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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Introduction. The results of recent studies indicate that 
arterial hypertension (AH) remains one of the most common 
chronic non-communicable diseases, as well as a leading factor 
in cardiovascular and general mortality in most countries [1].

Despite significant progress in research on the pathogenesis of 
hypertension, the study of genetic, epigenetic, humoral, cellular, 
and metabolic factors in the development and progression of 
hypertension [2-5], there is a constant increase in its prevalence 
[1,5]. In accordance with expert forecasts, by 2025 the number 
of hypertensive patients will increase by 15-20% and reach 
1.5 billion people [1]. Therefore, the search for new links in 
the pathogenesis of hypertension remains an extremely urgent 
problem.

A new direction in the study of the mechanisms of 
development and progression of hypertension is the study of the 
role of gut microbiota (GM), which is of great importance not 
only in the pathogenesis of gastrointestinal diseases, but also 
cardiovascular and metabolic diseases [6-9].  According to the 
results of studies carried out in recent years, the main dysbiotic 
factors that can play a role in the pathogenesis of hypertension  
include disturbances in the composition of GM  and the  ratio of  
its   main  phylotypes, an increase in the  formation of endotoxin 
(lipopolysaccharides (LPSs) of the cell wall of gramm-negative 
bacteria) in the intestines, a disturbances  of the integrity of the 
intestinal barrier and an increase in its permeability to  LPSs, the 
penetration of the latter into bloodstream and the  development 
of  the  endotoxinemia,  an increase formation of trimethylamine 
N-oxide (TMAO),  impairment of the  production of short-chain 
fatty acids (SCFAs) and their bonds  with specific receptors [10-
13]. It is interesting that even in patients with prehypertension, 
certain features of the GM composition are revealed, in 
particular, an increase in  the number of  Klebsiella spp.  and 
a   decrease in the number of bacteria, the main producers of 
SCFAs, which is typical for patients with formed hypertension 
[12,14].

However, the data on the relationship between hypertension 
and abnormalities in GM parameters are contradictory. So, on 
the one hand, the microbial diversity of the intestine negatively 
correlates with systolic blood pressure (BP) [10,15], on the other 
hand, on the contrary, an increase in the microbial diversity of 
the intestine was revealed in patients with hypertension [16]. 
There is also no single point of view as to which representatives 
of GM and their changes are associated with the development 
of hypertension. That is, the role of GM in the pathogenesis of 
hypertension requires further study.

The aim of the work is to study the quantitative characteristics 
of GM in patients with AH - residents of Ukraine in comparison 
with practically healthy individuals.

Materials and methods. In the conditions of the Department 
of Hypertension and Kidney Diseases of the Government 
Institution “L. T. Malaya Therapy National Institute of the 
National Academy of Medical Sciences of Ukraine” (Kharkiv), 
36 patients with AH stage II, 2-3 degrees (20 men and 16  
women) aged from 40 to 65 were examined (average age – (50.1 
± 6.2).

          In accordance with the goal, the criteria for inclusion 
in the study were as follows: the patient's written consent 
to participate, age - from 40 to 65, the presence of stage II 
hypertension, 2-3 degrees against the background of normal 
body weight.

Exclusion criteria from the study: symptomatic forms of 
hypertension, obesity and overweight, myocardial infarction 
and angina pectoris, heart failure of II-IV functional classes 
(according to NYHA), congenital and acquired heart defects, 
atrial fibrillation, diabetes mellitus, chronic kidney disease, 
stage IIIa and higher, severe concomitant pathology (severe 
liver disease, gastrointestinal tract, bronchopulmonary and 
oncological diseases), the use of antibacterial drugs for the last 
3 months.

All patients underwent general clinical, laboratory and 
instrumental examination. Verification of hypertension, its 
degree, stage, and risk stratification of complications was carried 
out in accordance with the latest European guidelines [1].

The quantitative composition of the GM was assessed by the 
polymerase chain reaction (PCR) method with hybridization-
fluorescent detection of the results in the real time mode and 
with the test system  "COLONOFLOR-16 (biocenosis)" 
("ALFALAB").  PCR was performed with a PCR product 
detection system in the real time mode - CFX96 Touch (Bio-
Rad). 

