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B marHOM 0630pe 00CysKIaeTcst BOMPOC, TOYeMy HY>KHO U3y4aTh MEXaHU3MbI IEUCTBUS U YIYUTHIBATD
MeTab0JIM3M MUKPOOHOTHI B OpTaHU3Me TKeJT000JIbHOTO MallueHTa, 1 KAaKUM 00pa3oM CIEeIHUaJIMCTHI B
O6JIaCTI/I KJINHUYECKOI'O ITUTAHUA MOFyT HpI/IHHTI) B 9TOM CaMO€ aKTHUBHOe Y‘IaCTI/Ie

[Tpu KPUTHYECKUX COCTOSTHUSX TUCPETYIISANNS 9HI0TeHHBIX 0OMEHHBIX ITPOIIECCOB U OEJTKOBO-3HEPTe-
TUYECKUH Te(UIUT YCYryOJIsIIOTCS M3MEHEHNEeM HAIIPaBJIEHHOCTH MeTa00INYeCKUX IPOIECCOB MUKPO-
O61OTHI. PacTeT MOHNMaHWe BaKHOCTH U3YUYeHUsT MUKPOOHOTO MeTabom3Ma B 0011IeM MeTaboTndeCKOM
mpoiiecce. [IepCneKTUBHOCTH PA3BUTHSI 3TOT0 HAIPABJIEHUS [JTsI TOBBIIIIEHUsT 3 (PEKTUBHOCTH JIEUEHUS B
peaHI/IMaTOJIOFI/II/I nu yCHeHIHOfI pea6HﬂHTaHHH IIAaITMEeHTOB OYEeBUIHA.

Cy1iecTByIOIIHE MEKTyHAPOTHbIE PEKOMEHIAIINY IT0 MHTEHCUBHOU T€pPAITU CO BpeEMEHEM MOTYT OBbITh
HepeCMOTpeHI)I B CBA3U C ITIOABJIEHUEM HOBBIX Hay‘IHI)IX JAaHHBIX O MEeXaHHu3Max KpI/ITI/I‘IeCKI/IX COCTOHHHf/i,
CBSI3aHHBIX C META0OJTMIECKON aKTUBHOCTHIO MUKPOOHOTHI YesioBeKa. MIeT MOUCK ClI0COO0B aKTUBHOTO
yIpaBJIEeHUsI META0O0/IMYECKAMH MIPOIECCAMU Yepes MOIYnHeHre MeTabom3mMa OaKTeprii MHTepecaM Xo-
3auHa. 1 aHTUMUKPOOHEIe, U OHMoIpernapars! (IpeOMOTUKH, METAaOMOTHKHN) B IIEPCIEKTHBE OYAyT MprMe-
HSATBHCS IeJIeHAIIPaBJIEHHO, 10l KOHTPOJIEM KJIIOUYEBBIX MUKPOOHBIX META00/TUTOB, C UCII0/IH30BAHUEM JI0-
CTyHHI)IX METOa0B J1a6opaTopHoro MOHI/ITOpI/IHFa.

Ha ocHOBe TaHHBIX JINTEPATYPbI ¥ PE3YJIBTATOB COOCTBEHHBIX UCC/IENOBAHIIA aBTOP (DOPMYJTUPYET ITOCTYIaThI
0 MeTab0/IM3Me MUKPOOHMOTHI ITPH KPUTHYECKUX COCTOSTHUSAX, BBOAUT HOHATHSA «TUCHYHKIIIN HEBUIMOTO Op-
raHa» ¥ «CUTHAJIbHBIX MOJIEKYJI OaKTePHUil», OTBEYAET Ha BOITPOC «YTO JIEJIATh?» U B KAYECTBE MHTETPAIHHOIO 110~
KasareJIsi [IpejIjIaraeT UCII0/Ib30BaTh Psii MUKPOOHBIX METADOJIMTOB apOMaTHYeCKIX AMUHOKHUCIIOT.

Knrouesvte croea: kpumuueckoe COCmosiHue; Memadooaiusm baxmeputl; MUKpobuoma; MumoxoHopuais-
Hasi OUCPYHKEYUSL; AHMUMUKPOOHAS mepanust; buonpenapamat

This article discusses the importance of eliciting the mechanisms of action and the metabolism of micro-
biota in the critically ill patients, as well as the role of nutrition specialist in the management of these patients.

In critically ill patients the impaired regulation of endogenous metabolic processes and protein-energy de-
ficiency are aggravated by abnormal microbiota metabolic processes. There is growing awareness of the im-
portance of studying microbial metabolism in the general metabolic process. Its implications for the improved
efficacy of treatment in critical care and rehabilitation are obvious.

Current international intensive care guidelines are being constantly revised in response to the new research
data available on the mechanisms of critical illness. The course of the latter may significantly associate with
the metabolic activity of human microbiota. Active management of metabolic processes is being sought
through the subordination of bacterial metabolism to the interests of the host. Both antimicrobial and biofor-
mulations (prebiotics, metabiotics) will be used in the long term in a targeted manner with the control of key
microbial metabolites through available laboratory monitoring tools.

Based on the literature data and the original research, the author formulates postulates of the microbiota
metabolism in critical illness, introduces the concepts of «invisible organ dysfunction» and «signaling bacterial
molecules», offers answers to the eternal «what is to be done?» question and suggests using a number of mi-
crobial aromatic amino acids metabolites as an integral indicator of a course of critical illness.

Keywords: critical states; metabolism of bacteria; microbiota; mitochondrial dysfunction; antimicrobial ther-
apy; bio-drugs
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MHUKpPOOHBIIT MeTab0Ju3M M TOMEOCTa3.
IlocTosiTHHOE IPUCYTCTBHE B OPraHU3Me YesI0BeKa
OIPOMHOTO0 YHCJIa CallpO(PUTHBIX U YCJIOBHO-IIATO-
FeHHBIX MHKPOOPTraHM3MOB CONPSKEHO C HX
MeTab0JIMYeCKON aKTUBHOCTBHIO, YTO BBLI3BIBAET
€CTeCTBEHHBIM MHTEPEC B CBSA3U C BO3MOYKHBIM
BMeEIIaTeJIbCTBOM IIPOLYKTOB sKU3HENEATEIbHO-
ctu GakTepuii B MeTabOJIUYECKHE TTPOIECCHI
xo3simHa [1-5]. Ocobyi0 BasKHOCTH 3TOT BOIPOC
npuoOpeTaer, Korma pedb UIeT O peaHuMaIloH-
HBIX NAIIUeHTAaX, BBIXKUBAEMOCTb KOTOPBIX HATIPSI-
MYIO 3aBUICHUT OT a/IEKBaTHOW KOPPEKINHN MeTabo-
Juyeckux HapyuleHuil. CjlosKUBIIMeECSd B
OHTOTEHE3€e MEXaHU3MBbI YYaCTUSI MUKPOOHMOTHI B
peryjisiiuy ¥ NoALepsKaHuy IIOCTOSHCTBA BHYT-
peHHel cpefpl YeJ0BeKa U3y4daloTcs C pacTyIIuM
WHTEPECOM, HO Ha CETOIHSAINIHUN JIeHb BCe eIle
ocTaroTcs 6e3 TOPKHOTO BHUMAHUSA U HE YIUTHI-
BAIOTCSI B TPOTOKOJIaX MHTEHCUBHOU TepaNiuy IMpHU
KPUTUYECKUX COCTOAHUAX [5]. MexayHapoaHbIe
MPOEKTHI IO U3YUYEHUI0O MUKpPOOMOMa YesoBeKa
MMOATBEPANJIN, UYTO OaKTepUW HACEJSIIOT BCe
OTKPBIThIE JINUTEJHUAJbHbIE ITOBEPXHOCTHU, HO
OCHOBHOE WX COOOIIECTBO JIOKAJTU3YEeTCHd B
kurevydnke. O61Iee Yncji0 OaKTepUil B MUKPO-
6rome B 10-100 pas mpeBBIIIIAET YUCIO0 KIETOK
CaMOro 4YeJIOBEKa, a KOJIUYeCTBO TeHOB MUKPO-
OMOTHI KUITIeYHUKA B 150 pas mpeBOCXOIUT YHCJIO
reHOB YeJioBeKa [2, 3]. B opranusmMme 310poBOro
YeJsi0BeKa IpeacraBJieHbl 0KoJ10 1000 BULOB MUK-
po60B, 70% 13 KOTOPBIX HE IO IAETCI MUKPOOHO-
JIOTUYECKOMY KYJBTUBUPOBAHUIO, TO €CTb He
MOTYT OBITH BBIJEJEHBI B YHCTON KYJBType Ha
nuTareJbHbIX cpenax. Cerogusa CocTaB MUKPO-
OMOTHI KMIIEYHUKA TOCTYITEH IeTATbHOMY H3yde-
HUIO IIyTE€M METareHOMHOTI'0 CEKBEHHUPOBAHMUS C
ncmoJsib3oBanneM 16S pubocomanbubix PHK
(pPHR) no 16S pPHK [6]. [Tapamokc cOCTOUT B TOM,
YTO C yIIyOJIeHreM HaITNX 3HAHUH 0 MUKPOOHoMe
yCcyryoJsieTcsi BIedaTeHWe HeOOBATHOCTH U
HEII03HABAEMOCTU «MHUKPO-BCEJIEHHOW», SKUBY-
el BHYTpU 4YeJsioBeKa. [Horma KIMHUIMCTOB
OTIIyTUBaeT CJI0KHOCTh U TPOMO3IKOCTh UCCJIe-
JMIOBaHUN MUKPOOMOMA, YTO Ha IMTPAKTUKE HE CII0-
CcOOCTBYeT HOBBIM pelleHusIM. B kauecTBe omHOMI
M3 3aJ1a4 HAIINX NCCJIeJOBAaHUI SIBJIAETCS JOCTH-
sKeHUe MPOCTOThI B TOHNMAaHWH ITPOIIECCOB UHTET -
panuu MeTaboJu3Ma U MaKCUMaJabHOe MpUoJIn-
JKeHHe MEeTOIOB MCCJIeJOBaHUsI KJIIOUYEeBBIX
MHUKPOOHBIX METAOOTUTOB K PEIIEHHIO paKTUye-
CKHUX BOIIPOCOB, B TOM YHCJI€ — B 00JIaCTH ONTHU-
MU3AIMN KJIMHUYECKOTI0 ITUTaHUS.

MeTab013M HYTPHUEHTOB B JKEJIYIOYHO-
KUIIIEYHOM TPaKTe — MHOTOCTaIUNHBIN ITPOIlecc,
3aBUCAIINN OT MHOTUX (PaKTOPOB, KOTOPbIE B
CBOIO O4Yepeib B 3HAUYUTEJILHOM CTelleH! N3MeHe-
HBI ¥ IPUHOUNNAJIBHO OTJIMYAIOTCA Y peaHnuMa-
[IMOHHBIX NAIMEHTOB 10 CPABHEHUIO CO 3JOPOBBI-
MU JIIOOBMU (pHUc. 1).

Microbial metabolism and homeostasis. The
constant presence of a huge number of saprophytic
and opportunistic microorganisms in the human
body is associated with their metabolic activity,
prompting natural interest due to the possible in-
terference of bacterial products with the metabolic
processes of the host [1-5]. This issue becomes es-
pecially important when dealing with intensive care
patients whose survival directly depends on ade-
quate correction of metabolic disorders. The onto-
genetic mechanisms of microbiota participation in
regulation and maintenance of the human internal
environment have been intensely studied, but still
are underestimated in the protocols of intensive
treatment of critical conditions [5]. International
projects for studying the human microbiome have
confirmed that bacteria inhabit all open epithelial
surfaces, but the main bacterial community resides
in the gut. The total number of bacteria in the mi-
crobiome is 10-100 times higher than that of human
cells, and the number of intestinal microbiota genes
is 150 times higher than that of human genes [2, 3].
Currently, the intestinal microbiota can be studied
in detail by metagenomic sequencing using 168 ri-
bosomal RNA (rRNA) determination [6]. Ironically,
the deeper is our knowledge of the microbiome, the
more is the impression of the immensity and in-
comprehensibility of the «micro-universe» residing
inside a human being. Sometimes clinicians are
scared away by the complexity of microbiome re-
search, which in practice does not encourage new
solutions. Our aims were to simplify the under-
standing of metabolic integration processes and to
maximize the practical implications of key micro-
bial metabolites detection, including their use in the
optimization of clinical nutrition.

