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PesysibTaThl MEXK/LyHAPOHBIX UCCJIEIOBAHNI YKAZBIBAIOT HA €KETO/IHBIN POCT YACTOTHI M AKTYAJTbHOCTU CETICH-
ca B peaHMMAILMOHHBIX oTeseHusaX. OHUM 13 HanboJiee PAHHUX [IPU3HAKOB, & TAK/KE YACTHIM OCJIOKHEHUEM Cell-
cuca siBJjseTcs TucyHKINSA MO3ra WIN Tak Has3biBaeMmas cercuc-accorunposannas aunedanonatus (SAE). /lo
70% GOJIbHBIX € CEIICHCOM UMEIOT cUMITOMbI 3HIedanonatuu |1, 2]. Ocoboe HGecrioKOHCTBO BbI3bIBAET (haKT Ipsi-
Moit cBsiaut SAE ¢ TIOBBIIIEHHON JIETAIBHOCTBIO, & CPE/I BHIKUBIIIKX TIOCIE cericuca OoJee TTOJOBIUHBI IMEIOT JJTH-
TeJIbHBIE KOTHUTHBHbIE PACCTPONCTBA, HAPYIIEHUS TTAMSITH U KOHI[EHTpaIiy BHuMauust [3—5]. Jluarnocruka aunc-
(YHKI[MM MO3Ta [IPH CEIICKCE YaCTO 3aTPy/AHEHA U3-3a OTCYTCTBUS creln(uueckux OMOMapKepoB, a TAKKE B CBI3U
C YACTHIM IIPUMEHEHUEM CeJaTUBHBIX [IPENapaTtoB y KpuTuueckux 6ouabHbiX. KinHuueckue nposisienus: SAE pas-
HOOGPa3HbI, MOTYT BAPbUPOBATH OT MPOCTOTO HEOMOTAHUS U HEJOCTATKA KOHIIEHTPAIIMY BHUMAHMSI J10 TJ1yOOKOI
KOMBbI. B utreparype 06cyKiaatoTest mpeiiosiaraeMble MeXaHu3Mbl (GOPMUPOBAHUST U PA3BUTHSI CEIITUYECKON DHITe-
danonarum, Takne Kak OKMCIUTENbHBII CTPECC, BOCIATEHIE, MUTOXOHIPUAIbHAS U 9HAOTENUANbHAS TUCHYHK-
I¥s], YBeJINYeHne MTPOHUIIAEMOCTH TeMaTodHIedaIndecKoro bapbepa, HapyIIeHsi MAKPO- U MUKPOIIUPKY IS,
M3MeHEeHHe HEHPOTPAHCMUCCHM, aKTUBAIMS MUKporinnd. OTCyTCTBHE YeTKHUX JIAHHBIX W €/IMHOT0 MHEHUS O TIPO-
ucxoxaeHun n Mexanuamax SAE B HacTosiiee BpeMsi He MO3BOJISIET TPOTHO3MPOBATH €€ Pa3BUTHE U MTPOBOIUTD
CllelualibHy0 Teparuio. B 0630pe 06CyKIAI0TCs COBPEMEHHbIE MPEACTABIECHMS O IPUUMHAX PA3BUTUSL CEIITIYE-
CKOM aHIIe(DATONATHI, METOJIAX TUATHOCTHKH, PACCMOTPEHBI OCHOBHbIE KIUHUYECKUE TIPOSIBJIEHNST, KJIIOYeBbIe Me-
JIMATOPBI, TTATOGU3NOIOTNYECKHe MexaHu3Mbl. [Ipe/iojkeHa ruore3a o poJin apOMaTnueCKuX MUKPOOHBIX MeTa-
60mmToB (AMM) (heHOMBHON ¥ WHAOJBHOM MPUPOABI — MPOAYKTOB GaKTEpHaIbHOI 6GUoIerpagaini THPO3UHA 1
tpunrohaHa — B pa3BUTUN AUCHYHKIINN MO3Ta, HAMEUEHbI HATIPABJIEHUS TOMCKOBBIX MCCIE0BAHUI, OTKPBIBAIO-
II1€ TIePCIEeKTUBDI B JIMATHOCTUKE M HOBBIE MOJIXO/IbI B jleueHnn SAE.

Kumouesvie crosa: cencuc; mose; denupuil; snuedaronamusi; buomaprepul

International studies demonstrate an annual increase in the frequency and impact of sepsis in intensive care
units (ICU). Cerebral dysfunction, or so-called sepsis-associated encephalopathy (SAE), is one of the earliest signs
of sepsis, as well as its common complication. Up to 70% of patients with sepsis have symptoms of encephalopathy
[1, 2]. A direct link between the SAE and an increased mortality rate is a major concern; more than a half of sepsis
survivors experience continuous memory and concentration impairment [3—5]. Diagnosis of the cerebral dysfunc-
tion in sepsis is often difficult because of lack of specific biomarkers and frequent prescription of sedatives to criti-
cally ill patients. Clinical manifestations of SAE are diverse, may vary from simple malaise and lack of concentra-
tion to deep coma. The literature discusses probable mechanisms of formation and development of septic encepha-
lopathy, such as oxidative stress, inflammation, mitochondrial and endothelial dysfunction, increased permeability
of the blood-brain barrier, impairment of macro- and microcirculation, changes in neirotransmission, activation of
microglia. The lack of clear data and consensus about the etiology and mechanisms of SAE at present does not per-
mit predicting its development and prescribing a specific therapy. The review discusses current understanding of
the causes of septic encephalopathy, methods of diagnosis, the main clinical manifestations, key mediators, and pa-
thophysiological mechanisms. A hypothesis is proposed that poses a contribution of aromatic microbial metaboli-
tes (AMM) of phenol and indole nature (products of bacterial biodegradation of tyrosine and tryptophan) to the
development of brain dysfunction. The fields of exploratory studies, which might open perspectives in the diagno-
sis, as well as new approaches in the treatment of SAE are outlined.

Keywords: sepsis; brain; delirium; encephalopathy; biomarkers

DOI:10.15360,/1813-9779-2017-5-121-139

Azipec 1151 KOPPECIIOH/IEHIMH: Correspondence to:
Harasnbsa Berobopoposa Natalia Beloborodova
E-mail: nvbeloborodova@yandex.ru E-mail: nvbeloborodova@yandex.ru

OBIJASI PEAHMUMATOAOTMUA, 2017, 13; 5 www.reanimatology.com 121



122

Reviews

DOI:10.15360,/1813-9779-2017-5-121-139

BBenenne

B XXI Beke B peaHUMAIIMOHHBIX OTIACICHUSIX,
OCHAIIEHHBIX MHOTOKOMIIOHEHTHBIM MOHUTOPUHTOM,
B YCJIOBUSIX MCHOJIb30BAHUS MOTIIHBIX TPOTHBOMUK-
POGHBIX MPENapaToB U BBICOKOTEXHOJIOTHUHBIX OpTa-
HO3aMeMIAIoNUX TeXHOJIOTUH, BeAyllell TPUINHON
JetanbHOCTH OGOJIBHBIX ocTaercst cercuc [6—8].
OptuM 13 HauboJiee YacThIX U PO3HBIX OCJIOKHE-
HUI MIPU CeTICHCce ABJSETCS CENCUC-aCCOIMUPOBAH-
Has suiedanonarus (SAE), Takke nmenyemas cer-
TUUYECKON 3dHIle(haonaTHel, Cerncuc-uHIyIupoBaH-
HOU sHIledasonarreil n Cencuc-acConMUpPOBAHHBIM
nemupueM [9, 10]. SAE — ato muddysnoe miu myib-
trudoKaabHOe Hapylienne (GYHKINUI TOJTOBHOTO
MO3Ta, pa3BuBawlIieecs: y 60JbHbIX ¢ UH(MEKIHEN, CO-
MTPOBOKIAIOTIEECS CUCTEMHBIM BOCTIAJIUTETHHBIM OT-
BETOM, HO 0e3 KJIMHUYECKUX /WU JTabopaTOPHBIX
JI0OKa3aTeJbCTB MPAMOTO MH(MUITMPOBAHUS MO3Ta
[11]. Knunuyeckoe 3HaUeHUE HAPYIIIEHUS CO3HAHUS
KaKk paHHee MPOSBJICHUE CENTUYECKOTO COCTOSHUS
TPyZAHO nepeolieHuTh. He ciyvaiiHo, corjacHo 1o-
cJIeTHEMY MEKIyHAPOJTHOMY KOHCEHCYCY OIpejiesie-
HUA CeTcuca U cenTtudeckoro moka (Sepsis-3), aTot
CUMIITOM BBe/leH B COCTaB HOBOW KJIMHUYECKON
mikabl gSOFA B uncse oHOTO U3 TpexX BaKHEHIITUX
KPUTEPUEB CEIcuca, HAPALY C apTepPUATbHON THUIIO-
TeHaueil u taxurHoe [12]. Hecmotps Ha oTcyTcTBHE
TOYHBIX OOIIETPUHITHIX KIMHUYECKUX UM OHOJIO-
TMYECKUX MapKEPOB MMOBPEXKACHUS MO3Ta, TUCHYHK-
1M MO3Ta, CBSI3aHHAS C CEIICUCOM, TTPU3HAHA KaK OC-
HOBHAs MPUYMHA JICIUPUS UM JIPYTUX W3MEHEHUI
MEHTAJILHOTO CTaTyca y OOIbHBIX B KPUTHUECKOM CO-
crostauu |2]. KirroueBast posib Mo3ra mpu cericuce 06-
YCJIOBJICHA TE€M, UTO C OJTHOW CTOPOHBI, OH SIBJISETCS
MUIIEHBIO JIJIsT BO3JEHCTBIST GaKTEPUANBHBIX U BOC-
AU TEJNbHBIX (PaKTOPOB, & C IPYTOl CTOPOHBI PETY-
JIpyeT UMMYHHYT0 cuctemy [13].

K coxanenuto, mpobieme SAE yuensiercs: He-
JIOCTATOYHO BHUMaHUS. MeXKIy TeM, 110 Pa3HbIM JIaH-
HBIM, 10 70% OOJIBHBIX € CEIICUCOM UMEIOT CUMIITO-
Mbl sHIIedanonaTun [1]. [Ipum aTOM BBISABISEMOCTD
SAE BO MHOTOM 3aBUCHUT OT METO/IOB OIleHKU (DYHK-
uu Mosra. Hampumep, MCIOJb30BAHUE 3JIEKTPO-
aunedanorpapun (II[) 3HAUNTETHHO MOBBINIACT
JIMATHOCTUPOBAHME 3TOTO cocTosiHuA [ 14].

CMepTHOCTD Cpeid CEeNTHYECKUX OOJbHBIX
mpsIMO CBsi3aHa ¢ BeipaskeHHocTbio SAE [1, 15], mo-
3TOMY OUY€Hb BaXHO KaK MOKHO PaHbIlE BBISIBUTDH
MPU3HAKU HOPKEHUST MO3Ta. Y OOJIbHBIX B KPUTIUE-
CKOM COCTOSTHUM Pa3HOTO reHe3a HauboJiee PAaHHUM
npogBieareM SAE sBisgerTcsa HapynieHUe CO3HAHUSA
[15], 4TO MOJKHO CIIYy’KUTh OCHOBAHUEM JIJIST TOUCKA
HMCTOYHUKA WHQEKIUU W HaYala COOTBETCTBYIONIEH
Tepanuy. B Hacrosiee BpeMs He CYIIECTBYET YeT-
KUX J1abopaTopHbIX Kpurepues st SAE. 1o MoryT
OBITH M3MEHEHUST HJIEKTPOIHIIE(ATOTPAMMBI 1 COMA-
TOCEHCOPHBIX BBI3BAHHBIX TTOTEHIIMAJIOB, yBeJHYe-

Introduction

In the 215t century, sepsis remains the leading
cause of mortality in intensive care units (ICU)
equipped with multi-component monitoring, despite
the use of potent antimicrobial agents and hi-tech
organ-replacement technologies [6—8]. Sepsis-asso-
ciated encephalopathy (SAE), also known as septic
encephalopathy, sepsis-induced encephalopathy and
sepsis-associated delirium is one of the most frequent
and severe complications of sepsis [9, 10]. SAE is dif-
fuse or multifocal brain dysfunction developing in
patients with infection associated with a systemic in-
flammatory response, but without clinical and /or la-
boratory evidence of a direct brain infection [11].
The clinical significance of the loss of consciousness
as an early manifestation of septic condition cannot
be overestimated. It is not a mere coincidence that
according to the latest international consensus on
the definition of sepsis and septic shock (Sepsis-3),
this symptom is introduced into a new clinical scale
qSOFA as one of three most important criteria for
sepsis, along with arterial hypotension and tachyp-
nea [12]. Despite the lack of precise, widely accepted
clinical or biological markers of brain damage, the
sepsis-associated brain dysfunction is recognized as
the major cause of delirium or other changes in the
mental status in critically ill patients [2]. The key
role of the brain in sepsis is due to the fact that, on
the one hand, it is a target for the effects of bacterial
and inflammatory factors and, on the other hand, re-
gulates the immune system [13].

Unfortunately, insufficient attention is paid to
the SAE problem. Meanwhile, according to various
estimates, up to 70% of patients with sepsis have
symptoms of encephalopathy [1]. At that, detection
SAE depends largely on methods for assessing brain
functions. For example, the use of electroencepha-
lography (EEG) significantly improves the diagnosis
of this condition [14].

The mortality rate in septic patients is directly re-
lated to the severity of SAE [1, 15], so it is very impor-
tant to identify early signs of brain lesions. In patients
with critical illness of various etiology, impairment of
consciousness is the earliest manifestation of SAE [15],
which should serve the basis to search for the source of
infection and the initiation of an appropriate therapy.
There are currently no clear laboratory criteria for SAE.
They may include abnormalities in the electroencepha-
logram and somatosensory evoked potentials, increased
serum concentrations of some biomarkers (in particular,
NSE, S-1003 protein), structural disorders detected
using neuroimaging methods. But none of these met-
hods is specific. SAE remains a «diagnosis by exclusions»
and can be diagnosed only when other causes (infectio-
us, metabolic and toxic) are ruled out [2].

Despite the fact, SAE is considered a reversible
state, cognitive disorders, such as impaired memory,
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HUEe CBIBOPOTOUHOI KOHIIEHTPAIIUU HEKOTOPBIX OUO-
mapkepoB (B uwactHoctu, NSE, Gemox S-10085),
CTPYKTYPHbIE HAPYIIIEHUSI, BbISIBJISIEMbIE C TOMOTI[HIO
MeTOZIOB HelipoBuadyanusaiuu. Ho HU ouH U3 2TUX
MeTO/IOB He sBJisieTcs crieniuduunbiM. SAE ocraercs
JIMarHO30M MCKJIIOUEHUST U MOKET OBITh [HATHOCTH-
POBaH TOJIBKO TIOCJIE TOTO, KAK IPYTrUe TPUINHbI (UH-
(heKImoHHbIE, METAOOJUIECKHE U TOKCUUYECKUE)
OyIyT UCKJIIOUYEHBI [2].

Hecmorpst Ha 10, uT0 310 SAE cumuraercst oGpa-
TUMBIM COCTOSIHUEM, ¥ OGOJIbHBIX, MEPEHECIINX Cell-
cuc, auTeabHo (boJee To/1a) COXPAHSIIOTCST KOTHM-
TUBHbBIE PACCTPOICTBA, TAKNE KAK HAPYIIEHUS TTaMsi-
TH, BHUMaHUsI U KoHIleHTpaiuu [3, 5]. D1oT dakrt
JlaeT cepbe3Hoe ocHoBaHue cunurtatbh SAE BaxHOI co-
[[UAJIbHOI TIPOOJIEMOI.

Takum o6pazom, mpodiema uccienoBatnust SAE
MIPE/ICTABIISACTCS YPE3BBIYANHO aKTyaabHOU. OHaKO
JIMArHOCTUKA, MEXAaHU3Mbl BOSHUKHOBEHMUS, & TAKIKE
MOJXO/IbI K JIEYEHUIO ITOTO COCTOSIHUS IO CHUX TIOP
OCTAIOTCST HESICHBIMIL

JuarHoctuka centuyeckoil sHiedaaonaTHm.
OcHOBHOIT TIPO6JIEMOIT B HACTOSIIIIEE BPEMST OCTAETCSI
HEBO3MOXKHOCTb MPABUJIBHO UAEHTU(MUIINPOBATH
npusHaku SAE. CBsi3aHO 9TO ¢ TeM, YTO GOJIBIITIH-
CTBO TIAIUEHTOB OT/EJIEHUN WHTEHCUBHOW Teparnu
HAXO/ISATCSI B COCTOSIHUU MeIUKAMEHTO3HOU cefa-
I[UH, YTO HE TO3BOJISIET OOHAPYKUTH Y HUX HapyIiie-
Hust PyHKIWIT ToJ0BHOTO Mo3ra [1]. Y takux 60Jib-
HBIX CJIOJKHO TIPOU3BECTHU OIIEHKY KOTHUTUBHOU JIUC-
(byHKITMY HA OCHOBAHUM KIMHWYECKUX, ATEKTPODOU-
3UOJIOTHYECKUX 1 OUOXUMHUUYECKUX JIAHHBIX. TeM He
MeHee, Ui guarHocTuku SAE B KIMHUKe HCIIOJIb-
3ytor caepyioniue mkaab: The Confusion Assesment
Method for the Intensive Care Medicine (CAM-
ICU), Adaption to the Intensive Care Environment,
Intensive Care Delirium Screening Checklist
(ICDSC), mkansr koM, takue kak FOUR (Full
Outline of UnResponsiveness) win GCS (Glasgo
Coma Scale) [10, 15, 16]. OxHako Bce T IIKAJIbI
OLIEHUBAIOTCSI KAaK HEJIO0CTATOYHO UYBCTBUTEJbHbIE
nis BersiBsieHust SAE [2, 10].

[ oty gYeHus TOMoJTHUTEIbHON HHMOPMaITIT
0 MEHTAJIbHOM CTAaTyCe TAIUeHTa UCIIOIb3YIOT METO/
asnekrpoantiedanorpadun. IIpeumyIinecTBo TaHHOTO
METOJIa COCTOUT B TOM, YTO KCCJIENOBAHUS MOKHO
IPOBOJUTL Yy OOJBHBIX, TMOJYJAIIMX CeIaTHBHBIE
nperapathbl. [lokazano, 4To HapyIeHust, BbISIBJISIEMbIE
Ha AT, koppenaupyior ¢ Tskectbio SAE [17, 18].

B nuarnoctuke SAE Takke UCIONB3YIOTCS Me-
TOJIbI HEMPOBU3YATM3AINH, TAKHE KAK KOMIIBIOTEP-
nHasg Tomorpadusg (KT) rosoBHOro Mosra u MarauT-
HO-pe3oHancHag Tomorpadus (MPT). /lug Boisgsie-
HUSI CTPYKTYPHBIX MOBPEKIEHUN TOJOBHOTO MO3Ta
Haunbostee yacto npumensiercss KT mosra us-3a mpo-
cToThl U yno6cTBa ucnosab3oBanusa. Oxnako MPT
FOJIOBHOTO MO3Ta [T03BOJISIET TIOJIYYUTD CYIIECTBEHHO
6ouibiiie MHGOPMAIIUU, B TOM YUCJE, O TEPBUYHBIX

attention and concentration, persist for a long period
of time (more than a year) in patients with a history
of sepsis [3, 5]. This fact provides serious reasons to
consider SAE an important social problem.

Therefore, the problem of SAE studies seems
extremely urgent. However, the diagnosis, mecha-
nisms of development, and approaches to treatment
of this condition still remain unclear.

Diagnosis of septic encephalopathy. The ina-
bility to correctly identify signs of SAE remains the
main problem at present. This is due to the fact that
the majority of intensive care patients are under drug
sedation that does not allow to detect brain dysfunc-
tions [1]. In such patients, it is difficult to assess the
cognitive dysfunction based on clinical, electrophy-
siological and biochemical data. However, the follo-
wing scales are used for the diagnosis of SAE in the
clinic: The Confusion Assesment Method for the In-
tensive Care Medicine (CAM-ICU), Adaption to the
Intensive Care Environment, Intensive Care Deli-
rium Screening Checklist (ICDSC), coma scales,
such as FOUR (Full Outline of UnResponsiveness)
or GCS (Glasgo Coma Scale) [10, 15, 16]. However,
all of these scales are considered insufficiently sensiti-
ve for detection of SAE [2, 10].

Electroencephalography is used to obtain addi-
tional information about patient's mental status. The
advantage of this method is that you may carry out
the test in patients receiving sedation. It has been de-
monstrated that abnormalities detected by EEG cor-
relate with the severity of the SAE [17, 18].

Neuroimaging techniques such as computed to-
mography (CT) and magnetic resonance imaging
(MRI) are also used in the diagnosis of SAE. To iden-
tify the structural damage of the brain, brain CT ima-
ging is used most often due to the simplicity and ease
of use of the procedure. However, the brain MRI per-
mits to obtain significantly more information, inclu-
ding the primary mechanisms of sepsis associated
with a brain injury (e.g., cytotoxic or vasogenic
edema) or with the development of delayed encepha-
lopathy. MRI helps identify brain infarction, leukoen-
cephalopathy, vascular edema. However, these symp-
toms are not specific to SAE [19]. In a preliminary
study, using this method, Sharshar(2007) found that
white matter impairment was typical for sepsis-indu-
ced brain dysfunction [20].

