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The most common cardiovascular disease in the world is coronary heart disease (CHD). The course of CHD against
the background of anemia is associated with a more severe clinical condition. Purpose: to evaluate the clinical and
functional parameters of ischemia, the presence of pathological cardiac arrhythmias and the clinical efficacy of
treatment with nitric oxide donors in patients with coronary artery disease and anemia. 95 patients with IHD were
examined. 53 patients with CHD and iron-deficiency anemia of main group, were divided into two subgroups. 24
patients of the first subgroup were recommended standard therapy for CHD and anemia. 29 patients of the second
subgroup additionally took L-arginine. The control group consisted of 42 patients with CHD without anemia who
received standard therapy. At the beginning of the study, compared to the control group, patients in the main group
had more pronounced ischemic changes and heart failure; significantly lower median circadian index (Cl) of heart
rate; a greater number of extrasystoles; greater total number of patients with atrial fibrillation. Against the back-
ground of therapy, the index of "total burden of ischemia", Cl, the percentage of changes in the number of extra-
systoles in the dynamics in the second subgroup was comparable to the indicators of the control group and differed

from the first subgroup.
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Communication of the publication with planned
research work. The study is a fragment of the research
work of the Department of Internal Medicine 3 of the
Dnipro State Medical University «Clinical, functional and
morphological changes in the cardiovascular system in
patients with acute and chronic coronary heart disease,
arterial hypertension and heart failure in combination
with concomitant pathology» State registration number
0120U102731

Introduction. Ischemic heart disease (CHD) is consid-
ered the most common pathology among heart diseases
both worldwide and in Ukraine. Mortality from complica-
tions of coronary artery disease is also very high. Accord-
ing to the World Health Organization (WHO), in the struc-
ture of mortality from cardiovascular diseases (CVD), the
proportion of coronary artery disease and strokes is 85%
[1,2,3].

According to statistics, 649,999 deaths were record-
ed in Ukraine in 2021. A greater number of deaths were
caused by diseases of the cardiovascular system (429,291
cases), including coronary heart disease — 300,406 cases
[4].

Structural changes in the heart are more common in
middle-aged and older patients and underlie cardiovas-
cular complications in general and sudden cardiac death
(SCD) in particular. CVD is one of the most important
causes of death in the world. Up to 20% of all cases of
SCD are associated with arrhythmias [5].

The role of multifactorial influence on the risk of com-
plications cannot be overestimated, especially in aged
patients. After all, comorbidity increases with age [6-10].

Among comorbid conditions in cardiology, IHD, ar-
rhythmias (including supraventricular and ventricular ex-
trasystole, atrial fibrillation), arterial hypertension (AH),
chronic kidney disease (CKD), chronic obstructive pulmo-
nary disease (COPD) are more common; iron deficiency)
[6,11-19].

As with CAD, the prevalence of anemia increases with
age and is associated with a more severe condition. It is

known that coronary artery disease and anemia, inde-
pendently of each other, have a negative impact on a per-
son’s condition, worsening the quality of life and reduc-
ing performance. At the same time, a number of studies
have confirmed the negative combined effect of coronary
artery disease and anemia on the risk of complications,
including SCD [20-27].

The “total severity of ischemia”, detected by Holter
ECG monitoring (HM ECG), is an objective criterion for
the severity of IHD, associated with an unfavorable prog-
nosis (an increase in the number of acute myocardial in-
farctions and mortality), if it exceeds 60 minutes per day.
The concept of total ischemic load includes all types of
ischemia, including symptomatic and asymptomatic epi-
sodes, and should be taken into account in patients with
stable angina [28].

Changes in heart rate (HR) per day can also signal
an increased risk of fatal and non-fatal cardiovascular
complications. Thus, changes in the circadian index (Cl)
may indicate insufficient activity of the vagus nerve or,
conversely, excessive activation of the sympathoadrenal
system, which increases the likelihood of life-threatening
cardiac arrhythmia [28].

Hypoxia and nitric oxide deficiency play a significant
role in the pathogenesis of ischemia [29-37], but there is
insufficient data on the effect of mild and moderate ane-
mia on the clinical and functional parameters of ischemia
in middle-aged and older patients with coronary artery
disease.

The therapeutic potential and safety of L-arginine for
the correction of oxide deficiency have long been known
[38-45], but require a more detailed study of its effect on
the clinical and functional parameters of ischemia in mid-
dle-aged and older patients with coronary artery disease
and anemia.

