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The role of microbiota in the regulation of homeostasis in the human
body during infection

Oleg V. Bukharin, Natalia B. Perunova™

Institute for Cellular and Intracellular Symbiosis of the Orenburg Federal Research Center, 460000, Orenburg, Russia

The review considers the regulatory capabilities of the human microbiota to preserve human health. The problem
is not new, but it has expanded with the inclusion of new “findings” since the time of I.I. Mechnikov, a staunch
supporter of the useful (protective) function of the normal flora.

The study of the integration of human metabolism and microbes inhabiting human body revealed the participation
of microbial metabolites — “signaling molecules” — in providing the homeostasis of the host. Particular attention
is paid to the metabolic products — aromatic amino acids as regulators of the physiological functions of humans
and microbes. “Signal” molecules regulate the microbial “quorum”, the immune system (its cellular and humoral
components). Opiates, hormonal peptides, in particular, natriuretic hormone, hypothalamic nonapeptides (oxytocin
and vasopressin), which have both a direct antimicrobial and an indirect effect in the host's body, are not ignored.
Researchers are also showing interest in the products of adipose tissue — “adipokines” (in particular, leptin),
which turned out to be a multipurpose regulator showing a pro-inflammatory nature.

The category of “signaling” molecules also includes cytokines that interact with gram-positive bacteria, which is
actively discussed in the literature.

In the evaluation of the material presented on various models of infections, a general pattern is observed: under
the conditions of symbiosis, a “single regulatory environment” is formed, in which a variety of connections from
immediate (direct) interactions are noted, i.e. the destruction of “signaling” molecules, induction of physiological
functions due to the presence of similar receptors with ligands and, finally, modification of “signaling” molecules,
i.e. expansion of the spectrum of action. The combination of this variety of integration mechanisms in this “single
regulatory environment” (microorganism—host) probably leads to the formation of homeostasis, i.e. dynamic
balance of the “signaling” systems of the microbiota and humans in the conditions of associative symbiosis,
where an infection is its model system.

This concept fits well our method of intermicrobial recognition of friend—foe in the dominant—associate pair and
the described triangle: microbiota—hypothalamic-pituitary neurosecretion—oxytocin, organically constituting the
gut-brain axis.
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B 0630pe paccMOTpeHbl perynaTopHble BO3MOXHOCTM MUKPOOMOTHI YenoBeka Ans COXpaHeHWUs ero 340pOoBbS.
MNpobnema He HOBa, HO OHa paclIMpuUack C BKIOYEHWEM HOBbIX «Haxopok» co BpemeH W.W. MevHunkoBa —
yb6exxaeHHOro CTOpoHHMKa NONe3HOoM (3aLUmMTHOM) OYHKLMM HOPMOMNOpbI.

MN3yyeHne uHTerpaumm metabonuama yenoBeka M Hacensowmnx ero MUKPOOOB BbISBUMO y4YacThe MUKPODHbIX
MeTabonmMToB — CUrHamnbHbIX Monekyn — B obecneyeHnn romeoctasa xo3suHa. Ocoboe BHMMaHue yaenser-
cs npogyktam meTabonMama — apomaTtU4eckMmM ammMHOKMCIIOTaM Kak perynstopam uanonornyecknx yHKUnm
Yyenoseka 1 MyKpoboB. CurHanbHble MONeKyrnbl perynmpyoT MUKPODHBIN «KBOPYM», UMMYHHYIO cucTemy (ee
KMNeTo4HbIe 1 ryMoparsibHble 3BeHbst). He 060naeHbl BHUMaHnem onuarhl, FOpMOHanbHbIe NENTUABI, B YaCTHOCTH,
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HaTpMNypeTUYEeCKUii TOPMOH, rmnoTanamMmmyeckne HoHanenTuabl (OKCUTOLMH U BA3OMPECCUH), OKasbiBaloLme Kak
npsiMoe aHTUMUKPOBHOe, Tak U onocpefoBaHHOE AeViCTBME B OpPraHn3mMe Xo3auHa.