It has been demonstrated that the MRI along
with the EEG and the evoked potential method are
very important for predicting coma [21]. In addition,
new generation imaging techniques such as magnetic
resonance spectroscopy, diffusion tensor imaging,
positron emission computed tomography, as well as
experimental methods of image processing are being
developed. These tools provide new opportunities
for the early detection of SAE and pathophysiologi-
cal processes determining it. The state-of-the-art ac-
hivements in this field are discussed in detail in
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MEXaHU3MaX CETCHCa, CBA3AaHHBIX C TPABMOI T'OJIOB-
HOTO Mo3ra (HarpumMep, IIMTOTOKCUYECKUI UJIN Ba30-
TEeHHBIN OTEK), WJIN C Pa3BUTHEM OTAJ€eHHOU JHIIE-
danonarun. C omortibio MPT MOKHO BBISIBUTD UH-
(bapkT Mosra, melikoaHIiehasoNnaTUIo, COCYAUCTHIN
orek. OHAKO ATU TPU3HAKN HE SBJSIOTCS CIICIH-
wunbivm g SAE [19]. B npeasaputesbHOM HC-
ciepoBanuy Sharshar (2007) ¢ nmoMoubio JaHHOTO
MeToj1a ObLIO YCTAHOBJIEHO, UTO JIJIST CETICHC-H/TY [TH-
POBaHHO IUCHYHKITMN MO3Ta XapaKTePHBI TOBPEXK-
nenuns 6esoro Bertectsa [20].

[Tokazano, uyto merox MPT, napsiny ¢ 93T u
METOJIOM BBI3BAHHBIX IOTEHIINAJIOB, OYCHb BaKCH
11 iporao3upoBanus kombl [21]. Kpome Toro, pas-
pabaThIBAIOTCST METO/IBI BU3YAJIU3AIIUN HOBOTO MTOKO-
JIEHUS, TaKue KaK MarHUTHO-PE30HAHCHAS CIIEKTPO-
ckonud, nuddysnonnas TeH3opHas Tomorpadusd,
MO3UTPOHHO-dIMUCCUOHHAS KOMITBIOTEPHAS TOMOTPa-
(bust, a TAKIKE METO/IBI HKCIIEPUMEHTAIHLHOI 06paboT-
KU U300paKeHUil. ITH MHCTPYMEHTBI IPEIOCTAB-
JIATOT HOBBIE BO3MOXKHOCTH JIJIS PAHHETO BBISBJICHUS
SAE u obGycaaBiuBaiomux ee maTohu3nogornie-
ckux mporieccoB. [locmennue MOCTHXKEHUS B 3TOU
obiactu MOAPOOHO paccMaTpPUBAIOTCS B 0030pe
Stubbs (2013) [22]. ABTOpamMu MPEIOKEHBI CIIOCO-
ObI UCTIO0JIb30BAHUST HOBBIX TEXHOJIOTUIN BU3yaJn3a-
1AW JIJIST yJIydIieHus: guarnoctuku SAE.

[l MOHMTOPWHTA MO3TOBOTO KPOBOTOKA HC-
MOJIB3YIOT TPaHCKpaHuasibuyio Doppler conorpa-
uio [21]. Hapytienust cocyiucToin ayToperyJisium,
ocobeHHO Ha paHHUX cTajusx SAE, yKas3blBalOT Ha
TO, YTO TeMOJIMHAMUYECKUE U3MEHEHUS UTPAIOT CY-
MIECTBEHHYIO POJIb B ee Teuenuu [23, 24]. Buio ycra-
HOBJIEHO [25], 4TO paHHUE [IPOSIBJIEHIIS CENITUYECKOI
aHIIeaNIONATUN TI0 TUITY TUIIOAKTUBHOTO JIEJUPUS
COYETAIOTCS ¢ BBIPAYKEHHBIMU HAPYIICHUAMU T[CHT-
paJbHOU peryJisiiuu remonHaMuky. IIpu atom Han-
GoJiee SIPKIIE PA3INnyrst OJYYEHDI B TapaMeTpax, Xa-
PAKTEPUIYIONUX IMYJIbCAUI0 TepruheprIuecKux co-
cynoB. OmHaKo JAOMNIIEPOBCKas coHorpadus He
MOJKET CJIYKUTHh €IUHCTBCHHBIM JMArHOCTUYCCKUM
nHcTpyMeHTOM SAE, T.K. B HEKOTOPBIX CJydasx y
60sibHbBIX ¢ pusHakamu SAE usmeHenuil nepdysuun
Mo3ra He OOHapy:RuBaioT |23, 24].

Eime oHUM IMAarHOCTUYECKUM MHCTPYMEHTOM
MOJKET CJIYKUTh BbISIBJIEHNE KAYCCTBEHHBIX U KOJIH-
YeCTBEHHBIX U3MEHEHUN crelmuIecKuX BEIeCTB B
TKaHW WU KPOBHU, YTO MOXKET YJYUIIUTh IIPOTHO3M-
pOBaHue, IOMOYB IIPU BIOOPE TEPAIIHH, & TAKKE CII0-
cobcTByeT paspaboTKe HOAXOAAIINX HAYYHBIX MOJIE-
JIedt I u3ydeHuns: MexaHuaMoB OoJsiesti. B kauectse
MEPCIIEKTUBHBIX MapKEPOB CENTUYECKOTO Ipoliecca
pacematpuBatot 6esok S-1008, HelipoH-crernubnye-
ckyio eHosazy (NSE), MpokaTbIIUTOHUH, MHTEPJICi-
kuH-6 u gp. Mexay teM, paGoThl 110 HCCJIE[0BAHIIO
JIMarHOCTUYECKOU 3HAYMMOCTH OnoMapkepoB SAE
eIMHUYHBI, B HUX 0C000€ BHUMAHUE YIEJSIETCS

6enky S1008 u NSE [19, 26, 27].

Stubbs' review (2013) [22]. The authors proposed
ways to use new imaging technologies to improve di-
agnosis of SAE.

Transcranial Doppler Sonography is used for
monitoring of the cerebral blood flow [21]. The im-
pairment of vascular autoregulation, especially at the
early stages of SAE, indicate that hemodynamic
changes mostly contribute to its course [23, 24]. Tt
was found [25] that early manifestations of septic en-
cephalopathy in the form of hypoactive delirium
were commonly associated with severe impairment
of the central hemodynamic regulation. At that, the
most striking differences were observed between the
parameters characterizing the peripheral vascular
pulsation. However, the Doppler sonography may
not be the only diagnostic tool for SAE, because in
some cases, in patients with signs of brain perfusion
changes, SAE has not been observed [23, 24].

Identification of qualitative and quantitative
changes of specific substances in the blood or tissue
may serve as another diagnostic tool, which can im-
prove prediction, help in choosing therapy, and also
contributes to the development of appropriate scien-
tific models to study disease mechanisms. S-1008
protein, neuron-specific enolase (NSE), procalcito-
nin, interleukin-6, etc. are considered promising
markers of the septic process. Meanwhile, studies of
diagnostic significance of biomarkers SAE are not
numerous, and special attention is paid to S1008 pro-
tein and NSE [19, 26, 27].

S100 is a group acidic calcium-binding proteins
some of them unique for the nervous tissue. Most
S100 proteins (up to 85—90% of the total content in
the nervous tissue) are concentrated in astrocytes,
10—15% of proteins are located in neurons, the mini-
mum number of proteins is found in oligodendrocy-
tes. S100 proteins are considered to be one of the key
molecular components of complex intracellular sy-
stems providing functional homeostasis of the brain
cells. They are synthesized by glial cells and then
transported to neurons thus affecting metabolic pro-
cesses and specific reception of neurotransmitters,
changing the level of the specific binding of dopami-
ne, serotonin, GABA, and norepinephrine with re-
ceptors. Experiments have confirmed the involve-
ment of S100 group proteins in the regulation of ne-
uron process oriented growth. Normally, the BBB is
impermeable to S1008, so elevated levels of this pro-
tein in the serum is a marker of neuronal tissue and
BBB damage. However, the precise mechanism by
which S100p is released is still unknown [26].

Nonspecific enolase has been currently recogni-
zed one of the most specific markers of neuronal dama-
ge. NSE (2-phospho-D-glycerate-hydroliase) is an in-
tracellular glycolytic enzyme of the CNS, which has a
molecular weight of 78 kDa; it is found in neurons, ne-
uroendocrine cells of the nervous system, as well as in
erythrocytes and platelets. NSE yy-isomer is the only
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S100 — aTo Tpymna YHUKATBHBIX /11 HEPBHOM
TKaHU KHUCJBIX KaJbIUU-CBSA3BIBAOIINX OEJIKOB.
BospimmaerBo G6enkos S100 (0 85—90% ot obiiero
COZIeP;KaHUS B HEPBHOW TKAaHU) COCPEIOTOYEHBI B
acrporurax, 10—15% pacrnosokensl B HeiipoHax, Mu-
HUMAJbHOE WX KOJUYECTBO OMPEAETSETCS B OJUTO-
nenzporntax. besiku S100 paccmaTpuBaioTes B Kave-
CTBE OJIHOTO U3 Y3JOBBIX MOJICKYJISIPHBIX KOMITOHECH-
TOB CJIOJKHBIX BHYTPUKJIETOYHBIX CUCTEM, OOECIedn-
BaOMUX (DYHKIIMOHAIBHBIN TOMEOCTA3 KIETOK MO3Ta.
OHM CUHTE3UPYIOTCS TJIUAJBHBIMA KJICTKAMH, a
3aTeM TPAHCIIOPTUPYIOTCS B HEHPOHBI, OKA3bIBAIOT
BJIMSTHUE HA TTPOIIECCHl 0OMEHa U crieluhnuecKoil pe-
e HelPOMEZINaTOPOB, U3MEHSIOT YPOBEHbD CIie-
1uduyeckoro cBA3bIBaHUA JA0(MaMUHA, CEPOTOHNHA,
F'AMK, HopanmpeHanHa ¢ perenTopaMu. JKCIEpu-
MEHTAJIBHO JI0Ka3aHo yuactue 6ekoB rpymst S100 B
PETYJIAIMK TPOIECCOB HAIPABJIECHHOTO POCTA OTPO-
CTKOB HelipoHOB. B Hopme I'DB nemponutaem s
S100p, 103TOMY TIOBBIINIIEHHBII YPOBEHD 3TOTO OEJIKa
B CBIBOPOTKE KPOBU SABJISICTCS MAaPKEPOM TOBPESK/IC-
Hus HeliponasbHol TKanu u [IB. OpHako TOUYHbBIN
MEeXaHU3M, C TIOMOIIBIO KOTOPOro Beigessiercss S1008,
JI0 CUX T10p HeusBecTeH [26].

B Hacrostitiee BpeMst OfHUM U3 HauOoJee Crieru-
(braHBIX MapKEpPOB MOBPEXK/ICHIS HEHPOHOB, ITPU3HAHA
HelipoHcnennduyeckas enonasa. NSE (2-dbocho-D-
[JIATEPAT-THPOJINA3a) — BHYTPUKJICTOUHbINA TJIMKOJIN-
tdeckuii hepment [IHC, KoTopblii nMeeT MOJIeKyJIsip-
Hy10 Maccy 78k/la BbIsSIBIIgETCS B HEHPOHAX, HEHPOSHIO-
KPUHHBIX KJIETKAX HEPBHOI CHUCTEMBI, & TAK/KE B 9PUTPO-
UTax u TpomMOoIUTax. EIMHCTBEHHBIM U3BECTHBIM B Ha-
crosiiiiee BpeMst 00IIIM MapKepoM Beex g epeHIpo-
BaHHBIX HEPOHOB sBJisieTcs yy-usomep NSE, oH oTHO-
CUTCA K BHYTPHUKJIECTOYHBIM HH3UMAM IICHTPATbHOM
HEPBHOI CHUCTeMBI. B ncceJoBaHIX TOKa3aHa BO3MOSK-
HOCTH TIPUMEHEHUS TTOKa3aTesIsl 9H3UMHON aKTUBHOCTU
NSE kak KJIMHUKO-JIMAarHOCTUYECKOTO KPUTEPUS LISt
OIICHKU CTENEHN TIOBPEXK/ICHUS HEHPOHOB TOJIOBHOTO
MO3Ta TIPY UIIEMUYECKUX U TeMOPPArnyeCKuX WHCYJIb-
TaX, SIIJIENCUM, TPABMATHIECKON OOJIE3HU TOJIOBHOTO
MO3Ta U JIPYTHUX JIECTPYKTUBHBIX 3a00JIEBAHNIT TIEHTPaJIb-
HOU HEPBHOIT cuctembl [28].

B psizie paboT OBLIO MOKa3aHO TTOBbIIIEHNE YPOB-
Hs1 NSE u S1008 y 60sbabix ¢ SAE [19, 27, 29, 30].
IGDEKTUBHOCTD M YYBCTBUTEIBLHOCTDH CBIBOPOTOYHO-
ro S1008 B muarnoctuposannu SAE gocrarouHo Bbi-
coku. Oxnaxo, kak S10083, tak u NSE neznocrarouno
cneruuunbl st Boienenuss SAE cpenu apyrux
BUJIOB 9HIIe(DATIONATU, TOCKOJbKY TOBBIIIEHHbBIN
YPOBEHD 9TUX OEJIKOB OTPAYKAET TOJBKO TATOIOTHYE-
CKUe TIPOIecChl B MO3re, a He ux npupouy [29]. Ocra-
€TCsT CIOPHBIM BOTIPOC 0 KoppeJsatuu yposist S1008 ¢
TSZKECTBIO CENTHYecKOoi antedanonatum [26].

B kauectBe Ouomaprepos SAE paccmarpu-
Batorcst u apyrue Oesku. Tak, Tomasi (2017) Gbiun
MIPOBE/ZICH CPABHUTEIBHBIN AHATU3 COAEPKAHUS B
KpPOBHU y OOJIBHBIX pasHbIX rpyin (¢ uH(pEKIHel, ¢

currently known common marker for all differentiated
neurons, it is one of intracellular enzymes of the cent-
ral nervous system. Studies confirmed the possibility
of the use of the NSE enzyme activity parameter as a
clinical diagnostic criterion for assessing the extent of
the damage to the cerebral neurons due to ischemic
and hemorrhagic strokes, epilepsy, traumatic diseases
of the brain and other destructive diseases of the cent-
ral nervous system [28].

A number of studes demonstrated increased
levels of NSE and S1008 in patients with SAE [19,
27, 29, 30]. The efficiency and sensitivity of serum
S1008 in diagnosing SAE are high enough. Howe-
ver, both S1008 and NSE are not specific enough to
highlight SAE among other encephalopathies be-
cause elevated levels of these proteins reflect patho-
logical processes in the brain only, but not their na-
ture [29]. A correlation between the S1005 level
and the severity of septic encephalopathy remains
debatable [26].

Other proteins are also considered as SAE bio-
markers. For example, Tomasi (2017) carried out a
comparative analysis of the content of biomarkers of
inflammation, endothelial activation, coagulation,
and brain dysfunction in the blood of patients of dif-
ferent groups (with infection, or delirium, or SAE)
[31]. Tt turned out that patients with SAE demon-
strated elevated levels of BDNF (brain-derivedneu-
rotrophic factor), VCAM-1 (Vascular cell adhesion
molecules), ICAM-1 (intercellular adhesion molecu-
le), PDGF (platelet-derived growth factor) as com-
pared to a group of patients with noninfectional de-
lirium. A relationship between elevated levels of C-
reactive protein, S1004, and cortisol and sepsis-asso-
ciated delirium was found [23].

The BDNF protein may be of great importance
in the development of SAE. For example, it has been
demonstrated that impaired brain function in experi-
mental sepsis is accompanied by decreased level of
the BDNF expression in the hippocampus and pre-
frontal cortex [32—34]. In critically ill patients with
sepsis, lower plasma levels of BDNF in sepsis were
associated with mortality. At that, survivors presen-
ted a correlation between BDNF levels and the deve-
lopment of delirium, as well as between BDNF levels
and the time of recovering from coma [35].

Therefore, the search for specific SAE markers
remain one of the main tasks for future researches.

Clinical symptoms of sepsis-associated en-
cephalopathy. The main signs of encephalopathy in-
clude impairment of consciousness, the deteriora-
tion of cognitive functions, personality changes, re-
duced concentration, and depression [1, 15]. Accor-
ding to various sources, clinical symptoms of SAE
are identified in 8—70% of patients diagnosed with
sepsis [2] and include distraction, confusion, over-
stimulation, which may further lead to stupor and
coma. The first symptoms, such as fatigue, loss of ap-
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nempueM, ¢ SAE) 6nomMapkepoB BOCITAJIEHUST, AKTH-
BAIlUU 3HHJIOTEIUS, KOATYJIAIMUN U AUCHYHKIUU
mosra [31]. Okazanocs, uto y 60bHBIX ¢ SAE GbLix
noBbitieH yposenb BDNF (M03roBoii HelipoTpodu-
yeckuit pakrop), VCAM-1 (MosIeKyJIbl aire3un co-
cynuctoro augotenus), ICAM-1 (MOeKyJIbl MeX-
kiaerounoit axresun), PDGF (tpomOboiiutapHbiit
(baxTop pocra) B cpaBHEHUHM € TPYIIION TAIIMEHTOB C
nepreM HenHGBEKITMOHHOTO TeHesa. OOHapyskeHa
B3aMMOCBS3b MEXKJy MOBBIIICHHBIM ypoBHeM C-pe-
akTuBHOTO Gesika, S10043, a Takske KOpPTH30JA C CeTl-
CHUC-aCCOIMUPOBAHHBIM JlempueM [23].

Benox BDNF MoxkeT nMeTh BaskHOe 3HAUeHHE
npu pazsutun SAE. Tak, ObLIO MOKAa3aHO, YTO HAPY-
nieHus (yHKIUU MO3ra TPHU JKCIIEPUMEHTAIBbHOM
CeTICHCe COTTPOBOKAAIOTCS CHUKEHUEM YPOBHS 9KC-
npeccun BDNF B rumnmoxamiie u npedpoHTaIbHON
Kope [32—34]. ¥V GOJIbHBIX C CENCUCOM, HAXOSATINX-
Cs1 B KDUTHYECKOM COCTOSTHUH, O0OJIee HU3KIE YPOBHU
BDNF B 1asme KpoBU IIPU CeTicuce ObLIN CBSI3aHbI
C JIeTalbHOCTBIO. TIpH 5TOM Y BBIKUBIIUX GOJILHBIX
BBIsIBJIEHA KoppeJsstiust Mexay ypoBHeM BDNF n
pa3BUTHEM JICJUPUA, a TaKKe MEXKIY YPOBHEM
BDNF u cpoxom Bbixoa u3 kombi [33].

Takum 06pa3oM, MOUCK CIENU(DUIHBIX MapKe-
poB SAE ocraercst OHON U3 IJIaBHBIX 3a1a4 Oyiy-
MI1X UCCJIEOBAHUI.

KinHuyeckne cUMITOMBI CEIICHC-aCCOLHUPO-
BaHHOI1 9Hneamonatun. OCHOBHBIMU MTPU3HAKAMEU
aHIIe(aNIONATUN ABJISAIOTCS HAPYIIEHUS CO3HAHMUS,
yXyAIlleHne KOTHUTUBHON (DYHKIUHU, JIMYHOCTHBIE
M3MEHEHUS, CHUKEHUE KOHIICHTPAIUM BHUMAHUS,
nenpeccus [1, 15]. Kinunnueckue cummnrombr SAE
BBISIBJISIIOTCST TIO Pa3HBIM JaHHBIM Y 8—70% marmen-
TOB C JIMArHOCTUPOBAHHBIM CercucoM [2] U BKJIIO-
YalT B cebst PACCESTHHOCTD, CIIyTAHHOCTD CO3HAHWS,
nepeBo30y KAEHIE, YTO MOKET B JAIbHEHIIIEM TTPU-
BECTH K CTYTOPY U KoMe. [lepBbie cuMIITOMBI, TaKkue
Kak cJ1ab0CTh, OTCYTCTBHE AIETUTA, HEIOMOTaHUE U
neUUT KOHIEHTPAIUN BHUMAHUS, OOBIYHO IO-
SABJIAIOTCA HA PAaHHEH CTa/lny CErcuca, 4acTo J10 Ipo-
ABJICHUST JIPYyTUX Opranubix Hapymenuit [1]. Ha
HO3/(HUX 9Tarax y 60JbHbIX HabrogaTces boJee Ts-
JKeJIble PAcCTPOCTBA, TaKKe Kak JeJTUPUI 1 CUIIbHOE
Bo3Oyxkaenue [1, 15]. HapyiueHue co3HaHUS B
(bopme upeaMepHOIl COHIMBOCTH, CTYTIOPA UM KOMBI
yaiie pa3BUBACTCS TIPU TIOJUOPTaHHON uchyHKINN
u centuyeckoM Tmoke. [losBienue mesupus ¢ oct-
PBIM HapyIIEHUEM CO3HAHUS CBSI3BIBAIOT ¢ HEOIAro-
HPUSATHBIM POTHO30M, KOTOPBIA BKJIIOYAET OoJiee
BBICOKUI PHUCK JIETAJBHOTO HUCXOMA, JJTUTETbHBbIE
CPOKM  TOCHUTAJIM3AIMUN, [OCTEONepPaAIMOHHBIE
ocNokHeHUs. YeM MOJbIe COXpPaHSIeTCS IeTUpUi,
TeM BBIIIE BEPOSITHOCTD JIJIUTEIBHBIX KOTHUTHBHBIX
PACCTPOICTB Y BELKUBIINX OOJIBHBIX [36].

BakHO HOMHUTH, YTO JEJUPHIL MOKET ObITh
BBI3BAH PAa3HBIMU TATOJOTMYECKUMU COCTOSIHUSMHU,
HANpUMeP, TAKUME KakK abcIiece Mo3ra, aHIedasorna-

petite, malaise and poor concentration are usually
detected at the early stage of sepsis, often prior to
other organ impairments [1]. At the later stages, pa-
tients presented more severe disorders, such as deli-
rium and severe excitation [1, 15]. Impairment of
consciousness in the form of excessive drowsiness,
stupor or coma often develops in multiple organ fai-
lure and septic shock. Development of delirium with
acute impairment of consciousness is associated
with unfavorable prognosis, which involves a higher
risk of death, prolonged hospital stay, and postope-
rative complications. The longer delirium persists,
the higher is the probability of long-term cognitive
disorders in survivors [36].