Purpose of the study — assessment of clinical and
functional indicators of ischemia, the presence of path-
ological cardiac arrhythmias and the clinical efficacy of
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Table 1 — General characteristics of the examined patients

at the beginning of the study

mia (beta-blockers, ACE inhibitors or
sartans, statins, aspirin; if necessary,

antiarrhythmics, diuretics, calcium

Main Control Difference : .
Indicator group group between | channel blockers; iron preparations
(n=53) (n=42) groups(p) | to correct anemia). The second sub-
male 18/34,0% | 16/38,1% | >0,05 | group of the main group included
gender, 29 patients, in addition to standard
abe. /% female 35/66,0% | 26/61,9% | >0,05 D o
ki 77 ’ therapy, they additionally received L-
Age,years, M+m 73,1+1,2 | 72,8+1,3 >0,05 arginine (orally and intravenously ac-
. cording to the scheme: intravenously
Hemoglobin, g/I, Mtm 113,4+1,3 | 135,3+1,7 <0,001
& e/ for 7-10 days (100 ml/day), followed
Atrial fibrillation in history, abs. /% 19/35,8% | 7/16,7% <0,05 by oral administration of 5 ml 3 times
The average number of supraventricular 1721 79,5 <0.001 a day, 3 courses according to 30 days
extrasystoles per day, Me (LQ; HQ) (0; 4252) (0; 315) ’ The control group consisted of 42 pa-
Average numbe(; of vlslntrli-cu'lzr extrasystoles per 72;4;249 4§-3f628 <0,001 tients (from 58 to 86 years old, mean
ay, Me (LQ; HQ) (729;3649) | (43; 1048) age 72,8+1,2 years) with coronary
Circadian index, Mtm 1,125+0,005| 1,21+0,009 <0,001 heart disease without anemia’ who
* «total burden of ischemia» (min.) according to 135 103,0 <0.001 received standard therapy.At the be-
HM-ECG, Me (LQ; HQ) (108; 138,0)|(48,0; 127,5) ’ ginning of the study, all groups and
* «total burden of ischemia» for XM-ECG, abs. /%:| 53/100% | 42/100% >0,05 subgroups were statistically compa-
FCll 11/20,7% | 18/ 42,9% rab!e (F,’>,O'05) by gender, age, and
main clinical and laboratory param-
FCIll 38/71,7% | 20/ 47,6% <0,05 eters [46]. The period of observation
FCIV 4/ 7,6% 4/9,5% of patle.nt:s was 6 mor)ths.
Statistical processing of the study
Clinical stage of heart failure (HF) materials was performed using para-
HE | 24/ 45,3% | 26/ 61,9% metric and nonparametric statistical
N o methods implemented in the STA-
HF LA 21/39,6% | 11/26,2% >0,05 TISTICA software package version
HF 11 B 8/15,1% | 5/11,9% 6.1 (Statsoft Inc., USA) (serial no.

Notes: * — «total burden of ischemia» (only for patients with angina pectoris) according to HM-
ECG: FC | — less than 1% (total duration of ischemia less than 14,5 minutes); FC Il — 1-4% (15-59
minutes); FC Il — 5-10% (60-142 minutes); FC IV — more than 10% (total duration of ischemia more

than 143 minutes) [28].

treatment with nitric oxide donors in patients with coro-
nary artery disease and anemia.

Object and methods of research. We examined 95
patients with coronary artery disease who were hospi-
talized in the departments of cardiology and therapeutic
profile in the city of Dnipro. The main group consisted
of 53 patients (from 56 to 85 years old, on average —
73,1+1,2 years), coronary heart disease in combination
with iron deficiency anemia (IDA) of mild and moderate
severity (hemoglobin level —113,4+1,3 g/I). Patients were
randomly divided into two subgroups. The first subgroup
of the main group consisted of 24 patients who received
standard therapy for coronary artery disease and ane-

Table 2 — Dynamics of the circadian index in patients

AGAR909E415822FA). To character-
ize and compare quantitative data
distributed according to the normal
law (Shapiro-Wilk and Liliefors tests),
we used the arithmetic mean (M),
its standard error (xm), Student’s t-tests for dependent
(T) and independent (t) samples, and the test Tukey’s
multiple comparison (Tukey’s HSD); with abnormal dis-
tribution — median (Me), quartile (LQ; HQ) and the cor-
responding tests of Wilcoxon (W), Mann-Whitney (U) and
Dunn (Dunn’s Q test). Comparison of relative indicators
was carried out according to Pearson’s Chi-square test
(x2). Differences in indicators between groups were con-
sidered statistically significant at p<0,05.