WHTepec nccnegosatenu nposBAsioT U K NPOAYKTaM XWUPOBOW TKaHNM — aAauMOKMHAM, B YACTHOCTW, NENTUHY,
KOTOPbIN OKa3arncs MHOroLeneBbIM perynsTopom, NPOSBAS Npy 3TOM NPOBOCMNanNUTENbHbLIN XapakTep.

K paspsgy curHanbHbIX MOSieKyn OTHEeCeHbl U LIMTOKWHbI, B3aMMOAEWCTBYOLME C rpamMmno3vTBHbIMU DakTe-
pysiMK, YTO aKTMBHO obCyxxaaeTcs B nuTepaTtype.

Mpu oueHke NpeacTaBNeHHOro matepuana Ha pasnuyHbIX MoAensax MHAEKUMA npocmaTpmeaeTcsa obLas 3ako-
HOMEpPHOCTb: B YCMOBUAX CMMOMo3a dopMmpyeTcs eamHas perynstopHas cpega, B KOTOPOW OTMeYaeTcs MHOro-
obpasue cBA3el OT HeNOCPeACTBEHHbIX (MPAMbIX) B3aUMOAENCTBUIN (pa3pyLUeHNe CUrHamnbHbIX MOMNEKYs, UHAYK-
uns pmanonormyecknx MyHKUMIA 3a CHET HANMYNS CXOAHbIX PELIENTOPOB K NUraHaam U, HakoHeL, mogndukaums
CUrHanbHbIX MOMEKYN — pacluMpeHune cnekTpa AecTBUS) 40 KOCBEHHbIX BO3AENCTBUI, ONOCpeoBaHHbIX akTu-
BaLMen 1 perynsaumen cMcTemMmbl UMMYHUTETa Yepes LIUTOKMHOBYIO CETb 1 CUCTEMY aauMOKUHOB. BeposTHo, coye-
TaHWe 3T0ro MHoroobpasms MexaHV3MOB MHTErpauum B €AUHON PerynatopHon cpeae (MMKPOOPraHn3M—X0o35uH)
1 NpMBOAMT K (hOPMMPOBaHMIO roMeocTasa, T.e. AMHaMUYECKOMY PaBHOBECUIO CUrHamMbHbIX CUCTEM MUKPOBUOTBI
1 YenoBeka B YCIOBKSAX acCoOLMaTUBHOIO CMMBK03a, rae nHpekumns — ero mogenoHas cuctema.

B 3Ty kOHUENUMIO XOPOLLIO BNMCLIBAETCS pa3paboTaHHbI HaMWU METOL MEXMUKPOOHOro pacno3HaBaHUs CBOW—
Yy)XOW B Nape AOMUHAaHT—acCoLUMaHT 1 ONMUCaHHbIN TPeYronbHUK: MUKpobuoTa—runoTanamo-runodgusapHas Hei-
POCEKPELNA—OKCUTOLMH, OPraHNYHO COCTaBMASAIOLLMIA KNLLEYHO-MO3IOBYHO OCb.

KnrouyeBble cnoBa: comeocmas; MLIK,DO6U0ma,' CUcHallbHble MOJIeKYIlbl; UHGEKUUST; OKCUMOUUH.

UcmoyHuk puHaHcupoeaHusi. ABTOPbI 3asiBNSAIOT 06 OTCYTCTBUM (PUHAHCUPOBAHUS NPU NPOBEAEHUW UCChe-

AOoBaHUA.

KoHepriukm uHmepecos. ABTOpbI AEKNApUPYIOT OTCYTCTBUE ABHBLIX U MOTEHLUMANbHBLIX KOH(IIMKTOB UHTEepe-
COB, CBsI3aHHbIX C NyBrnvkaumen HacTosLLei cTaTbu.