It is important to remember that delirium may
be caused by different pathological conditions, such
as brain abscess, encephalopathy, meningitis, encep-
halitis, stroke, alcohol or drug intoxication, noncon-
vulsive status epilepticus and some others [37].The-
refore, when evaluating a patient with sepsis and de-
lirium, the priority task should be to rule out the
main disease of the central nervous system that can
lead to delirium.

Study of SAE in experimental models of sep-
sis. The following experimental models of sepsis are
commonly accepted:

¢ induction of endotoxemia after intravenous
or intraperitoneal injection of lipopolysaccharide
(LPS),

 parenteral inoculation of bacteria,

* CLP — cecal ligation and puncture.

The most simple method is induction of endoto-
xemia. Bacterial endotoxins, lipopolysaccharides,
which are structural components of cell walls of gram-
negative bacteria, introduced intravenously or intrape-
ritoneally, cause symptoms of sepsis, mainly in the vas-
cular system, which affects the nervous system. After
induction of endotoxemia, concentration of proinflam-
matory cytokines increases, that allows to control
body dysfunctions depending on the dose of LPS [1].
The disadvantage of this method is the difference in
concentrations of endotoxin, which fundamentally dif-
fer in humans and different species of animals, for
example, the human lethal dose of lipopolysaccharide
is several orders lower than that in rats.

Introduction of cultures of living bacteria
into the animal body is another method of mode-
ling of sepsis. The disadvantage of this method is
that the bacteria must be introduced in large doses,
because the greatest portion of them is removed by
the immune system; in addition, there are individu-
al reactions to certain pathogens. On the other
hand, one of the advantages of the method is the
ability to induce specific pathogen infection in a
specific organ, such as the lungs (inhalation) or the
kidneys (injections) [38].

At present, the CLP model is the standard
model for studying sepsis, septic shock and SAE. In
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TUS, MCHUHTUT, UHCYJIbT, dHIIE(HATAT, aTKOTOJbHASA
WJIN JIEKAaPCTBEHHAS WHTOKCUKAINS, HEKOHBYIbCHUB-
HBII status epilepticus u nHexoropsie apyrue [37].
[ToaTomy TIpu OTIEHKE MAIUEHTA C CETICUCOM U JIeJIN-
pueM IepBOOYEPEHOI 3ajaueill JMOJKHO ObITh KC-
KioueHre ocHosHoro sabosesanus ITHC, koTopoe
MOKET 00YCJIOBUTD JIEJTUPHIA.

N3ayuenue SAE Ha 3KCIIepUMEHTATIBHBIX MO/Ie-
asx cerncuca. OOMIENPU3HAHHBIMU KCIIEPUMEHTAb-
HBIMU MOJICJISIMU CETICHCA SABJIIOTCS CIICTYIOTTHE:

* WHIYKINS 9HIOTOKCEMUW MPU BHYTPHUBEH-
HOM WJIA BPYTPUOPIOIINHHOM BBEJIEHUU JITIOMOJIH-
caxapuza (LPS),

* TIapeHTepaJbHOE BBeleHUE (MHOKYJIAINS)
Gakrepuii,

e TIepeBsA3Kka U 1epdopanusd CJAEToNn KUITKA
(CLP — cecal ligation and puncture).

Haubosiee mpocroii MeToj; — 9T0 MHAYKI[US DH-
JoToKceMUH. BakrepuasibHble 9HIOTOKCUHBI — JIU-
MOTIOTMCAXAPU/IBI, SABJILIONINECS CTPYKTYPHBIM KOM-
MMOHEHTOM KJIETOYHOW CTEHKH TPAMOTPUIIATETHHBIX
GakTepuii, BBeJleHHbIE BHYTPUBEHHO WJIH BHYTPH-
OPIOIIMHHO, BBI3BIBAIOT CUMIITOMBI CEIICUCA, TJIaB-
HBIM 00pPa3oM, B COCYAMCTOI cucTeme, KOTOpast
BJIMSET HAa HepBHYIO cucteMy. llocie nHayKmm sH-
JIOTOKCEMUU KOHIICHTPAIUSA TTPOBOCHAIUTENbHBIX
IIUTOKUHOB BO3PACTAET, YTO MO3BOJISIET KOHTPOJIUPO-
BaTh HapymieHus: (GYHKIUI OPraHu3Ma B 3aBUCHMO-
ctu ot 103l LPS [1]. Hemocrarkom gannoro meroza
SABJIAETCS PA3JNdne B KOHIIEHTPAIMSAX 9HIOTOKCHUHA,
KOTOpBbIE TPUHIMITNAJIBHO PA3JIN’atoTcd y Jofei u
Pa3HbBIX BU/IOB JKMBOTHBIX, TaK HATIPUMED, Y YesIOBe-
Ka JieTaJabHbIEe JI03bI JIUTIOTIOIMCAXaPH/Ia HA HECKOITh-
KO TIOPSIZTKOB HUKE, YEM Y KPBIC.

JlpyrumM MeTOZIOM MOJICTUPOBAHUS CEITTUYECKO-
TO COCTOSTHUS SBJISIETCS BBEIEHUE KYJBTYD SKUBBIX
Gakrepuil B OpPraHW3M SKUBOTHOTO. HemocTaTkom
JIAHHOTO METOJIA SIBJISIETCSI TO, UTO OAKTEPUU JTOJIKHBI
OBITHb BBEJICHBI B OOJIBIINX /103aX, TAK KAK 3HAUUTEJIb-
Hasl UX Y4acTh y/laJsieTcss IMMYHHOM CUCTeMOIt; KpoMe
TOTO, CYIIECTBYEeT WHAMBUAYAJIbHAS PEAKIUS Opra-
HU3Ma Ha omnpejesneHHbie Bo3Oyautemn. C apyroit
CTOPOHDI, OJTHUM U3 TIPEUMYIIECTB METOIA SIBJIAETCS
BO3MOKHOCTb WHYIIMPOBATH MH(MEKIINIO KOHKPET-
HBIM [TATOTEHOM B OIIPE/IeJIEHHOM OpraHe, Harpumep,
JieTKUX (MHTAJISANNN ) W TToukax (MHbeKimmn) [38].

B nacTogiee BpeMs cTaHAAPTHOU MOJETBHIO HC-
CJIEIOBAHMS CETICUCa, CEITUYecKoro 1moka n SAE, aB-
sistercst mojiesib CLP. B 210l MeTo/IMKe CIIeryio KUKy
MIEPEBA3BIBAIOT, & 3aTEM ITPOKAJIBIBAIOT, TEM CAMBIM BbI-
3bIBasi Pa3BUTUE TEPUTOHUTA M OOECTIEYMBAST MOCTO-
SIHHOE JIOTIOJTHUTETbHOE HH(DUIIMPOBaHUe OaKTEPUSIMU
u3 npocsera kuiku. CLP poctatouHo Xoporio Boc-
HPOU3BOIUT TEMOJNHAMUYECKHE W MeTabOINYecKre
usMenenus1, Habstotaembie mpu cericuce 1 SAE [39] u,
10 CYIIECTBY, UMUTHUPYET MX Pa3BUTHUE Y JIO/IEH.

MHorouncieHHbIe CCIeIOBAaHUS HATIPABJIECHBI
Ha U3y4YeHWE B KCIIEPUMEHTE U B KJIMHUKE TIOTCHITH-

this technique, the cecum is ligated and then punctu-
red, thereby causing development of peritonitis and
ensuring constant additional infection with bacteria
from the gut lumen. The CLP reproduces the hemo-
dynamic and metabolic changes observed in sepsis
and SAE [39]well enough and essentially simulates
their development in humans.

Numerous studies are aimed at studying poten-
tial correction of impairments developed in the cent-
ral nervous system in sepsis in the experimental and
clinical setting. The main effects of medicinal pro-
ducts and procedures on the severity of pathological
changes in the brain are summarized in Table.

Pathophysiology of septic encephalopathy.
SAE was described several decades ago, but this
phenomenon started relatively recently. Cognitive
disorders, impairment of learning conduct, and emo-
tional disorders were found in various models of sep-
sis in mice and rats using a series of behavioral tests
(elevated plus maze, Morris water navigation task,
etc.) [40—43]. Sepsis resulted in cognitive disorders,
increased loss of pyramidal neurons of the hippo-
campus, activation of microglia (traumatic brain inj-
ury + CLP, Day 14), animal's weight loss and increa-
sed posttraumatic mortality [44]. Even 3 months
after sepsis (intraperitoneal administration of LPS),
rats experienced memory loss and decreased lear-
ning activity [45].

Few neuropathological studies indicate that
the white matter and the hippocampus are dama-
ged most in SAE [20, 46] that is generally consi-
stent with the clinical picture of delirium. During
morphological studies on models of experimental
sepsis, severe brain damage, especially of the hip-
pocampus, cortex, and the cerebellum was demon-
strated [44, 45]. For example, the death of neurons
by using a neuronal marker NeuN was determined
in the prefrontal cortex and the hippocampus (fi-
elds CA1 and CA2) in rats 24 hours after admini-
stration of bacterial LPS [47]. Signs of severe ne-
uronal degeneration, hyperchromic, wrinkled, pyk-
notic and electron-dense neurons were found in the
brain of septic mice using optic and electronic mic-
roscopy [48]. Ischemic damages, mainly in the nuc-
lei of the autonomic nervous system, are among the
most frequent changes of the brain. Perivascular
edema and swelling of astrocyte pedicles may be
also observed. Neurons have wrinkled nuclei and
damaged cell membranes [49]. There are signs of
multifocal necrotizirng leukoencephalopathy [50].
Histopathological and apoptotic changes in pyrami-
dal neurons of the hippocampus and Purkinje cells
in the cerebellum of mice in the CLP model of sepsis
using different histological methods of staining and
the TUNEL method [51, 52].

There is still no clarity in understanding the
causes of formation and development of septic en-
cephalopathy. Putative mechanisms include mi-
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aJIbHBIX BO3MOJKHOCTEH KOppeKIUu HapylleHu,
paspuBatomuxca B IITHC mpu cerncuce. OcHOBHBIE
adeKTbl BANIHUSA JIEKAPCTBEHHBIX TIPENApaToB U
MPOIe/lyp Ha BBIPAKEHHOCTD TATOJIOTMYECKUX U3Me-
HEHUI B MO3Te CyMMUPOBAHbI B TaOJIHUILE.

ITatodusuonorus cenrtuyeckoii suiedanona-
tui. SAE Obuia omnmcaHa HECKOJIBKO JIeCATUIICTUN
Ha3a/l, OJTHAKO UCCIEA0BAHMS 3TOr0 (heHOMEeHa Hava-
JINCh CPAaBHUTEJIBHO HemaBHO. Ha pasimmuHbix Moje-
JISIX CETICUCA Y MBIIIE ¥ KPBIC € TTOMOIIBIO Psi/ia TIOBe-
JIEHYECKUX TECTOB (TIPUIIOAHSATHII KPecTOOOPA3HbIN
JIAOUPUHT, BOAHBIN Jabupunt Moppuca u Jp.) BbI-
SBJICHBI KOTHUTUBHBIC PACCTPOICTBA, HAPYIICHUS UC-
CJIEZIOBATEBCKOTO TOBEIEHUS, SMOITMOHAIBHOTO CO-
crosiiug [40—43]. Cencrc mpuBOANII K KOTHUTHBHBIM
HAPYIIEHUSM, TTOBBIIIEHHOW TUOETH MUPAMUTHBIX
HEHPOHOB THIIOKAMIIA, AKTUBAIIMU MUKPOTJINU
(tpaBma mosra + CLP, 14-e cyTkn), X motepe Beca 5Ku-
BOTHBIX U YBEJIMUYCHUIO TTOCTPABMATUYECKON CMEpT-
HoCcTH [44]. [laske cirycTst 3 Mecslia mocJie epeHeceH-
HoTO cerncuca (BHyTpubpronnHHoe BBesietue JITIC) y
KPbIC OOHAPYKUBAIK AeDUIIUT TAMSITH U CHUKEHUE
UCCJIEZIOBATENLCKON aKTUBHOCTHU [45].

HemHorounciennble HelponaTogorniyeckue
UCCIeIOBAaHUSI CBUJIETENILCTBYIOT O TOM, uTO T1ipu SAE
B HarOOJIbIIel CTEIeHN OBPEKAAIOTCs Oesioe Belile-
cTBO ¥ rurmokam |20, 46], 4To B 11eJ10M coracyercs
¢ KJIMHWYECKON KapTUHOU aenupus. B xome mopdo-
JIOTHYECKUX MCCIIE/IOBAHNI HA MOJIEJIIX OKCIIEPUMEH-
TAJILHOTO Celcuca OOHAPYKEHO CYIIECTBEHHOE T0-
BPEK/IEHHE TOJIOBHOTO MO3ra, OCOOEHHO — THIIIO-
KaMIia, KOpbI MO3Ta, MO3KeuKa [44, 45]. Tax, BoisiBIIE-
Ha rubejib HEUPOHOB (C MOMOIIBIO HEHPOHAILHOIO
mapkepa NeuN) B npedpoHTaIbHOM KOpe M TUIIIO-
kamrie (mosig CA1 u CA2) y kpwic yepe3 24 yaca
nocJie BBesterust GakrepuasibHoro JITIC [47]. B mosre
CENTUYECKUX MBIIIEH ¢ TOMOIIbIO CBETOBOU U 3JIeK-
TPOHHOU MHUKPOCKOIIY OOHAPY/KEHbI TIPU3HAKU BbI-
pakeHHO! HeHPOHANBLHOM /lereHepaliii, TUIepxXpoM-
HbIe, CMOPIICHHbIC, TUKHOTUYHbBIC WU 3JICKTPOHHO-
toTHbIe Heitpowbl [48]. Cpeu HanboJiee YacThIX U3-
MEHEHUI MO3Ta BCTPEUYAIOTCA UIIEMUYECKUE TTOBPEK-
JIcHUd, TPEUMYIIECTBEHHO, B SpaX aBTOHOMHOW
HEepBHOU cucreMbl. Takike MoKeT HaOIIOAAThCS T1e-
PHUBACKYJSIPHBIN OTEK, HAOyXaHUE HOKEK aCTPOIH-
TOB. HelipoHbl NMEIOT CMOpIIIEHHbIE SI/Ipa U TTOBPEXK-
JIEHHbIe KJeTouHble MeMOpatbl [49]. Habuomgaores
MPU3HAKK MYJbTH(HOKATIBHON HEKPOTU3UPYIOIIEid
seiikosntedanonaruu [50]. C mOMOIIBIO pa3HbIX TH-
CTOJIOTUYECKUX METO/IOB OKPACKH, a TaKkKe MEeTO/a
TUNEL na6sofany rucTonaToJorn4eckKue u arorl-
TOTUYECKUE U3MEHEHUS TUPAMUIHBIX HEHPOHOB TUII-
nokamIiia u kjetok IlypknHbe Mo3zkeuka Mbllieil Ha
mogenu ¢ CLP [51, 52].

[lo cux TOp HET SACHOCTH B MOHUMAHUN TTPUYTH
(hopmupoBanus 1 pa3BUTHS CENTUYECKOI dHITEDATO-
natun. [Ipezmnonaraembie MeXaHU3MbI BKITIOYAIOT MU-
TOXOHJIPUATTBHYIO U 3HAOTEJIUATBHYIO AUCHYHKITHIO,

tochondrial and endothelial dysfunction, changes
in the permeability of the blood-brain barrier
(BBB), impairment of the macro- and micro-cir-
culation, oxidative stress, inflammation, neuro-
transmission impairment, decreased cholinergic
innervation of neurons in the cortex [45], activa-
tion of microglia [4, 47, 48, 53], changes in the
level of neurotransmitters [54], and amino acids
etc [55]. Development of mitochondrial dysfunc-
tion is associated with increased production of cy-
tokines, reactive oxygen species (ROS) and NO in
sepsis that leads to impairment of oxidative phosp-
horylation processes and decreased ATP synthesis
[56]. On the other hand, the reverse causation can-
not be excluded, when mitochondrial dysfunction
is a primary cause in the chain of further impair-
ments of metabolism [57].

BBB dysfunction. A physiological barrier bet-
ween the blood and central nervous system (i.e.
BBB) performs vital functions in the body: regula-
tes the microenvironment in the nervous system,
blood flow in the capillaries of the brain, protects
against harmful substances circulating in the blood,
maintains homeostasis in the brain. BBB is formed
by endothelial cells of the cerebral capillaries asso-
ciated with close contacts, as well as pericytes and
astrocyte processes. The BBB permeability may be
increased by overexpression of inducible nitric
oxide synthase and NADPH-oxidase [48, 50]. The
authors think that the loss of integrity of BBB oc-
curs due to effect of peroxynitrite, which in turn is
formed by the reaction of superoxide (produced
with the involvement of NADPH-oxidase) with NO
[48]. The penetration of a number of substances
through BBB occurs due to increased pinocytosis
[58] despite retained tight contacts between by the
endothelial cells. Increased permeability of the BBB
causes water imbalance in the brain, resulting in pe-
rivascular edema, destruction of astrocytes [49] and
secondary damage to nervous tissue [20]. This leads
to reduced diffusion through the walls of microves-
sels, reduced consumption of oxygen and nutrients,
as well as impairment of the mechanisms of removal
of harmful metabolites [49]. For example, it has been
demonstrated that the cerebral blood flow in rats
decreased following the injection of bacterial LPS,
leading to a decreased glucose consumption in ne-
ocortex [47]. Hypoxia-ischemia-induced alterations
in the nervous tissue represent common patterns of
various brain diseases, although their occurrence in
patients with SAE is not specific. Nevertheless, im-
pairment of microcirculation in the brain that occur
with the progression of sepsis significantly contribu-
tes to the pathogenesis of SAE. For instance, the fai-
lure of mechanisms of autoregulation of cerebral cir-
culation results in brain tissue hypoperfusion, thus
leading to degeneration of neurons caused by hypo-
xia/ischemia that is associated with the activation

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-121-139

O630pmr

Aq1pearowr Aep-gz 9Y3 JO UOIIINPAL

0T {eUI0D /WINLIT[AP Y)IM SABD JO Joquinu Ul uononpay  wredazelo] pue auIpIuIo)apauwixap jo 399JJ2 oy aredwo)  sisdas yyim syuaneq QUIPIWOIOPAWXA(]
207 91ed AJI[R1IOW 9] JO UOIONPAY  POO[( Y] UL SAU{0IAD AIOTRWWR[JUL JO [9AJ] 9Y) 90Npy  Sisdas yim sjuaneq uonen|ewse[d 1o sisosoydewse|q
SPIO® OUIUIR JIJBWOIR PUR PAYIURI] JO ORI 3} JO ISBAIOUI pue Ayyedoreydaoua yaim sIaqy pazijiqouwrul-g
[78] ewse[d ur g-J] pue UIX0JOPUS JO [9A] Y] JO UOIIINPAY SPIO® OuIuIe JO 9dUR[Rq dY) uo joedury syuaryed ondog urxAuwAjod jo uorsnjradowaf]
S[eL [BOIUl)

1I01JOp 2ANIUS0D puUB UOoIUN)
[e7] JuauLreduwt 9ANIUS0D pue 9kl AJI[R)IOUI Y] JO UOIIINPAY [RLIPUOYD0IIUL Y] UO [€-SS JO 199J9 ) a10[dx7 [dT1D) 991N 1¢-SS aprdad pajoaaIp-eLIPUOYI0IA
add 9y jo Lusaur oy Sutaoadury SuINQO[SoUNWWI JO UOIRISIUTWPR A/T
1071 et Kyijeriows ) jo UONIINPAY aewep ggg 2y 99npay [d1D) s1ey 700¢ ‘oen) eSO 10 BCH Jo apeyd0[g

snduresoddry oy ur INQg ‘OseIuks ONI

‘q1-T11 ‘soun{o1£o jo uononpoud ‘uoreanse ergoromu sisdas Aq pasnes
looT] ‘sIop1osIp aA1 U800 [edureooddiy Jo A1119A9s 9] JO UOIONPAY JuauLredurr 9A1IUS0D 9Y) 90NPaY [SdT) @oA urreday 1ySom Ie[noa[our-Mo|
[66] BWAPA UlRI( JO UOIINPARY ureIq ay) uo 199JJd ) SSASSY [snuojtiad) sS1q systuoge 103dadal d1geuaIpe-gy

el A)I[JRIOW 9] JO UOIINPAIL ‘DFRWERD UlRI(]

[s6] ‘ewaps urelq ‘ggd Jo Aiiqeaurtod a4) Jo uononpay urelq 9y) ur £191X0)0110Xd 9Y) NPy [dT1D) s1ey  (9]0zn[L1) J0J1qIYul 93RWEIN[S JO UOIIINPOIIU]

199JJ9 JUBPIXOIUL ‘AI0JRUWWER[JUl-1JUuR UOIRWWR[JUIOINIU AQ
16 ‘ureaq a) JO SI9PIOSIP [RUOIDUNJ JO UONIINPAY Pasned UONOUNJSAP UTRI( 90NPARY [SdT) srey (ouL19s9) syudde uoIR[NGaI RI[SOIIN
96 Aq1iqeauriad repnosea Jo uononpay S[eOIPEI 931) AQ S[9SSAAOIDIW JO IFBWEP B 0NPaY [dT1D) 91N (978q109sE) JURPIXOIIUE JO U01daluf

S9IpN)s [eyuaWILIAAXT
dudIJOY NSy 3An3fqo Apmg 199[qng saunpaooad/s3niq
*s3U1))3s [eo1Uld pue JuaWLIddXd U Ul Saunpadoid pue sSnIp JUAIAHIP Jo Joedwl paje[aI-JyS JeN[eAd Jey) suonediqnd Jo )SI| pazLrWWNG
NLOOHLAOWD NOHHIIHY-Q7 SMHINKIHD ewenaeedoyr n
[eo1] {OWOM /WaNd NIl O HOHY RALIOhUIIOM dUHINIH)) BHUTUINOLIVOWINMIY] oUa.LOYAY dLuHaed)) IWODUDII) D JIGHILO] HUTTNOLITOWIMIT
ngods g goHmMOLUIT