Results of the study and their discussion. At the be-
ginning of the study, during Holter ECG monitoring (HM
ECG), atrial fibrillation was recorded in 19 patients with
coronary artery disease on the back-
ground of anemia and 7 of patients with
coronary artery disease (p<0,05 between

of the study groups
. Control group| 1stgroup | 2nd group
Indicators (n=42) (n=24) (n=29)

Differences between

groups). The heart rate parameters at

groups (p) the beginning of the study also differed

Average level of Cl, M+m:

- before treatment| 1,210+0,009 | 1,138+0,008 | 1,115+0,007

p,.,<0,001; p,,<0,001;

in the main and control groups: the aver-
age heart rate levels in the active/passive

p,,>0,05 period of the day in patients of the main

- after 6 months* | 1,277£0,007 | 1,231+0,010 |1,282+0,010

p,,<0,01; p ,>0,05;

group were 82,2+1,6/73,1+1,4 bpm, and

p,,<0,001 in control — 78,5+1,6/64,2+1,3 beats/

Number of patients with deviations from the norm, abs./%

min. (p>0,05/p<0,001). A decrease in the

- before treatment| 24/57,1% 24/ 100% 29/ 100%

p,,<0,001; p,,<0,001;

circadian index (the ratio of heart rate in

p,,>0,05 the active period of the day to the heart

- after 6 months* 1/ 2,4% 11/ 45,8% 2/6,9%

p,,<0,001; p,_,>0,05;

rate in the passive period of the day; the

p..<0,001 norm is 1,22-1,45) was observed in 24
12 Y

Notes: *significant changes compared to the indicator for treatment in the corresponding
group (p<0,001); p, ,, B, ,» P, ,— the level of statistical significance of differences in indicators

between the respective groups.

(57,1%) patients with coronary artery
disease without anemic syndrome and
in 53 (100,0%) patients IHD with anemic
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syndrome (p<0,001). The relevant data
are shown in table 1.

Table 3 — Dynamics of indicators of manifestations
of arrhythmia in patients of study groups

When comparing the dynamics of

the circadian heart rate index in pa- Indicators

Control

group
(n=42)

differences between
groups(p)

1st 2nd group
group(n=24)| (n=29)

tients of the main group — the first sub-

The average number of extrasystoles per day, Me (LQ; HQ):

group (patients who received only iron
preparations), the second subgroup

(patients who received iron prepara-
tions and L-arginine), and the control

group (CHD without anemia), it was
found that in patients of the control

group, on the background of standard (8,%)

-before treatment 880, 4232,5 4849  |p,,<0,001;p,,<0,001;
(233; 1531) |(2355; 7880)((2808; 7792) p,,>0,05

263,5 M 2267,5 M 1832 A" |p <0,001; p <0,001;

_ * ) ’ K, ) 7 P ) ;
after 6 months (87;442) |(1243;5105)| (821;2924)| ~ p,,<0,05

Percentage of indicator| 70,9 -39,9 -65,6 b_,<0,001; p,_,>0,05;

changes in dynamics

(-78,9; -61,4)|(-49,8; -29,5)|(-70,7; -55,7) p,,<0,001

therapy of coronary artery disease, the

The average number of supraventricular extrasystoles per day, Me (LQ; HQ):

circadian index increased significantly
and reached normal values in 97,6% of

patients (table 2).
In the patients of the first subgroup

] 79,5 1036,5 1760 p,,<0,01; p,,<0,01;
before treatment (0; 315) (0; 4061) | (0;4277) ' p172>0,65
789
21,5 828 P,4<0,001; p ,<0,01;
- * 4 ; K- ! S T
after 6 months (0;87) A | (0; 3021) A (366,/\/1\725) : p1,2>0,0§

of the main group against the back-

The average number of ventricular extrasystoles per day, Me (LQ; HQ):

ground of standard therapy of coronary
heart disease and anemia, the Cl heart

1603

rate normalized in half (54,2%) of the
patients, while in the patients of the
second subgroup (with the addition

434,5 1456 p..<0,001; p ,<0,001;
-before treatment o (731; . Kl TR D TR
(43;1048) | oo | (728;3892) p,,>0,05
654 450
; ¥ 156 . . p,,<0,001; p_,>0,05;
after 6 months (12; 434) An (243,/\/1\748) (16,/\1/\227) 1 p1,2<0,0§

of L-arginine) the restoration of the C| Notes: * The effectiveness of antiarrhythmic therapy — the number of cases with a decrease

heart rate to normal values was noted
in 93,1% of patients.

and ventricular) is more pronounced in
patients with coronary artery disease

in the dynamics of the total number of extrasystoles per day by 50% or more; significant
changes compared to the indicator for treatment in the corresponding group (* — p<0,05; A —
p<0,001); p, ., P, ,» P, ,— the level of statistical significance of differences in indicators between
Extrasystole (both supraventricular the respective groups.

