), intravascular aggregation of
hemocytes was studied with revealing phenomenon.

The content of the intermediate (diene conju-
gates — DC) and the final (malondialdehyde - MDA)
products of lipid peroxidation, activity of enzymes
of antioxidant protection system (catalase and su-
peroxide dismutase in the blood erythrocytes were
studied by means of spectrophotometry, the integral
index of the antioxidative ability of blood serum

(ITAABS) was calculated as a correlation of the
product of key enzymes of antioxidant protection
(superoxide dismutase x catalase) to the final prod-
uct of lipid peroxidation (MDA), a tissue compo-
nent of the primary hemostasis was estimated by
means of spectrophotometry by ristomycin-inducted
platelet aggregation (RIPA).

Statistical proceeding of the results was carried out
using the license programs packages Microsoft Office
97, Microsoft Excel Stadia 6.1/ prof and Statistica.

RESULTS AND DISCUSSION

During the study of structural-functional indices of
myocardium and systemic hemodynamics (Table 1) it
was revealed that patients with the comorbid course
of EHT (the main group) had hypertrophy of the
myocardium of the left ventricle. PWLV and IVS
were increased in comparison with the indices of
reference norm (accordingly, in 1.5 and 1.8 times;

TaBLE 1
Peculiarities of structural-functional indices of
myocardium and systemic hemodynamics in the
patients with isolated and comorbid course of EHT

Indices Practically Patients with Patients with
healthy EHT EHT(+)
individuals (n=33) (n =35)
(n=23)
RV(mm) 25.5+0.2 28.6+0.3* 28.0+0.3*
AO(mm) 28.5x0.4 29.6+0.6 30.3+0.7
LA(mm) 28.4+0.4 33.1+0.5* 35.7+0.3*
IVS (mm) 7.11+0.4 11.2+0.6* 12.7+0.7"
PWLV (mm) 8.79+0.5 12.7+0.6* 13.5+0.7"
EDD,, (mm) 50.5+0.2 55.1+0.3* 56.7+0.2* *
ESD,,(mm) 33.3+0.2 38.4+0.2* 40.2+0.2*~
EDV,,(ml) 113.145.5 123.6+6.8 129.3+5.3
ESV,, (ml) 47.4+5.1 56.3+5.7 57.2+4.5
EF(%) 60.2+2.3 55.74+2.6 55.8+2.5
SV(ml) 65.1+5.2 69.1+4.6 71.3+5.3
SI(ml/m?) 37.7+2.8 40.1+2.6 41.8+2.1
CO(l/min) 4.93+£0.41 5.39+0.44 5.63+0.42
CI(l/min/m?) 2.89+0.32 3.21+0.26 3.32+0.29
TPVR 1921.3+33.9 2361.1+33.4* 2685.4+51.1*~

(dyne-sm>-s)

Nortke: ENT(+) - Patients with EHT in combination with
duodenal peptic ulcer, significance of differences with
reference results:* - p<0.001; significance of differences
between groups of the patients: **- p<0.001
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p<0.001 in both cases) and exceeded the borders of
physiological parameters [Lang R et al., 2006]. Be-
sides, a significant enlargement of the left chambers
was revealed in these patients in comparison with
the reference norm: left atrium — in 1.26 times
(p<0.001), left ventricle (an increase of ESD ,, and
EDD,, in 112 and 1.21 times, accordingly;
p<0.001). Besides, the presence of increased of the
ESV,, and EDV ,, (p>0.05) had no impact on the
contractile myocardial function and EF of the left
ventricle wasn’t changed significantly. The revealed
peculiarities must have been the result of compensa-
tory mechanisms and the reflection of processes of
myocardial remodeling in conditions of arterial hy-
pertension [Yevtyukhin I et al., 2017]. At the same
time, a significant increase of TPVR was revealed
in the patients with the comorbid course of EHT,
besides, this index was 1.4 times as high as one
among practically healthy individuals (p<0.001).
One should note that the sizes of the left chambers
(LA, ESD,,, EDD,,) in the patients of the main
group were also significantly increased (p<0.001) in
comparison with the patients of the comparative
group, and TPVR in the patients with EHT in co-
morbidity conditions exceeded TPVR in the patients
with isolated course of EHT in 1.14 times (p<0.001).