Ans yumupoeaHusi: ByxapuH O.B., MNepyHoBa H.B. Ponb MnkpobroTel B perynsiLmm romeoctasa opraHus-
Ma yenoseka npu nHdpekunmn. KypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(5):

458-466.
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The “parasite — host” interactions of microbes
and humans are very diverse and often disrupt the ho-
meostasis of the host; i.e., stable internal balance of
the functioning body systems. On the other hand, there
are many examples when microbial cells are useful for
maintaining human health. However, this “union, in-
separable from enmity”, which has been going on for
centuries, has its own “microbial organ”, i.e. the micro-
biome that Nature has endowed the man with, protect-
ing all his biotopes. How is this carried out, and what is
in the “piggy bank” of researchers?

Metabolic integration and “signaling”

molecules

The abundance of various “signaling” molecules
and metabolites in the intestine allows the microbiota
to influence the state of the host's body, the formation
of its homeostasis and control of behavior. Regulatory
metabolites of microorganisms include short-chain fat-
ty acids, gamma aminobutyric acid, biotin, vitamin K,
putrescine, spermidine, spermine, taurine, cadaverine,
tryptophan, etc. [1-4].

The integration of human metabolism and its mi-
crobiota was substantiated on the basis of generaliza-
tion of the results of studies with the participation of
microbial metabolites in the development of critical
conditions [5], where it was shown that the existing
human—microbiome system contains all the necessary
objective conditions for the formation of metabolic
integration. The group of microbial exometabolites
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with an aromatic structure deserves special attention.
Their analysis revealed about 50 aromatic compounds
in the intestine of a healthy person; metabolites such
as phenylacetic acid, hydroxyphenylacetic acid, phen-
ylpyruvic acid, etc. were predominating in quantitative
terms. The presence of most of these aromatic amino
acids with a predominance of hydroxyphenylacetic acid
was found in the blood serum of healthy people. The
authors associate the change in the ratio of aromatic
amino acids in the blood with their selective utiliza-
tion by cells of tissue barriers, although it does not
exclude the need for metabolites of the gut dominant
microflora.

There are data confirming the role of opiates in
the infectious process [8, 9]. Experimental data show
that opiates appear in the intestinal lumen in laborato-
ry animals under stress, which is accompanied by ac-
tivation of E. coli virulence and impaired the barrier
function of the intestinal epithelium [6]. It turned out
that dynorphin, a representative of the opiate group,
does not increase growth properties, but enhances the
production of pyocyanin in pseudomonas. This is an-
other proof of the influence of eukaryotic “signaling
molecules” on the physiology of prokaryotes without
changing their growth/reproduction [7]. A number of
studies have also described a decrease in the virulence
of microorganisms under the action of signaling mole-
cules of the immune system through a violation of the
microbial quorum, as was shown by the example of
dynorphin and interferon (INF) -y [8—10]. The study
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of M.W. Bader et al. [11] presents data on the effect of
peptide hormones having structural homology to anti-
bacterial peptides on microorganisms. These molecules
are believed to have secondary antimicrobial activity
in addition to their target-specific interactions with eu-
karyotic cells.

Natriuretic peptides are currently also considered
as peptides with antimicrobial action that can affect the
microbiota during the infectious process [10]. This is
supported by data on the formation of pores in the bac-
terial membrane under the action of C-type natriuretic
peptide and an increase in the concentration of brain
natriuretic peptide in septic shock. A number of studies
have shown that natriuretic hormones of B and C types
stimulate the virulent properties of pseudomonas with-
out affecting their growth characteristics, but changing
the intracellular concentration of cAMP. The mecha-
nism of this action of natriuretic hormones is believed
to be mediated by the Vfr protein, which binds cAMP
and controls the production of various virulence fac-
tors in P. aeruginosa. Studies of strains of pseudomo-
nas have shown the presence of receptors for different
subtypes of natriuretic hormones, acting both through
cAMP and cGMP [12-14].

Hypothalamic nonapeptides

The general research interest in oxytocin and va-
sopressin is not accidental. As a product of hypotha-
lamic-pituitary neurosecretion (HHNS) of the brain,
its supraoptic and paraventricular nuclei, oxytocin,
like vasopressin, has a wide range of physiological
actions and is directly involved in the regulation of
the adaptive reactions of the human body [15]. This
is especially evident during infection, where oxytocin
protects the host from the pathogen. Earlier, it was be-
lieved that the drug does not have a direct protective
effect, although its ability to enhance the antimicrobial
effect of antibiotics used in combination with oxytocin
was found [16].