Table 4 — Dynamics of indicators of ischemia manifestations

in patients of study groups

on the background of iron deficiency
anemia than without it. When compar-

ing the results of treatment of patients
of both subgroups of the main group, it
turned out that a greater antiarrhyth-

mic effect was found in the second sub-
group (with the addition of L-arginine).

The results are shown in table 3.
Total severity of ischemia» (total du-
ration of episodes of symptomatic and

indicators Control 1st 2nd group |difference between
group (n=28)| group(n=16) (n=20) groups(p)
The average level of «total burden of ischemia», min., Me (LQ; HQ):
B 103,0 127,0 136,0 p,,<0,01; p ,<0,01;
before treatment | 13 0,'157,5)((110,0; 138,5)|(106,0; 142,0)| " p,,>0,05
_ 46,5 MA 76,0 AN 60,0 ArM - |p 1 <0,01; p, ,<0,05;
afterbmonths | 366 63.0)| (58,5;97,0) | (43,0;72,0) |~ p,,<0,05
Changes mdynames | 508 | 02 | sse | B
(AI%) < ’ el 7 arl ’ p1-2<01001

asymptomatic ischemia) is considered Notes: * The effectiveness of anti-ischemic therapy is the number of cases with a decrease in
an objective measure of the severity of the dynamics of the «total burden of ischemia» by 50% or more; significant changescompared
CAD. The initial duration of all episodes to the indicator for treatment in the corresponding group (* — p<0,05; A — p<0,01; AN —

of ischemia (symptomatic and asymp-
tomatic) was longer in the main group
compared to the control group. Against the background
of IHD and anemia therapy in the main group, the dynam-
ics of the anti-ischemic effect (the percentage of changes
in the indicator over time (A%)) was more pronounced
in the second subgroup than in the first subgroup. The
results are shown in table 4.

Conclusions.

1. In patients with coronary artery disease and con-
comitant anemia, the severity of ischemic changes, car-
diac arrhythmias, and heart failure were significantly
higher than in patients with coronary artery disease with-
out anemia;

2. The median circadian heart rate index was less than
normal in both groups, but in the group of patients with
anemia, this indicator was significantly lower;

3. A decrease in the circadian heart rate index in iron
deficiency anemia is associated with an increase in the
number of supraventricular and ventricular extrasystoles
and the incidence of atrial fibrillation;

p<0,001); p, ,, P, ., P,,— the level of statistical significance of differences in indicators between
the respective groups.

4. During therapy, the “total burden of ischemia” de-
creased in both groups, was comparable in the second
subgroup (with L-arginine) and the control group (pk-
2>0,05), but remained higher in the first subgroup (pk-1
<0,01; p1-2<0,05);

5. The dynamics of the circadian HR index was similar:
in all groups there was a decrease in HR Cl, but in the first
subgroup the effect was lower than the control group and
the second subgroup (pk-2>0,05; pk-1<0,01; p1-2<0,001).

6. The number of extrasystoles decreased in both
groups. The percentage of changes in the indicator of the
number of extrasystoles in dynamics in the second sub-
group was significantly higher than in the first, and then
comparable with the indicator of the control group (pk-
1<0,001; pk-2>0,05; pk-1<0,001).

Prospects for further research. The prospect of fur-
ther research is to analyze the effect of iron metabolism
on the clinical and functional parameters of ischemia in
patients with coronary heart disease.
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OOHATOPU OKCUAY A30TY B KOMMNMNEKCHOMY J1IKYBAHHI XBOPUX 3 ILLEMIYHOKO XBOPOBOIO CEPLA |
AHEMIEKO: AHTUILLEMIYHI TA AHTUAPUTMIYHI E®EKTU

XaHtokos O. 0., 3aaupb I. O.