The nutrient metabolism in the gastrointesti-
nal tract is a multistage process depending on
many factors, which are significantly altered and
fundamentally different in the critically ill patients
as compared to healthy people (Fig. 1).

More interestingly, the blood concentration of
microbial metabolites in healthy persons is quite
stable regardless of sex, age, season and diet. This
has been demonstrated with aromatic microbial
metabolites (phenylcarboxylic acids) in a study
with over 70 healthy donors [7]. This fact supports
the existence of mechanisms maintaining the sta-
ble concentrations of microbial metabolites in the
systemic blood flow and, consequently, their signif-
icance for the macroorganism.

Microbial metabolites are actively involved in
maintaining homeostasis of a healthy human, in-
cluding endocrine regulation and immune adapta-
tion to microbial loads [8-13]. The role of microbiota
metabolites in various diseases has been intensively
studied in recent years. This issue has been brought
to the attention of specialists in various fields of
medicine due to the potential possibility of control-
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Puc. 1. ®aKkTOpHI, BIAHAIONINE HA MeTA00IM3M MHKPOGHOTHI B 3KeTyJ0YHO-KHIIeTHOM TPAKTe YeJ0BeKa.
Fig. 1. Factors affecting microbiota metabolism in the human gut.

Tem GoJiee MHTEPECHO, UTO B KPOBU 3/I0PO-
BBIX JIIOJIEN KOHIIEHTPAIIMA MUKPOOHBIX MeTabo-
JIITOB JIOCTAaTOYHO CTAOMJ/IBHBI y PA3HBIX JIIOAEH,
He3aBHCUMO OT I10J1a, BO3PaCTa, BpEMEHH To/ia 1
XapakTepa nuTaHusA. Mbl yOeqUINCh B 9TOM Ha
IIpuMepe apoOMaTHIECKUX MUKPOOHBIX METa00JTH -
TOB — (heHMTKapOOHOBHIX KUCJIOT — IIpU 00CJTe-
noBaHUM OoJiee 70 3MOPOBBIX JOHOPOB [7]. ITOT
(paxT yrasbIiBaeT Ha CYI[eCTBOBAaHNE MEXAaHN3MOB,
obecrieunBaOINX B HOPME CTAaOWIbHBIE KOH-
IEHTPAIN MUKPOOHBIX METaOOJIMTOB B CHCTEM-
HOM KPOBOTOKE, U, CJIe[0BaTeIbHO, Ha X 3HAYM-
MOCTb JIJII MAKpOOpraHu3ma.

MwukpoOHbIE MeTa0OJUTHI aKTUBHO ydYa-
CTBYIOT B IOJJiep>KaHNY TOMe0CcTa3a OpraHmama
3JJOPOBOTO YeJ0BEKa, BKIOYAs IHIOKPHUHHYIO
PETyAANNI0 1 UMMYHHYIO aIalTalliio K MUKPOO-
HBIM Harpyskam [8-13]. Posib MeTab0IUTOB MUK-
pOOHOTHI TPU PA3JTMIHBIX 3a00JI€eBAHUSIX MHTEH-
CHMBHO W3y4YaeTcs B OCJETHUE TOIbl. BHUMaHMe
CITeIMaIMCTOB B PA3HBIX 00J1aCTAX MEIUITUHBI K
9TOMY BOITPOCY CBSI3aHO OTEHITUATHEHON BO3MOSK-
HOCTBIO YIIPaBJIATH MaTOJOTHYECKIM IIPOI[ECCOM
OTIOCPEIOBAHO Yepe3 MUKPOOHOTY, C HOBBIMH BO3-
MO>KHOCTAMU B jJieueHuu [14].

B maHHO1 cTaThe 06Cy>RIaeTCs BOIIPOC, IT0Ye-
MY HY>KHO M3y4aTh MEXaHU3MbI I ICTBUA U YIU-
TBIBaTh MeTaA00JIU3M MUKPOOMOTHI B OpTaHU3Me
TSKeJI0-00JIFHOTO TAIMeHTa, M KaKuM 06pasom
CIIeMaIUCThI B 001aCTH KIIMHUYECKOTO TUTaHUS
MOTYT IIPUHSATH B 9TOM CaMO€ aKTHBHOE y4acTHe.

B kauecTBe BBeJEHUs IIpejJaraeTcss pac-
CMOTpEeTh pHC. 2, KOTOPBHIA YCIOBHO MOMKHO
Ha3BaTh epapxueil MmetaboanToB. He HEM TTOKa-
3aHBI MHUIBI U3MEPEHUST MeTab0TUTOB, KOH-
IIEHTPay KOTOPBIX B KPOBU YeJI0OBEKa Pa3Jiu-
YaoTCsI Ha TOPSIKH.

ling the pathological process indirectly through mi-
crobiota, with new treatment options [14].

This article provides rationale for exploring the
mechanisms of action and metabolism of the micro-
biota in critically ill patients, as well as the role of clin-
ical nutrition experts in the patient management.

The basic information is shown in Fig. 2, de-
picting the hierarchy of metabolites and different
magnitudes of metabolite concentration values in
human blood.

Obviously, hormones are found in the blood
at very low concentrations (in pg/l, ng/l, pg/l),
compared to other metabolites. Apparently, other
compounds measured in micrograms and
nanograms should not be considered as substrates,
but as signal molecules with more regulatory func-
tions. Looking ahead, we would like to draw atten-
tion to the fact that aromatic microbial metabolites
(AMMs) also belong to this group, which will be dis-
cussed in more detail below.

This article is not a classic topic-specific review
of literature. The text includes postulates based, in
particular, on the results of our own research. The
readers' attention is drawn to the facts and contra-
dictions that have become quite common in the crit-
ical medicine, but remain unexplained from the tra-
ditional human biochemistry viewpoint.

On hypermetabolic-hypercatabolic syn-
drome. Undoubtedly, treatment of critical condi-
tions associated with organ dysfunction and life-
threatening metabolic disorders is complex and
multifaceted. There are more questions than an-
swers in the debate about nutrient support in sepsis
and multiple organ failure [15]. In the fundamental
intensive care manuals, the authors often make ap-
parently contradictory statements. For example, in
monographs or textbooks on intensive care
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Apomarnyeckne MEKpoGHbIe MeTadomTh (AMM),
mMKr/n  Ipoxaasuuronnn (PCT), Koprusoa
Jlakrar, Buumpyoun, |
C-peakrusHblii 6es10k (CPB)
Mouesuna (0,2-0,4), Kammii (0,172-0,205),
Kaabumii (0,1)
I'moko3a (0,8-1,2), Xoaecrepun (1,8-2,5),

r/a

/i
Dudpunoren (3-6), Kupsi (4-7), Hatpnii (3,1-3,45), Besiok (60-85)

pg/l Estradiol,

angiotensin, glucagon

ng/l Aromatic microbial metabolites (AMM),
procalcitonin (PCT), cortisol
Lactate, bilirubin,
C-reactive protein (CRP)
Urea (0.2-0.4), potassium (0.172-0.205),
calcium (0.1)

g/l

g/l Glucose (0.8-1.2), cholesterol (1.8-2.5), fibrinogen (3-6),
lipids (4-7), sodium (3.1-3.45), protein (60-85)

Puc. 2. CpaBHeHHE HEKOTOPBIX OMOXHMHYECKHX IIOKa3aTe e, MeTaG0INTOB H TOPMOHOB IT0 YPOBHIO H3MEPEHH I B KPOBH.
Fig. 2. Comparison of blood levels of some clinical chemistry parameters, metabolites and hormones.

HarnsgHo mokasaHo, 4To, IO CPaBHEHHIO C
IPYyTUMHU MeTaboJUTaMU, TOPMOHBI OOHAPYKU-
BalOTCA B KPOBHY B OU€Hb HU3KUX KOHIOEHTPAIUAX
(B MKr/a, Hr/a, ur/ma). Ilo-sBunuMoMy, U apyrue
COoeITHEHM ], U3MepsieMble B MUKPOTrpaMMax H
HaHOTpaMMax, CJIe[lyeT pacCMaTpUBarTh He KaK
cyOcTpaThl, a Kak CUTHAJIbHBIE MOJIEKYJIBI, 06J1a-
JAIoIIe CKOpee PETrYJISTOPHBIMUA (PYHKIHUSIMHU.
Heckousibko 3aberast Buepeq;, X04eTcsi 00paTuTh
BHUMAaHUE, YTO K ITOU TPyIIie MPUHATJIEKAT U
apoMarnyeckre MeTaboJUThHl MUKPOOHOTO TTPO-
ucxoxkaenust (AMM), o ueM nmogpobHee OyIeT cKa-
3aHO HIUKeE.

JlaHHas1 CTaThs He SIBJISIETCS KIACCHYECKUM
TeMaTH4eCKMM 0030pOM JIUTeparypsl. B TekcT
BKJIIOYEHBI NOCTYJIaThl, chOpMYJIHUPOBaHHbBIE, B
TOM YHCJIe, HA OCHOBE PE3yJIBETaTOB COOCTBEHHBIX
ncciaeqoBaHnil. Buumanue ynraresei corycu-
POBaHO Ha ABJIEHUAX U IDOTUBOPEYUAX, KOTOPbIE
CTaJqu NPAKTUYECKU IIPUBBIYHBIMU B MEOQUIINHE
KPUTHYECKUX COCTOSTHUMN, HO OCTAJIUCh HEOOBsIC-
HEHHBIMHU C TTO3UNUY TPATUIIMOHHON OMOXUMUU
yeJioBeKa.

O cuHapoMe runepMeTadoIn3Ma — rumnep-
KaTrabonuama. besyciioBHO, IpobJieMa JiedueHusT
KPUTHUYECKUX COCTOSIHUN, COIPOBOYKIAIOIIUXCS
OpraHHBIMM AUCPYHKIUAMHI U KU3HEYTPOKAIO-
MU MeTa00/IMYeCKIMY HAPYIIIEHUSIMH, CI0KHA
¥ MHOTOIpaHHa. B TucKyccuu o HyTpUTUBHOM IO
JEPIKKE TP CETICUCE U MTOJNOPTaHHON HEeI0CTa-
TOYHOCTH OOJIBIIIE BOITPOCOB UYeM OTBETOB [15]. B
(yHIaMeHTaNIbHBIX TPyAaX IO PeaHuMaTOJIOTUHN
aBTOPBI HEPEIKO KOHCTATUPYIOT Ha TEPBHIN B3WIS]
AOBOJIBHO MIPOTHUBOPEYUBLIC ABJICHUA. HaHpHMep,
B MOHOTPaUsIX UK yueOHUKAX IO MHTEHCUBHON
Tepanuu cTaja IPUBbLIYHOU TaKast POPMYIIPOBKA
MeTab0INYEeCKUX IPOLIECCOB KaK CHHAPOM THIIep-
MeTaboJsm3Ma — rurnepkarabosmsma.