[zo1] ULOOHAIBLIIL OMHINKHIH]) XITHII/OLUIRIID0OE HIE0dA ILUENH)) INODMDIIIN D AITHAI0g suredLarndeneern nrn eododeneeriry

LOILOMMOHUNE XUoohULewode 1 Xiauuorarogeed BUHIMOHLOOD

[7Q] ouHORUIOgA M OWERLII € -] U BHUIMOLOYHE BHEOAA oMHOMUH))

LOILOMMOHUINE
JHEI'RQ CH oOUHBUIIg

HONLRIOIB(IITHE D
QITHII'0Q OMMIORILIID))

HOMOI'08 XI9HHRIOEUIHQOWH -]
HuMUNUIroL BueAdpdonona |

BUHRLIO3Ird0U IUMIIhUHHUIL}

LU} NIIHIUMLIHION U BHUdI7HOXOLUIN

lev] UuHoIMAdeH XIIHEULUHION ‘ULIOHLAOND OUHKMH])  OIUINMHAQD BH [¢-SS 9ULLOUAY dLBLOTIIII]] [dTD) umap  J¢-SS ruLuol niaHHardedreH-oHIrend THOXOLU A

FGOHUITAQOITIOHAWINK OUHINIUH 8,/

[To1] qE.J ULOOHLIOIDI dUHIIIIILO] ] ULIOHLAIND OMHINMH]) qE.] oUHINKIdLOoN dLUMITHIN £ [dT1D) 1aomadyy (300 ‘orD)) YrCD UM BC)) RIRNOIg

QUINBMOLIIT € N | ‘Oseruss ON! ‘g1-11

‘goHMOLNT UMIAYodI ‘unrraodnm nnireanide] ‘UuHamMAdRH IODMIIID JI9HHRLEIdE

[007] X9HEMLUHION XIIHIIBITWEMOIIINI MLOOHHKedI9d dOMHIIMIHIN £ ‘BUHOIMAdRH JIIHENLUHION TLUNITHIN £ [SdT) nmmapy Huderar NIAHABIAMIIONOMEUT]

[66] BIEON BMILO OUHIIITHIN £ JEON BH BUALIMAYe0d LMI(Pde 4LUHAII() [ Lunorudorr) nanunan) godorianad xioannidenadrre-gg [9LOMHOTY
MLOOHIIRLOIL JMHINHIHD ‘BIEON BUHIIKIdgON JIEON €

[s6] ‘BIEON BMOLO ‘g€ ] ULOOWORITMHOAI OMHIIIHIN £ ALIOHRUIMOLOLURINE ILUEUH]) [dT1D) 19o1ady] (o[0zn[11) ereweLA1 1 eAOLUQUIHN SUHAYOE G
Do de MITHLIHRTUOMOULHE ‘UIIHIILULIeLID0goganLodIT INOMHAIRID0890d1oH OIAHHAI0IrIAQO

[26] ‘eIOWN NMHOMAJRH XITHII'BHONTINHA(D OMHOIMITHOW £ ‘RIEOW OITMIIHAMONY ILUNITHIN £ [SdT) 19o1adyp (ourr0s9) nnrraodxuw MUIEIrAId [9LHIIY
uwerexnred HNIIH0QOED

[96] 40YA209 NLOOWARIINHOAI OUHKUH)  dOYA2000dMUI oUHOT¥dg01 ILUIIIHON [dT1D) ummap (eregdodor) RLHRIMONOULHR BUIMOLH]]

BHHRHOIIDIU JIHII'BLHOWNAIINE
°AII9D)) Lerdriedd BEUHRIOVIIIIU I3 M990 1dAronodu/1aredenadyy

*OMMHMINN 9 U d1HOWHdomoNe g dAronodu u goredenadu xigHHIgLddeNOI XI9HhHMIreRd BUHBHIS OIMHOhAEH Ol Loged XITHHRIOMUI'QALIO RIIUI'QRL ERHI/0E))

129

www.reanimatology.com

5

bl

OBINAA PEAHMMATOAOI' M, 2017, 13



130

Reviews
| |

DOI:10.15360,/1813-9779-2017-5-121-139

M3MEHEHUS MPOHUIIAEMOCTH TeMaTO3HIe(haTNIeCKO-
ro Gaposepa (T'IB), HapylIeHNsT MAKPO- U MUKPOIIUP-
KyJISIIIUW, OKUCJUTEIBHBIN CTpece, BOCIAJIeHUe, Ha-
pyllieHre Heliporepeauu, CHIKEHUE XOJINHAPrIye-
CKOII MHHEPBAIMK HEHPOHOB KOPBI [45], aKTUBAIIIO
Mukporiu |4, 47, 48, 53], uamenenust ypoBHsi Heii-
pomeatopos [54], amunokucaor [55] u ap. Passu-
THE MUTOXOH/IPUAJIBLHON MUC(HYHKIIUU CBS3BIBAIOT C
TTOBBINIEHHOW TPOAYKIIUEH IUTOKUHOB, aKTHUBHBIX
bopm xucropopa (ROS) u NO mpu cencuce, uto
MPUBOJNUT K HAPYIICHUIO TIPOIIECCOB OKUCIUTEIBHO-
ro (ochopuanpoBaHUS U CHUKEHUIO BBIPAOOTKH
ATO® [56]. C apyroil CTOPOHbBI, HEJIB3ST UCKIIIOUUTD
00paTHY0 TPUYUHHO-CJIEACTBEHHYIO CBsI3b, KOTJIA
MUChYHKIIMS MUTOXOHIPUI TIEPBUYHA B IIEMIOYKE
JNIbHENIIUX HApyIeHuit [J7].

Hapymenue ¢yuxunun I'9db. Dusunonoruye-
CKUiT Gapbep MeXIy KPOBEHOCHOW U IEHTPAIbHOI
HEPBHOI cucTeMoil (Wau TeMaToaHIledanrndecKnii
Gapbep — I'DB) BbIOJHSIET KpaliHe BaskHbIe (DyHK-
UM B OPraHU3MeE: PEryJaupyeT MUKPOCPELY B HEPB-
HOIi cucTeMe, TOK KPOBH B KallMJLIAPaX MO3Ta, 3ally-
1[aeT OT BPEAHBIX BEIIECTB, IUPKYJIUPYIONUX B
KpPOBH, OOeCIeunBaeT MOJJIEPKAHIEe TOMEOCTasa
Mozra. [9B 00pasyioT sHI0TeHAIbHBIE KIETKH Ka-
MUJJISPOB TOJIOBHOTO MO3Ta, CBSI3aHHBIE TIOTHBIMU
KOHTAKTaMHU,  TAKKe IEPUITUTHI U OTPOCTKH ACTPOTIH-
ToB. K yBenmmuenuio mponutiaemoct I'9b moxer
HMPUBOAUTD U30BITOUHAST 9KCIIPECCUST MHLYITHOETHHOI
cuHTasbl okcuzaa azota 1 NADPH-okcumassr [48, 50].
[To MHeHuU10 aBTOPOB, noTEp4 1esocTHocTH Db mpo-
UCXOJIUT TTOJT IECTBUEM TICPOKCUHUTPUTA, KOTOPLIH B
CBOIO 04epe/ib 00pasyercst B pe3ysibTaTe PEAKIUu Cy-
nepokcuzia (o6pasymwortrerocst ¢ ydactuem NADPH-
okcunaspl) ¢ NO [48]. IIpoHUKHOBEHWIO psijia Be-
tectB yepes ['B crioco6eTBYeT yCuIeHre mpoIeccoB
MUHOINUTO32 [ 58], HECMOTPsI Ha COXPAaHEHUE ILIIOTHBIX
KOHTAKTOB MEXK/Y SHIOTEJIUATbHBIME KaeTkamu. [1o-
BBITIICHUE TTPOHUIIAEMOCTH TeMaTO3HIehaTnIeCKOTO
Gapbepa BBI3BIBAET HAPYIIIEHHE BOIHOTO PABHOBECHSI
B MO3T€, B pe3yJibTare Yero pa3BuBaeTCA MePUBACKY-
JIAPHBIN OTEK, pa3pylieHue acTpoiutos [49], u BTO-
pUYHOE TIOBpEXKieHUe HepBHOI Tkanu [20]. ITo npu-
BOJIUT K CHIZKEHUIO n(hdy3nn yepes3 CTeHK MUKPO-
COCY/IOB, YMEHBIIEHUIO MOTPEOJIEHUST KUCIOPOIa U
MUTATETBHBIX BEIIECTB, a TAKKe HAPYIICHUIO MeXa-
HU3MOB y/IaJleHusI BPeAHbIX MeTabomToB [49]. Tak,
OBLIIO TIOKA3aHO, YTO Y KPBIC C BBEJIEHHEM OaKTepHaib-
Horo JIIIC cHuzKazics MO3TOBOM KPOBOTOK, UTO TPH-
BOJIUJIO K YMEHBIIEHUIO TTOTPeOIEH s TJIFOKO3bI B He-
okoptekce [47]. ['nmokcnuecku-uineMnyeckue n3me-
HEHUsI HEPBHOW TKAHW SABJISIOTCS 001l 4epToi /st
MHOTUX 3a00JIEBaHUN TOJOBHOTO MO3Ta, WX MOsIBJIe-
nue y naiueHToB ¢ SAE He sBiisiercs crieniuuaHbIM.
Tem He MeHee, HapylleHUS MHUKPOIUPKYJIAIUU B
MO3Te, KOTOPbIe HAOJIOAI0TCS TIPH TIPOTPECCHPOBa-
HUU CETICHCA, MOTYT UTPATh PEIIAIOIILYIO POJIb B TTIATO-
rerese SAE. Tak, mosioMka MEXaHU3MOB ayTOPETYJIsI-

of genes responsible for the production of proinflam-
matory (TNFe, IL-143, NOS) mediators |59, 60].

Changes in neurotransmission. It is believed
that inflammation and metabolic disturbances alter
the neurotransmission in the brain causing mental
disorders in sepsis. This applies to p-adrenergic,
cholinergic, and GABAergic systems, central regu-
lation of muscarinic cholinergic receptors, cortico-
tropin-releasing factor, adrenocorticotropic hormo-
ne, vasopressin synthesis, monoaminergic, glutama-
tergic, and neurotropic systems [2, 9, 45]. Reduced
consumption of glucose in some brain areas which
are parts of serotoninergic and noradrenergic sy-
stems is related to changes in the neurotransmitter
concentrations [61]. There has been no clear under-
standing of the contribution of specific neurotrans-
mitters in sepsis and SAE to date. It is believed that
in the case of increased blood levels of aromatic
amino acids they may play the role of «false» neuro-
transmitters resulting in lower concentrations of
some neurotransmitters (norepinephrine, dopami-
ne, serotonin) in the brain [2]. In a number of disea-
ses and conditions, reduced serum serotonin levels
(the so-called «syndrome of serotonin deficiency»)
is considered as unfavorable pattern that may be
compensated by parenteral administration of sero-
tonin adipinate [62]. At the same time, it is known
that major deposites of serotonin in the human
body are deposited in the enterochromaffin cells of
the gastrointestinal tract, where it is adsorbed by
platelet and enters the bloodstream, whereas sero-
tonin injected intravenously does not cross the
BBB. Literature data about the origin, changes in
the levels of neurotransmitters in CSF, blood, brain
tissue, and attempts of their correction are often
contradictory, require detailed analysis and discus-
sion in a separate review.

Brain-derived neurotrophic factor (BDNF).
Studies carried out over recent years have demon-
strated that the brain-derived neurotrophic factor
(BDNF) is important for SAE development. It has
become recognized that BDNF significantly contri-
butes to the learning and memory processes and also
in the pathogenesis of various neuropsychiatric di-
seases. [35, 63, 64]. The experimental studies demon-
strated that the impaired brain function in sepsis
(Wistar rats, CLP) in the form of memory and lear-
ning impairment, accompanied by decreased level of
the BDNF expression in the hippocampus and pre-
frontal cortex [32, 33]. Decreased BDNF level in the
hippocampus was also found in another experimental
sepsis that employed injection of bacterial lipopoly-
saccharide [34]. Tt was also shown, [63] that mode-
ling of neonatal bacterial infection by injection of
Escherichia coli to newborn rats led to severe memory
impairment in adult animals, accompanied by chan-
ges in the BDNTF expression in CA3 and CA1 of the
hippocampus. It has been found that the exposure
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[ MO3TOBOTO KPOBOOOPAIEHUST IPUBOJIUT K THIIO-
nepysun Tkanelt Mo3ra u, Kak CJAeCTBHE, K JereHe-
paiuu HelPOHOB, BbI3BAHHOW THIIOKCHEH/uieMuer,
YTO CBSI3BIBAIOT C AKTUBAIIMCH TEHOB, OTBETCTBEHHBIX
3a npoxaykimio nposoctanutenbubix (TNFe, 11L-15,
NOS] mexuaropos [59, 60].

N3menenue Heliporpancmuccuu. Ilonararoor,
YTO BOCIHAJIEHHE U MeTabOIMIeCKUe HapyIIeHUs U3-
MEHSIOT HEHPOTPAHCMUCCHIO B TOJIOBHOM MO3TE, UYTO
MOJKET SIBJIATHCS OJHON U3 IPUYUH MEHTAJIbHBIX Ha-
pyIIeHUl pu cercuce. ITO Kacaercs [-aapeHepru-
4eckoi, xonuHaprudeckor, TAMK-apruueckuoii cu-
CTeM, IEHTPAJIbHON PETYIAINNNU MYCKapUHOBBIX XO-
JINHEPTUYECKUX PEIEeNITOPOB, KOPTUKOTPOTTMH-PUIIH-
3UHT (haKTOpa, AJAPEHOKOPTUKOTPOITHOTO TOPMOHA,
CUHTE3a Ba30IPECCHA, MOHOAMUHEPTUYECKOH, TJIy-
TaMaTepruyeckoil u HelipoTpoduueckoil cucrem |2,
9, 45]. C uameHennemM KOHIIEHTPAIUN HeUPOTPAHC-
MHUTTEPOB CBSI3BIBAIOT YMEHDIIEHHE MOTPeOJICHISI
[JIFOKO3bI B HEKOTOPBIX 00JIACTSX TOJIOBHOTO MO3Ta,
KOTOPBbIE OTHOCSTCSI K CEPOTOHMHIPTUYECKONW U HO-
pazpeaprudeckoii cucremam [61]. Ha ceropnamnnmii
JICHb HEeT YETKUX MPEJCTABJICHUN O POJU KOHKPET-
HBIX HelpoTpancmMutTepoB 1pu cericuce u SAE. Cy-
NIeCTBYeT MHEHUE, YTO POJib <«JIOKHBIX» HeEHpo-
TPAHCMUTTEPOB MOTYT UTPATh apOMATHYCCKUE aMHU-
HOKHUCJIOTBI TIPU TIOBBIIIEHUN WX YPOBHS B KPOBH,
YTO MPUBOJIUT K CHUKEHUIO KOHIIEHTPAIIUI B MO3Te
HEKOTOPBIX HEHPOTPAHCMUTTEPOB (HOPAIPEHAINHA,
nodamuta, ceporonnna) [2]. Ipu psiae 3aboseBa-
HUIl ¥ COCTOSIHUN IIPUHSATO CUYUTATh HEOIAromnpu-
SATHBIM TIPU3HAKOM CHUKEHHE CBIBOPOTOYHOTO YPOB-
Hs CEPOTOHUHA (TaK Ha3blBaeMbINl CH/IPOM CEpOTO-
HUHOBOI HEJIOCTATOYHOCTH ), UTO TIPEJIAraeTCs KOM-
MIEHCUPOBATH AaPEHTEPAIbHBIM BBE/ICHUEM TTIperiapa-
Ta cepoToHMHA aaunmHara [62] B To ke Bpems us-
BECTHO, YTO OCHOBHBIC 3aMachl CEPOTOHWHA B Opra-
HU3ME YeJIOBEKa JICTOHUPOBAHBI B 3HTEpoXpoMad-
(buHHBIX KJIEeTKAX KEJYNIOUYHO-KUIIEYHOTO TPaKTa,
OTKy/Ia OH aJICOPOUPYETCsT TPOMOOIIUTAME U TIOCTY-
MaeT B KPOBEHOCHOE PYCJIO, TOTJAa KaK CEPOTOHUH,
BBE/ICHHBINT BHYTPUBEHHO, HE TPOXOAUT yepe3 ['Ib.
[laHHbIE TUTEPATYPBI O TPOUCXOKICHIH, U3MEHEHUU
YPOBHEH HeWpPOTPAaHCMUTTEPOB B KPOBH, JUKBOPE,
TKaHW MO3Ta, U TOMBITKAX WX KOPPEKINU HEPEIKO
MPOTUBOPEUUBDI, TPEOYIOT JIETATBHOTO aHAlINu3a U
00CyKIEHUs B OTIEIBbHOM 0030pe.

MoasroBoii  Heliporpoduueckuii  akTop
(BDNF). B wuccienoBaHusixX TOCJHEIHUX J€T yCTa-
HOBJIeHO, uTO 1pu SAE Gosibiioe 3HAUEHHE MOXKET
UMeTh MO3TOBOW HelipoTpoduuecknii  (axTop
(BDNF). UsBectno, yto BDNF wurpaer Baxkuyio
POJIb B TIpoIieccax 0OyUeHUs U TAMSITH 1 TAKKE B Ma-
TOTEHE3€ PA3JINIHBIX HEHPOIICUXUYECKHUX 3a00IeBa-
uuii [35, 63, 64]. B axcriepumenTe 1mokazaHo, 4To Ha-
pymierus (pyHKIIMU Mo3Ta Ipu ceticuce (Kpbickl Bu-
crap, CLP), Boipaxkarotiuecs: B HApYIICHUSAX MaMATH
U CIIOCOOHOCTH K OOYYEHUI0, COMTPOBOKIAIOTCST CHI-

leading to increased expression of proinflammatory
cytokine interleukin 1 beta in the hippocampus
(LPS, social exclusion) or injection of Interleukin 1
beta into the hippocampus area during training leads
to severe memory impairment in experimental ani-
mals [65]. At that, it has been found, that prelimina-
ry introduction of Interleukin 1 beta receptor anta-
gonist prevented memory impairment and reduction
of the BDNF level in the CA3 sector and dentate
gyrus of the hippocampus. The involvement of the
TNF alfa receptor 1 (TNFR1) in the memory impa-
irment in sepsis has been demonstrated (CLP) [66].
It is essential, that no memory impairment in knoc-
kout mice (without TNFR1) is associated with in-
creased BDNF expression. Results were obtained in
the model of clinical death in rats indicating that the
expression of BDNF protein is an important factor to
increase the resistance of neurons to death in the po-
stresuscitative period [67].

Prospects of application of BDNF and other ne-
urotrophic factors for treatment of neurological di-
seases are intensively discussed in the literature. Dif-
ferent strategies to solve the problem of delivery of
neurotrophic factors to the brain are currently being
developed: transfer system using viral vectors, bone
marrow stem cells, synthetic and natural polymers;
synthetic peptide mimetics, etc. 68, 69]. This indica-
tes that the use of BDNF to protect the brain against
the sepsis-induced damage is promising.

The role of bacteria. The involvement of the
microbial factors in the development of SAE is indis-
putable, however, the nature of these factors remains
unknown. The absence of living bacteria in the ce-
rebrospinal fluid and brain tissue indicates that SAE
is not the result of direct infection of the brain by
microorganisms. A number of authors list penetra-
tion of bacterial endotoxins in the central nervous
system [4, 48, 53, 70| due to impairment of the BBB
[4, 10] and damage of the endothelium of cerebral
blood vessels [60, 71]as microbial factors potentially
contributing to the development of SAE. It is belie-
ved that damage of neurons may be caused by increa-
sed synthesis of inflammatory mediators associated
with microbial load, free-radical processes, produc-
tion of nitric oxide, microthrombosis and ischemia
[1, 72, 73]. There is no doubt that brain dysfunction
in SAE is a result of numerous complex factors, when
one factor triggers activation of the others.

The concept of the triggering role of bacteria
is most often limited to bacterial endotoxins, na-
mely to LPS which has a known ability to trigger
the inflammatory response in the body. LPS forms
a complex with a LPS-binding protein (LBP) in
the blood; this complex binds to the membrane
CD14 receptor on neutrophils and
monocytes/macrophages, thus leading to the acti-
vation of the immune system. This type of recepto-
rer was found in microglia cells in the brain [74],
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skeHneM ypoBHs akcnpeccun BDNF B runmokamie n
npedpoHTaTbHON KOpe [32, 33]. YMeHbIIeHrne ypoB-
Hg BDNF B rutnmokamiie BbISIBJIEHO U Ha IPYTOH 9KC-
HePUMEHTATIbHON MOJIENIN CeTicuca — BBejleHe Gak-
TepuajgbHoro Jsmnonosucaxapuaa [34]. Ilokazano
Takke, [63], uTo HeoHaTabHast GaKTepUATbHAS WH-
dbexuus (Bepenue Escherichia coli HOBOPOXKI€HHBIM
KPbICSATAM | TPUBOJUT K BBIPAKEHHBIM HAPYIICHUSM
MAMATU Y B3POCJBIX JKUBOTHBIX, YTO COITPOBOYKIACT-
cs capuramu akcripeccut BDNF 8 CA1 u CA3 rur-
nokamna. CylecTBEeHHO, YTO BO3/ICHCTBUS, MTPUBO-
JISAIIIE K YBEJTMYEHUIO 9KCITPECCUN TPOBOCTIATUTEb-
HOTO IIUTOKWHA UHTepJieiikiHa 1 6eTa B rUIIIIOKaMITe
(LPS, cornnasbrast U30JIsI1111s1) NN BBEJIeHUEe UHTEeP-
Jeiikraa 1 Gera B TUIIIIOKAMIT BO BPEMsT 9KCIIEPUMEH-
TOB 110 OOYUYEHUIO, TPUBOJSIT K BHIPAKEHHBIM Hapy-
mrenusiM mmamsitu [65]. [lpu atom ycranoBieHo, 4to
Mpe/IBAPUTEbHOE BBEIEHNE AaHTAaTOHUCTA PEIETOPa
uHTepJelikiHa 1 6eTa mpeoTBPAIaNo pasBUTHe Ha-
pyieHuit namatu u cHkenue yposast BDNF B cek-
tope CA3 u 3yGuaroii hactiuu rutimokama. [Tokasza-
Ha BoBJevyeHHOCTh penenitopa 1TNF  anbda
(TNFR1] B pazBuTue HapyleHuil maMaT IPU CeIl-
cuce (mojgienib CLP) [66]. CyiecTBeHHO, 4TO OTCYT-
CTBUE HAPYUIEHUN MaMATH Y HOKAyTHBIX MBIIIEH
(6e3 TNFR1) cBA3BIBAIOT C YBEJUYEHUEM HKCIIPEC-
cun BDNFE Ha mozenn kamHuU4Yeckoi cMmeptu y
KPbIC OBLJIU IOJIyYEHBl PE3YJIbTAThI, CBUETEJD-
CTBYIOT O TOM, Y4TO CIIOCOOHOCTD K 3KCIIpeccun Oesika
BDNF gaBagerca BaXHBIM (haKTOPOM, ITOBBIIIAIO-
UM YCTOHYUBOCTD HEHPOHOB K rHben B MOCTpea-
HUMAITMOHHOM Tiepuojie [67].