Pestome. IwemiyHa xBopoba cepus (IXC) € HaMbiNbLW NOWMPEHUM CEPLEBO-CYAMHHUM 3aXBOPHOBAHHAM Y CBITI,
4YacTOTa BUABNIEHHA AKOrO 3pOCTAE 3 BIKOM. POCNOBCIOAXKEHICTb aHEMIT TAaKOXK MiABULLYETLCA 3 BIKOM i aCOLLIHOETLCA 3
6iNbLL TAXKKMM CTAHOM NALLIEHTIB, WO XBOPitoTb Ha IXC. Y L€l KaTeropii XBOPUX TaKOXK 3POCTAE PUIMNK YCKNALHEHD, Y
TOMY unchi i pantosoi cepueBoi cmepTHocTi (PCC). MeTa: ouiHKa KNiHiKo-dyHKLioHabHMX NMOKa3HUKIB ilemii, Hass-
HOCTi NATO/IONYHMX NOPYLIEHb PUTMY CEPLA Ta KAiHIYHOT epEKTUBHOCTI NiKyBaHHA AOHATOPaMM OKCUAY a30Ty Y XBO-
pux Ha IXC i aHemito. ObcTexkeHo 95 xBopumx Ha IXC. OcHoBHY rpyny cknanm 53 xsopux Ha IXC i3 3anizo-gediuntHoO
aHemieto, AKi Bbynn nogineHi Ha ABi nigrpynu. 24 nauieHTam nepLioi niarpyny 6yna pekomeHaoBaHa CTaHAAPTHA
Tepanin IXC Ta aHemii. 29 naujieHTiB gpyroi nigrpynu 4o4aTkoBO Npuiimanm L-apridiH. KoHTpoabHY rpyny cknanm 42
nauieHTn 3 IXC 6e3 aHemii, AKi OTPMMyBanM CTaHZAPTHY Tepanito. Ha novaTky AOCAIAKEHHA BUPAXKEHICTb iLLEMiYHNX
3MiH Ta cepueBOi HeAOCTaTHOCTI Y NaLiEHTIB OCHOBHOI rpynun 6yna 6ifblWoo, HiXK Y KOHTpOAbHIN. MeaiaHa uup-
KagHoro iHaekcy YCC 6yna meHLwa 3a HoOpmy B 060X rpynax, asie B OCHOBHII rpyni Lei NokasHWK 6yB AOCTOBIPHO
HUXUYMM. Bifnblua cepeaHaA KiNbKiCTb KTPACUCTON (K CynpaBeHTPUKYAAPHUX, TaK i LWYHOUYKOBUX) 3apeecTpoBaHa B
OCHOBHIl rpyni. 3arasibHa KiNbKicTb NaLieHTiB 3 GpibpunsaLieto nepeacepab 6yna Takoxk 6inbLIOK B OCHOBHIN rpyni.

Ha ¢oHi Tepanii nokasHMK «3aranbHOro TArapsa iwemii» 3HM3MBCA B 060X rpynax i 6yB 3icTaBHUM B ApYrii Mia-
rpyni (3 L-apriHiHom) i rpyni koHTponto (p, ,>0,05), ane 3annMwasca BuwMM y nepwiii nigrpyni (p, ,<0,01; p, ,<0,05).
[OuHamika umpKagHoro iHAeKcy byna cxoKoto: y BCiX rpynax BiAsHauyanoca 3HuMxKeHHA LI, ane B nepuwiin niarpyni
edeKT 6yB HMXUMM 33 KOHTPOALHY Tpyny i Apyry migrpyny (p, > 0,05; p, ,<0,01; p, ,<0,001). KinbkicTb ekcTpacucTon
3MeHLWwunNacs B 060x rpynax. BigcoToK 3miH NMoKa3HUKa KiNbKOCTi eKCTpacucTon y AvHamili y apyriv nigrpyni 6ys
AOCTOBIPHO BULIMM, Hi3K Y Nepuwiii, Ta 6yB CRiBCTaBHMM 3 MOKa3HMKOM KOHTPOAbHOI rpynu (p, ,<0,001; p ,>0,05,
p,,<0,001).

Knrouosi cnosa: iluemiyHa xBopoba cepus, aHemMis, MOPYLIEHHA PUTMY CePLSA, /TiIKYBaHHA.

NITRIC OXIDE DONATORS IN COMPLEX TREATMENT OF PATIENTS WITH CORONARY HEART DISEASE AND
ANEMIA: ANTIISCHEMIC AND ANTIARRHYTHMIC EFFECTS

Khanyukov O. 0., Zaiats I. O.