Takast IpOTUBOIIOJIOKHASA (MOSKHO CKa3aTh —
B3aMMOMCKJIIOYAIOIIIAsl) HAIPABJIEHHOCTh MeTabo-
JITYECKUX IIPOIIECCOB, KOTOPasi PETUCTPHUPYETCST Y
ManMeHTOB KaK OTBET HA TIOBPEKIEHUS Pa3JIny-
HOH 9THUOJIOTUH, 00BbACHAETCA TUCPETYISITOPHBI-
MU U3MEHEHUSIMU B CUCTEME «aHA00TN3M-KaTabo-
JIN3M», PE3KUM YBeJNUYEeHHEM NOTPeOHOCTU B

metabolic processes in critical illness are commonly
called «hypermetabolic-hypercatabolic syndrome».
This contrasting (if not mutually exclusive)
orientation of metabolic processes seen in patients
as a response to various injuries, can be explained
by dysregulatory changes in the system of «an-
abolism-catabolism», a sharp increase in the need
for energy and plastic material donators, an in-
crease in energy demand combined with the patho-
logical tolerance of the tissues to «common» nutri-
ents [16, 17]. Severe protein-energy deficit resistant
to standard nutritive therapy develops, which can
lead to cachexia and death of the patient [18, 19].
If we consider this process from the stand-
point of microbiota concept, we should postulate
that in critical conditions of abnormal microcircu-
lation, temperature, and gas exchange of mucous
membranes, enterocytes and adhesive symbiotes
suffer from malnutrition, and numerous types of
bacteria can belost [5, 20, 21]. The abrupt reduction
of the microbiota species composition leads to the
breakdown of the «metabolic conveyor» of normal
biodegradation of substrates (nutrients) [22].
Postulate 1. The development of critical illness
along with the other disorders is accompanied by a
dramatic deterioration of the microbiotic environ-
ment. Bacteria have much more developed adapta-
tion mechanisms than eukaryotes, they «switch»
metabolic processes to meet their needs, which leads
to the anabolic-catabolic imbalance in the host.
Notably, nothing of the kind happens in case
of simple starvation, when the organism simply
does not get the necessary nutrients. In case of star-
vation (with preserved microbiota!), an adequate
adaptation reaction of the organism is imple-
mented: the resting energy consumption is re-
duced, gluconeogenesis processes are slowed
down, protein catabolism is reduced. In a common
starvation case, lipids are the main sources of en-
ergy, and the body weight decreases gradually,
without the dramatic disturbances in systems and
organs, to reasonable limits, naturally.
QUESTION: What is the fundamental differ-
ence between these two examples: simple starva-
tion and critical illness?
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JIOHATOpPAaxX 9HEPrUu U MJIACTUYECKOro MaTepuasa,
pOCTOM 3HEPTromOTPEeOHOCTH C MapaslieIbHBIM
pa3BUTHEM ITATOJOTUYECKOU TOJIEPAHTHOCTH TKa-
Hell opraHmaMa K «00BIYHBIM» HyTpHeHTaM [16,
17]. PasBuBaeTcs TsoKesasi 0€JTKOBO-9HEpPreTUYe-
CKasg HeJIOCTaTOYHOCThb, PEe3UCTEHTHasli K CTaH-
JapTHON HYTPUTHUBHOM Tepaluu, YTO MOYKeT IIPU-
BECTH K KaXeKcruu 1 rudesiu mamuenTa 18, 19].

Ecaiu paccMOTpeThb 9TOT MPOIeCce ¢ MO3UINHI
3HAHWUH 0 MUKPOOWOTE, CIeAYEeT MOCTYINPOBATh,
4TO IIPU KPUTUYECKUX COCTOSHHUAX B YCJIOBUAX
HapyluleHUsd MAKPOLUPKYJIALNY, TeMIIepaTyphl U
rasoobMeHa CIM3UCTHIX CTPaJaeT MUTaHNe 9HTe-
POIIUTOB U aATe3UPOBAHHBIX CUMOMOHTOB, IIPO-
HCXOAUT BbINaJeHne MHOTOYMCJIEHHBIX BUJIO0B
bakrepwuii [5, 20, 21]. Pe3koe yrpoliieHre BUJ0BO-
ro COCTaBa MUKPOOUOTHI IPUBOIUT K ITOJIOMKE
«MeTaboJIMIeCKOTO0 KOHBelepa» HOPMATbHOU
duonmerpamanuy cyocTpaTroB (HyTPUEHTOB) [22].

ITocrynar nepBhIil. Pazsumue Kpumuuecko-
20 COCMOSIHUSL HapPsI0Y € U3BECMHbIMU HAPYULeHUSL-
MU 8 OpeaHu3Me Ues08eka conposoicoaemcs pes-
Kum  yxyouieHuem cpedbl. obumanus 0as
Mukpobuomeol. bakmepuu 061a0ar0m sHa4umens-
HO 60.J1ee pas3sumbsiMi MeXaHu3Mamu adanmayuu
10 CPABHEeHUI0 C IYKapuomami, OHU «neperio-
uarom» memadoauueckue npoyeccovl 015 ydose-
meopeHUst coUX nompebHocmell, uno npueooum
K ducbanamcy npoueccos anaboausma u kamabo-
JUIMA 8 OP2AHU3ME XO3AUHA.

Ba)KHO OTMETHUTBH, YTO HUYEro HOL00HOI0 He
OPOUCXOOUT TPU TPOCTOM TOJIOJLAHUHU, KOTHA
OPTaHu3M IPOCTO HE TTOTyYaeT He0OXOTUMbIE eMY
HYTpHUeHTHI. I1pu ronoganuu (B yCJa0BUAX COXpa-
HEHHON MUKPOOHOTHI!) peannayeTcs afleKBaTHast
aIanTallMOHHAS PEAKIINS OPraHnu3Ma: CHUYKAETCSA
9HEPTrOMOTPEOHOCTD MOKOSI, 3aMeJISIIOTCS TIPO-
[IeCChl IVIIOKOHEOreHe3d, YMEeHbIIaeTcsa pacnaj
0esikoB. IIpu OOBIYHOM TOJIOMAHUU B KadeCTBE
OCHOBHBIX WCTOYHHKOB OHEPIUM BBICTYyIAIOT
JAIIAIbI, TPOUCXOIUT ITOCTENEHHOE CHUKEeHUe
Macchl Tesia — 6e3 KaTacTpo(UUeCcKux HapyIie-
HUU B CHCTeMax U opraHax, padyMeeTcss — J0
pa3yMHBIX IpEIeJIOB.

BOIIPOC: YewM ke MPUHIUNNUAIBHO PA3JIU-
YalOTCs 9TU J1Ba IpUMepa — MPOCTOe TOJ0AaHue
OT KPUTHUUYECKOTO COCTOSTHUA?

OTBET: neduiuT HyTPUEHTOB IIPU COXPAHHOU
MHUKpPOOMOTE TTPUBOAUT JIUIIL K «IIePECTPOMKa»
MeTaboJIMIeCKOTO peakTopa B MHTEPEeCcaxX OpraHus-
Ma xo3suHa. [Ipy KpUTUYeCKOM COCTOSTHUAU B yCJI0-
BUSIX THO€JI HOPMaTbHON MUKPOOUOTHI BHI)KHUB-
miue, MeTaboJIMIeCKU -9y KePOTHbIE BUJIbI
OakTepuii (BceM N3BECTHBIE TaK Ha3bIBAEMbIE BO3-
OyauTes i TH(MEKITMOHHBIX OCTI0KHEHUH — TICEB-
JIOMOHATBI, AlITHETOOAKTEPHI, KIeOCUeIThI U 1Ip.),
OBITASICh KOJTOHU3UPOBATh CIAU3UCThIE, aKTUBU-
PYIOT Ipyrue MeTaboJIndecKue My TH, THUITUAPYIOT
pacnaj 6eJ1K0B, OMOTpaHC(OPMAIIII0 AMIUHOKKC-

ANSWER: Nutrient deficiency with the pre-
served microbiota leads only to «rearrangement» of
the metabolic reactor according to the host’s inter-
ests. In a critical illness, when the normal micro-
biota is lost, the surviving, metabolically aggressive
types of bacteria (the infectious agents such as
Pseudomonas, Acinetobacter, Klebsiella spp., etc.),
while trying to colonize the mucous membranes,
activate other metabolic pathways, initiate the pro-
tein catabolism, biotransformation of amino acids
(glutamine, alanine, glycine, etc.) for the synthesis
of polysaccharide matrix (biofilm). Biofilms are
vital for bacteria to control the host organism
through biologically active metabolites and survive
the antibacterial therapy [14, 23].

On hyperglycemia. Another controversial
metabolic abnormality in critical conditions is hy-
perglycemia, when, against logic, both glycogenol-
ysis and gluconeogenesis increase simultaneously.
The increased production of glucose by hepato-
cytes (from lactate, glutamine, alanine, glycine, ser-
ine, glycerol) is not accompanied by insulin synthe-
sis [16]. Hyperglycemia is spontaneous, unstable,
and difficult to correct, and its high variability may
increase mortality, even in patients with average
glucose levels [24]. The administration of exoge-
nous glucose with insulin does not affect the rate of
biochemical reactions [25-27], whereas intensive
control of glucose is associated with almost 4-fold
increase in the risk of hyperglycemia [28-30].

This phenomenon cannot be attributed to the
compensatory reactions of the macroorganism, es-
pecially since hyperglycemia is associated with se-
rious complications [31], and severe hypoglycemia
is an independent risk factor of death [32, 33]. The
failure of regulation mechanisms, interference of
«outside force», namely, a huge starving army of
bacteria, for which glucose is the most important
substrate (see above), can clearly be seen. To prove
and find ways to eliminate this failure, it is neces-
sary to identify those microbial metabolites which
specifically block certain enzymes and disrupt the
coordinated work of biochemical cycles in the liver.
This is a matter of the nearest future [34, 35].

On amino acids. In critical illness, due to the
activation of the alanine-glucose-6-phosphate
cycle, amino acids are mobilized from skeletal
muscles and transported to the liver for glucose
synthesis [16, 36, 37]. Since in hyperglycemia (see
above) the patient's body is not «interested» in ac-
tivation of gluconeogenesis, the microbiota again
acts as a «client» ordering the accelerated muscle
proteolysis [38-40]. As indirect evidence, the non-
uniform utilization of amino acids from the blood
can be expected, i.e. the level of those amino acids
that are of particular interest to bacteria will de-
crease most intensively. This can be easily con-
firmed by studying the aminograms of patients

with sepsis. The decrease in the levels of such
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JIOT (IyTaMUH, aJIaHVH, NIMLYH U AP.) [JI CHHTe3a
MOJINCAXapPUTHOTO MaTpuKca (OHUOIIeHoK). bro-
TUIEHKY KU3HEHHO HeOOXOIUMEBI DAKTepUSIM JJIsT
peanu3anuy MeXaHN3MOB BJIMSHUS HA OPTaHU3M
X03sIMHa Yepe3 OH0JIOrnYeCcKr-aKTUBHBIE METa00-
JIUTBI, B TOM YHCJIe — /151 BBI)KUBAHUS O] IIpec-
CUHTOM aHTHOAKTepHUaJIbHON Tepanuu [14, 23].

O runepriaukemMuu. Emje ofHUM OPOTHUBO-
peunBbIM (hAaKTOM HApPYIIEHUsT 0OMEeHa P KPu-
TUYECKUX COCTOSTHUSIX ABJISIETCS Pa3BUTHE THUIIEP-
IMKEMUU, KOTHAa BOIPEKHU JIOTUKE OGHOBPEMEHHO
YBEJIMYNBACTCA aKTUBHOCTD M INIMKOICHOJIN3a, U
IJIIOKOHeoreHesa, [loBblennas nponyKIus rema-
TOI[UTAMH TUTIOKO3bI (13 TAKUX CYOCTPATOB IIIOKO-
HeoreHesa Kak JIaKkTaT, IJIyTaMWH, aJaHuH, LJI1-
[IVH, CEpWH, IVIUIEPOJI) He CONPOBOKIAETCH
CUHTE30M MHCYJINHA [16]. [uneprnukeMuss HOCUT
CIIOHTAHHBIN, HECTAOUIBHBINA XapaKTep, TPYILHO
MOAJaeTCsI KOPPEKIINY, a BHICOKAasi Bapruadeshb-
HOCTb IJIMKEMHUU MOSKET yBEJIMYUTh CMEPTHOCTD,
JasKe y IalIeHTOB CO CPEITHUM YPOBHEM INIIOKO3bI
[24]. BegeHue 9K30reHHOU IVIIOKO3bI C UHCYJIMHOM
He BJIMsIET Ha CKOPOCTh OMOXUMIYECKUX PEAKITUI
[25-27], a UTHTEHCUBHBIN KOHTPOJIb YPOBHSA IJIIO-
KO3bI IOYTHU 4-KpaTHO YBEJINYUBAET PUCK PAa3BU-
TUA TUIIepriinKeMuu [28-30].

HeB03MOKHO 00'BbSICHUTD 9TO SIBJICHUE IIeJIe-
C000Pa3HOCTHIO KOMIIEHCATOPHBIX PeaKINH MaK-
poopranuama, TeM 0oJiee YTO TUIEPIITUKEMUS
YypeBaTa pa3BUTHEM CEPbE3HBIX OCI0KHEHU [31],
a TsKeJiasi THIOTVIMKEMU ST He3aBUCHMO CBsI3aHa C
pUCKOM JieTaJbHOTO ucxona [32, 33]. ABHO 1po-
cMarpuBaeTcsi cOOl MeXaHW3MOB pPETYJISNH,
BMEIIATeIbCTBO «CTOPOHHEN CUJIbI», a UMEHHO —
OTPOMHOM TOJIOMAIONIEed apMuu OGaKTepui, IJIs
KOTOPOU TJIIOK03a SIBJISIETCA BasKHEWIINM Cy0-
crparoM (cM BhIlre). UTOOBI MOKa3aTh M HAUTU
CITIoco0BI yCTpaHEHUsA 3TOro c60si, HEOOXOIUMO
BBISIBUTH T€ MUKPOOHBIE META00JIUTHI, KOTOPHIE
TOYEYHO OJIOKUPYIOT OTIpefiesIeHHbIe (DePMEHTHI U
HapyIIAOT CAaKEHHYI0 Pab0Ty OMOXUMUYECKIX
IIMKJIOB B IIEYEHH; 9TO JeJI0 CAMOro OJIMKAMIIero
oymymero [34, 35].