B sutepatype mmupoKo 006CYKAAIOTCS EPCITEK-
tuBbl ipuMeHernst BDNF u apyrux nefiporpoduue-
CKMX (haKTOPOB JIJIS JIEYEHUS HEBPOJIOTUYECKUX 3a-
GosieBanuii. B Hacrosiiiee BpeMsi pa3pabaThIBAOTCSI
pas3JINYHbIE CTPATETUH JIJIST PELIEHUST TPOOIEMbI 10-
CTaBKU HEMPOTPO(UHOB B MO3T: CUCTEMBI IIEPEHOCA C
MIOMOIIbIO BUPYCHBIX BEKTOPOB, CTBOJIOBBIX KJIETOK
KOCTHOTO MO3Ta, CHHTETHUYECKUX U HATYPAJbHBIX T10-
JINMEPOB; CUHTETUYECKUE TIENTUHBIC MUMETUKHA U
T.0. [68, 69]. 9TO yKasbBaeT Ha TEPCHEKTUBHOCTD
ucnosib3oBanud BDNF a7 3anutsl Mo3Ta Mpu €ro
MOBPEXKIEHNN, BBI3BAHHOM CETICHCOM.

Pous GakTepwmii. Yuactue MUKPOGHOTO (hakTo-
pa B pasButuu SAE OeccriopHO, OJHAKO TIPUPOA
aToro (akTopa ocraercss HeudBecTHOH. OTCyTCTBHE
JKUBBIX OAKTEPUI B JIMKBOPE M TKAHU MO3Ta YKa3bi-
Baetr Ha TO, uTO SAE He sBJIsIeTCS CJIe/ICTBUEM TIPsi-
MOro MH(UIMPOBAHUS MO3ra MUKPOOPTaHU3MaMHU.
K mukpoOHbIM (hakTopaM, MOTEHIHAIBHO HIPA0-
mmM posib B pazsutun SAE, psji aBTOPOB OTHOCAT
MPOHUKHOBEHHE OAKTEPUATIBHBIX SHIOTOKCUHOB B
HEeHTPAJIIbHYIO HepBHYIO cuctemy |4, 48, 53, 70] B
VCJAOBUSAX HapylIeHUus TreMaTosHIedasndeckoro
Gapbepa |4, 10] 1 MOBpeKICHUST SHIOTEIHS COCYIOB
moara [60, 71]. [TosaraioT, 4To K MOBPEKACHUIO HEli-
POHOB MOTYT TIPUBOJIMTH TOBBIIIEHHBIH CUHTE3 BOC-

i.e. receptors can react to the appearance of LPS.
Endothelial and smooth muscle cells do not ex-
press CD14 membrane-bound receptor; however,
they are activated by soluble CD14 receptor circu-
lating in the blood. The LPS-LBP-CD14 complex
stimulates the synthesis of proinflammatory cyto-
kines, such as interleukin 13, Interleukin-6 and
tumor necrosis factor TNFa [77] via Toll-like re-
ceptors 2 and 4 |75, 76], initiates the synthesis and
secretion of other inflammatory factors reactive
oxygen radicals [77], and nitric oxide [78]. The in-
flux of monocytes and neutrophils to inflamed tis-
sues increases, and the inflammatory reaction spre-
ads to adjacent tissues [77]. The serum concentra-
tion of acute phase proteins, such as C-protein, in-
creases, and the complement system mobilization
leads to appearance of C3a and C5a components
[79], which, in turn, increase the production of
proinflammatory cytokines [47, 80]. The coagula-
tion system is activated leading to the dissemina-
ted intravascular coagulation (DIC-syndrome). As
a result, hemodynamic balance is impaired, and
thrombosis of microvessels develops [81, 82].

As it has been mentioned the brain dysfunction
is one of the early symptoms of sepsis, and this illness
often outstrips the classical presentation of generali-
zation of a bacterial infection with the formation of
pyo-inflammatory foci. This fact allows to suspect
that not only structural components of the cell wall
of bacteria (such as LPS), but also molecular micro-
bial metabolites may contribute to the development
of SAE. Products of microbial biotransformation of
aromatic amino acids (phenylalanine, tryptophan,
and tyrosine) are the most interesting study objects.
On one hand, the septic patients with encephalopat-
hy present an excess of aromatic amino acids in the
blood as compared to branched-chain amino acid
[83, 84]. At the same time, in sepsis, the level of aro-
matic microbial metabolites (AMM), in particular,
phenyl carbonic acids in the blood increases signifi-
cantly [86—89]. Previously, it has been shown that
main potential septic pathogens (Staphylococcus and
coagulase-negative staphylococci, Escherichia coli,
Klebsiella, Enterobacter and other anaerobic bacte-
ria) in vitro actively produce aromatic microbial me-
tabolites (AMM), e.g. phenyl carbonic acids [57, 87,
89]. The summary of the above facts suggests that in-
hibition of endogenous metabolism of aromatic
amino acids takes place in sepsis with simultaneous
active involvement of bacteria in their biotransfor-
mation. This hypothesis has been confirmed in rela-
tion of tyrosine metabolites. It has been found that
all patients with sepsis has a dramatically changed
profile of phenyl carbonic acids towards the pred-
ominance of microbial metabolites, such as para-hyd-
roxyphenyllactic (p-HPLA), phenyllactic (PLA),
para-hydroxyphenylacetic (p-HPAA) acid. The le-
vels of these AMM called «sepsis-associated» corre-
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HAJIUTETHHBIX MEIUATOPOB, CBS3AHHBIN C MUKPOO-
HOU HArpy3KOii, CBOOOIHO-PAIMKAIbHbBIE TIPOIECCHI,
MPOJYKIIUS OKCHJ/IA a30Ta, MUKPOTPOMOO3bI U HIlie-
mug [1, 72, 73]. HecomuenHno, auchyHKIUSg MO3ra
npu SAE gBigerca pe3yibTaTOM KOMILJIEKCHOTO
JeficTBUS MHOTUX (haKTOPOB, KOT/IA TOSIBJIEHUE O]l
HOTO (haKTOpa Be/leT K aKTUBAIIUN JIPYTUX.

[IpencraBieHust 0 IMyCKOBOW poJin OakTepuit
Yalie BCero CBOJMUTCS K GaKTepuasbHble dHIOTOKCH-
HaM, a uMeHHo — K JITIC, koTopbiii o6agaer U3BecT-
HOI CIIOCOOHOCTHIO MHUIIUUPOBATH BOCTIATIUTEIBHY O
peakiuio B opranuame. B kposu JITIC obpasyer KoM-
wieke ¢ JITIC-cBsspiBatomum Genkom (LBP), ator
KOMILJIEKC CBSI3BIBAETCS ¢ MEMOPAHHBIM PEIEIITOPOM
CD14 na neliTpodmyiax 1 MOHOIIMTAX,/Makpodarax,
YTO TIPUBOAUT K aKTUBAIIUU UMMYHHOU cUCTeMbl. B
TOJIOBHOM MO3T€ 9TOT THIT pelernTopa ObLI HAW/IEH B
KJIETKAaX MUKPOTJINNU [74], TO ecTb perenTopbl MOTYT
pearupoBath Ha nosiBienue JIIIC. Kuetku snumpore-
JIVIST U TJIAJIKUX MBIIIIT] HE SKCITPECCUPYIOT MEMOPAHO-
cBg3anHbiil perienitop CD14, omHaKko aKTUBUPYIOTCS
pactBopuMbIM perienitopom CD 14, upKyImpyonmm
B kpoBu. Komriekc JITIC-LBP-CD14 uepes Toll-like
petteritopst 2 1 4 |75, 76] cTUMYyIUPYIOT CUHTE3 [1PO-
BOCITAJINTEJLHBIX IIMTOKUHOB, TAKUX KaK WHTEpJeii-
kuH 14, unrepieiikun-6, u hakTop HEKPO3A OMYXOJIH
TNFa [77], vHUTIMUPYET CUHTE3 U CEKPEIUIO IPYTUX
BOCITAJINTEJILHBIX (DAKTOPOB, PEAKTUBHBIX PAIIKATIOB
kucsopoga [77] m okcuma asora [78]. Bospacraer
MIPUTOK MOHOIIUTOB M HEUTPODUIOB K BOCIATIEHHBIM
TKAaHAIM, U BOCHAJIUTEJbHAS PEAKIUS PacIpoCcTpa-
HAeTcs Ha npuiieraiomue Tkanu [77]. KonnenTparus
B CBIBOPOTKE OEJIKOB OCTPOIT (hasbl, TAKUX KK MPOTe-
uH C, yBeJMUUBAETCST, 2 MOOUJTM3AINS CHCTEMBI KOM-
IJIMMEHTA TMPUBOAUT K TOSBJICHUIO KOMIIOHEHTOB
C3a u C5a [79], koTopble, B CBOIO O4Yepellb, MOBbI-
MIAI0T TPOAYKIIUIO TTPOBOCHATIUTETBHBIX ITUTOKUHOB
[47, 80]. AkTuBUpYyeTcs cucTeMa CBEPThIBAHUS, UTO
MPUBOAUT K HUCCEMUHUPOBAHHOMY COCYINCTOMY
ceepreiBanmio (JIBC-cunznpom). B pesysibrare Hapy-
NIaeTCs TeMOIMHAMUYECKOE PABHOBECHE, PA3BUBACT-
cst TpoM603 MuKpococyos |81, 82].

Kak yske ckazaHo BbIlie, TUCHYHKINS MO3Ta
SABJISETCS OJIHAM M3 PAHHUX CUMIITOMOB CETICHCA, TO
€CTbh 9TO TTATOJIOTUYECKOE COCTOSTHUE YaCTO OlepesKa-
€T KJIACCUIECKY10 KapTUHY reHepan3alin OaKTepu-
anmbHON MHpekImn ¢ hopMUPOBAHNEM THONHO-BOC-
MAJTUTEJNbHBIX 04aroB. ITOT (PaKT MO3BOJISAET 3a110/10-
3pUTh, uTO B pasBuT SAE MoryT ydyactBoBaTh He
TOJIBKO CTPYKTYPHBIE KOMITOHEHTBI KJIETOUHOM CTECH-
ku Gakrepuil (takue Kak LPS), HO 1 HU3KOMOJIEKY-
JIIpHBIE MUKPOOHBIE MeTabosuThl. Hanbosiee mHTE-
PECHBIM OOBEKTOM JUJISI UCCJEOBAHUST SIBJISIFOTCS
HPOJYKTBl MUKPOOHOI OHOTpanchopMaluu apoma-
TUYECKUX aMUHOKHUCJIOT ((heHUJIaTaHHA, TUPO3WHA,
tpuntodana). C OAHON CTOPOHBI, Y CENTUYCCKUX
6OJIbHBIX ¢ 3HIIe(hATONATHE B KPOBU OTMEUYAETCSI
u30BITOK APOMATUYECKUX aMUHOKHUCJIOT 110 CPaBHE-

lated with the severity of patients' condition and the
mortality rate [89—91].

There are various published data on a microbial
metabolite of another amino acid, phenylalanine, the
phenylacetic acid (PAA), which presents in the ce-
rebrospinal fluid and serum of patients with signs of
septic encephalopathy in higher concentration com-
pared to normal values [92]. The toxic effect on the
brain is also associated with the excess of phenylala-
nine [93] or its metabolites [94] in the case of severe
symptoms of encephalopathy in patients with phe-
nylketonuria. A number of other studes demonstra-
ted that a severe brain injury and impairment of the
mental development was observed in patients with
elevated levels of phenyl pyruvic acid, PLA and PAA
inside the body [95].

AMMs listed above have a phenolic nature.
The results of preliminary studies suggest that
AMMs of an indole nature, i.e. tryptophan metaboli-
tes, can also significantly contribute to the develop-
ment of encephalopathy in sepsis, for example, based
on their structural similarity with serotonin. Explo-
ratory research is needed to identify features of the
molecular profile of metabolites in CSF and blood in
patients with SAE compared with encephalopathy of
a different genesis (after trauma, surgery, ischemic
stroke, etc.). At present, preparations for such a com-
parative study are arranged currently in the Federal
Research and Clinical Center for Intensive Care Me-
dicine and Rehabilitology. Comparison of the results
obtained using the most up-to-date technologies in
different groups of patients, primarily, help in shed-
ding light on the actual involvement of bacteria in
the mechanisms of development of encephalopathy
and to identify metabolites as the potential markers
SAE. A scientific research in this field will open new
opportunities and new strategic approaches to trea-
tment of brain dysfunction, in general, and SAE, in
particular.

Therefore, there is a need in improving studies
in the fields that might contribute to improving or
developing novel treatment in patients with acute
impairment of consciousness at the early stage of
sepsis and minimize the consequences of brain dys-
function in sepsis survivors through: 1) clarifying the
molecular mechanisms of development of septic en-
cephalopathy, 2) searching for microbial metabolites
as potential markers and contributors, 3) further de-
velopment of the pathogenetic therapy of SAE (ma-
nagement of microcirculatory disorders, changes in
the permeability of the blood-brain barrier, oxidative
stress, impaired neurotransmission).

HUIO C aMUHOKUCJIOTAME C Pa3BETBJIEHHON IIEIHIO
[55, 83, 84]. B To ke Bpems, mpu cercuce ypoBeHb
apoOMaTUYeCKUX MUKPOOHBIX MeTabouToB (AMM),
B YaCTHOCTH -(heHUNKAPOOHOBBIX KUCJIOT, B KPOBH
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BO3pacTaeT MHOTOKpaTHO [86—89]. Panee nokasano,
YTO OCHOBHbBIE OTEHIHAIBHDIE BO3OYAUTENH CETICH-
ca (30JIOTUCTBIN U KOATyJa30-0TPUIATEJbHBIN CTa-
(OUJIOKOKKU, KUIIIETHAST TTAJI0UKa, KIeOCuesia u Jpy-
rue sHTepoOaKTepuu, aHaspoOHbIe OGakTepuun), in
vitro aKTUBHO TPOLYLIUPYIOT aPOMATUYECKUE MUK-
poGubie MeTabonuThl (AMM), Hatpumep — beHuII-
kapOoHOBbBIE KucsioTh |57, 87, 89]. O600b1eH e MTpU-
BeJIEHHbBIX Bbillle (DaKTOB MO3BOJISIET MPE/ITOTIOKUTD,
YTO IPU CETICHCE TPOUCXOAUT TOPMOKEHUE DHIOTEH-
HOTO MeTabo/iu3Ma apOMATUYECKUX aMUHOKHUCJIOT
[IPU OJTHOBPEMEHHOM aKTUBHOM y4acTuu GakTepuii B
ux Guorpanchopmanuu. Jta TUIOTE3a HAILIA MO
TBEP/K/JEHUE B OTHOIIEHUH MeTabOJUTOB TUPO3MHA.
Y CTaHOBIIEHO, Y4TO Y BCEX OOJIBHBIX € CETICHCOM PE3KO
u3MeHeH npoduiib GeHuIKapOOHOBBIX KUCJIOT B CTO-
POHY peobJIalaHusl TaKUX MUKPOOHBIX MeTaboJIu-
TOB, Kak mapa-ruapokcudenunimonounas (p-
F®OMK), benunnmonounas (DMK), mapa-ruapoxcu-
dennnykcycnas (p-IOYK) kucnorsl. Y poBHu atux
AMM, Ha3BaHHBIX <CENCUC-ACCOIMUPOBAHHBIMUY,
KOPPEUPOBAIHU C TSKECTBIO COCTOSTHUST GOJIBHBIX U
JetanbHOCTBIO [8§9—91].

B nuteparype numerorcst Takike JaHHbBIE O MUK-
poGHOM MeTaboIUuTE JPYroi aMUHOKUCITIOTHL — (he-
HUJIAJIAHUHA, 2 UMEHHO — O (DEHUIIYKCYCHON KUCJIO-
te (DYK), KoTOpbIil B 3HAYUTETBHO HOJIEe BHICOKON
KOHIIEHTPAIUU TIPUCYTCTBYET B I11€PeOPOCIIMHATD-
HOU JKMIKOCTHU U CBIBOPOTKE Y OOJILHBIX € TPU3HAKA-
MU CeNTUYeCKON aHIedANONaTUN IO CPABHEHUIO C
HOPMaJIbHBIMU TIOKa3aresagmu [92]. Takske Tokcnye-
CKOE JIeHICTBUE HA MO3T CBSI3BIBAIOT ¢ U30OBITKOM (he-
HutanmanuHa [93] wim ero merabosmros [94] mpu
BBIPDAKEHHBIX MPOSIBJIEHUAX 3HIledaTonatnu y
6osbHBIX (heHmIKeTOHYpueil. B psiae apyrux pabot
[OKA3aHO, 4YTO TSIKEJ0e IOPa’keHue TOJOBHOTO
MO3ra 1 HapyIlieHre YMCTBEHHOTO Pa3BUTHUS HAOJIIO-
JaJoCh Y OOJIBHBIX C IOBBIIIEHHBIM YPOBHEM BO
BHYTpeHHeil cpejie opraHu3ma (HeHUJINMUuPOBUHO-
rpazuoit, DMK u @YK [93].

[Tepeunciennpie Boiiie AMM nmetoT dhenoss-
HYIO TpUpOy. Pe3yibraThl NpeiBapUTeSbHbIX UC-
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CJIeIOBaHUI TI03BOJISIIOT TPEATIOI0KUTh, uT0 AMM
WH/IOJIBHOU MTPUPOJIBI, TO €CTh METabOJIUTHI TPHUIITO-
(bana, Takske MOTYT BHOCUTH CyTIIECTBEHHBIN BKJIAJ B
pasBuTHE dHIEhAIONATHN TP CeTIcHce, HATPUMED,
Ha OCHOBaHWU UX CTPYKTYPHOTO CXOJICTBA C CEPOTO-
HUHOM. HeoOXOIMMbI TIOMCKOBbBIE HUCCJEIOBAHUS,
HANpaBJICHHbIE HA BbISIBJICHUE OCOOGEHHOCTEN IPO-
(Uit HUBKOMOJIEKYJISIPHBIX MeTabOJMTOB JIUKBOPA
u kpoBu y 6osbHBIX ¢ SAE 110 cpaBHeHwMIO ¢ aHIeda-
JoniaTuell pyroro reHe3a (I1ocje TpaBMbI, olepa-
U1, UIIIEMUYECKOTO MHCYJIbTA U T.JI.). B HacTosiee
Bpemst B MHKII PP Bezmercst moAroToBka K TakoMy
CpaBHUTEJIBbHOMY HccyenoBanuio. ComocraBienne
pe3yJIbTAaTOB, MOJYYEHHBIX C MIPUMCHEHUEM CaMbIX
COBPEMEHHDIX TEXHOJIOTUI B PA3HBIX IPYIIIAX OOJIb-
HBIX, TOMOTYT, TIPEXK/E BCETO, MPOJIUTH CBET HA pe-
aJIbHOE ydacTre OaKTepuil B MEXaHU3MaX Pa3BUTHSI
sHIle(ATONATHN, U BBIIBUTH METaOGOJUTHI — MOTEH-
nuanabHble Mapkepsbl SAE. HayuHbiii onck B aToM
HAMpaBJICHUM OTKPOET HOBBIE BO3MOXHOCTU U
HOBBIE CTpATETHYECKUe MOJXO/bI B JICYEHUU JIMC-
dbyHkumit Mosra Boobie u SAE — B yacTHOCTH.

3akiaoueHue

Taxum 06pa3oM, IS YIIydIlIeHUsT PE3YJIbTaTOB
JiedeHust GOJIBHBIX ¢ OCTPBIME HAPYIIEHUSIMUA CO3HA-
HUSA HA PAHHEH CTAJIUU CETICUCa, U MUHUMU3AITUH T10-
caieIcTBUE uchYHKIME MO3Ta Y OOJIbHBIX, BHIKUB-
IIUX [OCJIE CETICUCa, HEOOXOMMO COBEPIIEHCTBOBATD
HCCJIEI0BATENBCKYI0 PAadOTy MO CJIEAYIONMM OCHOB-
HBIM HATIPaBJICHUSIM:

1) yrybiieHHOE U3ydeHne MEXaHU3MOB Pa3BH-
THS CENTUYECKOI aHIledaIonaTut Ha MOJIEKYJISP-
HOM YPOBHE;

2) mouCK MUKPOOHBIX METabOJUTOB — IIOTEH-
IUATTBHBIX MAPKEPOB U YYACTHUKOB MTPOIECCa;

3) nmasbHelias pazpaboTKa MaTOreHETHIECKOI
teparun SAE (60pbba ¢ MUKDOIUPKYJIATOPHBIMU
HapyHIEHUSIMH, U3MEHEHUEM TTPOHUIAEMOCTH TeMa-
TosHIIe(DATNTIECKOTO Oapbepa, OKCUIATUBHBIM CTPEC-
COM, HapyIIeHUSIMU HEHPOTPAHCMUCCUN).