The study of the composition of microbial flora in fecal samples 
consisted of 2 stages: 1) DNA extractions; 2) amplification 
of specific DNA dishes by PCR method with hybridization-
fluorescent detection of amplification products in real-time 
mode. To carry out the reaction, specific oligonucleotide 
primers and specific oligonucleotide probes Taqman were used.

An analysis of the given data is sent to the file for some 
processing of the results, which is included in the set 
(Kolonoflor_17_10.exe). The calculation for each indicator was 
performed using a formula that describes the dependence of 
the threshold cycle Ct on the initial concentration of the DNA 
fragment. The conversion of the values of the threshold cycle 
Ct in the number of copies per ml was performed on the basis 
of the Pfaffle method, adjusted for amplification efficiency. 
The obtained values (copies / ml) were converted into colony-
forming units (CFU) / ml (10 ^ X CFU / ml, where X is the 
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degree). For further statistical analysis, the data were presented 
in the form of a decimal logarithm - lg / CFU / ml. 

The list of identified microorganisms and their reference 
values are given in Table 1.

Table 1. Reference values of GM indicators, which were studied in the 
work.
№ GM indicators Reference values
1 Total bacterial mass, CFU / ml 10^11 – 10^13
2 Lactobacillus spp., CFU / ml 10^7 - 10^8
3 Bifidobacterium spp., CFU / ml 10^9 - 10^10
4 Escherichia coli, CFU / ml 10^6 - 10^8
5 Bacteroides fragilis group, CFU / ml 10^9 - 10^12
6 Faecalibacterium prausnitzii, CFU / ml 10^8 - 10^11
7 Klebsiella pneumoniae, CFU / ml Not more than 10^4
8 Klebsiella oxytoca, CFU / ml Not more than 10^4
9 Candida spp., CFU / ml Not more than 10^4
10 Staphylococcus aureus, CFU / ml Not more than 10^4

11 Escherichia coli enteropathogenic, 
CFU / ml Not more than 10^4

12 Enterococcus spp., CFU / ml Not more than 10^8

13 Bacteroides thetaiotaomicron, CFU 
/ ml Any quantity is allowed

14 Clostridium difficile, CFU / ml Absent
15 Clostridium perfringens, CFU / ml Absent
16 Proteus spp., CFU / ml Not more than 10^4

17 Enterobacter spp. / Citrobacter spp., 
CFU / ml Not more than 10^4

18 Fusobacterium nucleatum, CFU / ml Absent
19 Parvimonas micra, CFU / ml Absent
20 Salmonella spp., CFU / ml Absent
21 Shigella spp., CFU / ml Absent

22 Аkkermansia muciniphila, CFU / ml Any quantity is allowed 
up to 10^11 

23 Bacteroides fragilis group/
Faecalibacterium prausnitzii  ratio 0,01- 100

Note: CFU - colony-forming unit

The control group consisted of 20 healthy individuals (11 men 
and 9 women) aged 29 to 50 without cardiovascular and other 
chronic diseases.

Statistical analysis of the data was performed using standard 
methods using Microsoft Excel 17.0. The Kolmogorov – 
Smirnov test was used to assess the nature of the distribution as 
a whole from sample data. The results are given as the median 
(Me) and the interquartile range (25 and 75 percentiles). The 
significance of the differences was determined using the Mann 
– Whitney U test. The critical significance level for all tested 
statistical hypotheses is p<0.05.

Results and discussions. As a result of the work, it was 
revealed that the overwhelming majority of GM indicators 
in the examined practically healthy individuals of the control 
group were within the framework of the reference values of 
the formal norm. There were only minor deviations from the 
reference values of the following GM indicators: total bacterial 
mass (increased in 5% of individuals in the control group), the 
amount of Lactobacillus spp. and Bifidobacterium spp. (reduced 
in 10% of individuals) and the number of Escherichia coli 

(reduced in 5% of individuals).
In patients with hypertension, significant differences 

were found in the number of individual indicators of GM in 
comparison with the reference values. On the one hand, the 
number of  GM indicators in patients with hypertension was 
reduced in comparison with the reference values. In 100% of 
patients, there was a decrease in the number of Lactobacillus 
spp., in 83% - Bifidobacterium spp., in 17% - Escherichia colі 
and in 42% - Faecalibacterium prausnitzii. On the other hand, 
17% of patients with AH had an increase in the total bacterial 
mass and the number of Bacteroides fragilis group, 8% - an 
increase in the number of Enterobacter spp./Citrobacter 
spp. Also, in 8% of hypertensive patients, an increase in the 
Bacteroides fragilis group / Faecalibacterium prausnitzii  ratio 
was found in comparison with the reference values, which 
characterizes anaerobic intestinal imbalance.