006 amuHOKHCH0TaX. OTIMCAHO, YTO IIPU KPU-
TUYECKHUX COCTOSHUAX BCJIEJCTBHE aKTHBAIlNU
[MKJIa aJIaHUH-TII0K03a-6-pocdar aMUHOKHUCIIO-
THI MOOUTUYIOTCS U3 CKEJIETHOW MYCKYJIaTyphl U
TPaHCIOPTUPYIOTCA B II€Y€Hb /151 CHHTEe3a [IIOKO-
351 [16, 36, 37]. IIOCKOJIBKY B yCJIOBUAX FUNEPIIIN-
KeMuu (CM BbIIIe) 60JTLHON OpraHu3M TarueHTa
COBCEM «He «3aHTEePeCOBAH» B aKTUBAIINH [IIOKO-
HEeOoreHe3a, B KA4eCTBe «3aKa3unKa» MPOTrpecCcu-
PYIOLIEro MBIIEYHOI'0 IIPOTE0JIM3a CHOBA BBICTY-
rmaeT MUKpoOmoTa [38-40]. B kauecTBe KOCBEHHOTO
JI0OKA3aTeJIbCTBA MOKHO OKHUIATh, YTO IPU 9TOM
13 KPOBY aMUHOKWCJIOTHI OYAYT YTUIN3UPOBATHCS
HEepaBHOMEPHO, TO €CTh HamOoJiee MHTEHCUBHO
OyleT CHUKAThCS YPOBEHb T€X aMHUHOKHCJIOT, B
KOTOPBIX 0COOEHHO 3aMHTePeCcOBaHbI OakTepuu. B

amino acids as glutamine, alanine, glycine, etc. is
invariably registered in sepsis, while blood concen-
trations of aromatic amino acids remain un-
changed and even tend to rise [36, 41, 42].

On catecholamines. When the normal micro-
biota is lost and replaced by opportunistic bacteria,
the microbial biotransformation of tyrosine is dis-
turbed, and at the same time intermediate metabo-
lites are accumulated in the blood, which negatively
affects the metabolic pathway of catecholamine syn-
thesis. Interference of bacterial metabolites into the
host metabolism contributes to the development of
arterial hypotension and septic shock, which was
previously described in detail in our paper [43].

On mitochondria and energy deficiency. The
condition of these intracellular organelles deter-
mines the energy supply of organ cells and their per-
formance. The abnormal function of organs in criti-
cal conditions was found to be largely determined by
mitochondrial dysfunction [44-46]. However, the re-
search has shown that low molecular weight biolog-
ically active substances produced by bacteria can af-
fect the activity of mitochondria, their shape, size,
and function. Data on the effect of microbial
metabolites on the activity of enzymes involved in
the regulation of protein expression and modifica-
tion in the human body have been accumulating.
Short-chain fatty acids and phenolic acids were
found to act as inhibitors of deacetylation reactions,
causing hyperacetylation, and thus inhibiting the
functions of a number of proteins and enzymes
[47,48]. Reversible acetylation of proteins and en-
zymes is one of the mechanisms for controlling the
metabolic activity of cells, which is responsible for
both deterioration and restoration of the organ func-
tions. Sixty three percent of proteins localized in mi-
tochondria are known to contain acetylated sites. In
addition to activity modulation, acetylation affects
such properties as protein interactions, stabilization,
conformation, and subcellular protein localization.
Among the mitochondrial enzymes which undergo
acetylation, succinate dehydrogenase (SDH), gluta-
mate dehydrogenase, isocitrate dehydrogenase, fatty
acid oxidation enzymes, and some respiratory chain
complexes subunits have been identified [49, 50]. As
already mentioned, these reactions involve microbial
metabolites, i.e. short-chain fatty and phenolic acids.

The «invisible organ» concept. A simple
mathematical calculation gives an idea of the sig-
nificance of the microbiota in the human body in
numerical terms, regardless of its functional value.
The total weight of trillions of bacteria that make
up the human microbiota is comparable, if not
greater, to that of the main vital organs (Table 1).

The significance of microbiota metabolism
cannot be overestimated if their collaboration with
mitochondria is admitted. Each cell contains hun-
dreds and thousands of mitochondria, which rep-
resent up to 25% of the total volume of the cell. The
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9TOM JIETKO YOeaNThCsI, aHAJIM3UPYS aMUHOTPaM-
MBIl TIAIMEHTOB C CEIICMCOM: IIPU CeTCUce
HEN3MEeHHO PerucTpupyercsi CHUMKEHNE YPOBHel
TaKUX aMUHOKHUCJIOT KaK IVIyTaMUH, aJIaHUH, [JIU-
IIVH ¥ JIp., IPY 9TOM KOHIIEHTPAIlUX apoMaruye-
CKUX aMUHOKMCJIOT COXPAHSAIOTCA U JasKe UMEIOT
TEeHJCHIUIO K HAKOIJICHUIO B KpoBHU (36, 41, 42].

O karexosaMuHax. [lokasaHo, 4TO B ycCJIO-
BUSIX JeCTPYKIIUM HOPMaJIbHOI'O COCTaBa MUKPO-
OMOTHI U ee 3aMeIleHNs] YCIOBHO-ITaTOTeHHBIMA
bakTepussMu MUKpoOHass OuoTpaHcdopmamnus
TUPO3UHA HAapYLIAeTCsl, IPU 9TOM B KPOBU HaKarl-
JIMBAIOTCST 00Pa3yIoTCsA TPOMEKYyTOUHbIE MeTabo-
JIUTHI, KOTOpPbIe HETaTUBHO BJIUSIOT HA META00JTH -
YeCcKUM NIyTh CHHTe3a KarexoJaMHHOB. Takoe
BMeIIaTeIbCTBO MeTab0IUTOB HaKTepUil B MeTa-
00JM3M MaKpOOpraHu3Ma CIIoCOOCTBYET pa3BH-
THIO apTepUaTbHOU TUIIOTEH3UU U CENITUUYECKOTO
1II0Ka, YTO paHee JeTaJbHO OMHUCAHO B HaIllel
crarbe [43].

O MUTOXOHJPHSX U IHEPTETUIECKOH HE0-
cTaTO4YHOCTH. OT COCTOSIHUSA 3TUX BHYTPUKJIETOU-
HBIX OpraHeJiJl 3aBUCUT dHepTreTUYecKoe obec-
rnevyeHre KJIETOK OPTaHOB U BBINIOJHEHUE UMU
COOTBEeTCTByIOIIUX (PyHKIUNA. OKa3anaoch, 4TO
HapylieHus (yHKIIMU OPraHOB IIPU KPUTUYECKUX
COCTOSIHUSIX BO MHOTOM OIIPEAeJISIOTCS MUTO-
XOHAPUAJBHON nuchyHKnuel [44-46]. B To ske
BpeMsl, UCCJIeJOBAHUS II0KA3aJId, YTO IIPOIyIU-
pyeMble DaKTepUsAMU HU3KOMOJIEKYIsIpHbIE OHO-
JIOTUYECKU aKTHBHbIE COEIUHEHHsI CIIOCOOHBI
BJIUATh Ha AKTUBHOCTh MUTOXOHAPUH, UX (popmy,
pasMepsl U PyHKIIUKU. HakanauBaloTcs JaHHbIE O
BJIMSTHUA MUKPOOHBIX METabOOJUTOB HAa aKTHUB-
HOCTb (D€PMEHTOB, YYACTBYIOIIUX B PETYIAIUN
9KCITPeCCUU ¥ MOoTU(UKAITUY 0eJTKOB B OpPraHu3-
Me YesioBeka. OOHApPYKEeHO, YTO KOPOTKOIIEIIO-
YeyHbIe YKMPHbIE KMCI0THI U (PeHOTbHbIE KMCII0-
TBI JEHUCTBYIOT KaK WHTAOWTOPHI pearknui
JlealleTUIMPOBaHMs1, BbI3SbIBAs TUIIEPAIIETHINPO-
BaHMeE, U TEM CaMbIM MHTHUOMpPOBaHNeEe (PYHKIUH
psana 6enkoB u pepmenToB [47, 48]. O6parumoe
aneTwIMpoBaHue OeJIKOB U (DePMEHTOB SIBJISIETCS
OIIHUM M3 MEXaHW3MOB KOHTPOJISI MeTaboJmde-
CKOM aKTUBHOCTU KJIETOK, CJI€I0OBaTeJbHO —
OTHUM M3 MEXaHU3MOB PA3BUTH S OPTAHHbBIX JINC-
(pyHKIMN 1, HAIPOTUB, BOCCTAHOBJIeHUS (PyHK-
1y opraHoB. M3BecTHO, 4YTO 63% O€eJIKOB, JIOKA-
JIU30BAHHBIX B  MUTOXOHIPHUAX, COJepsKar
aneTUJNpPOBaHHbIE caliThl. Kpome Mopymnsanuu
AKTUBHOCTH, alleTUJIUPOBAHUE BJIUSET HA TaKUe
CBOMCTBa KaKk Me)KOeJIKOBbIe B3aUMOIEHCTBUS,
crabunusanysi, KOHGOpManusA U CyOKJIeTOUYHas
JIoKasu3anus oesmka. Cpel MUTOXOHIPHUATbHBIX
¢dhepMeHTOB, KOTOPHIE TTOIBEPTAIOTCS ALETUINPO-
BAHWIO, M3BECTHbl CyKLIMHaTAEeruaporeHasa
(CAT), miyTamararugporesasa, i30nUTpaTAern-
poreHasa, GepMeHThbI OKUCJIEHUS YKUPHBIX KHUC-
JIOT, HEKOTOpble CYOBEeIUHUIBI KOMILJIEKCOB

total weight of trillions of mitochondria is appar-
ently impossible to estimate, since mitochondria
are extremely lively and mobile organelles that are
rapidly dividing and being destroyed in response to
changes in the cell's energy demand [51-53].

Postulate 2. Human microbiota and mito-
chondria are functionally interrelated. Together they
form an «invisible organ» responsible for the
metabolic and energetic homeostasis of the body as
a whole.

This «invisible organ» has a number of distinct
differences from other human organs, namely:
both mitochondria and bacteria have their own
unique genetic apparatus (DNA) and protein-syn-
thetic system (ribosomes). These characteristics
make it possible to switch the metabolism «to itself
and against the host» both for bacteria and mito-
chondria under unfavorable conditions and in case
of severe homeostasis disturbances [14].

The functional unification of trillions of mi-
crobial cells and intracellular organelles into a sin-
gle organ is associated with their common ontoge-
netic origin [54]. The progenitors of mitochondria
were found to be related to bacteria that integrated
into eukaryotic cells in prehistoric times. Presum-
ably, these were alpha-proteobacteria of the Rick-
ettsia, Ehrlichia or Anaplasma spp. During the evo-
lution process, they lost their autonomy by
transferring some of their genes to the nucleus of
the cell and became a cellular organelle [55]. The
existing functional relation between mitochondria
and microbiota is assured by bacterial exometabo-
lites, which selectively, under strict liver control,
enter the systemic blood flow and act as signal
molecules [44].

On organ dysfunction. The organ dysfunction in
a critical patient most often indicates a septic process
[56]. Abnormal function of an organ is determined by
individual features, hereditary predisposition, preex-
isting illnesses, etc. In sepsis, one or multiple organs
with numerous variants can be involved in the patho-
logical process. Many authors, emphasizing the role of
intestinal microbiota, call the intestine «a motor» of
multiple organ dysfunction [56-59].

According to the current (2016) international
classification «SEPSIS-3» [60], the dysfunction of
two or more organs must be documented for the di-
agnosis of sepsis.