So what is the secret of the protective effect during
the infectious pathology? What does it do with the
pathogen? To understand it, let us return to the early
studies on the regulation of the persistent potential of
bacteria by O. L. Chernova (1989), who, studying the
effect of various antiseptic pharmacological agents on
the anti-lysozyme activity of S. aureus and S. epider-
midis, showed that oxytocin was the leader in the top
ten studied antiseptics — drugs that suppress the an-
ti-lysozyme activity of bacteria, which made it possible
to draw attention to the inhibition of this persistent fea-
ture of microorganisms. Further, D. A. Kirillov (2004),
using the method of clonal analysis of various pathogen
populations showed that oxytocin rearranges the per-
sistent potential of clones in the pathogen population
until its elimination from the host organism.

These studies “paved the way” to the XXI centu-
ry — the age of infectology (from microbiology and
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immunology) that studies the parasite—host relationship
during infection based on the symbiotic platform and
clonal analysis of the persistent potential of the patho-
gen population. It was found that oxytocin promoted
“restructuring”, i.e. a sharp decrease in the number of
clones of microbial cells with a high persistent poten-
tial until the elimination of the pathogen from the host
body. Thus, the clonal rearrangement of the pathogen
population, which reduces its adaptive abilities, is the
essential mechanism of host protection realized with
the help of oxytocin.

It is not unlikely that this mechanism of protecting
the host against infections is another illustration from
the category of “nature-like technologies” that we have
yet to master. But this is a matter of time and courage of
mind. Whereas there are reasons for this.

Immunologists also contributed to the study of
the protective effect of oxytocin during infection, they
described other mechanisms of the mediated protective
effect of oxytocin during infection: phagocytic function
of macrophages, increased blast transformation of lym-
phocytes, inhibition of pathogen biofilm formation [17].

When discussing this problem, one cannot fail to
mention the insulin-like effect of oxytocin, based on an
increase in the synthesis of glycogen from glucose. Sur-
geons make good use of this technique, using oxytocin
in the context of diabetes mellitus in patients with puru-
lent necrotic lesions of feet and purulent inflammatory
diseases of soft tissues [17, 19].

The universal regulatory effects of nonapeptides
have found their application in pancreatic necrosis, de-
structive pancreatitis, and systemic lesions of the pan-
creas [20, 21].

Researchers do not lose interest in fundamental
problems of medicine. This fully applies to the problem
of the body's homeostasis. How can we help the patient?

The best evidence of this is the study performed at
the “school” of Academician Yu.V. Natochin, where a
new mechanism of the multipurpose regulator of homeo-
stasis, i.e. oxytocin, was identified, which determined a
new functional role of the nonapeptide, namely its par-
ticipation in osmoregulation of the body. When study-
ing the regulation of renal water excretory function, it
was noted that, after water load at overhydration in rats,
the secretion of oxytocin by HHNS increased, which en-
hanced water diuresis and led to a faster renal water ex-
cretion and restoration of the osmotic homeostasis [22].

Adipokines and cytokines

Many studies of the mechanisms of the relation-
ship between metabolic disorders and inflammatory
processes have led to the recognition of the fact that the
adipose tissue functions as an endocrine organ, releas-
ing various biologically active substances (adipokines).
The study of adipokines showed that the imbalance of
these pro- and anti-inflammatory mediators leads to
various metabolic dysfunctions, which indicates the
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role of adipokines in the formation of the host's homeo-
stasis [23]. Taking into account the involvement of ad-
ipokines in inflammation, these peptides were divided
into pro-inflammatory (leptin, resistin, interleukin (IL)-
6, tumor necrosis factor (TNF)-a) and anti-inflammato-
ry (adiponectin, IL-1 receptor antagonist, IL-10) [24].