The same changes of TPVR in the patients with
comorbid pathology were noted by Surmylo N.N.
and co-authors (2018), but we, as distinct from them,
didn’t reveal a connection of this index with other
parameters of hemodynamics. The foregoing was a
proof of the more significant morphofunctional myo-
cardial changes and reflected the presence of an inde-
pendent prognosis-negative factor of the cardiovas-
cular morbidity and mortality [Shelest B, 2016] in the
patients with the comorbid pathology. Resistivity of
the peripheral part of the vascular system was the
most significant in these patients. It was a precondi-
tion for the following study of the condition of micro-
hemocirculation and microvasculature.

Table 2 demonstrates the significant changes of
microvasculature on the perivascular level in the
patients with the comorbid course of EHT (CNI_,
was increased in 17.6 times in comparison with the
reference norm — perivascular edema, simple hem-
orrhages, pigmented spots were diagnosed) and

changes on the vascular and intravascular levels
were also significant (an increase of CNI, ,and CNI
in 2.05 and 9.17 times, accordingly). It was revealed
that inequality of caliber, microvascular tortuosity
and polymorphism, decrease of arteriolovenular co-
efficient to 1:4-1:6 (in practically healthy individu-
als its result was 1:2-1:3), reduction of capillary net
and an increase of functioning arteriolovenular
shunts were the main changes on the vascular level.
Meandrous tortuosity of the veins, venular saccula-
tions were diagnosed in 30 patients with comorbid
pathology (85.7%) (in the comparative group - 21
cases, or 63.6%). The presence of microaneurysms
among the patients of the main group was revealed
in 21 patients (60% cases), whereas among patients
of the comparative group —only in 17 cases (51.5%).
A slow blood flow, a retrograde blood flow, the sta-
sis of the blood in capillaries and some arterioles,
aggregation of erythrocytes, in venules- with the
presence of slage-syndrome of the Il degree — were
the main changes on the intravascular level in the
patients with the comorbid course of EHT. A sig-
nificant increase of CNI_in comparison with the
reference norm (in 3.7 times; p<0.001) was caused
by the foregoing changes of microvasculature on
the perivascular, vascular, and intravascular levels.
It is necessary to note that the significance of the

T4BLE 2
Peculiarities of indices of microhemocirculation and

microvasculature in the patients with isolated and
comorbid course of EHT

Indices Practically Patients with Patients with

healthy EHT EHT (+)
individuals (n=33) (n=35)
(n=23)

CNI 0.08+0.05 0.62+0.14* 1.41+0.16**

PV

CNI 2.28+0.15  3.26+0.15* 4.69+0.22**

\Y

CNI 0.47+0.04 1.41+0.14* 4.31+0.18**

v

CNI 2.84+0.21  5.38+0.23* 10.52+0.28*~

T

Note: ENT(+) - Patients with EHT in in combination
with duodenal peptic ulcer, significance of differences
with reference results: *- p<0.001; significance of
differences between groups of the patients: , **- p<0.001
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changes of indices CNI_, CNI,, CNI , and CNI.in
the patients with EHT in combination with duode-
nal peptic ulcer exceeded the same indices in the
patients with the isolated course of EHT (in 2.2, 1.3,
3 and 2 times, accordingly; p<0.001 in all cases).

It reflected the most significant changes of micro-
hemodynamics and microvasculature in the patients
with EHT in conditions of comorbidity; it was also
mentioned by Shelest B.A. and co-authors (2018).

Some authors have mentioned the changes of
microhemocirculation and microvasculature in the
patients with EHT [Kirichenko A, Averyanova I,
2012; Pries A, 2014; Kvasnikov A et al., 2018].
They have emphasized an important role of the
changes of systemic circulation (an increase of
cardiac ejection), central controlling mechanisms
and the endothelial reaction in microvessels for
forming of the foregoing.

The role of disorders of the regional blood flow
and microcirculation in the process of ulcerogenesis
was shown by Akermi J. and Andreeva Y. (2013)
and Zatorsky H. (2017); besides, the influence of
vasodilators produced by endothelial cells upon the
development of microcirculatory changes was ac-
centuated. It is interesting to note that the pathoge-
netically grounded treatment of the patients both
with EHT and peptic ulcer promoted the diminish-
ing of microcirculatory disorders [Kirichenko A et
al., 2012; Akermi J, Andreeva Y, 2013].