However, the microbiota is not even men-
tioned in the list of organs and systems either in the
Sepsis 3 classification or in the organ dysfunction
severity assessment scales (SOFA, MODS, etc.).
Meanwhile, this «invisible organ» dysfunction is the
most important pathogenetic component in the
development of sepsis. In the last few years, the un-
derstanding of significance of the microbiota has
led to an overwhelming growth of publications in
various medical areas [12, 13, 40, 61-67]. Despite
the fact that the term «microbiota» is a relatively
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IbIxaTeabHOU nenu [49, 50]. Kak ysxe Ob1710 cKasa-
HO, B 3THUX PEAKIUAX YYaCTBYIOT METa0OJUTHI
MHKPOOHOTO MTPOUCXOKIEHNST — KOPOTKOIIEIIO-
YeyHble ;KUPHbIE U (PeHOJIbHBIE KUCJIOTHI.

KoHuenuusa o «<HeBUAUMOM opraHe». [Ipo-
CTOU MaTeMaTu4eCKui OJICUET JAET IpejcTaBe-
HUE O 3HAYMMOCTH MUKPOOUOTHI B OpPraHu3Me
4eJI0BEKa B YHMCJIOBOM BBIPAsKEHUH, JAKE €CJIU
OTNYCTUTH 32 CKOOKM ee (PYHKIIMOHAJIbHOE 3HAYe-
Hre. COBOKYIIHOCTh TPWJLIMOHOB OaKTepwi,
COCTaBJIAIONINX MUKPOOUOTY YeJI0BEKa, IO CBOE-
My BeCy COIIOCTaBMMa M Ja’Ke IIPEBBIIIAeT Bec
OCHOBHBIX ;KU3HEHHO-BasKHbBIX OPTaHOB (Tab1. 1).

TpyoHO IIepeolleHUTb, HACKOJBbKO 3HAYHU-
MOCTb MeTaboIM3Ma MUKPOOMOTHEI BO3PACTAET,
€CJIU IOIyCTUTh UX COBMECTHOE (PYHKIITMOHUPOBA-
HHME C MUTOXOHJIpUSMU. B KayKI0U KJIeTKe collep-
SKATCSI COTHH U TBICSIYM MUTOXOHIPUI, 00heM
KOTOPBIX COCTaBJISIET 10 25% OT 001Iero o6bema
kJieTKU. CyMMapHBbIN BeC TPUIJIMOHOB MUTOXOH/T-
puii, MO-BUIUMOMY, HEBO3MOYKHO OI[€HUTH, TaK
KaK MUTOXOHJAPUU — YpPe3BBIYAWHO SKUBbIE U
MTOABUSKHBIE OPTaHEJIIbI, OBICTPO JeAININecs U
paspylIamlyecs B 0TBeT Ha U3MEHEHUs dHepre-
THUYeCKOI TOTPeOHOCTH KyieTKHu [51-53].

INoctynar Bropoi. Mukpobuoma u mumo-
XoHOpuu uenosera PyHKEUUOHALbHO 63AUMOCEA3A-
Hbl. Bmecme oHU @opmupyrom «HesUuOUMDbLL
op2aH», 0MeemcmeeHMbLll 3a Memaboauueckull u
IHepeemuU1ecKull 20Meocmas OpeaHu3ma 6 UesloM.

ITOT «HEeBUAUMBIHN OpTaH» 00J1a1aeT psAa0M
BBIpQKEHHBIX OTVINYNH OT JPYTUX OPTaHOB YeJio-
BEKA, a UMEHHO: U Y MUTOXOH/IPUH, U Y 0aKTepUil
MMeeTCs COOCTBEHHBIH, OTIMYHBIA OT OpraHu3-
Ma X03sMHa, reHeTuueckuii anmapar (IHK) u
coOcTBeHHAsA 0eJIOK-CHHTE3UpPYIOIasi CucTeMa
(pubocombl). Takre 0COOEHHOCTU TTO3BOJISIIOT B
HeOJJIaronIpUATHBIX YCIOBUSX, IPHU IPYOBIX HAPY-
IIIEHUsIX TOMEOCTasa IepekraiovaTb MeTaboanu3M
«Ha cebs1 — MPOTUB X03sAWHA» KaK OAKTepUsIM,
TaK U MUTOXOHAPUAM [14].

OyHKIMOHATbHOE 00 beTMHEHNE B eUHBIN
OpraH TPU/JIMOHOB MUKPOOHBIX KJIETOK U BHYT-
PUKJIETOUYHBIX OPTaHe 1 I-MUTOXOHIPUI CBS3aHO C
UX OOIITUM IIPOUCXOKIEHNEM B OHTOTeHe3e [54].
YcTaHOBJIEHO, YTO TIPEIKU MUTOXOHIPUH OTHOCH-
JINCHh K OAKTepUsIM, KOTOPhIE B JOUCTOPUUECKUE
BpeMeHa BHEIPUJINCH B 9yKapUOTUYECKUE KJIET-
k. [IpeamosoKuTeIbHO, 9T0 OBLIN abda-mpo-
TeobakTepum pomoB Rickettsia, Ehrlichia wam
Anaplasma. B ripor1iecce 9BOJIIOIIUY OHU MIOTEPSLIIN
ABTOHOMHOCTb, TepeaB 4acThb CBOUX TeHOB B
ANPO KJIETKU, U CTAJU KJIETOYHOU OpraHesjion
[55]. PyHKIMOHAJBHAS CBA3b MUTOXOHJPHUU C
MHKPOOMOTON COXpaHUIACh U 00eCIedYnBaeTcs
9K30oMeTaboJInTaMu 0aKTEPHUd, KOTOpbIe U30Mpa-
TeJIBHO, II0J, CTPOTUM KOHTPOJIEM IIe4Y€eHH, II0CTY-
MalT B CUCTEMHBIA KPOBOTOK, BBIMOJIHSSA POJIb

CUTHAJIbHBIX MOJIERYJI [44].

Ta6Gsnna 1. BecoBas moJis1 JkH3HEHHO-BaKHBIX Opra-
HOB M MUKPOOHOTHI B % OT MacChI TeJs1a B3pOCJIOro Je-
JIOBeKa BecoM 70 Kr (pacyeTHbIe JaHHbIE aBTOPA).
Table 1. Weight portion of vital organs and microbiota,
% of adult body weight of 70 kg (author's estimates).

Parameters Values of parameters, % of body weight
Kidneys 0.4

Heart 0.5

Lungs 1.4

Brain 2.1

Liver 2.4

Microbiota 1.4-2.9

IIpumeuanue. Parameters — napamerpsr; values of — 3Hade-
Hust; body weight — Bec resa; data from the reference litera-
ture — JaHHBIE CIPaBOYHOM iuTeparypsl; of body weight —
oT maccel Tesna; kidneys — mouku; heart — cepaie; lungs —
Jierkue; brain — mo3r; liver — neuens; microbiota — Mmukpo-
ouora.

new for scientists and physicians, more than 50,000
full-text articles on microbiota, including the re-
sults of randomized double-blind trials, are now
available online through the PubMed query. The
papers not only deal with the microbiota composi-
tion in various diseases, but also frequently address
the global significance of its metabolic activity, its
relation to antimicrobial therapy, complications,
and adverse outcomes [68-79].

What is to be done? Postulate 3. Treatment of
acritical patient at least should not aggravate exist-
ing microbiotic abnormalities. A positive treatment
result is best achieved when all the components are
used to reach a balance of signal molecules of micro-
bial origin. The treatment which does not promote
the restoration of metabolomic host-microbiota bal-
ance is considered inappropriate, organ dysfunction
progresses and the pathological process becomes ir-
reversible. To ensure patient survival, control (mon-
itoring) of the microbiota metabolic activity and its
proper correction are necessary.

Correction of the microbiotic metabolism in
the critically ill patients can be challenging. First of
all, it is necessary to override the long-established
policy of bacterial eradication from the human
body. Most international studies show that more
than 70% of ICU patients receive antibiotics, and in
every third case the prescribed antibiotic is either
inadequate in terms of the spectrum (dose, regi-
men) or not indicated at all [80].

There is an intensive search for effective ways
to «manage» the microbial metabolism.

The study of the metabolic activity of different
types of bacteria in vitro has shown that some of
the anaerobes in human microbiota can actively
utilize intermediate (toxic) products of aromatic
amino acids metabolism to the final metabolites
[81]. Apparently, the deficiency of this necessary
bacteria in intestinal microbiota in critical patients
is one of the factors leading to excessive accumula-
tion of «sepsis-associated» phenylcarboxylic acids
in blood [82].
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00 opranmHoii pauchyHknmu. PassBurne
OpPraHHBIX OUCPYHKIUNA y peaHUMaIMOHHOTO
0OJIEHOTO YaIlle BCETO YKa3bIBAET HA CENTHYECKII
npouecc [56]. Hapymienue (pyHKIMU TOTO WU
WHOI'0 OpraHa oNpeesIsieTcss UHANBUYaIbHBIMU
0COOEHHOCTSIMU, HAaCJIEACTBEHHOM ITPeIPacIioio-
SKEHHOCTBIO, TpeMopOuIHBIM (poHOM U Ap. [Tpu
CeTICHCe YKMCJIO OPTaHOB, BOBJI€YEHHBIX B ITAaTOJIO-
TUYECKUU MPOIIeCC, a TaKKe BApHUAHThI COUeTaHUHN
OPraHHBIX AUCQPYHKIIUA MOTYT OBITH JIIOOBIMHU.
MHorue aBTOpHI, TOAYEePKUBAS POJIb MUKPOOHO-
ThI KUIIIEYHUKA, Ha3bIBAIOT KUIIIEUHUK MOTOPOM
TIOJIMOPTAaHHON AuChYHKIUN [56-59].

ComtacHO COBpPEeMEeHHOH MesKIyHapOogHO!
riaccuduranmm «Cercuc-3» 2016 roga [60], nis
ITOCTAaHOBKHY IMATHO3a CETICHC TO/KHA OBITH TOKY-
MEHTHUPOBaHa TUCQYHKIMS HE MeHee IBYX OpraHOB.

OnmHako MUKpPOOMOTA asKe He YIIOMUHAETCS
B IIepevYHe OPTraHOB U CUCTEM OpTraHU3Ma YeJIoBe-
Ka HU B Kjaccuduranuu «Cerncuc-3», HH B IIIKaJIax
OIIeHKU TSPKEeCTH OpraHHbIX nuc@yHKIui (SOFA,
MODS u np), a BeiJb UMEHHO IUC(HYHKIUS 3TOTO
«HEBUINMOTI'0 OpTraHa» — Ba’KHEHIasa maToreHe-
THUYeCKasi COCTaBJIAIOIIAsA B Pa3BUTHUHU cellcuca. B
nocJieJHYEe HECKOJILKO JIeT IIOHUMaHNe 3SHAYHMO-
CTA MUKPOOHOTHI IPUBEJIO K JIJABUHOOOPa3HOMY
pocTy myO/IMKauii B caMbIX pa3HBIX 00JaCTAX
menunuHel 12, 13, 40, 61-67]. HecMoTps Ha TO, YTO
TEPMHUHOM «MUKpPOOMOTa» yUeHbIe ¥ BpayM CTaTN
M0JIb30BAThCSI CPABHUTEJLHO HE/TaBHO, CETO/THS B
oTBeT Ha 3ampoc B PubMed npemaraercs 6oJee
50 TBIC. TOJTHOTEKCTOBBIX CTATell 0 MUKPOOUOTE,
BKJIIOYAsl pe3y/lbTaThl pPaHIOMH3UPOBAHHBIX
MBOMHBIX CJIETBIX MCCAeM0OBaHUui. B paboTax He
TOJIBKO 00Cy>RIaeTcs (PaKTOIOTHIEeCKUI MaTepu-
a1 00 0COOEHHOCTAX COCTaBa MUKPOOUOTHI IIPHU
pa3IUYHBIX 3a00JI€BaHUSX, HO BCE Yallle CTAaBUTCS
BOIIPOC O T7100aJIbHOM 3HAYeHUH ee MeTaboIuye-
CKOI aKTUBHOCTH, CBSI3b C AHTUMUKPOOHOM Tepa-
rel, pa3BUTHEM OCJIO’KHEHUH W HebJIarompu-
ATHBIM UCXOJI0M [68-79].