References

1. Ziaja M. Septic encephalopathy. Curr. Neurol. Neurosci. Rep. 2013; 13
(10): 383. DOI: 10.1007 /s11910-013-0383-y. PMID: 23954971

2. Chaudhry N., Duggal A.K. Sepsis associated encephalopathy. Adv. Med.
2014; 2014: 762320. DOI: 10.1155/2014,/762320. PMID: 26556425

3. Pinheiro da Silva F., Machado M.C., Velasco I.T. Neuropeptides in
sepsis: from brain pathology to systemic inflammation. Peptides.
2013; 44: 135-138. DOIL: 10.1016/j.peptides.2013.03.029. PMID:
23583479

4. Annane D., Sharshar T. Cognitive decline after sepsis. Lancet Respir.
Med. 2015; 3 (1): 61-69. DOI: 10.1016,/S2213-2600(14)70246-2.
PMID: 25434614

5. Kaur ]., Singhi P, Singhi S., Malhi P., Saini A.G. Neurodevelopmental
and behavioral outcomes in children with sepsis-associated encephalo-
pathy admitted to pediatric intensive care unit: a prospective case
control study. J. Child Neurol. 2015; 31 (6): 683-690. DOL:
10.1177,/0883073815610431. PMID: 26500243

6.  Vincent J.L., Abraham E. The last 100 years of sepsis. Am. J. Respir. Crit.

Care Med. 2006; 173 (3): 256-263. DOI: 10.1164/rccm.200510-
16040E. PMID: 16239619

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-121-139

O630pmr

10.

11.

12.

13.

16.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

Dellinger R.P., Levy M.M., Rhodes A., Annane D., Gerlach H., Opal S.M.,
Sevransky J.E., Sprung C.L., Douglas 1.S., Jaeschke R., Osborn T.M., Nun-
nally M.E., Townsend S.R., Reinhart K., Kleinpell R.M., Angus D.C., De-
utschman C.S., Machado F.R., Rubenfeld G.D., Webb S.A., Beale R,].,
Vincent J.L., Moreno R.; Surviving Sepsis Campaign Guidelines Commit-
tee including the Pediatric Subgroup. Surviving Sepsis Campaign: inter-
national guidelines for management of severe sepsis and septic shock,
2012.  Crit. Care Med. 2013; 41 (2): 580-637. DOIL
10.1097/CCM.0b013e31827¢83af. PMID: 23352941

Angus D.C., Linde-Zwirble W.T., Lidicker J., Clermont G., Carcillo J., Pin-
sky M.R. Epidemiology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit. Care Med. 2001;
29 (7): 1303-1310. DOI: 10.1097,/00003246-200107000-00002.
PMID: 11445675

Jacob A., Brorson J.R., Alexander ] J. Septic encephalopathy: Inflamma-
tion in man and mouse. Neurochem. Int. 2011; 58 (4): 472—476. DOI:
10.1016/j.neuint.2011.01.004. PMID: 21219956

Piva S., McCreadie V.A., Latronico N. Neuroinflammation in sepsis: sep-
sis associated delirium. Cardiovasc. Hematol. Disord. Drug Targets.
2015; 15 (1): 10-18. DOI: 10.2174/1871529X15666150108112452.
PMID: 25567339

Wilson J. X., Young G.B. Progress in clinical neurosciences: sepsis-asso-
ciated encephalopathy: evolving concepts. Can. J. Neurol. Sci. 2003; 30
(2):98-105. DOI: 10.1017/5031716710005335X. PMID: 12774948

Singer M., Deutschman C.S., Seymour C.W., Shankar-Hari M., Annane D.,
Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M., Hotch-
kiss R.S., Leoy M.M., Marshall J.C., Martin G.S., Opal S., Rubenfeld G.D.,
van der Poll T, Vincent J.L., Angus D.C. The Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016; 315
(8): 801-810. DOI: 10.1001 /jama.2016.0287. PMID: 26903338

Zampieri F.G., Park M., Machado FE.S., Azevedo L.C. Sepsis-associated en-

cephalopathy: not just delirium. Clinics (Sao Paulo). 2011; 66 (10): 1825-
1831. DOI: 10.1590,/S1807-59322011001000024. PMID: 22012058

. Ebersoldt M., Sharshar T., Annane D. Sepsis-associated delirium. Inten-

sive Care Med. 2007; 33 (6): 941-950. DOI: 10.1007/500134-007-
0622-2. PMID: 17410344

. Gofton T.E., Young G.B. Sepsis-associated encephalopathy. Nat. Rev.

Neurol. 2012; 8 (10): 557-566. DOI: 10.1038/nrneurol.2012.183.
PMID: 22986430

Manvyesa JI.A., Basunenxo /[.B. Posb cencuc-acconnupoBaHHoi aHIle-
dasonatun B HopMUPOBAHUM CHHIPOMA MOJHOPTaHHOI HE0CTATOY-
HOCTU y GOJNBHBIX C TSKEIbIM CEMCHCOM M CENTUYECKUM IIOKOM.
Becmin. unmenc. mepanuu. 2015; 3: 11-15.

Young G.B. Encephalopathy of infection and systemic inflammation. J.
Clin. Neurophysiol. 2013; 30 (5): 454-461. DOIL: 10.1097/WNP.0b013e
3182a73d83. PMID: 24084178

Hosokawa K., Gaspard N., Su F., Oddo M., Vincent J.-L., Taccone F.S. Cli-
nical neurophysiological assessment of sepsis associated brain dysfunc-
tion: a systematic review. Crit. Care. 2014; 18 (6): 674. DOL:
10.1186,/s13054-014-0674-y. PMID: 25482125

Piazza O., Cotena S., De Robertis E., Caranci F., Tufano R. Sepsis asso-
ciated encephalopathy studied by MRI and cerebral spinal fluid S100B
measurement. Neurochem. Res. 2009; 34 (7): 1289-1292. DOI:
10.1007/s11064-008-9907-2. PMID: 19132530

Sharshar T., Carlier R., Bernard F., Guidoux C., Brouland J.P., Nardi O.,
de la Grandmaison G.L., Aboab J., Gray F., Menon D., Annane D. Brain
lesions in septic shock: a magnetic resonance imaging study. Intensive
Care Med. 2007; 33 (5): 798-806. DOI: 10.1007/s00134-007-0598-y.
PMID: 17377766

Oddo M., Taccone F.S. How to monitor the brain in septic patients? Mi-
neroa Anestesiologica. 2015; 81 (7): 776-788. PMID: 25812488

Stubbs D.,J., Yamamoto A.K., Menon D.K. Tmaging in sepsis-associated
encephalopathy-insights and opportunities. Nat. Rev. Neurol. 2013; 9
(10): 551-561. DOI: 10.1038 /nrneurol.2013.177. PMID: 23999468

Pfister D., Siegemund M., Dell-Kuster S., Smielewski P., Riiegg S., Strebel
S.P., Marsch S.C., Pargger H., Steiner L.A. Cerebral perfusion in sepsis-as-
sociated delirium. Crit. Care. 2008; 12 (3): R63. DOI: 10.1186/cc6891.
PMID: 18457586

Szatmdri S., Végh T., Csomds A., Hallay J., Takdcs 1., Molndr C., Fiilesdi B.
Impaired cerebrovascular reactivity in sepsis-associated encephalopathy
studied by acetazolamide test. Crit. Care. 2010; 14 (2): R50. DOL
10.1186/cc8939. PMID: 20356365

Bycvieun C.H., Knunx FO.II, By6nosa M /I. Peryssms TeMOAMHAMUKY 1
CBIBOPOTOYHBI TTpoTerH S100 mpu pasmimaHbIX KIMHITYECKIX (hopMax cer-
Tideckoil autedanonarnm. Ypauvciui med. scyprnanr. 2013; 3 (108): 53-57.
Zenaide P. V., Gusmao-Flores D. Biomarkers in septic encephalopathy:
asystematic review of clinical studies. Rev. Bras. Ter. Intensiva. 2013; 25
(1): 56-62. PMID: 23887761

Yao B., Zhang L.N., Ai Y.H., Liu Z.Y., Huang L. Serum S100s is a better
biomarker than neuron-specific enolase for sepsis-associated encepha-
lopathy and determining its prognosis: a prospective and observational

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dellinger R.P., Levy M.M., Rhodes A., Annane D., Gerlach H., Opal S.M.,
Sevransky J.E., Sprung C.L., Douglas 1.S., Jaeschke R., Osborn T.M., Nun-
nally M.E., Townsend S.R., Reinhart K., Kleinpell R.M., Angus D.C., De-
utschman C.S., Machado F.R., Rubenfeld G.D., Webb S.A., Beale R,].,
Vincent J.L., Moreno R.; Surviving Sepsis Campaign Guidelines Commit-
tee including the Pediatric Subgroup. Surviving Sepsis Campaign: inter-
national guidelines for management of severe sepsis and septic shock,
2012. Crit. Care Med. 2013; 41 (2): 580-637. DOI:
10.1097/CCM.0b013e31827¢83af. PMID: 23352941

Angus D.C., Linde-Zwirble W.T., Lidicker J., Clermont G., Carcillo J., Pin-
sky M.R. Epidemiology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit. Care Med. 2001;
29 (7): 1303-1310. DOI: 10.1097,/00003246-200107000-00002.
PMID: 11445675

Jacob A., Brorson J.R., Alexander JJ. Septic encephalopathy: Inflamma-
tion in man and mouse. Neurochem. Int. 2011; 58 (4): 472—476. DOI:
10.1016/j.neuint.2011.01.004. PMID: 21219956

Piva S., McCreadie V.A., Latronico N. Neuroinflammation in sepsis: sep-
sis associated delirium. Cardiovasc. Hematol. Disord. Drug Targets.
2015; 15 (1): 10-18. DOI: 10.2174,/1871529X15666150108112452.
PMID: 25567339

Wilson J. X., Young G.B. Progress in clinical neurosciences: sepsis-asso-
ciated encephalopathy: evolving concepts. Can. J. Neurol. Sci. 2003; 30
(2):98-105. DOI: 10.1017/S031716710005335X. PMID: 12774948
Singer M., Deutschman C.S., Seymour C.W., Shankar-Hari M., Annane D.,
Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M., Hotch-
kiss R.S., Leoy M.M., Marshall J.C., Martin G.S., Opal S., Rubenfeld G.D.,
van der Poll T, Vincent J.L., Angus D.C. The Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016; 315
(8): 801-810. DOL: 10.1001 /jama.2016.0287. PMID: 26903338

Zampieri F.G., Park M., Machado E.S., Azevedo L.C. Sepsis-associated en-
cephalopathy: not just delirium. Clinics (Sao Paulo). 2011; 66 (10): 1825-
1831. DOI: 10.1590,/51807-59322011001000024. PMID: 22012058

Ebersoldt M., Sharshar T., Annane D. Sepsis-associated delirium. Inten-
sive Care Med. 2007; 33 (6): 941-950. DOL: 10.1007,/s00134-007-
0622-2. PMID: 17410344

Gofton TE., Young G.B. Sepsis-associated encephalopathy. Nat. Rev.
Neurol. 2012; 8 (10): 557-566. DOI: 10.1038/nrneurol.2012.183.
PMID: 22986430

Maltseva L.A., Bazilenko D.V. The role of sepsis-associated encephalo-
pathy in the formation of multiorgan insufficiency syndrome in pati-
ents with severe sepsis and septic shock. Vestnik Intensionoi Terapii.
2015; 3: 11-15. [In Russ.]

Young G.B. Encephalopathy of infection and systemic inflammation. J.
Clin. Neurophysiol. 2013; 30 (5): 454-461. DOIL: 10.1097/WNP.0b013e
3182a73d83. PMID: 24084178

Hosokawa K., Gaspard N., Su F., Oddo M., Vincent J.-L., Taccone F.S. Cli-
nical neurophysiological assessment of sepsis associated brain dysfunc-
tion: a systematic review. Crit. Care. 2014; 18 (6): 674. DOL:
10.1186,/513054-014-0674-y. PMID: 25482125

Piazza O., Cotena S., De Robertis E., Caranci F., Tufano R. Sepsis asso-
ciated encephalopathy studied by MRT and cerebral spinal fluid S100B
measurement. Neurochem. Res. 2009; 34 (7): 1289-1292. DOI:
10.1007/511064-008-9907-2. PMID: 19132530

Sharshar T., Carlier R., Bernard F., Guidoux C., Brouland J.P., Nardi O.,
de la Grandmaison G.L., Aboab J., Gray F., Menon D., Annane D. Brain
lesions in septic shock: a magnetic resonance imaging study. Intensive
Care Med. 2007; 33 (5): 798-806. DOI: 10.1007,/s00134-007-0598-y.
PMID: 17377766

Oddo M., Taccone F.S. How to monitor the brain in septic patients? Mi-
neroa Anestesiologica. 2015; 81 (7): 776-788. PMID: 25812488

Stubbs D.J., Yamamoto A.K., Menon D.K. Tmaging in sepsis-associated
encephalopathy-insights and opportunities. Nat. Rev. Neurol. 2013; 9
(10): 551-561. DOI: 10.1038 /nrneurol.2013.177. PMID: 23999468

Pfister D., Siegemund M., Dell-Kuster S., Smielewski P., Riiegg S., Strebel
S.P., Marsch S.C., Pargger H., Steiner L.A. Cerebral perfusion in sepsis-as-
sociated delirium. Crit. Care. 2008; 12 (3): R63. DOI: 10.1186/cc6891.
PMID: 18457586

Szatmdri S., Végh T., Csomds A., Hallay J., Takdcs 1., Molndr C., Fiilesdi B.
Impaired cerebrovascular reactivity in sepsis-associated encephalopathy
studied by acetazolamide test. Crit. Care. 2010; 14 (2): R50. DOL
10.1186/cc8939. PMID: 20356365

Busygin S.N., Klink Yu.P., Bubnova I.D. Hemodynamics regulation and
serum level of protein S100 in septic encephalopathy. Uralsky Meditsin-
sky Zhurnal. 2013; 3 (108): 53-57. [In Russ.]

Zenaide P. V., Gusmao-Flores D. Biomarkers in septic encephalopathy:
asystematic review of clinical studies. Rev. Bras. Ter. Intensiva. 2013; 25
(1): 56-62. PMID: 23887761

Yao B., Zhang L.N., Ai Y.H., Liu Z.Y., Huang L. Serum S100s is a better
biomarker than neuron-specific enolase for sepsis-associated encepha-
lopathy and determining its prognosis: a prospective and observational

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com



136

Reviews

DOI:10.15360,/1813-9779-2017-5-121-139

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

study. Neurochem. Res. 2014; 39 (7): 1263-1269. DOI: 10.1007 /s11064-
014-1308-0. PMID: 24760429

Tawunosa @.D., )Kyxosa H.I'. Heiipon-crerduueckas eHosasa B Cbl-
BOPOTKE KPOBU KaK JAMArHOCTUYECKUH MapKep MapKUHCOHU3MA. 5o
cubupcroi meouyunvt. 2005; 4 (3): 28-33.

Nguyen D.N., Spapen H., Su F., Schiettecatte J., Shi L., Hachimi-Idrissi S.,
Huyghens L. Elevated serum levels of S-100 protein and neuron-speci-
fic enolase are associated with brain injury in patients with severe sep-
sis and septic shock. Crit. Care Med. 2006; 34 (7): 1967—-1974. DOL:
10.1097,/01.CCM.0000217218.51381.49. PMID: 16607230

Hsu A.A., Fenton K., Weinstein S., Carpenter.J., Dalton H., Bell M.J. Neuro-
logical injury markers in children with septic shock. Pediatr. Crit. Care
Med. 2008; 9 (3): 245-251. DOL 10.1097/PCC.0b013e3181727b22.
PMID: 18446104

Tomasi C.D., Vuolo F., Generoso J., Soares M., Barichello T., Quevedo J.,
Ritter C., Dal-Pizzol F. Biomarkers of delirium in a low-risk communi-
ty-acquired pneumonia-induced sepsis. Mol. Neurobiol. 2017; 54 (1):
722-726. DOI: 10.1007 /s12035-016-9708-6. PMID: 26768428

Comim C.M., Cassol-Jr O,]., Constantino L.C., Petronilho F., Constantino
L.S., Stertz L., Kapczinski F., Barichello T., Quevedo J., Dal-Pizzol F. De-
pressive-like parameters in sepsis survivor rats. Neurotox. Res. 2010; 17
(3):279-286. DOI: 10.1007 /s12640-009-9101-6. PMID: 19705213

Comim C.M., Silva N.C., Mina F., Dominguini D., Scaini G., Morais M.O.,
Rosa D.V., Magno L.A., Streck E.L., Romano-Siloa M.A., Quevedo J., Dal-
Pizzol F. Evaluation of NCS-1, DARPP-32, and neurotrophins in hippo-
campus and prefrontal cortex in rats submitted to sepsis. Synapse. 2014;
68 (10): 474-479. DOL: 10.1002/syn.21760. PMID: 24978930

Vasconcelos A.R., Yshii L.M., Viel T.A., Buck H.S., Mattson M.P., Scavone
C., Kawamoto E.M. Intermittent fasting attenuates lipopolysaccharide-
induced neuroinflammation and memory impairment. J. Neuroinflam-
mation. 2014; 11: 85. DOIL: 10.1186/1742-2094-11-85. PMID:
24886399

Ritter C., Miranda A.S., Giombelli V.R., Tomasi C.D., Comim C.M., Teixei-
ra A.L., Quevedo J., Dal-Pizzol F. Brain-derived neurotrophic factor
plasma levels are associated with mortality in critically ill patients
even in the absence of brain injury. Crit. Care. 2012; 16 (6): R234. DOL:
10.1186/cc11902. PMID: 23245494

Girard T.D., Jackson J.C., Pandharipande P.P., Pun B.T., Thompson J.L.,
Shintani A.K., Gordon S.M., Canonico A.E., Dittus R.S., Bernard G.R.,
Ely E-W. Delirium as a predictor of long-term cognitive impairment in
survivors of critical illness. Crit. Care Med. 2010; 38 (7): 1513-1520.
DOI: 10.1097/CCM.0b013e3181e47be1. PMID: 20473145

Sweis R., Ortiz ., Biller J. Neurology of sepsis. Curr. Neurol. Neurosci. Rep.
2016; 16 (3): 21. DOIL: 10.1007 /s11910-016-0623-z. PMID: 26820754

Tanaka T., Sunden Y., Sakoda Y., Kida H., Ochiai K., Umemura T. Lipo-
polysaccharide treatment and inoculation of influenza A virus results
in influenza virus-associated encephalopathy-like changes in neonatal
mice. J. Neurovirol. 2010; 16 (2): 125-132. DOIL 10.3109/
13550281003682521. PMID: 20345319

Flierl M.A., Stahel P.F., Rittirsch D., Huber-Lang M., Niederbichler A.D.,
Hoesel L.M., Touban B.M., Morgan S.J., Smith W.R., Ward P.A., Ipaktchi
K. Inhibition of complement C5a prevents breakdown of the blood—
brain barrier and pituitary dysfunction in experimental sepsis. Crit.
Care. 2009; 13 (1): R12. DOI: 10.1186/cc7710. PMID: 19196477

Barichello T., Machado R.A., Constantino L., Valvassori S.S., Réus G.Z.,
Martins M.R., Petronilho F., Ritter C., Quevedo J., Dal-Pizzol F. Antioxi-
dant treatment prevented late memory impairment in an animal model
of sepsis. Crit. Care Med. 2007; 35 (9): 2186-2190. DOL
10.1097,/01.CCM.0000281452.60683.96. PMID: 17855835

Calsavara A.C., Rodrigues D.H., Miranda A.S., Costa PA., Lima C.X., Vi-
lela M.C., Rachid M.A., Teixeira A.L. Late anxiety-like behavior and ne-
uroinflammation in mice subjected to sublethal polymicrobial sepsis.
Neurotox. Res. 2013; 24 (2): 103-108. DOI: 10.1007 /s12640-012-9364-
1. PMID: 23224747

Gao R., Kan M.Q., Wang S.G., Yang R.H., Zhang S.G.. Disrupted tryp-
tophan metabolism induced cognitive impairment in a mouse model of
sepsis-associated encephalopathy. Inflammation. 2016; 39 (2): 550-560.
DOI: 10.1007 /s10753-015-0279-x. PMID: 26508338

Wu J., Zhang M., Hao S., Jia M., Ji M., Qiu L., Sun X., Yang J., Li K. Mi-
tochondria-targeted peptide reverses mitochondrial dysfunction and
cognitive deficits in sepsis-associated tncephalopathy. Mol. Neurobiol.
2015; 52 (1): 783-791. DOIL: 10.1007/s12035-014-8918-z. PMID:
25288156

Venturi L., Miranda M., Selmi V., Vitali L., Tani A., Margheri M., De Gau-
dio A.R., Adembri C. Systemic sepsis exacerbates mild post-traumatic
brain injury in the rat. J. Neurotrauma. 2009; 26 (9): 1547-1556. DOI:
10.1089,/neu.2008-0723. PMID: 19257801

Semmler A., Frisch C., Debeir T., Ramanathan M., Okulla T., Klockgether
T., Heneka M.T. Long-term cognitive impairment, neuronal loss and re-
duced cortical cholinergic innervation after recovery from sepsis in a ro-
dent model. Exp. Neurol. 2007; 204 (2): 733-740. DOL: 10.1016/j.exp-
neurol.2007.01.003. PMID: 17306796

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

study. Neurochem. Res. 2014; 39 (7): 1263-1269. DOI: 10.1007 /s11064-
014-1308-0. PMID: 24760429

Gashilova FF., Zhukova N.G. Neuron-specific enolase in the blood
serum as a diagnostic marker of parkinsonism. Byulleten Sibirskoi Me-
ditsiny. 2005; 4 (3): 28-33. [In Russ.]