Leptin has multiple effects and affects the hypo-
thalamus, carrying out hormonal regulation associated
with the supply of nutrients and energy metabolism,
and also affects the metabolism of glucose, lipids, and
other human functions [25]. One of the important func-
tions of leptin is the regulation of the immune response,
which suggests a role for these peptides in the integra-
tive mechanisms of the associative symbiosis between
humans and microorganisms.

This issue is currently being actively studied. The
protective role of adipokines in colon infection with the
participation of leptin, which induces mucin production
by stimulating the epithelial cells of the colon, and thus
provides a static external barrier against pathogens, has
not yet been clarified. However, the bacterial invasion
of S. typhimurium, the presence of endotoxin from Sal-
monella or E. coli did not affect the level of leptin in the
blood. On the contrary, administration of the C. difficile
toxin to laboratory animals caused a significant increase
in the level of leptin in the blood plasma and increased
the expression of lectin receptors on the cells of the mu-
cous epithelium, which suggests a direct pro-inflamma-
tory effect of leptin in the intestine [26, 27].

It is known that diarrhea arising from bacterial
intestinal infection is associated with the effect of mi-
crobial lipopolysaccharides on the immune system and
impaired motility of the gastrointestinal tract. /n vivo
experiments revealed that in mice treated with ghrelin,
motor impairment caused by the presence of endotoxin
in the blood was corrected by inhibiting the level of
nitric oxide in the gastrointestinal tract and reducing
the production of proinflammatory cytokines IL-1f and
TNF-a and by the induction of the anti-inflammatory
cytokine IL-10 as well [28, 29].

The integration of the microbiota with the host
body can be carried out using cytokines, i.e. the “sig-
naling” molecules of the human immune system, the
balance of which is one of the conditions for the forma-
tion of human homeostasis, since cytokines are direct-
ly involved in the regulation of the immune response
during infection [30]. In this case, a change in the cyto-
kine balance occurs not only due to the interaction of the
microbiota with immune cells, but also due to the direct
influence of bacteria on cytokines (antipeptide activity).
The influence of the cytokines themselves on the biolog-
ical properties of microorganisms is also known. In vitro
experiments showed stimulation of the bacterial growth
properties under the action of IL-1, IL-2, IL-6, INF-y,
TNF-o. In the culture of Yersinia pestis, there were found
membrane receptors (F1 capsule assembly antigen) that
bind IL-1PB, and in P. aeruginosa a protein that specifi-

cally binds to INF-y, which led to the activation of the
“quorum sensing” mechanisms [31-35].

Data were obtained on the enzymes of bacteria
degrade many types of organic macromolecules, in-
cluding cytokines IL-2, INF-y [36], which may indi-
cate that the inactivation of cytokines produced by
immune cells (lymphocytes, macrophages, etc.), can
lead to defective mechanisms of both innate and adap-
tive immunity. The modification of cytokines and their
receptors is confirmed by materials indicating that
the aureolysin of Staphylococcus aureus, which is a
metalloprotease, can cause the degradation of cell re-
ceptors to IL-6, the cysteine protease of Streptococcus
pyvogenes degrades IL-1p, and serine protease — IL-8.
In addition, the cysteine protease of Porphyromonas
gingivalis can degrade a whole group of cytokines,
including IL-8, -1pB, -6, -12, INF-y, TNF-a, and the
metalloprotease of Pseudomonas aeruginosa is able
to degrade IL-2, IL-6 [37, 38].

Thus, the “findings” obtained illustrate the abili-
ty of the microbiota not only to influence the cytokine
production of immune cells, but also to use certain cy-
tokines as growth factors and mediators of the “quorum
sensing”, as well as to manifest antipeptide activity,
contributing to the formation of cytokine balance in the
human body.