Yro nenarsp? Iloctymar Tperuii. JleueHue
PearuMayuOHH020 nayuenma (Kax MUHUMYM) He
00J0ICHO  yCy2yOasmob uMmeloujuecs HapyuleHus
Mukpobuomut. ITonodxicumenvHoiil pe3yiomam 8
JleueHuU Hauboiee 00CMUNCUM NPU YCA08UL, K020a
8ce cocmasasuue 8 mepanuu HanpaeieHsl Ha
docmuoiceHue OANAHCA CUZHANLHBIX MONCKYL MUK -
pobH0o20 npoucxodcdenus. Eciu mepanus He cho-
cobcmeyem 80CCMAHOBACHUIO MemadoI0MHO20
bananca MaxpoopeaHudmMa ¢ Mukpobuomoti, oHa
HeadekeamHua, Op2anHbie OUCHYHKYUU Npopeccu-
pyem u namoJio2uueckull npoyecc cnmaHosumcs
HeobpamumbsiM. /I15 8blocusaeMocmu NAyUeHmMos
Heobx00uMbL cnocobbl KORMpPOJis (MOHUMOPUH2a)
Memadonuweckoll akmueHoCmu MukKpoouomaol u
ee adekeammasi KOppekyust.

MeTonbl KOppeKIuu MeTaboIM3Ma MUKPO-
OMOTHI B OpraHU3Me KpUTUYECKH OOJTBHOTO YeJI0-

At the beginning of the 20" century, Ilya Mech-
nikov pointed out the impact of substances pro-
duced by normal microflora on human life and
health. Further development of his ideas has led to
the creation of a group of drugs based on living nor-
mal human bacterial cultures or probiotic prod-
ucts. So-called useful bacteria have made their way
into our lives as drugs and supplements, which is
extensively covered in the literature. As for intensive
care patients, the number of studies of bio prepa-
rations in ICU was significantly restricted for sev-
eral objective reasons, including

e difficulty of conducting the randomized
blind clinical trials in the ICU (where the risk of
death is high) due to issues with gaining informed
consent and other ethical aspects,

* necessity of comparable homogeneous pa-
tient groups for obtaining the objective results,
which is also difficult in intensive care

e reasonable doubts about the appropriate-
ness of using live probiotic cultures combined with
antibiotic therapy

* high probability of intestinal barrier failure
in critical conditions, translocation of the enterally
administered probiotic bacteria into the blood with
unpredictable consequences.

An additional «obstacle» for progress in this
area was created by negative results of a random-
ized double-blind controlled trial of a lactobacillus
preparation (in combination with prebiotic) in pa-
tients with pancreatic necrosis: the mortality rate
in the group receiving the biologic drug was higher
than in the controls [83]. This fact suggests that the
prescription of biodrugs in ICU requires serious
consideration and objective control.

In the last fewyears, the growing number of pub-
lications on the efficacy of biologics (prebiotics, probi-
otics, synbiotics, and metabiotics) in the ICU became
available [84-88]. The literature discusses various ways,
the most obvious of which is replacement therapy with
probiotics, prebiotics and/or metabiotics. These ap-
proaches indeed can be considered as a component of
replacement therapy, but the results obtained with the
use of biologics can only be trusted if the requirements
for a comparative randomized trial are met. One of the
most recent meta-analyses done in 2017 [65] on the use
of microbiome-oriented therapy in the perioperative
period summarizes the data from 31 randomized trials
with more than 3,000 participants. The best results
were obtained using the so-called synbiotic therapy
(probiotics together with prebiotics). A significant de-
crease in the frequency of wound infection, postoper-
ative pneumonia and sepsis was shown, but none of
the studies managed to alter the mortality rate. Other
authors suggest the use of plant polyphenols as a sub-
strate for the bacterial transformation into biologically
active metabolites [89].

The significant abnormalities of intestinal mi-

crobiota species diversity in ICU patients obviously
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BEeKa — 3ajada He u3 Jerkux. IIpeskne Bcero,
HY’KHO IIPEOJOJIeTh YCTOSBIIYIOCS 34 MHOTHE
roJbl YCTAHOBKY HAa dpaguKaIUAi0 O0aKTEpUi U3
opraHu3Ma 4eJjioBeKa. B 00IbIIMHCTBE MesKTyHa-
POIHBIX HMCCAeIOBAaHUU MoKa3aHo, uto B OPUT
6osee 70% MaNMEHTOB MOJTYYAOT AHTUOMOTHKY,
IIPXA 9TOM B Ka)KJIOM TpPeTheM CjIydae Ha3Ha4deH-
HBIM aHTUOWOTHK HealeKBaTeH 110 CIIeKTPY/ mo3e/
pesruMy, 1100 BOOOIIE He TToKa3aH [80].

Wner WHTEHCUBHBIA IIpollecC IIOMCKA
3((DEKTUBHBIX CIIOCOOOB «IHPUKUPOBAHUSI»
MHUKPOOHBIM METa00JIM3MOM.

IIpu n3yyeHnn MeTaboIMIeCKON aKTUBHO-
CTH pPa3HBIX BUJOB OaKTEpUil in vifro mokasaHo,
YTO OTAEeJbHBIE aHA9POOBI U3 COCTaBa MUKPOOHO-
THI Y€JIOBEKA CITOCOOHBI aKTUBHO YTUJIN3UPOBATh
IIPOMEKYTOYHbIE (TOKCHYHBIE) IPOLYKThI MeTa-
fonMamMa apoMaTUYeCKHMX aMHUHOKHCJIOT J0
KOHEUHBbIX MerabonuToB [81]. Ilo-BHauMowmy,
neUIAT TAaKUX HYKHBIX OAKTepUU B COCTaBe
MHUKPOOMOTHI KUIIEYHUKA Y peaHuMaliOHHBIX
MaIeHTOB — OJVH 13 (h)aKTOPOB, IPUBOIAIINN K
M30BITOYHOMY HAaKOTIJIEHHIO «CETICHC-aCCOIMUPO-
BaHHBIX» (PEHNTKAPOOHOBBIX KUCJIOT B KPOBH [82].

Eme B Hauase XX Beka 1. 1. MeuyHukoB o6pa-
TWJI BHUMaHWeE Ha BJIMAHUE BeIleCTB, IPOAYLIY-
pyeMBbIX HOpMaJIbHOU MUKPO(JIOPOH, Ha YKU3He-
JIesATeJIbHOCTh ¥ COCTOSIHUE 3[J0POBbS OPraHu3Ma
yeJsioBeKa. JlasnbHellllee pa3BUTHe 9TUX Ulel ITpU-
BeJIO K CO3[JaHUIO 11eJI0H I'PYIIIbI IpenapaTroB Ha
OCHOBE SKUBBIX KYJIBTYp OaKTepUil HOPpMaTbHOU
MUKpPOQJIOPHI YesI0BeKa MU IIPOAYKTOB — IIPO-
O6moTHKOB. Tak Ha3bIBaeMbIe IMOJIE3HbIEe OAKTEPUH
aKTHMBHO BOIIJIA B HAIIly Y)KU3Hb B BAJIE IIperapa-
TOB U OMOJIOTUYECKUX TOOABOK, UM ITOCBSIIEHA
obmmpHas auTeparypa. UTo Kacaercsi peaHuMa-
[IMOHHBIX MTAIIIEHTOB, YK CJI0 UCCJIeI0BaHUH O1O-
npemapatoB B OPUT OB CyIieCTBEHHO TUMUTH -
pOBaH 110 PsAAY 00BEKTUBHBIX IPUYHH, TAKAX KaK:

* B PEAaHMMATOJIOTMH IIPU BBICOKOM PHUCKE
JIETAJIbHOCTH IIPOBEIeHNE CPaBHUTE/IbHBIX paH-
JOMU3HPOBAHHBIX CJIENBIX UCCJIEJOBAHUN CBsI3a-
HO C TPYIHOCTSIMU ITOJTy4eHUsI ”H(POPMUPOBAaHHO-
T'O COWIACHSI U APYTUMHU ITHIECKUMHI IIPOOJIEMaMU;

* 11 00BEKTUBU3ANNH PE3YJIBTAaTOB Tpe-
OyIOTCsI COTTOCTaBUMbIE OTHOPOTHBIE TPYIIIIHI TTAITH-
€HTOB, YTO TaKyKe 3aTPyAHEHO B PEaHUMAaT0JIOI1Y;

° TIpaBOMEpHbIE COMHEHUS B I[eJIeco0Opas-
HOCTH NIPUMEHEHUS SKUBBIX KYJIBTYp MPOOHOTH-
KOB Ha (pOHE aHTUONOTHUKOTEPATINH;

* BBICOKAas BEPOATHOCTb HECOCTOATEJIbHO-
CTH KUWIIEYHOTO Oaphepa IpPH KPUTUUECKUX
COCTOSIHMSIX, TPAHCJIOKANMs B KDOBb BBEICHHBIX
9HTEpaAJIbHO OAKTEPUI-TIPOOUOTHKOB C HETpe-
CKa3yeMbIMH IIOCJICICTBUSAMU.

JIOTIOJTHUTESIBHBIM «TOPMO30M» B PA3BUTHUU
9TOT0 HAIIPABJIEHUsI ITOCJTY;KWUJI HEraTUBHbBIN pe3yiib-
TaT OJJHOTO M3 3apyDe’KHBIX NCCIIeJOBaHMH (paHI0-

MHU3HUPOBAHHOE, ,HBOP'IHOE, CJIeTioe, KOHTPOJINpye-

need to be corrected, but how can this be done
most effectively? Experts sometimes completely
disagree on this issue, suggesting that efforts
should be made in two quite different directions, as
e.g. fecal transplantation or selective decontamina-
tion. The discussion of this problem should be re-
visited some time later, after the new data become
available, since the effectiveness of selective decon-
tamination has already been well studied [90-95],
while the technologies of fecal transplantation are
still very controversial and require a time check
[96-98]. The FDA has already warned openly about
the risk of transmitting dangerous bacteria with
multiple antibiotic resistance to the recipient from
the donor [99].

On novel antimicrobial therapy options. Tra-
ditionally, the main goal of systemic antibacterial
therapy in sepsis is to eliminate the so-called
pathogens that are currently dominating the infec-
tion site and directly activating the inflammatory
cascade. However, it is now understood that the real
goal is not limited to controlling the number of bac-
teria. The primary goal is to minimize the func-
tional (metabolic) activity of dominating microbes
in order to reduce the entry of «toxic» metabolites
into the systemic blood flow [14]. Antimicrobial
therapy aimed at the dominating pathogen should
not aggravate the current abnormal function of the
«invisible organ», but, on the contrary, should pro-
mote its normalization. The prospects for antibiotic
therapy are to develop new treatment regimens and
combinations for achieving this goal using prefer-
ably the «old» antibiotics.

The majority of antibiotics used in intensive
care are beta-lactams (semi-synthetic and com-
bined penicillins, cephalosporins of all generations,
carbapenems, monobactams), and their main ac-
tion mechanism is the disruption of the bacterial
cell wall synthesis. The choice of antibiotics today
is based solely on their ability to prevent bacterial
growth/proliferation. The clinical principles of an-
tibiotic selection today do not take into account
their ability to influence the metabolic activity of
specific pathogens and microbiota of the patient in
general.

The metabolomic approach to sepsis and the
possibility to evaluate the evolution of the process
using an integral index (the level of aromatic
metabolites) will make it possible to use the antimi-
crobial therapy regimens based on antibiotics with
different mechanisms of action in the treatment of
septic patients [14, 100-102]. For example, to regu-
late the metabolic activity of bacteria, one would
need antibiotics that interfere primarily with the
synthesis of microbial cell proteins, since metabolic
pathways are switched with the help of enzymes of
protein origin. Aminoglycosides, macrolides, tetra-
cyclines, and levomycetin are known to have this
mechanism of action, but these groups of antibi-
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MO€) 0 IIPUMEHEHUIO TTpernapara Ha OCHOBE JIAKTO-
OakTepwi (B KOMOMHAIMY C TPEONOTUKOM) Y TIAITH-
€HTOB C IaHKPEOHEKPO30M: JICTAJIbHOCTD B I'PYIIIIE,
TOJTyJaloIel Grompenapar, OKkasausach BhIIIE, YeM
B KOHTpoJI€ [83]. ITOT (paKT yKasbIBaeT, 4YTo Ha3HaYe-
Hue 6uonpemnaparoB B OPUT TpebyeT cepbe3HOTO
OTHOIIIEHUS 1 00 bEKTUBHOTO KOHTPOJTS.