Deviations in the number of Klebsiella pneumoniae, Klebsiella 
oxytoca, Candida spp., Staphylococcus aureus, Escherichia 
coli enteropathogenic, Enterococcus spp., Bacteroides 
thetaiotaomicron, Clostridium difficile, Clostridium perfringens, 
Proteus spp., Fusobacterium nucleatum, Parvimonas micra, 
Salmonella spp. Shigella spp., Аkkermansia muciniphila   from 
the reference values in patients with hypertension was not 
detected.

Further, we analyzed the peculiarities of the quantitative 
composition of GM by the absolute values of individual 
microorganisms in patients with AH in comparison with 
practically healthy individuals in the control group.

Due to the fact that such representatives of GM as Klebsiella 
pneumoniae, Klebsiella oxytoca, Candida spp., Staphylococcus 
aureus, Escherichia coli enteropathogenic, Enterococcus spp., 
Clostridium difficile, Clostridium perfringens, Proteus spp., 
Fusobacterium nucleatum, Parvimonas micra,  Salmonella 
spp., Shigella spp. were not detected in patients and individuals 
of the control group, or were detected only in isolated cases 
(Bacteroides thetaiotaomicron, Enterobacter spp./Citrobacter 
spp.) for the analysis of absolute values, the following were 
selected: total bacterial mass, the number of Lactobacillus 
spp., Bifidobacterium spp., Escherichia coli, Bifidobacterium 
spp., Escherichia coli, Bifidobacterium spp. fragilis group, 
Faecalibacterium prausnitzii, Akkermansia muciniphila and the 
Bacteroides fragilis group / Faecalibacterium prausnitzii ratio 
(Table 2).

The results of the analysis indicate a significant decrease in 
the number of Lactobacillus spp. (p<0.05), Bifidobacterium 
spp. (p<0.05) and Faecalibacterium prausnitzii (p<0.05) in GM 
in patients with hypertension compared with the control group. 
At the same time, the total bacterial mass and the number of 
Escherichia coli, Bacteroides fragilis group, Akkermansia 
muciniphila, the Bacteroides fragilis group / Faecalibacterium 
prausnitzii  ratio in patients with AH and in the control, group 
did not differ significantly (p>0.05).

When discussing the results obtained in the light of the 
problem of the pathogenesis of hypertension, it is necessary to 
refer to the literature data on the properties of those intestinal 
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bacteria, the quantitative characteristics of which were most 
changed in the examined patients.  First of all, the literature 
notes the important protective role of Lactobacillus spp. and 
Bifidobacterium spp. in maintaining normal morpho-functional 
characteristics of the colon: in maintaining the normal 
qualitative and quantitative composition of GM, in preventing 
overgrowth of pathogenic microorganisms and in ensuring the 
normal barrier function of the intestine [16,17]. Moreover, there 
is evidence that an increase in the permeability of the intestinal 
barrier and dysbiosis is associated with an increase in BP  and 
atherogenic changes in experimental animals [17,18].  Also, in 
a number of studies, a negative correlation was found between 
the level of systolic BP   and the number of Lactobacillus spp. 
and a decrease in BP  in patients with hypertension after the use 
of Lactobacillus spp. as probiotics [17,19,20].

Of particular interest are the data obtained in our work 
regarding Faecalibacterium prausnitzii. The point is that this 
bacterium is one of the main producers of the SCFA butyrate, 
which shows pronounced anti-inflammatory and cardiovascular 
protective properties [6,9,12]. A number of studies have shown 
that butyrate is involved in the regulation of BP: butyrate 
penetrates the blood-brain barrier and affects the central 
mesanisms of  BP regulation [21], butyrate deficiency leads to 
an increase in BP  in spontaneously hypertensive rats [22], and 
a decrease in the amount of butyrate - producing bacteria in GM 
and butyrate production is associated with an increase in BP, 
both in spontaneously hypertensive rats and in humans (pregnant 
women) [23,24]. In addition, the above noted Bifidobacterium 
spp. also refer to bacteria that are involves in the formation of 
SCFAs, which further enhances their role in the regulation of 
BP [6,11].