Taking into account the general clinical impor-
tance of the prooxidant-antioxidant balance both
inprotective mechanisms and formation of the in-
ternal organs’ pathology, the study of the content
of intermediate (DC), final (MDA) products of
lipid peroxidation and key enzymes of antioxidant
protection system (superoxide dismutase, catalase)
in the blood of the patients with the comorbid
course of EHT was our following step. Besides, a
significant increase of activity of lipid peroxida-
tion processes in the patients with the comorbid
course of EHT was revealed. It was shown by an
increase of diene conjugates (17.91+0.32 mcmol/I)
and MDA (6.59+0.29 mcmol/l) content in compari-
son with the reference norm, accordingly, in 1.9
times (9.21+£0.09 mcmol/l; p<0.001) and in 2 times
(3.23+0.06mcmol/l; p<0.001). Tt is necessary to

mention that an increase of diene conjugates (in
1.5 times) and MDA (in 1.6 times) in the patients
of the main group was also noted in comparison
with the patients with the isolated course of EHT
(11.86%0.23 mcmol/l and 4.12+0.25 mcmol/l, ac-
cordingly; p<0.001). The obtained results corre-
sponded to the information from available litera-
ture about the role of the oxidative stress in the
realization of the arterial hypertension [Rajendram
Petal., 2013; Vlasenko EM, 2015] and ulcerogen-
esis [Demir S et al., 2003; Kaur A et al., 2012]
mechanisms. Besides, the authors have empha-
sized the importance of antioxidant protection sys-
tems for leveling of oxygen’s active forms. During
the study of a content of the key enzymes of anti-
oxidant protection — superoxide dismutase and
catalase - their downdrift was revealed (25.3+1.8
MU/mgHe u 311.9+10.6 MU/mg Hs, accordingly).
But dynamics of the change of the lipid peroxida-
tion indices and enzymes of antioxidant protection
was the following: IIAABS was more than 2.2
times as little as IIAABS among practically healthy
individuals (1363.8+22.3 t0 3065.1+38.7; p<0.001)
and more than 1,6 times as little as among the pa-
tients of the comparative group (2257.4+25.6;
p<0.001). It was a reflection of the functional ex-
haustion of an enzymatic link of the antioxidant
protection system. It is necessary to emphasize the
negative correlation relationship between IIAABS
and CNI, (r=-0.467; p<0.05). It reflects participa-
tion of lipoperoxid homeostasis’ disorders in the
formation of the changes of microvasculature and
microhemocirculation. During the following study
of the functional condition of the vascular-platelet
link of the primary hemostasis we didn’t reveal
any significant changes in the indices of the func-
tional tests but a significant increase of RIPA as an
index of the high thrombogenic risk [Voznyuk L et
al., 2012; Gomellya M, 2014] was revealed. Be-
sides, its value in the patients with the comorbid
course of EHT (136.6+£4.5%) exceeded the refer-
ence result (94.06£2.11%; p<0.001) in 1.45 times
and the analogous index of the comparative group
(123.3£2.61%; p<0.05) in 1.11 times. The revealed
positive correlation relationship between RIPA and
CNI_ (r= +0.465; p<0.05) directed totally to their
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community in the mechanisms of the development
of the microhemocirculation’s and microvascula-
ture changes.

Thus, the study and the analysis of cardiohemo-
dynamics, microhemodynamics and microvascula-
ture, of the content of lipoperoxidation products, the
activity of enzymes of antioxidant protection and
estimation of the tissue component of the primary
hemostasis in the patients with comorbid duodenal
peptic ulcer gave us an opportunity to establish a
number of peculiarities presented below.

CONCLUSION

The significant increase of resistivity of the pe-
ripheral part of the vascular system (TPVR) with
the presence of the significant changes of micro-

ABBERVATIONS

AO - diameter of the aorta

BBC - biomicroscopy of bulbar conjunctiva

CNI - conjunctival indices

CNI,, - intravascular conjunctival indices

CNI,,, - perivascular conjunctival indices,

CNI; - total conjunctival indices

CNI,, - vascular conjunctival indices

CO - cardiac output

CT - catalase

DC - diene conjugates

EDD,,, - end-diastolic dimensions of the left ventricle
EDV,, - end-diastolic volumes of the left ventricle
EF - ejection fraction
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