B mocnenHue HECKOJIBKO JIET PACTET YUCIIO
MyOIMKANIAN B 3apyOeKHOM JTUTeparype O MOJI0KHU-
TeJIbHBIX 3hheKTax MpUMeHeHNsT OMOTIPeIaparToB:
MPeONOTUKOB, MPOOUOTUKOB M CHHOWOTHKOB U
merabmornkoB B OPUT [84-88]. B mumreparype
00CYKIar0TCsT pas3Hble Iy TH, Han0oJIee OUeBUTHBIN
U3 KOTOPBIX — 3aMeCTUTeJIbHAs TePaIusi C Ipume-
HeHNeM MPOOMOTUKOB, MPeOUOTUKOB 1/ WJIN MeTa-
OMOTHUKOB. ITU TEXHOJIOTH MOKHO pacCMaTpUBaTh
KaK 9dJIeMEeHT 3aMeCTUTeJbHOU Tepanmuu, HO K
pesyssraraM, IIOJy4YeHHBIM IIpA HCIIOJIb30BaHUU
OuormperaparoB, MOKHO OTHOCHUTBCSI C JIOBEPUEM
JINIIIb TIPU  YCJIOBUU COOJTIONEHUsT TpeOOBaHMUH
CPaBHUTEJIHLHOIO PAHIOMU3UPOBAHHOIO UCCJIEI0BA-
HUA. B 0omHOM M3 moCJIeIHUX MeTa-aHaInu30B 2017 T.
[65] IO TPUMEHEHUIO MUKPOOMOM-OpUEHTHPOBAH-
HOI TepaIH B IIEPHUOIIePAIIIOHHOM ITeprofie 0006-
IIIeHbI TaHHbIe 31 paHIOMU3UPOBAHHOIO UCCJIENI0-
BaHUs, 00Illee YMCJI0 BKJIIOYEHHBIX ITAllMeHTOB —
Oostee Tpex ThICsY. [ToKasaHO, YTO HAMJIYYIIHE
pesysibrarbl [OJY4YeHbl IIPA MCIIOJIb30BAHUMU TaK
Ha3bIBAEMOII CHHOMOHTHOU Tepanuu (IIPOOUOTUKHA
BMecTe C TpebroTnkamu). [TokasaHo J0CTOBEpHOe
CHIKEHUE YaCTOThI paHeBOU MHQEKIINH, TTOCIeore-
pallMOHHBIX ITHEBMOHUM U CEICHCca, OJHAKO HU B
OJTHOM M3 MCCJIeJOBaHNI He yAaI0Ch OBJIUATh HA
TI0Ka3areJib JICTAJIbHOCTHU. [Ipyrue aBTopbI IIpesJia-
ralT MpPUMeEHEeHNEe PACTUTEJbHBIX MOJIU(EHOOB
Kak cyocTpara aJ1si TpaHcopMaIiy OaKTepusiMA B
OMOJIOrMYECKU-aKTUBHbIE MeTa00JINTEI [89].

BrIpaskeHHBIE HapylIeHNA BULOBOIO pa3Ho-
006pasusl KUIIeYHOH MUKPOOHOTHI Y MAallEHTOB
OPUT, 6e3ycI0BHO, HY3KIAIOTCSI B KOPPEKIIUH, HO
Kak 9To caeJsiaTh Hanbosiee appekTuBHO? B 9TOM
BOIIPOCE MHEHU S 9KCIIEePTOB MHOTAA PACXOATCS
KapAWHAJIbHO, IIpeJJiarasi HallpaBUTh yCUJINAA B
IBYX OYEHb PAa3HBIX HAIIpaBJICHUAX, HAIIpAMeED,
TakuX Kak (ekasbHasd TpPaHCIJAHTAUA WU
ceJIEKTMBHAsI eKOHTaMuHAIsA. K 00CcykIeHnio
9TOM MPOO6JIEMBI 11E7IECO00PA3HO BEPHYTHCS Yepes
HEKOTOPOe BpeMs, IT0CJIe NOsIBJeHN S HOBBIX JTaH-
HBIX, TaK Kak 9(P@PEeKTUBHOCTb CeJIEKTUBHOU
JEeKOHTAMUHAIIUU yKe XOpoIIo udydyena [90-95], B
TO BpeMsi KaK TEXHOJIOTWU (peKasbHOU TpaHCc-
IJIAaHTAIlUM TTOKa OYeHb CIOPHBI, TPEOYIOT Ipo-
Bepku BpeMeHeM [96-98], a FDA yske OTKpBITO
MpeaynpexaaeT O pUCKe Iepefady peuIIueHTy
OT JJOHOPA OITACHBIX HaKTEPUI C MHOKECTBEHHOM
AHTUOMOTUKOPE3UCTEHTHOCTHIO [99].

O HOBBIX BO3MOKHOCTSIX aHTHMHUKPOOHOH
Tepanuu. TpauIIMOHHO 3a/1a4a CUCTEMHOU aHTH-
OakTepHraILHOU Teparnuy IIPU CETICUCe HaIlpaBJie-

otics are not popular today either in surgery or in
intensive care.

We have described a novel approach to an-
timicrobial therapy as a targeted regulation of mi-
crobial signaling molecules. The new antibiotic
therapy regimens will be oriented towards
organoprotection, as the treatment guided by the
monitoring of the aromatic metabolites level will
allow preventing the progression and development
of the organ dysfunction. Antibiotic therapy regi-
mens for targeted regulation of microbial signaling
molecules are under development and stand ready
for clinical testing.

Postulate 4. The severity of metabolic disorders
associated with «invisible organ» dysfunction (mi-
crobiota and mitochondria) in intensive care pa-
tients can be evaluated objectively using blood pro-
file of the aromatic signaling metabolites, which can
be utilized as an integral indicator of metabolomic
condition in sepsis.

The strict specialization of microbiota for var-
ious biological areas (gut, oropharynx, skin, uro-
genital tract, etc.) and incredible variability in re-
sponse to many factors (concentration of oxygen,
nutrients, pH, etc.) make the study of the metabolic
process particularly challenging. The study of
metabolomics in sepsis revealed the most signifi-
cant metabolites for sepsis [102], which can be
measured as an integral indicator in the blood
serum and helps control the direction of the septic
process and treatment efficacy using the degree of
deviation from the reference values.

Table 2 presents a brief description of four key
aromatic metabolites that proved to be the most
clinically, pathogenetically, and diagnostically sig-
nificant among hundreds of other low-molecular
substances of different classes studied [101].

Thus, microbiota dysfunction manifests, on
the one hand, as an increased output of certain mi-
crobial products being a result of high microbial
load combined with pathological colonization of
gut by bacteria involved into the septic process. On
the other hand, the microbial biodegradation of the
excess hormones and other endogenous biologi-
cally active substances necessary for the homeosta-
sis maintenance is impaired. The reason for this is a
defect in the species diversity of intestinal bacteria,
particularly the lack of indigenous anaerobes. The
altered profile of aromatic metabolites in the blood
representing multiple impaired functions of the «in-
visible organ» is indeed an integral indicator.

Conclusion

A novel understanding of the role of human
microbiota will soon lead to a major revision of ap-
proaches to adequate compensation for energy loss
and nutrient deficiencies in critical conditions. In
order to increase the efficiency of patient manage-
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Table 2. Key aromatic microbial metabolites used for monitoring in ICU.

Name Abbreviation Function under normal conditions Changes in sepsis

Aromatic microbial AMM Always present in the blood, maintains Severely impaired AMM profile
metabolites the microbiome-metabolome balance

Phenylpropionic acid PhPA The final product of phenylalanine metabolism Absent in the blood of patients

by anaerobic bacteria of microbiota. Lipophilic,

with sepsis

easily penetrates into the cells and mitochondria,
regulates the activity of mitochondria, increasing
the active oxygen species production, modifies
the thiol groups of proteins and enzymes

p-Hydroxyphenyllactic ~ pHPhLA Hydrophilic, in low concentrations is constantly Significantly elevated in blood,
acid present in the blood, indicates tyrosine metabolism. interacts with the cell membrane,
Intermediate metabolite of intestinal microbiota. disrupts the metabolism
Maintains the microbiome-metabolome balance, of arachidonic acid, reduces
has a «useful» anti-inflammatory effect similar the phagocytic activity
to antiprostaglandins in the gastrointestinal of neutrophils, correlates
tract lumen. with mortality.
p-Hydroxyphenylacetic p-HPhAA Hydrophilic, the final product of the alternative Together with the metabolites
acid pathway of tyrosine endogenous metabolism. of its microbial biotransformation
Usually absent in the blood. it suppresses the activity of enzymes
(tyrosine hydroxylaze), disrupts
the synthesis of catecholamines
and contributes to the development
of septic shock.
Phenyllactic acid PhLA Lipophilic, biotransformed by intestinal microbiota Its elevation in the blood is a bad

into PhPA. Its excess is metabolized in the liver

by conjugation.

prognostic sign (development
of liver dysfunction?)

Ha Ha 3JJMMUHAINIO TaK Ha3bIBaeMbIX BO30yaUTE-
Jeu, JUAUPYIOUIMX B JAHHBIA MOMEHT B Od4are
WH(MEKINNA, U HEMOCPEJCTBEHHO PeaTM3yIOIIIX
AKTHUBALMIO BOCIIAINTEIBHOTO KacKkaaa. OlHaKo B
HacTosilllee BpeMs IPUXOAUT ITOHWMAaHUWE, YTO
peaJibHasd 1eJIb COCTOUT HE TOJIBKO (a BepHee, He
CTOJTBKO) B TOM, YTOOBI MTOBJIUATH HAa KOJIMYECTBO
OakTepunii. 3aaya HOMepP OOUH — MUHUMHU3UPO-
BaTh (PYHKIIMOHATHHYIO (META0OJIMIECKYTI0) aKTHB-
HOCTb MUKpPOOOB-JINIEPOB, YTOOBI YMEHBIIUTH

MTOCTYTJIEHNE B CHCTEMHBIN KPOBOTOK «TOKCHY-
HBIX» MeTa00nTOB [14]. BaykHO, YTOOBI AHTUMUK-
pobHas1 Tepanvisi, HarpaBJIeHHAs Ha JTUIAPYIOIIET0
BO30yamuTEsIsI, HE YCYTy0JIsijia MMEIONIyIoCcs JVC-
(pyHKIHIO «HEBUAMMOIO OpraHa», a HAl[POTUB —
criocob6cTBOBaIa HOpMaIU3aIuu. [lepceKTUBBI
AHTHOMOTHKOTEPANINM COCTOST B pa3paboTke
HOBBIX PEKMMOB U KOMOWHAIWI, MPUMeEHEeHUe
KOTOPBIX 00€CIIeYnT BBITIOJTHEHNE 9TON 3a7a4u. B
TOM YHCJIe — Ha OCHOBE «CTaPhIX» aHTHOMOTHKOB.

H3BecTHO, 4TO OOJIBIIIMHCTBO aHTUOWOTH-
KOB, TPMMEHSAEMBIX B peaHUMaTOJIOTUH, OTHOCST-
cs K 6eTa-sakTamMaM (TI0JTyCUHTETUYECKIE U KOM-
OMHMpPOBaHHbBIE TEHUITUIJIUHEI, e aT0CITOPUHBI
BCeX MTOKOJIEHUH, KapOarneHeMbl, MOHOOAKTaMBI),
a OCHOBHOM TOYKOU MPUJIOMKEHUS NX aHTHOAKTe-
pHaJBFHOM aKTUBHOCTH SABJSETCS HapylleHue
CUHTEe3a KJIETOYHOHN CTEeHKHM OakTepuil. Bribop
AHTHUOMOTHKOB CETOHS CTPOUTCS UCKJIIOUNTEITh-
HO Ha OCHOBE WX CITOCOOHOCTH IpeIOTBPAIaTh
poct/pa3MHOkeHrne OakTtepuii. [Ilpm BBIOOpE
AHTHUOMOTHUKOB CETOHS B KJIIMHNUKE HUKaK He YIu-
THIBAETCS MX CIIOCOOHOCTH BIVATH HA META00H -
YeCKyI0 aKTUBHOCTHh KOHKPETHBIX BO30yauTeIel
1 MUKPOOMOTHI MaIllieHTa B IeJI0M.

ment and rehabilitation, the new solutions will be
found for active control of metabolic processes
through subordination of bacterial metabolism to
the benefit of the host [103, 104]. Antibiotics and
bio-drugs will be used in a targeted manner, guided
by key microbial metabolites levels and using avail-
able laboratory monitoring methods. Develop-
ments in this area in the intensive care setting will
have a crucial impact on the future critical care
medicine.