Nguyen D.N., Spapen H., Su F., Schiettecatte J., Shi L., Hachimi-Idrissi S.,
Huyghens L. Elevated serum levels of S-100 protein and neuron-speci-
fic enolase are associated with brain injury in patients with severe sep-
sis and septic shock. Crit. Care Med. 2006; 34 (7): 1967—-1974. DOL:
10.1097,/01.CCM.0000217218.51381.49. PMID: 16607230

Hsu A.A., Fenton K., Weinstein S., Carpenter.J., Dalton H., Bell M.J. Neuro-
logical injury markers in children with septic shock. Pediatr. Crit. Care
Med. 2008; 9 (3): 245-251. DOL 10.1097/PCC.0b013e3181727b22.
PMID: 18446104

Tomasi C.D., Vuolo F., Generoso J., Soares M., Barichello T., Quevedo J.,
Ritter C., Dal-Pizzol F. Biomarkers of delirium in a low-risk communi-
ty-acquired pneumonia-induced sepsis. Mol. Neurobiol. 2017; 54 (1):
722-726. DOI: 10.1007/s12035-016-9708-6. PMID: 26768428

Comim C.M., Cassol-Jr O,]., Constantino L.C., Petronilho F., Constantino
L.S., Stertz L., Kapczinski F., Barichello T., Quevedo J., Dal-Pizzol F. De-
pressive-like parameters in sepsis survivor rats. Neurotox. Res. 2010; 17
(3): 279-286. DOI: 10.1007 /s12640-009-9101-6. PMID: 19705213

Comim C.M., Silva N.C., Mina F., Dominguini D., Scaini G., Morais M.O.,
Rosa D.V., Magno L.A., Streck E.L., Romano-Siloa M.A., Quevedo J., Dal-
Pizzol F. Evaluation of NCS-1, DARPP-32, and neurotrophins in hippo-
campus and prefrontal cortex in rats submitted to sepsis. Synapse. 2014;
68 (10): 474-479. DOL: 10.1002/syn.21760. PMID: 24978930

Vasconcelos A.R., Yshii L.M., Viel T.A., Buck H.S., Mattson M.P., Scavone
C., Kawamoto E.M. Intermittent fasting attenuates lipopolysaccharide-
induced neuroinflammation and memory impairment. J. Neuroinflam-
mation. 2014; 11: 85. DOIL: 10.1186/1742-2094-11-85. PMID:
24886399

Ritter C., Miranda A.S., Giombelli V.R., Tomasi C.D., Comim C.M., Teixei-
ra A.L., Quevedo J., Dal-Pizzol F. Brain-derived neurotrophic factor
plasma levels are associated with mortality in critically ill patients
even in the absence of brain injury. Crit. Care. 2012; 16 (6): R234. DOL:
10.1186/cc11902. PMID: 23245494

Girard T.D., Jackson J.C., Pandharipande P.P., Pun B.T., Thompson J.L.,
Shintani A.K., Gordon S.M., Canonico A.E., Dittus R.S., Bernard G.R.,
Ely E.W. Delirium as a predictor of long-term cognitive impairment in
survivors of critical illness. Crit. Care Med. 2010; 38 (7): 1513-1520.
DOI: 10.1097/CCM.0b013e3181e47be1. PMID: 20473145

Sweis R., Ortiz ], Biller,J. Neurology of sepsis. Curr. Neurol. Neurosci. Rep.
2016; 16 (3): 21. DOIL: 10.1007/511910-016-0623-z. PMID: 26820754

Tanaka T., Sunden Y., Sakoda Y., Kida H., Ochiai K., Umemura T. Lipo-
polysaccharide treatment and inoculation of influenza A virus results
in influenza virus-associated encephalopathy-like changes in neonatal
mice. J. Neurovirol. 2010; 16 (2): 125-132. DOIL 10.3109/
13550281003682521. PMID: 20345319

Flierl M.A., Stahel P.F., Rittirsch D., Huber-Lang M., Niederbichler A.D.,
Hoesel L.M., Touban B.M., Morgan S.J., Smith W.R., Ward P.A., Ipaktchi
K. Inhibition of complement C5a prevents breakdown of the blood—
brain barrier and pituitary dysfunction in experimental sepsis. Crit.
Care. 2009; 13 (1): R12. DOL: 10.1186/cc7710. PMID: 19196477

Barichello T., Machado R.A., Constantino L., Valvassori S.S., Réus G.Z.,
Martins M.R., Petronilho F., Ritter C., Quevedo J., Dal-Pizzol F. Antioxi-
dant treatment prevented late memory impairment in an animal model
of sepsis. Crit. Care Med. 2007; 35 (9): 2186-2190. DOL
10.1097,/01.CCM.0000281452.60683.96. PMID: 17855835

Calsavara A.C., Rodrigues D.H., Miranda A.S., Costa P.A., Lima C.X., Vi-
lela M.C., Rachid M.A., Teixeira A.L. Late anxiety-like behavior and ne-
uroinflammation in mice subjected to sublethal polymicrobial sepsis.
Neurotox. Res. 2013; 24 (2): 103-108. DOI: 10.1007 /s12640-012-9364-
1. PMID: 23224747

Gao R., Kan M.Q., Wang S.G., Yang R.H., Zhang S.G.. Disrupted tryp-
tophan metabolism induced cognitive impairment in a mouse model of
sepsis-associated encephalopathy. Inflammation. 2016; 39 (2): 550-560.
DOI: 10.1007 /s10753-015-0279-x. PMID: 26508338

Wu J., Zhang M., Hao S., Jia M., Ji M., Qiu L., Sun X., Yang J., Li K. Mi-
tochondria-targeted peptide reverses mitochondrial dysfunction and
cognitive deficits in sepsis-associated tncephalopathy. Mol. Neurobiol.
2015; 52 (1): 783-791. DOIL: 10.1007/s12035-014-8918-z. PMID:
25288156

Venturi L., Miranda M., Selmi V., Vitali L., Tani A., Margheri M., De Gau-
dio A.R., Adembri C. Systemic sepsis exacerbates mild post-traumatic
brain injury in the rat. J. Neurotrauma. 2009; 26 (9): 1547-1556. DOI:
10.1089,/neu.2008-0723. PMID: 19257801

Semmler A., Frisch C., Debeir T., Ramanathan M., Okulla T., Klockgether
T., Heneka M.T. Long-term cognitive impairment, neuronal loss and re-
duced cortical cholinergic innervation after recovery from sepsis in a ro-
dent model. Exp. Neurol. 2007; 204 (2): 733-740. DOL: 10.1016/j.exp-
neurol.2007.01.003. PMID: 17306796

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-121-139

O630pmr

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Janz D.R., Abel T.W., Jackson J.C., Gunther M., Heckers S., Ely E.-W.
Brain autopsy findings in intensive care unit patients previously suffe-
ring from delirium: a pilot study. J. Crit. Care. 2010; 25 (3): 538.e7-
538.e12. DOI: 10.1016/j.jcrc.2010.05.004. PMID: 20580199

Semmler A., Hermann S., Mormann F., Weberpals M., Paxian S.A., Okul-
la T., Schdfers M., Kummer M.P., Klockgether T., Heneka M.T. Sepsis
causes neuroinflammation and concomitant decrease of cerebral meta-
bolism. J. Neuroinflammation. 2008; 5: 38. DOIL: 10.1186,/1742-2094-5-
38. PMID: 18793399

Yokoo H., Chiba S., Tomita K., Takashina M., Sagara H., Yagisita S., Ta-
kano Y., Hattori Y. Neurodegenerative evidence in mice brains with
cecal ligation and puncture-induced sepsis: preventive effect of the free
radical scavenger edaravone. PLoS One. 2012; 7 (12): €51539. DOL:
10.1371 /journal.pone.0051539. PMID: 23236515

Papadopoulos M.C., Lamb FJ., Moss R.F., Davies D.C., Tighe D., Bennett
E.D. Faecal peritonitis causes oedema and neuronal injury in pig cereb-
ral cortex. Clin. Sci. (Lond.). 1999; 96 (5): 461-466. DOIL
10.1042,/CS19980327. PMID: 10209077

Sharshar T., Gray F., Poron F., Raphael ].C., Gajdos P., Annane D. Mul-
tifocal necrotizing leukoencephalopathy in septic shock. Crit. Care
Med. 2002; 30 (10): 2371-2375. DOI: 10.1097,/00003246-200210000-
00031. PMID: 12394971

Messaris E., Memos N., Chatzigianni E., Konstadoulakis M.M., Menenakos
E., Katsaragakis S., Voumvourakis C., Androulakis G. Time-dependent
mitochondrial-mediated programmed neuronal cell death prolongs sur-
vival in sepsis. Crit. Care Med. 2004; 32 (8): 1764-1770. DOIL
10.1097,/01.CCM.0000135744.30137.B4. PMID: 15286556

Liu L., Xie K., Chen H., Dong X., Li Y., Yu Y., Wang G., Yu Y. Inhalation
of hydrogen gas attenuates brain injury in mice with cecal ligation and
puncture via inhibiting neuroinflammation, oxidative stress and ne-
uronal apoptosis. Brain Res. 2014; 1589: 78-92. DOIL: 10.1016/j.brain-
1es.2014.09.030. PMID: 25251596

Bozza FA., D’Avila J.C., Ritter C., Sonneville R., Sharshar T., Dal-Pizzol
F. Bioenergetics, mitochondrial dysfunction, and oxidative stress in the
pathophysiology of septic encephalopathy. Shock. 2013; 39 (Suppl 1):
10-16. DOL: 10.1097/SHK.0b013e31828fade1. PMID: 23481496

Green R., Scott L.K., Minagar A., Conrad S. Sepsis associated encepha-
lopathy (SAE): a review. Front. Biosci. 2004; 9: 1637-1641. DOL:
10.2741/1250. PMID: 14977574

Basler T., Meier-Hellmann A., Bredle D., Reinhart K. Amino acid imba-
lance early in septic encephalopathy. Intensive Care Med. 2002; 28 (3):
293-298. DOI: 10.1007/s00134-002-1217-6. PMID: 11904658

Azevedo L.C. Mitochondrial dysfunction during sepsis. Endocr. Metab.
Immune Disord. Drug Targets. 2010; 10 (3): 214-223. PMID: 20509844

Benobopodosa H.B., Tennosa B.B., @edomuesa H.F. Poib MUKPOOHBIX
MeTaboMuTOB B AChYHKIMI MUTOXOHAPHI 11pu cerncuce. CaapOpIok-
ken: Lambert Academic Publishing; 2013: 96.

Nico B., Ribatti D. Morphofunctional aspects of the blood—brain barri-
er. Curr. Drug Metab. 2012; 13 (1): 50-60. PMID: 22292807

Taccone F.S., Castanares-Zapatero D., Peres-Bota D., Vincent J.L., Berre
J., Melot C. Cerebral autoregulation is influenced by carbon dioxide le-
vels in patients with septic shock. Neurocrit. Care. 2010; 12 (1): 35-42.
DOI: 10.1007/s12028-009-9289-6. PMID: 19806473

Taccone E.S., Scolletta S., Franchi F., Donadello K., Oddo M. Brain perfusion
in sepsis. Curr. Vasc. Pharmacol. 2013; 11 (2): 170-186. PMID: 23506496

Soejima Y., Fujii Y., Ishikawa T., Takeshita H., Maekawa T. Local cerebral
glucose utilization in septic rats. Crit. Care Med. 1990; 18 (4): 423-427.
DOI: 10.1097 /00003246-199004000-00015. PMID: 2318053

Cumonenxos AL, Kniomes B.M. Cunapom cepoTOHHHOBOII HesoCTa-
toynoctu. M.: Bunowm; 2013: 96.

Bilbo S.D., Barrientos R.M., Eads A.S., Northcutt A., Watkins L.R., Rudy
J.W., Maier S.F. Early-life infection leads to altered BDNF and 1L-
1beta mRNA expression in rat hippocampus following learning in
adulthood. Brain Behav. Immun. 2008; 22 (4): 451-455. DOIL:
10.1016/j.bbi.2007.10.003. PMID: 17997277

Ertugrul A., Ozdemir H., Vural A., Dalkara T., Meltzer H.Y., Saka E. The
influence of N-desmethylclozapine and clozapine on recognition memo-
ry and BDNF expression in hippocampus. Brain Res. Bull. 2011; 84 (2):
144-150. DOL: 10.1016/j.brainresbull.2010.11.014. PMID: 21134422

Barrientos R.M., Sprunger D.B., Campeau S., Higgins E.A., Watkins L.R.,
Rudy J.W., Maier S.F. Brain-derived neurotrophic factor mRNA do-
wnaregulation produced by social isolation is blocked by intrahippo-
campal interleukin-1 receptor antagonist. Neuroscience. 2003; 121 (4):
847-853. DOI: 10.1016,/S0306-4522(03)00564-5. PMID: 14580934

Calsavara A.C., Soriani FM., Vieira L.Q., Costa P.A., Rachid M.A., Tei-
xiera A.L. TNFR1 absence protects against memory deficit induced by
sepsis possibly through over-expression of hippocampal BDNF. Metab.
Brain Dis. 2015; 30 (3): 669-678. DOIL: 10.1007/s11011-014-9610-8.
DOI: 10.1007/s11011-014-9610-8. PMID: 25148914

Ocmposa U.B., Aspywenxo M.III. Dxcrpeccrst MO3rOBOrO HEHPOTPO-
¢uueckoro dakropa (BDNF) nosbimaer ycToitunBoCcTb HEHPOHOB K

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Janz D.R., Abel T.W., Jackson J.C., Gunther M., Heckers S., Ely E.W.
Brain autopsy findings in intensive care unit patients previously suffe-
ring from delirium: a pilot study. J. Crit. Care. 2010; 25 (3): 538.e7-
538.e12. DOI: 10.1016/j.jcrc.2010.05.004. PMID: 20580199

Semmler A., Hermann S., Mormann F., Weberpals M., Paxian S.A., Okul-
la T., Schdfers M., Kummer M.P., Klockgether T., Heneka M.T. Sepsis
causes neuroinflammation and concomitant decrease of cerebral meta-
bolism. J. Neuroinflammation. 2008; 5: 38. DOIL: 10.1186,/1742-2094-5-
38. PMID: 18793399

Yokoo H., Chiba S., Tomita K., Takashina M., Sagara H., Yagisita S., Ta-
kano Y., Hattori Y. Neurodegenerative evidence in mice brains with
cecal ligation and puncture-induced sepsis: preventive effect of the free
radical scavenger edaravone. PLoS One. 2012; 7 (12): €51539. DOL
10.1371 /journal.pone.0051539. PMID: 23236515

Papadopoulos M.C., Lamb F,J., Moss R.F., Davies D.C., Tighe D., Bennett
E.D. Faecal peritonitis causes oedema and neuronal injury in pig cereb-
ral cortex. Clin. Sci. (Lond.). 1999; 96 (5): 461-466. DOI
10.1042,/CS19980327. PMID: 10209077

Sharshar T., Gray F., Poron F., Raphael ].C., Gajdos P., Annane D. Mul-
tifocal necrotizing leukoencephalopathy in septic shock. Crit. Care
Med. 2002; 30 (10): 2371-2375. DOI: 10.1097,/00003246-200210000-
00031. PMID: 12394971

Messaris E., Memos N., Chatzigianni E., Konstadoulakis M.M., Menenakos
E., Katsaragakis S., Voumvourakis C., Androulakis G. Time-dependent
mitochondrial-mediated programmed neuronal cell death prolongs sur-
vival in sepsis. Crit. Care Med. 2004; 32 (8): 1764-1770. DOL
10.1097,/01.CCM.0000135744.30137.B4. PMID: 15286556

Liu L., Xie K., Chen H., Dong X., Li Y., Yu Y., Wang G., Yu Y. Inhalation
of hydrogen gas attenuates brain injury in mice with cecal ligation and
puncture via inhibiting neuroinflammation, oxidative stress and ne-
uronal apoptosis. Brain Res. 2014; 1589: 78-92. DOI: 10.1016/j.brain-
1res.2014.09.030. PMID: 25251596

Bozza F.A., D’Avila J.C., Ritter C., Sonneville R., Sharshar T., Dal-Pizzol
F. Bioenergetics, mitochondrial dysfunction, and oxidative stress in
the pathophysiology of septic encephalopathy. Shock. 2013; 39 (Suppl
1): 10-16. DOL: 10.1097/SHK.0b013e31828fade1. PMID: 23481496

Green R., Scott L.K., Minagar A., Conrad S. Sepsis associated encepha-
lopathy (SAE): a review. Front. Biosci. 2004; 9: 1637-1641. DOL:
10.2741,/1250. PMID: 14977574

Basler T., Meier-Hellmann A., Bredle D., Reinhart K. Amino acid imba-
lance early in septic encephalopathy. Intensive Care Med. 2002; 28 (3):
293-298. DOI: 10.1007/s00134-002-1217-6. PMID: 11904658

Azevedo L.C. Mitochondrial dysfunction during sepsis. Endocr. Metab.
Immune Disord. Drug Targets. 2010; 10 (3): 214-223. PMID: 20509844

Beloborodova N.V., Teplova V.V., Fedotcheva N.I. The role of microbial
metabolites in mitochondrial dysfunction in sepsis. Saarbriicken: Lam-
bert Academic Publishing; 2013: 96. [In Russ.]

Nico B., Ribatti D. Morphofunctional aspects of the blood—brain barri-
er. Curr. Drug Metab. 2012; 13 (1): 50—60. PMID: 22292807

Taccone F.S., Castanares-Zapatero D., Peres-Bota D., Vincent J.L., Berre
J., Melot C. Cerebral autoregulation is influenced by carbon dioxide le-
vels in patients with septic shock. Neurocrit. Care. 2010; 12 (1): 35-42.
DOI: 10.1007/s12028-009-9289-6. PMID: 19806473

Taccone E.S., Scolletta S., Franchi F., Donadello K., Oddo M. Brain perfusion
in sepsis. Curr. Vasc. Pharmacol. 2013; 11 (2): 170-186. PMID: 23506496

Soejima Y., Fujii Y., Ishikawa T., Takeshita H., Maekawa T. Local cerebral
glucose utilization in septic rats. Crit. Care Med. 1990; 18 (4): 423-427.
DOI: 10.1097,/00003246-199004000-00015. PMID: 2318053

Simonenkov A.P, Klyuzheo V.M. Syndrome of serotonin deficiency.
Moscow: Binom; 2013: 96. [In Russ.]

Bilbo S.D., Barrientos R.M., Eads A.S., Northcutt A., Watkins L.R., Rudy
J.W., Maier S.F. Early-life infection leads to altered BDNF and IL-
1beta mRNA expression in rat hippocampus following learning in
adulthood. Brain Behav. Immun. 2008; 22 (4): 451-455. DOL:
10.1016/j.bbi.2007.10.003. PMID: 17997277

Ertugrul A., Ozdemir H., Vural A., Dalkara T., Meltzer H.Y., Saka E. The
influence of N-desmethylclozapine and clozapine on recognition memo-
ry and BDNF expression in hippocampus. Brain Res. Bull. 2011; 84 (2):
144-150. DOL: 10.1016/j.brainresbull.2010.11.014. PMID: 21134422

Barrientos R.M., Sprunger D.B., Campeau S., Higgins E.A., Watkins L.R.,
Rudy J.W., Maier S.F. Brain-derived neurotrophic factor mRNA do-
wnaregulation produced by social isolation is blocked by intrahippo-
campal interleukin-1 receptor antagonist. Neuroscience. 2003; 121 (4):
847-853. DOI: 10.1016,/S0306-4522(03)00564-5. PMID: 14580934

Calsavara A.C., Soriani FM., Vieira L.Q., Costa P.A., Rachid M.A., Tei-
xiera A.L. TNFR1 absence protects against memory deficit induced by
sepsis possibly through over-expression of hippocampal BDNF. Metab.
Brain Dis. 2015; 30 (3): 669-678. DOI: 10.1007/s11011-014-9610-8.
DOI: 10.1007 /s11011-014-9610-8. PMID: 25148914

Ostrova I.V., Avrushchenko M.Sh. Expression of Brain-Derived Neurot-
rophic Factor (BDNF) increases the resistance of neurons to death in

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com

137



138

Reviews

DOI:10.15360,/1813-9779-2017-5-121-139

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

rubesn B MOCTpeaHUMAIMOHHOM neproje. O0was peanumamonozus.
2015; 11 (3): 45-53. DOIL: 10.15360,/1813-9779-2015-3-45-53

Chen A., Xiong LJ., Tong Y., Mao M. The neuroprotective roles of
BDNF in hypoxic ischemic brain injury (review). Biomed. Rep. 2013; 1
(2): 167-176. DOI: 10.3892/br.2012.48. PMID: 24648914

Géral C., Angelova A., Lesieur S. From molecular to nanotechnology
strategies for delivery of neurotrophins: emphasis on brain-derived ne-
urotrophic factor (BDNF). Pharmaceutics. 2013; 5 (1): 127-167. DOI:
10.3390/pharmaceutics5010127. PMID: 24300402

Kondo S., Kohsaka S., Okabe S. Long-term changes of spine dynamics
and microglia after transient peripheral immune response triggered by
LPS in vivo. Mol. Brain. 2011; 4: 27. DOIL: 10.1186,/1756-6606-4-27.
PMID: 21682853

Sharshar T., Polito A., Checinski A., Stevens R.D. Septic-associated en-
cephalopathy-everything starts at a microlevel. Crit. Care. 2010; 14
(5):199. DOI: 10.1186/cc9254. PMID: 21067627

De Backer D. Hemodynamic management of septic shock. Curr. Infect.
Dis. Rep. 2006; 8 (5): 366—-372. DOI: 10.1007/s11908-006-0047-z.
PMID: 16934195

Jeremias I.C., Victorino V.J., Machado J.L., Barroso W.A, Ariga S.K., Lima
T.M., Soriano F.G. The severity of cecal ligature and puncture-induced
sepsis correlates with the degree of encephalopathy, but the sepsis does
not lead to acute activation of spleen lymphocytes in mice. Mol. Neuro-
biol. 2016; 53 (5): 3389-3399. DOL 10.1007/512035-015-9290-3.
PMID: 26081155

Nadeau S., Rivest S. Endotoxemia prevents the cerebral inflammatory
wave induced by intraparenchymal lipopolysaccharide injection: role
of glucocorticoids and CD14. J. Immunol. 2002; 169 (6): 3370-3381.
DOIL: 10.4049/jimmunol.169.6.3370. PMID: 12218159

HanF, Yu H., Tian C., Li 8., Jacobs M.R., Benedict-Alderfer C., Zheng Q.Y.
Role for Toll-like receptor 2 in the immune response to Streptococcus
pneumoniae infection in mouse otitis media. Infect. Immun. 2009; 77 (7):
3100-3108. DOI: 10.1128/1A1.00204-09. PMID: 19414550

Ock J., Jeong J., Choi W.S., Lee W.H., Kim S.H., Kim I.K., Suk K. Regula-
tion of Toll-like receptor 4 expression and its signaling by hypoxia in
cultured microglia. J. Neurosci. Res. 2007; 85 (9): 1989-1995. DOI:
10.1002/jnr.21322. PMID: 17461416

Riedemann N.C., Guo R.F., Ward P.A. The enigma of sepsis. J. Clin. In-
vest. 2003; 112 (4): 460-467. DOI: 10.1172/JCI119523. PMID:
12925683

Ziaja M., Pyka J., Ciombor J., Plonka P. Kinetics of nitric oxide release
in neonatal and mature rat brain during endotoxemia, as studied by di-
ethyldithiocarbamate spin trapping. Curr. Top Biophys. 2005; 29 (1-2):
73-82.