Thus, the results obtained are generally consistent with the 
data of other authors on the decrease in the number of such 
representatives of GM, as Lactobacillus spp.,   Bifidobacterium 
spp. and   Faecalibacterium prausnitzii [10,12,16]. At the same 
time, we did not find a number of changes in the composition 
of GM, in particular, an increase in the number of bacteria 
with which the excessive formation of LPSs and TMAO is 
associated, and which were detected in some works of other 
authors in patients with AH [3,6,12].
Conclusion. 

In patients with AH (residents of Ukraine), significant 
disturbance of the quantitative characteristics of GM were 

established in comparison with practically healthy individuals: 
a significant decrease in the number of Lactobacillus spp., 
Bifidobacterium spp. and Faecalibacterium prausnitzii.  
Taking into account the available data on the involvement of 
Lactobacillus spp., Bifidobacterium spp. and Faecalibacterium 
prausnitzii not only in the maintenance of normal morpho-
functional parameters of the colon, but also in the regulation of 
BP, a significant deficiency of these components of GM found 
in the work in patients with AH can play an important role in the 
pathogenesis of hypertension.
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SUMMARY
QUANTITATIVE CHARACTERISTICS OF GUT 
MICROBIOTA IN PATIENTS WITH ARTERIAL 
HYPERTENSION
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O.V.1, Lytvynova O.M.2
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Aim. The aim of the work is to study the quantitative 
characteristics of gut microbiota (GM)  in patients with arterial 
hypertension AH - residents of Ukraine in comparison with 
practically healthy individuals.

Materials and methods.  36 patients with AH stage 
II, 2-3 degrees against the background of normal body 
weight were examined. The control group consisted of 20 
apparently healthy individuals. The examination included 
standard clinical, laboratory and instrumental methods. For 
determination of the quantitative composition of GM were used 
the method of polymerase chain reaction with hybridization-
fluorescence detection of results in real time and the test system 
"COLONOFLOR-16 (biocenosis)" ("ALFALAB"). Statistical 
analysis of the results was carried out by standard methods 
using Microsoft Excel 17.0.

Results.  The significant changes in GM quantitative 
characteristics were found in patients with AH (resident of 
Ukraine) in comparison with healthy individuals:  a significant 
decrease in the number of Lactobacillus spp., Bifidobacterium 
spp. and Faecalibacterium prausnitzii.

Conclusions. The deficiency of Lactobacillus spp., 
Bifidobacterium spp. and Faecalibacterium prausnitzii 
in patients with AH - residents of Ukraine may indicate 
the important role of GM disorders in the pathogenesis of 
hypertension.

Key words: Arterial hypertension, gut microbiota.
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Харьков, Украина
Цель исследования - изучить количественные 

характеристики  микробиоты кишечника (МК) у больных  
артериальной гипертензией (АГ) жителей Украины в 
сравнении с практически здоровыми лицами.

Материал и  методы. Обследовано  36 больных 
АГ ІІ стадии, 2–3 степени  с нормальной массой тела. 
Контрольная  группа состояла из 20 практически здоровых 
лиц. Обследование включало стандартные клинические, 
лабораторные и инструментальные методы.  Для  
определения количественного состава МК использовались: 
метод полимеразной цепной реакции с гибридизационно-
флуоресцентной детекцией результатов в режиме реального 
времени и тест система «КОЛОНОФЛОР-16 (биоценоз)» 

(«АЛЬФАЛАБ»).  Статистический анализ  результатов  
проводили  стандартными  методами с использованием  
Microsoft Excel 17.0.

Результаты. Установлены существенные нарушения 
количественных характеристик МК у больных АГ (жителей 
Украины) в сравнении с практически здоровыми лицами: 
достоверное  снижение количества Lactobacillus spp., 
Bifidobacterium spp. и  Faecalibacterium prausnitzii.  

Заключение. Выявленный  у больных АГ - жителей 
Украины дефицит Lactobacillus spp., Bifidobacterium spp.  
и  Faecalibacterium prausnitzii  может свидетельсовать о  
важной    роли нарушений МК  в  патогенезе  гипертензии.

Ключевые  слова: артериальная  гипертензия, микробиота 
кишечника.
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