MeTaboI0MHBI TTOIXOM K TTpobJieMe cericruca
¥ BO3MOKHOCTB OLIEHUBAaTh TUHAMHKY IPOIECCa C
IIPUMeHEHeM HHTErPaIbHOTO TIOKa3aTeJIst (YPOBHS
apOMaTUYeCKUX MeTabOJIUTOB) ITO3BOJIUT B IIEp-
CIIEKTUBE IPUMEHATH B JIEYEHUU CEINTUYECKUX
MaIeHTOB PesKUMbl aHTUMUKPOOHOU Tepamnuuy,
IIOCTPOEHHbIE HA AHTUOMOTHKAX C APYyIr'MU Mexa-
HU3MaMu ferictBus [14, 100-102]. Hampumep, ais
perynsanuu MeTabo/IMuecKod akTUBHOCTH OakTe-
puil TIOHAMOOATCS AHTUOMOTUKY, HAPYIIAIOIINE
TIpesK/ie BCero CMHTe3 0e/IKOB MUKPOOHOH KIIETKY,
TaK Kak IepeKIoueHrne MeTaboIMYeCKHX IyTel
IIPOUCXOIUT C y4acTUEM (PEPMEHTOB, TO €CTh COEIH-
HeHUd 6eJTKOBOY MpUpoabl. Kak M3BeCTHO, ITUM
MEeXaHU3MOM JIEWCTBUsI 00J13/1al0T AMUHOTTIMKO3H-
Abl, MAKPOJIUbI, TETPAIUKJINHBI, IEBOMULIETUH, HO
9T T'PYNIIbI aHTUOWOTHKOB CETO/IHS KaK pa3 He
TOMYJIAPHBI HU B XUPYPryuv, HU B pEaHNMaTOJIOTUN.

HoBblii TOIX0 K aHTUMUKPOOHOH Tepanuu
Ha3BaH HaMU IlieJleHalpaBJIeHHON peryasnuei
CUTHQIBHBIX MOJIEKYJI MUKPOOHOTO ITPOUCXOSK]IE-
HUA. HOBBIE pesKIMBI aHTUOMOTHKOTEPAITNY OY/IyT
HallpaBJIEHbI Ha peaJJn3alniio IpUHIUIIa Opralo-
MPOTEKIIVH, TAK KAK JIeUeHHe 10/ MOHUTOPUHIOM
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Tabsauia 2. KirroueBbie apoMaTuyeckue MUKPOOHbIE MeTa00MThI JJiA MOHUTOPUHTA B OPUT.

Haspanue AGOpeBHaTypa DyHKLIHA B HOpMe Oco0eHHOCTH IIPH cencuce
Pycck. Anru.

ApoMarn4decKue AMM AMM  Bcerga npucyTCTBYIOT B KPOBH, ITpoduae AMM rpy6o

MHKPOOHBIE obecrieynBaroT 6aIaHC MEKpOOHOMa HapyIlIeH

MeTabOoJIUThI 1 MeraboJioMa

DeHnI-Iponno- PIIK PhPA  KoHeuHBII IPOAYKT MeTa0o/n3Ma (peHnIaaniia  [Ipu cencuce IpakTUYeCKI

HOBas KUCJI0Ta

AHa’9POOHBIMU OAKTEPUSIMU MUKPOOHUOTHI.
JIumoduabHass — JIETKO TPOHUKAET BHYTPh KJIETOK
¥ MATOXOHJPHH, PETyIUpyeT aKTUBHOCTh MUTOXOH-
JIPUi, HOBBIIIAET IPOAYKIIMIO AKTUBHBIX (hopM
KHUCJIOPOZIA, CIIOCOOHA K MOAU(PHUKAIIUHI THOTOBBIX
rpymi 6esIKoB U (hpepMeHTOB

OTCYTCTBYET B KPOBU

n-I'napokcu-
¢ eHmII-MOJTOUHAs
KUCJI0Ta

n-T®MK p-HPhLA

TunpodunpHasi. B HUBKUX KOHIIEHTPAIHSIX BCETIa
MIPUCYTCTBYET B KPOBH, OTPAKAET HOPMAJIbHBIH
MeTabo/IM3M TUPO3HHA. SIBJIAETCA IPOMESKYTOUHBIM
MeTabOoTUTOM IIpH OUOerpaalliy TUPO3UHA KHUIIIe-
YHOU MUKpO6UOTON. [Toaep krBaeT 6aaaHC MUKPO-
6moma u Merabosioma, B mipocBere JKKT okasbiBaer

3HAYUTEIBHO MTOBBIIIIEHA
B KPOBHU, B3aMOJIEHCTBYET
c MeMOpaHO¥ KJIETOK,
HapyIaet MeTaboIn3M
apaxuI0HOBOI KHCJIOTHI,
CHIIKaeT (paronuTUpHyIo

«I10J1€3HBIN» TIPOTUBO-BOCHAIUTETBHBIN 3 PeKT
10 TUMY «aHTU-TIPOCTATJIAHIUHOBOTO»

AKTHUBHOCTb HEUTPODUIIOB,
KOPPEJIPYeT C JIeTaTbHOCTHIO

n-I'ugpokcude-
HUJI-yKCyCHAsI
KHCJIOTa

n-I'dYK p-HPhAA

I'uppodunpHas. KoHeuHbI IPOAYKT ajlbTepHAaTUB-
HOTO IIyTU 3HJOT€HHOI'0 MeTaboJ1i3Ma THPO3UHA
OOBIYHO OTCYTCTBYET B KDOBH.

[1-T®VYK u MeTaboJIUTEI ee
MUKpOOHOU 6uoTpanchop-
Malli1 [O/IaBJIAIOT aKTUBHOCTh
¢depMeHTOB (TUPO3UH-TUAPO
KCHJIa3y), HapyIIaloT CUHTe3
KarexoJJaMIHOB, CIIOCOOCTBYIOT
Pa3BUTHUIO CEITUYECKOTO IIOKA

DeHUIMOJIOYHAST DMK PhLA

KHCJI0Ta

JlunodunwvHas. ITonsepraercst ouoTpaHchopManumu
MHKPOOHOTOM KuiieuHunka 1o PIIK.
130BITOK KOHBIOTUPYETCA B [I€YEHHU.

INoBbl1IeHNEe B KPOBU — IIJIOXOH
NIPOTHOCTUYECKUH IPU3HAK
(HanpuMep, NpUCOeIUHEHNE
IUCGHYHKIINY IIe4eHNn)

YPOBHSI apOMaTUYeCKUX META00JUTOB TTO3BOJUT
MPEOTBPATUTH POTPECCUPOBAHUE YKe HMEI0-
OIUXCA U IMIPUCOEAVMHEHE HOBBIX OPraHHbIX OUC-
(bysrIUi y ManuenTa. Pe)kMbI aHTHONOTHKOTEPA-
MUY JIJTs1 TeJIeHaNpaBIeHHOM Pery/Isiiiuy YPOBHS
CUTHATBHBIX MOJIEKYJT MUKPOOHOTO MTPOUCXOK]IE-
HUSI HAXOAATCS B CTAAUU PaspabOTKU U SKAYT
Pe3yJIBTaToB KJIMHUYECKOU anpoOaIuy.

Iocrynar yerBepThIii. CrmeneHb memabosiuye-
CKUX HapyuleHUll, C8s13aHHblX ¢ OucyHK el «HesU-
0umo20 opeara» (MUKpobUONbL U MUMOXOHOpUIL) ¥
PeanuMamonosuteckux nayueHnmos MO*CHo 00o-
eKMUBHO OUEHUMb N0 NPOPUIIO CUHAILHBIX Mema-
00UMO8 APOMAMUUECK020 CIPOEHUSL 6 KPOBU NALU-
eHma, UCNONb3Ysi e20 6 Kauecmee UHMezpaibHo20
NoKasamessi COCosiHUs MemadosoMa npu cencuce.

TpyaHOCTb U3y4YeHUsT METAO0JTUIECKOTO ITPO-
mecca ycyryoJisieTcsi CTpOTOU cHenuaan3anuei
MUKPOOHMOTHI JIJIsI PA3HBIX OMOJIOTHYECKUX HUIIT
(KHMIIIEYHUK, POTOIJIOTKA, KOKAa, YPOT€HUTATbHBINA
TPAKT U Jp.) U HEBEPOATHOU M3MEHUYMBOCTHIO B
3aBUCUMOCTH OT MHOTHUX (DPAKTOPOB (KOHIIEHTpa-
YA KUCJI0poaa, HyTpueHToB, pH u np.). isyueHue
ocobeHHOCTe MeTab0I0Ma TIPH CETICHCEe TT03BO-
JIJIO BBISIBUTH HarboJiee 3HAYUMBIE JIJIsI CeTICrca
MeTabonThI [102], KOTOPbIe MOYKHO U3MEPSITH B
KauyecTBe WHTErpaJibHOTO IOKAa3aresisi TUCTaH-
IIMOHHO — B CBHIBOPOTKE KPOBH, a 1O CTENEHU
OTKJIOHEHUSI OT pepepeHCHBIX 3HAYeHUI KOHTPO-
JINPOBAaTh HANPABJIEHHOCTh CENTUYECKOTO MPO-
1ecca v 9(ppeKTUBHOCTD TEPAITNU.

B Tabu1. 2 mpuBeeHa KpaTKas XapaKTepHCTH -
Ka YeThIpex KJII0YEBBIX apOMATUUECKUX MeTab0JTr-
TOB, KOTOPBIE CPEIV COTHU M3YIEHHBIX HAMU JIPY-
TUX HU3KOMOJIEKYISIPHBIX COETUHEHUUH pPasHBIX
KJIACCOB OKa3aJINCh HanboJsiee KITMHIYECKH, TTaTO-
TeHEeTUYECKH U MUATrHOCTUYEeCKU 3HaYUMbIMHU [101].

Takmm oOpasoMm, AUCHYHKRIUA MUKPOOUOTHI
MPOSIBJISIETCS, C OTHOU CTOPOHBI, U3OBITOYHOMN
MMPOAYKIMEN OTpeIeIEHHBIX IIPOAYKTOB MUKPOO-
HOT0 TIPOUCXOKIEHN S — KaK OTPaskeHNe BBICOKOH
MHUKPOOHOH Harpy3ku (HeCaHMPOBAHHBIN Odar) B
COYETAaHNM C IIaTOJIOTUYECKOM KOJIOHU3aruen
KHIIeYHUKA OaKTePUAMU-YIaCTHUKAMU CETITUYe-
ckoro npoiecca. C Ipyroii CTOpoHbI, HapyllaeTcs
Takas BaKHasI (PYHKITN MUKPOOMOTHI, HEOOXOTH -
Masi JJIsI IO AepsKaHusI TOMEeoCTasa, Kak MUKPOO-
Has Ouomerpamanus n30bITKa TOPMOHOB U IPYTUX
9HJIOTEHHBIX OMOJIOTUYECKU-aKTUBHBIX COeTMHE-
Hui. [IpuunHa — nedexT BUAOBOTO pasHoobpa-
3us O0aKkTepuidl B KUIIEYHUKE, TIPEKIIE BCEr0 —
neUIUT THIUTEHHBIX aHAa9poOOoB. MI3aMeHeHHbIH
mpodUIHL apOMATUIECKUX META0OJTUTOB B KPOBU
OTpa’KaeT HapylleHue U TeX, U IPyrux GyHKIUN
«HEBUIUMOTO OpTaHa» — TO €CTh JIeHCTBUTETHLHO
SIBJISIETCST MHTETPATLHBIM IIOKA3aTeJIEM.

3akJrouenue

HoBblIii ypOBEHb 3HAHUN O POJI MUKPOOHO-
THI B OPraHW3Me YeJIOBEKa yKe B OJsmskaiiiiee
BpeMsi IPUBEAET K CEPbE3IHOMY ITePECMOTPY O -
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XO/IOB K aJ]eKBaTHON KOMIIEHCAIINY dHEPTeTuYe-
CKUX IIOTEPH U TePUINTA HYTPUEHTOB IPU KPUTH -
YeCKUX COCTOSTHUsIX. JIJIs1 TOBBIIIIeHNS 9 HEKTUB-
HOCTH JIEYEHUs], BBIXQ)KWUBAHUSA W YCHEITHOH
peaduuTauy ManueHToB OyayT HalJeHbI CIIOCO-
OBl AaKTUBHOIO YIIpaBJIEHUS MeTa00IUYeCKUMU
IpolieccaMn 4yepe3 IMOAYMHEHVE MeTabosm3ma
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