Undoubtedly, the interaction of the microbial “sig-
naling” metabolites and the human immune system is
of interest from the standpoint of the integration of mo-
lecular systems of pro- and eukaryotes in the human
associative symbiosis. A number of studies have shown
that various homologues of acylhomoserine lactones
(AHL) accelerate the apoptosis of macrophages and
neutrophils, inhibit the lymphocyte proliferation and
the production of TNF-a and IL-12, inhibit the T-cell
response, and induce the apoptosis in dendritic and
CD4+ T lymphocytes. The role of AHL is confirmed
by the presence of mechanisms that limit the number of
“signaling” molecules in the medium, which is called
“quorum suppression”. The decrease in AHL concen-
tration is controlled by both the microbiota and the
host. For example, in response to an increase in the
amount of AHL, bacilli produce an enzyme that inacti-
vates a broad spectrum of AHL by cleaving the lactone
ring. Respiratory epithelial cells in mammals also pro-
duce AHL-inactivating enzymes (paraoxonase) that de-
grade AHL of Pseudomonas aeruginosa. Another study
showed the existence of three families of paraoxonases
located mainly in the liver in mammals and able to in-
activate various AHLs [39-44].

When studying the mechanisms of integration be-
tween the microbiota and the host, the “signaling” mo-
lecules of microorganisms are also of interest. Their ef-
fect on the human immunity was shown on the example
of alkyloxybenzenes homologues, where, under the in-
fluence of methylresorcinol, the functional activity and
substrate specificity of lysozyme were changing. [45].
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It is evident that “signaling” molecules are in-
volved in the mechanisms of integration of the micro-
biota and humans: from the side of the microbiota —
low-molecular metabolites, molecules of ‘“quorum
sensing”, etc., and from the side of the host — hor-
mones and immune “mediators”. Apparently, under the
conditions of symbiotic microbiota—host relationships,
a single regulatory environment is formed, in which a
variety of emerging bonds is observed: from immediate
(direct) interactions —degradation of signaling mole-
cules (inactivation of quorum molecules, degradation
of antimicrobial immunity factors), induction of phys-
iological functions due to the presence of similar re-
ceptors to ligands and, finally, modification of signal-
ing molecules (broadening the spectrum of available
antimicrobial enzymes, the appearance of antimicrobial
activity in peptides that did not have this property be-
fore) — to effects mediated (indirect) by the activation
and regulation of the immune system through the cyto-
kine network and the adipokine system. Apparently, the
combination of this variety of integration mechanisms
in a “single regulatory environment” leads to the forma-
tion of homeostasis, which means a dynamic balance of
the signaling systems of the microbiota and humans un-
der the conditions of associative symbiosis [44].

Bifidoflora of the intestinal biotope —

an “outpost” of human health

The role of the microbial “organ” (microbiome)
can hardly be overestimated; as it is created by Nature
and has been coexisting with the host for centuries,
then all that remains is to understand its physiological
purpose. The existence of hypothalamic-pituitary com-
plex, i. e. a universal and ancient “command center” in
mammals, producing nonapeptide neurosecretory hor-
mones (vasopressin and oxytocin), suggests that they
cannot remain out of work [46, 47].

It was found that the gut microflora protects the
body from wound infection by stimulating the host's
immune defense. On the one hand, this protection can
be carried out due to the translocation of the beneficial
microflora of the host, as was shown on the example of
bacilli [48]. On the other hand, microbial components
(cells and metabolites), forming the gut-brain axis, can
influence the production of the hypothalamic hormone,
i.e. oxytocin. Studies on the effect of bacteria on the
secretion of oxytocin are few in number and have been
carried out on a model of lactobacilli. It was found
that lactobacilli stimulate the production of oxytocin,
which had a beneficial effect on the healing of infected
wounds in the experiment [49]. It is noted that Lacto-
bacillus spp. stimulates oxytocin that regulates the ex-
pression of IFN-y and CD-25 for the immune tolerance.
All these efforts prevent excessive reactivity of both
own and external environmental factors, which contrib-
ute to the premature aging of the body. The efficacy of
T-reg induced by lactobacilli and their cell lysates with
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the participation of the neuropeptide hormone oxytocin
was shown in mouse models [49-51].

The above materials, together with our data de-
scribed indicate that the microbiome enhances the reg-
ulation of oxytocin, thereby improving the course of
wound infection by contributing to the fastest wound
healing [17].