Guo R.F, Riedemann N.C., Ward P.A. Role of C5a-C5aR interaction in
sepsis. Shock. 2004; 21 (1): 1-7. DOL: DOI: 10.1097/01.shk.000010
5502.75189.5¢. PMID: 14676676

Kunze K. Metabolic encephalopathies. J. Neurol. 2002; 249 (9): 1150—
1159. DOI: 10.1007 /s00415-002-0869-z. PMID: 12242532

Kushimoto S., Gando S., Saitoh D., Ogura H., Mayumi T., Koseki K.,
Ikeda T., Ishikura H., Iba T., Ueyama M., Eguchi Y., Otomo Y., Oka-
moto K., Endo S., Shimazaki S.; Japanese Association for Acute Medi-
cine Disseminated Intravascular Coagulation (JAAM DIC) Study
Group. Clinical course and outcome of disseminated intravascular
coagulation diagnosed by Japanese Association for Acute Medicine
criteria. Comparison between sepsis and trauma. Thromb. Haemost.
2008; 100 (6): 1099-1105. DOI: 10.1160/TH08-05-0306. PMID:
19132236

Weon Y.C., Marsot-Dupuch K., Ducreux D., Lasjaunias P. Septic throm-
bosis of the transverse and sigmoid sinuses: imaging findings. Neurora-
diology. 2005; 47 (3): 197-203. DOIL: 10.1007/s00234-004-1313-0.
PMID: 15778836

Sprung C.L. The role of amino acid changes in septic encephalopathy.
In: Vincent J.L. (ed.). Update 1990. Update in Intensive Care and
Emergency Medicine. vol 10. Berlin, Heidelberg: Springer Link; 1990:
60-68. DOL: 10.1007/978-3-642-84125-5_6

Nakamura T., Kawagoe Y., Matsuda T., Ebihara I, Koide H. Effects of
polymyxin B-immobilized fiber hemoperfusion on amino acid imbalan-
ce in septic encephalopathy. Blood Purif. 2003; 21 (4-5): 282-286. DOI:
10.1159,/000072546. PMID: 12944727

Khodakova A., Beloborodova N.V. Microbial metabolites in the blood of
patients with sepsis. Crit. Care. 2007; 11 (Suppl 4): P5. DOL:
10.1186,/cc5984.

BenoGopodosa H.B., Xodakxosa A.C., Baipamos U.T., Onenun A.IO.
Mukpo6HbIii TyTh 06pasoBaHusi (eHUIKapPOOHOBLIX KICJIOT B Opra-
HusMe uvesioseka. buoxumus. 2009; 74 (12): 1657-1663. PMID:
19961416

Beloborodova N., Bairamoo L., Olenin A., Shubina V., Teplova V., Fedotche-
va N. Effect of phenolic acids of microbial origin on production of reac-
tive oxygen species in mitochondria and neutrophils. J. Biomed. Sci.
2012; 19: 89. DOIL: 10.1186,/1423-0127-19-89. PMID: 23061754

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

the postresuscitation period. Obshchaya Reanimatologiya = General
Reanimatology. 2015; 11 (3): 45-53. DOI: 10.15360,/1813-9779-2015-
3-45-53. [In Russ., In Engl.]

Chen A., Xiong LJ., Tong Y., Mao M. The neuroprotective roles of
BDNF in hypoxic ischemic brain injury (review). Biomed. Rep. 2013; 1
(2): 167-176. DOI: 10.3892/br.2012.48. PMID: 24648914

Géral C., Angelova A., Lesieur S. From molecular to nanotechnology
strategies for delivery of neurotrophins: emphasis on brain-derived ne-
urotrophic factor (BDNF). Pharmaceutics. 2013; 5 (1): 127-167. DOL:
10.3390/pharmaceutics5010127. PMID: 24300402

Kondo S., Kohsaka S., Okabe S. Long-term changes of spine dynamics
and microglia after transient peripheral immune response triggered by
LPS in vivo. Mol. Brain. 2011; 4: 27. DOIL: 10.1186,/1756-6606-4-27.
PMID: 21682853

Sharshar T., Polito A., Checinski A., Stevens R.D. Septic-associated en-
cephalopathy-everything starts at a microlevel. Crit. Care. 2010; 14
(5):199. DOI: 10.1186/cc9254. PMID: 21067627

De Backer D. Hemodynamic management of septic shock. Curr. Infect.
Dis. Rep. 2006; 8 (5): 366-372. DOI: 10.1007/s11908-006-0047-z.
PMID: 16934195

Jeremias I.C., Victorino V,J., Machado J.L., Barroso W.A, Ariga S.K., Lima
T.M., Soriano F.G. The severity of cecal ligature and puncture-induced
sepsis correlates with the degree of encephalopathy, but the sepsis does
not lead to acute activation of spleen lymphocytes in mice. Mol. Neuro-
biol. 2016; 53 (5): 3389-3399. DOI: 10.1007/s12035-015-9290-3.
PMID: 26081155

Nadeau S., Rivest S. Endotoxemia prevents the cerebral inflammatory
wave induced by intraparenchymal lipopolysaccharide injection: role
of glucocorticoids and CD14. J. Immunol. 2002; 169 (6): 3370-3381.
DOI: 10.4049 /jimmunol.169.6.3370. PMID: 12218159

Han F,, Yu H., Tian C., Li S., Jacobs M.R., Benedict-Alderfer C., Zheng Q.Y.
Role for Toll-like receptor 2 in the immune response to Streptococcus
pneumoniae infection in mouse otitis media. Infect. Immun. 2009; 77 (7):
3100-3108. DOL: 10.1128/IA1.00204-09. PMID: 19414550

Ock J., Jeong J., Choi W.S., Lee W.H., Kim S.H., Kim I.K., Suk K. Regula-
tion of Toll-like receptor 4 expression and its signaling by hypoxia in
cultured microglia. J. Neurosci. Res. 2007; 85 (9): 1989-1995. DOL:
10.1002/jnr.21322. PMID: 17461416

Riedemann N.C., Guo R.F., Ward P.A. The enigma of sepsis. J. Clin. In-
vest. 2003; 112 (4): 460-467. DOL: 10.1172/JCI119523. PMID:
12925683

Ziaja M., Pyka J., Ciombor J., Plonka P. Kinetics of nitric oxide release
in neonatal and mature rat brain during endotoxemia, as studied by di-
ethyldithiocarbamate spin trapping. Curr. Top Biophys. 2005; 29 (1-2):
73-82.

Guo R.F, Riedemann N.C., Ward P.A. Role of C5a-C5aR interaction in
sepsis. Shock. 2004; 21 (1): 1-7. DOL: DOI: 10.1097/01.shk.000010
5502.75189.5¢. PMID: 14676676

Kunze K. Metabolic encephalopathies. J. Neurol. 2002; 249 (9): 1150—
1159. DOI: 10.1007 /s00415-002-0869-z. PMID: 12242532

Kushimoto S., Gando S., Saitoh D., Ogura H., Mayumi T., Koseki K.,
Tkeda T., Ishikura H., Iba T., Ueyama M., Eguchi Y., Otomo Y., Okamoto
K., Endo S., Shimazaki S.; Japanese Association for Acute Medicine Dis-
seminated Intravascular Coagulation (JAAM DIC) Study Group. Clini-
cal course and outcome of disseminated intravascular coagulation di-
agnosed by Japanese Association for Acute Medicine criteria. Compa-
rison between sepsis and trauma. Thromb. Haemost. 2008; 100 (6):
1099-1105. DOL: 10.1160/TH08-05-0306. PMID: 19132236

Weon Y.C., Marsot-Dupuch K., Ducreux D., Lasjaunias P. Septic throm-
bosis of the transverse and sigmoid sinuses: imaging findings. Neurora-
diology. 2005; 47 (3): 197-203. DOIL: 10.1007/s00234-004-1313-0.
PMID: 15778836

Sprung C.L. The role of amino acid changes in septic encephalopathy.
In: Vincent J.L. (ed.). Update 1990. Update in Intensive Care and
Emergency Medicine. vol 10. Berlin, Heidelberg: Springer Link; 1990:
60-68. DOL: 10.1007/978-3-642-84125-5_6

Nakamura T., Kawagoe Y., Matsuda T., Ebihara 1., Koide H. Effects of
polymyxin B-immobilized fiber hemoperfusion on amino acid imbalan-
ce in septic encephalopathy. Blood Purif. 2003; 21 (4-5): 282-286. DOI:
10.1159,/000072546. PMID: 12944727

Khodakova A., Beloborodova N.V. Microbial metabolites in the blood of
patients with sepsis. Crit. Care. 2007; 11 (Suppl 4): P5. DOL:
10.1186,/cc5984.

Beloborodova N.V., Khodakova A.S., Bairamov 1.T., Olenin A.Y. Micro-
bial origin of phenylcarboxylic acids in the human body. Biochemistry
(Mosc.). 2009; 74 (12): 1350-1355. DOI:
10.1134,/S0006297909120086. PMID: 19961416. [In Russ., In Engl.|
Beloborodova N., Bairamoo 1., Olenin A., Shubina V., Teplova V., Fedotc-
heva N. Effect of phenolic acids of microbial origin on production of re-
active oxygen species in mitochondria and neutrophils. J. Biomed. Sci.
2012; 19: 89. DOI: 10.1186,/1423-0127-19-89. PMID: 23061754

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-121-139

O630pmr

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Benobopodosa H.B., Baiipamos U.T., Onenun A.1O., @®edomueea H.H.
DK30MeTabOoIUTBI HEKOTOPBIX aHAIPOOHBIX MUKPOOPTaHU3MOB MHUK-
podiopsl wenoseka. Buomed. xumus. 2011; 57 (1): 95-105. PMID:
21516781

Sarshor Y., Beloborodova N., Moroz V., Osipoov A., Bedova A., Chernevs-
kaya E. Getsina M. Value of microbial metabolites in blood serum as
criteria for bacterial load in the pathogenesis of hemodynamic disor-
ders in critically ill patients. Crit. Care. 2014; 18 (Suppl 1): P208. DOL:
10.1186/cc13398

Beloborodova N., Moroz V., Osipoov A., Bedova A., Sarshor Y., Vlasenko A.,
Olenin A. Tyrosine metabolism disorder and the potential capability of
anaerobic microbiota to decrease the value of aromatic metabolites in
critically ill patients. Crit. Care. 2014; 18 (Suppl 2): P60. DOI:
10.1186/cc14063

Benobopodosa H.B., Mopos B.B., bedosa A.IO., Ocunos A.A., Capuiop
I0.H., Yepnesckas E.A. Yuactiie apoMaTHiecKux MUKPOOHBIX MeTab0-
JIITOB B Pa3BUTHH TsDKeOi nidexnnn u cerncuca. Anecmesuonozus u
peanumamonozus. 2016; 61 (3): 201-209.

Mizock B.A., Sabelli H.C., Dubin A., Javaid ].I., Poulos A., Rackow E.C.
Septic encephalopathy. Evidence for altered phenylalanine metabolism
and comparison with hepatic encephalopathy. Arch. Intern. Med. 1990;
150 (2): 443-449. PMID: 2302019

Horster F., Schwab M.A., Sauer S.W., Pietz J., Hoffmann G.F., Okun J.G.,
Kolker S., Kins S. Phenylalanine reduces synaptic density in mixed cor-
tical cultures from mice. Pediatr. Res. 2006; 59 (4 Pt 1): 544—548. DOI:
10.1203,/01.pdr.0000203091.45988.8d. PMID: 16549526

Robain O., Wisniewski H.M., Loo Y.H., Wen G.Y. Experimental phenyl-
ketonuria: Effect of phenylacetate intoxication on number of synapses
in the cerebellar cortex of the rat. Acta Neuropathol. 1983; 61 (3-4):
313-315. DOL: 10.1007/BF00692004. PMID: 6685965

Williams R.A., Mamotte C.D.S., Burnett J.R. Phenylketonuria: an inborn
error of phenylalanine metabolism. Clin. Biochem. Rev. 2008; 29 (1):
31-41. PMID: 18566686

Zhou G., Kamenos G., Pendem S., Wilson J.X., Wu F. Ascorbate protects
against vascular leakage in cecal ligation and puncture-induced septic
peritonitis. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2012; 302 (4):
R409-R416. DOIL: 10.1152/ajpregu.00153.2011. PMID: 22116513

Gamal M., Moawad. ]., Rashed L., El-Eraky W., Saleh D., Lehmann C., Sha-
rawy N. Evaluation of the effects of Eserine and JWH-133 on brain dys-
function associated with experimental endotoxemia. J. Neuroimmunol.
2015; 281:9-16. DOI: 10.1016/j.jneuroim.2015.02.008. PMID: 25867462

Toklu H.Z., Uysal M K., Kabasakal L., Siroanci S., Ercan F., Kaya M. The
effects of riluzole on neurological, brain biochemical, and histological
changes in early and late term of sepsis in rats. J. Surg. Res. 2009; 152
(2): 238-248. DOI: 10.1016/j.jss.2008.03.013. PMID: 18718604

Moss R.F., Parmar N.K., Tighe D., Davies D.C. Adrenergic agents modify
cerebral edema and microvessel ultrastructure in porcine sepsis. Crit.
Care Med. 2004; 32 (9): 1916-1921. PMID: 15343022

LiR., Tong]., Tan Y., Zhu S., Yang J., Ji M. Low molecular weight heparin
prevents lipopolysaccharide induced-hippocampus-dependent cogniti-
ve impairments in mice. Int. J. Clin. Exp. Pathol. 2015; 8 (8): 8881-8891.
PMID: 26464629

Esen F, Senturk E., Ozcan P.E., Ahishali B., Arican N., Orhan N., Ekizoglu
0., Kucuk M., Kaya M. Intravenous immunoglobulins prevent the bre-
akdown of the blood-brain barrier in experimentally induced sepsis.
Crit. Care Med. 2012; 40 (4): 1214-1220. DOI: 10.1097/CCM.
0b013e31823779ca. PMID: 22202704

Busund R., Koukline V., Utrobin U., Nedashkovsky E. Plasmapheresis in
severe sepsis and septic shock: a prospective, randomised, controlled
trial. Intensive Care Med. 2002; 28 (10): 1434-1439. DOIL:
10.1007/500134-002-1410-7. PMID: 12373468

Pandharipande P.P., Sanders R.D., Girard T.D., McGrane S., Thompson
J.L., Shintani A.K., Herr D.L., Maze M., Ely E.W. MENDS investigators.
Effect of dexmedetomidine versus lorazepam on outcome in patients
with sepsis: an a priori-designed analysis of the MENDS randomized
controlled trial. Crit. Care. 2010; 14 (2): R38. DOI: 10.1186/cc8916.
PMID: 20233428

IHocrymuna 20.07.17

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Beloborodova N.V., Bairamov I.T., Olenin A.Yu., Fedotcheva N.I. Exo-
metabolites of some anaerobic microorganisms of human microflora.
Biomed. Khim. 2011; 57 (1): 95-105. PMID: 21516781. [In Russ., In
Engl.]

Sarshor Y., Beloborodova N., Moroz V., Osipov A., Bedova A., Chernevs-
kaya E. Getsina M. Value of microbial metabolites in blood serum as
criteria for bacterial load in the pathogenesis of hemodynamic disor-
ders in critically ill patients. Crit. Care. 2014; 18 (Suppl 1): P208. DOL:
10.1186/cc13398

Beloborodova N., Moroz V., Osipov A., Bedova A., Sarshor Y., Vlasenko
A., Olenin A. Tyrosine metabolism disorder and the potential capability
of anaerobic microbiota to decrease the value of aromatic metabolites
in critically ill patients. Crit. Care. 2014; 18 (Suppl 2): P60. DOI:
10.1186/cc14063

Beloborodova N.V., Moroz V.V., Bedova A.Yu., Osipov A.A., Sarshor
Yu.N.,Chernevskaya E.A. Participation of aromatic microbial metaboli-
tes in the development of severe infection and sepsis. Anesteziologiya i
Reanimatologiya. 2016; 61 (3): 202-208. [In Russ.]

Mizock B.A., Sabelli H.C., Dubin A., Javaid J.I., Poulos A., Rackow E.C.
Septic encephalopathy. Evidence for altered phenylalanine metabolism
and comparison with hepatic encephalopathy. Arch. Intern. Med. 1990;
150 (2): 443-449. PMID: 2302019

Horster F., Schwab M.A., Sauer S.W., Pietz J., Hoffmann G.F., Okun J.G.,
Kolker S., Kins S. Phenylalanine reduces synaptic density in mixed cor-
tical cultures from mice. Pediatr. Res. 2006; 59 (4 Pt 1): 544—548. DOL:
10.1203,/01.pdr.0000203091.45988.8d. PMID: 16549526

Robain O., Wisniewski H.M., Loo Y.H., Wen G.Y. Experimental phenyl-
ketonuria: Effect of phenylacetate intoxication on number of synapses
in the cerebellar cortex of the rat. Acta Neuropathol. 1983; 61 (3-4):
313-315. DOL: 10.1007/BF00692004. PMID: 6685965

Williams R.A., Mamotte C.D.S., Burnett J.R. Phenylketonuria: an inborn
error of phenylalanine metabolism. Clin. Biochem. Rev. 2008; 29 (1):
31-41. PMID: 18566686

Zhou G., Kamenos G., Pendem S., Wilson J.X., Wu F. Ascorbate protects
against vascular leakage in cecal ligation and puncture-induced septic
peritonitis. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2012; 302 (4):
R409-R416. DOI: 10.1152/ajpregu.00153.2011. PMID: 22116513

Gamal M., Moawad.]., Rashed L., El-Eraky W., Saleh D., Lehmann C., Sha-
rawy N. Evaluation of the effects of Eserine and JWH-133 on brain dys-
function associated with experimental endotoxemia. J. Neuroimmunol.
2015; 281:9-16. DOIL: 10.1016/j.jneuroim.2015.02.008. PMID: 25867462

Toklu H.Z., Uysal M.K., Kabasakal L., Sirvanci S., Ercan F., Kaya M. The
effects of riluzole on neurological, brain biochemical, and histological
changes in early and late term of sepsis in rats. J. Surg. Res. 2009; 152
(2): 238-248. DOI: 10.1016/j.jss.2008.03.013. PMID: 18718604

Moss R.F., Parmar N.K., Tighe D., Davies D.C. Adrenergic agents modify
cerebral edema and microvessel ultrastructure in porcine sepsis. Crit.
Care Med. 2004; 32 (9): 1916-1921. PMID: 15343022

LiR., Tong]., Tan Y., Zhu S., Yang J., Ji M. Low molecular weight heparin
prevents lipopolysaccharide induced-hippocampus-dependent cogniti-
ve impairments in mice. Int. J. Clin. Exp. Pathol. 2015; 8 (8): 8881-8891.
PMID: 26464629

Esen F, Senturk E., Ozcan P.E., Ahishali B., Arican N., Orhan N., Ekizoglu O.,
Kucuk M., Kaya M. Intravenous immunoglobulins prevent the breakdown
of the blood-brain barrier in experimentally induced sepsis. Crit. Care Med.
2012; 40 (4): 1214-1220. DOL: 10.1097 /CCM.0b013e31823779ca. PMID:
22202704

Busund R., Koukline V., Utrobin U., Nedashkovsky E. Plasmapheresis in
severe sepsis and septic shock: a prospective, randomised, controlled
trial. Intensive Care Med. 2002; 28 (10): 1434-1439. DOL
10.1007/500134-002-1410-7. PMID: 12373468

Pandharipande P.P., Sanders R.D., Girard T.D., McGrane S., Thompson
J.L., Shintani A.K., Herr D.L., Maze M., Ely E.-W. MENDS investigators.
Effect of dexmedetomidine versus lorazepam on outcome in patients
with sepsis: an a priori-designed analysis of the MENDS randomized
controlled trial. Crit. Care. 2010; 14 (2): R38. DOI: 10.1186/cc8916.
PMID: 20233428

Received 20.07.17

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com

139