Abstract. Coronary artery disease (CHD) is the most common cardiovascular disease in the world, the incidence
of which increases with age. The prevalence of anemia also increases with age and is associated with a more severe
condition in patients with CAD. This category of patients also has an increased risk of complications, including
sudden cardiac death (RCD). Purpose: to evaluate the clinical and functional parameters of ischemia, the presence
of pathological cardiac arrhythmias and the clinical efficacy of treatment with nitric oxide donors in patients with
coronary artery disease and anemia. 95 patients with IHD were examined. The main group consisted of 53 IHD
patients with iron deficiency anemia, which were divided into two subgroups. 24 patients of the first subgroup
were recommended standard therapy for coronary artery disease and anemia. 29 patients of the second subgroup
additionally took L-arginine. The control group consisted of 42 patients with coronary artery disease without anemia
who received standard therapy. At the beginning of the study, the severity of ischemic changes and heart failure in
patients of the main group was greater than in the control group. The median circadian heart rate index was less
than normal in both groups, but in the main group this indicator was significantly lower. A greater average number
of extraistols (both supraventricular and ventricular) was registered in the main group. The total number of patients
with atrial fibrillation was also higher in the main group.

During therapy, the indicator of «total ischemia burden» decreased in both groups and was comparable in the
second subgroup (with L-arginine) and the control group (p, ,>0,05), but remained higher than the first subgroup
(p,,<0, 01; p, ,<0,05). The dynamics of the circadian index was similar: in all groups there was a decrease in Cl HCC,
but in the first subgroup the effect was lower than the control group and the second subgroup (p, ,>0,05; p, ,<0,01;
p,,<0,001). The number of extrasystoles decreased in both groups. The percentage of changes in the indicator of
the number of extrasystoles in dynamics in the second subgroup was significantly higher than in the first, and then
comparable with the indicator of the control group (p, ,<0,001; p, ,>0,05, p, ,<0,001).
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INFLUENCE OF CHRONIC MILD STRESS ON RAT BEHAVIOR UNDER
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Vulnerability to the development of mood disorders, such as anxiety disorders and depression, depends on a
combination of genetic and environmental factors, among which stress plays a significant role. Not everyone who
experiences stress develops a mood disorder. Stress resistance is the ability to experience stressful events without
the development of chronic stress (psychological and / or biological) and related changes in emotional behavior.
Susceptibility to stress is associated with psychological factors such as passive coping skills and high emotional re-
activity, but is also associated with biological factors such as hypo- or hypersensitivity to the stress response system,
sex hormones, central and peripheral immune activation and glucocorticoid resistance. Interestingly, the level of
biological response to stress and related neuroendocrine systems influences stress management, active stress man-
agement is enhanced by antidepressants. This suggests that drugs that affect the biological side of stress resistance
may increase the effectiveness of existing treatments and preventive care. Intestinal microbiome is a biological fac-
tor that can affect resistance to stress. The widespread impact of gut microbiota on human health, including mental
health, has come to be understood over the last decade. The gut-brain axis is a bidirectional link between the gut and
the central nervous system, which plays an important role in maintaining nervous, hormonal, and immunological
homeostasis. With the advent of evidence that gut microbiome can affect symptoms of depression and anxiety, it is
now seen as a key component of this gut-brain cross-interaction, and the term has been extended to the gut-brain-
brain axis. Stress also alters the intestinal microbiota, and the effects of early life stress on the microbiota can extend
to adulthood.

This work covers the study of the effect of chronic mild stress on behavioral responses in experimental conditions.
Key words: stress, microbiota, probiotics, vitamin D,
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Introduction. Today, no one denies the existence of
the so-called intestinal nervous system, which is located
between the esophagus and intestines and consists of
100 million nerve cells; there are more of them in it than
in the spinal cord [1-4]. This is the second most difficult
cluster of nerves in the human body after the brain,

which is tentatively called «gut brain» [5-7]. Moreover,
our brain with all its feelings, emotions and thoughts
constantly communicates with the «gut brain». This
process of communication is called the «gut-brain axis»
[8, 9].

Recently, scientists have shown that the presence of
intestinal microbiome at an early stage of development
affects the topology of neurons (a set of properties of
entire areas of the brain) associated with anxiety and
depression [10]. Intestinal microbiome is associated
with specific behavior, stress and disease. Changes in
the intestinal microbiome can affect the development of
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