In light of the issue under discussion, the data ob-
tained by Orenburg researchers from the Institute of
Cellular and Intracellular Symbiosis, Ural Branch of
the Russian Academy of Sciences, who study the bio-
logical characteristics of bifidoflora as a key regulator
of human health, are of certain interest.

A systematic study of the microsymbiocenosis of
the intestinal biotope in humans allowed revealing the
phenomenon of microbial recognition friend—foe under
the conditions of interaction between dominant (bifido-
flora) and associative microsymbionts [44].

It is known that, regardless of the level of complex-
ity, any living organism (from prokaryotes to higher eu-
karyotes) has different mechanisms of defense against
foreign information, since the concept of “friend” is
closely related to self-identification and self-regulation
of any biological system [52].

The microbial recognition and mechanisms of
self-identification of bacteria are being actively studied.
L.M. Wenren et al. [53], as a result of studying the growth
of Proteus mirabilis cultures on the surface of agar me-
dia, noted that the relationships of microorganisms in a
broth culture may differ from those in the “agar medium”
model, since microbial metabolites are important in this
process. A.E. Shank et al. [54] associated the regulatory
interactions of microorganisms with the presence of “sig-
nal” molecules in the supernatant. It is obvious that the
change in the phenotype of microbial populations during
the intermicrobial interaction is carried out with the help
of various molecules, which are further used by the mi-
crobiota as inducers of new intermediary metabolites,
and it ultimately affects the formation of antagonistic or
synergistic relationships between microorganisms [44].

The method of induction by microbial metabolites
under the conditions of a dominant—associate pair re-
vealed the phenomenon of the opposite (enhancement/
suppression) effect of microsymbionts on their biolog-
ical properties (antagonistic, persistent potential and
the ability to form biofilms) that allow implementing
the principle of “friend—foe” in microsymbiocenosis.
Further development of studies in order to determine
the “foreignness” of strains of microorganisms allowed
determining the “biocompatibility” of bacteria in the
microbial composition and evaluating the effectiveness
of probiotic drugs [44].

Using a symbiotic approach on the platform of
the new “infectious symbiology” direction, it was de-
termined that not only the host organism identifies and
destroys “foreign” strains of bacteria and fungi by var-
ious mechanisms of innate and adaptive immunity, but
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also the microorganisms themselves (representatives of
the dominant microbiota) are able to detect “own” and
“alien” types of microsymbionts as part of microsym-
biocenosis. Thus, a kind of restructuring of the human
“microbial organ” allows the microbiota to form sym-
biotic ties to maintain the stable functioning of the mi-
crosymbiocenosis at an optimal level in order to ensure
the survival of normal flora in the human ecological
niche that they occupy.

Conclusion

Assessing the retrospect of the issue under consi-
deration, we can conclude that it is advisable to continue
accumulating data about the clarification of the protec-
tive mechanisms of the host body using microbial cells
and their products. The possibility of using “signal mole-
cules”, hormones and cytokines as regulators of homeo-
stasis in the human body is being actively studied. This is
a very interesting and promising topic for the identifica-
tion of new “nature-like” technologies that we have yet
to discover, but it is not shameful to learn from Nature.

The emergence of the infectology science in the
third millennium has significantly expanded the scope
of studying the parasite — host relationship by involv-
ing the symbiotic approach at the organismal and clonal
levels of the persistent potential of pathogens.

This allowed revealing the role of the gut micro-
biota in the regulation of the host homeostasis through
the gut microbiota — HHNS — oxytocin triangle [17].
This can be supplemented with data that clarify the bio-
effects of this universal key regulator of homeostasis:
1) faster wound healing;

2) maintaining the human body's musculoskeletal mass;
3) improving mental health;

4) psychotropic effect, regulation of social memory and
cognitive functions;

5) reduced risk of obesity;

6) increased reproductive activity, etc.

The described triangle of microbiota — HHNS —
oxytocin is confirmed by experimental and clinical data
and fits organically the concept of the gut-brain axis,
which describes a number of the most important phys-
iological functions of the host and substantially com-
pletes them.
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