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In the condition of sepsis-associated encephalopathy (SAE), the brain neuroinflammatory response is considered as one of
the most critical mechanisms of tissue damage and impaired cerebral homeostasis. The main cell population of the brain respon-
sible for the immune surveillance is microglia, and its phagocytic activity is a fundamental function providing both homeostatic
and damaging properties.

The aim of this study was to determine the immunohistochemical and ultrastructural specificity of the phagocytosis activation in
different rat brain regions in the conditions of experimental sepsis.

Materials and methods. The study was conducted in Wistar rats: 5 sham-operated animals and 20 rats with cecum ligation
and puncture (CLP). The immunohistochemical study of CD68 expression in the cortex, white matter, hippocampus, thalamus,
caudate/putamen was carried out in the period of 20-48 h postoperatively. The cerebral cortex was examined using transmission
electron microscopy.

Results. Beginning from the 20" h after CLP, there was a significant dynamic increase in the values of the relative area of CD68
expression, the number of immunopositive cells, as well as the percentage of immunopositive cells with amoeboid morphology in all
animals of the CLP group, with a predominance of the indicators in the lethal group of rats. The highest levels of phagocytic activity
were noted in the white matter and caudate/putamen in both the survived and non-survived animals. Ultrastructurally, the microgliocytes
of the lethal group were characterized by signs of actively phagocytic cells and extensive glial-neuronal interaction; phagocytosing
microglia in the survived animals showed an active involvement in the processes of necrotic debris elimination into the vasculature.

Conclusions. In the conditions of SAE, there is the early and dynamic increase in phagocytosis activation with the predominant
localization in the brain white matter and caudate/putamen, which could conceivably indicate a special role of these brain areas in
the mechanisms of neuroinflammatory response in the conditions of systemic inflammation. In the brain of non-survived animals,
the phagocytosis indices are higher than in the group of survivors, which most likely indicates a natural response of microglia
to more pronounced destructive processes, but it does not preclude a concurrent neurotoxic activity of CD68-positive cells on
the surrounding tissue elements.

PerioHanbHi 0c06AMBOCTI akTMBaLii parounTo3y B MO3Ky LUypiB
B YMOBaX cencuc-acouiiioBaHoi eHuedanonarii

T. B. WynATHikoBa, | B. O. LLiaBpiH

B ymoBax cencyc-acouinosaHoi eHuedanonarii (CAE) BHYTPiLLHBOMO3KOBY Heipo3anarbHy Bi4noBiab BBaXaAKOTb OOHUM i3 ro-
NOBHWX MeXaHi3MiB TKaHUHHOTO MOLLKOMKEHHS Ta MOPYLUEHHS MO3KOBOro roMeoctady. OCHOBHa KMiTUHHA NONYNALis MO3KY, LU0
BignoBinace 3a iMyHHy BiANoBiab, — Mikpornis, a ii haroLmTapHa akTUBHICTb — OCHOBHa YHKLS, Sika 3abe3nedyye ii romeocTaTnyHi
Ta NOLLKOAKYBarbHi BNAaCTUBOCTI.

Meta po60oTH — BU3HAUMTI IMYHOTICTOXIMINHI 1 yNETPACTPYKTYpHI 0COBNMBOCTI akTuBAaLi aroumMTo3y B Pi3HMX BiAdinax MoKy
LLypiB B YMOBaX eKCMepUMEHTarnbHOro CEncucy.

Marepianu Ta MmeToau. [locnimkeHHst BUKOHANM Ha Lypax niHii Bictap: 5 xubHoonepoBaHux TBapyH i 20 LLypiB i3 NepeB’sikoto
Ta NyHkuieto cninoi kuwky (CLP). 3gincHnnm imyHoricToximivHe gocnimkeHHs ekcnpecii mapkepa CD68 y kopi, 6inii pe4oBwHi,
rinokamni, Tanamyci, Xeoctatomy siapi/nytameni B Tepmin 20—48 roavH nicnsionepaiiiHoro nepiogy. 3a LONOMOrok TPaHCMICINHOI
€NEeKTPOHHOI MIKPOCKONIT 4OCMIANMN KOPY BEMMKMX MIBKYIb.

Pesyniratu. Y TepmiH Big 20 roguH nicnsionepawiiHoro nepiogy croctepirant iCToTHe AMHaMIYHE MigBULLEHHS 3HaYeHb BifHOCHOI
nnoLwi ekcnpecii CD68, KinbKOCTi iMyHONO3UTUBHIX KIiTVH, @ TAKOX BiCOTKA iMYHOMO3WUTUBHIX KNiTUH 3 ame60iaHO Mopdororieo B
ycix TBapuH CLP rpynu 3 nepeBaxaHHAM NOKa3HWKIB Y LLYpPIB NeTanbHOI rpyni. HaiBuLLi MOKa3HMKW akTUBHOCTI (haroLyTo3y BU3Haumnm
B 6inin pe4oBuHi Ta XBOCTATOMY SAPI/MyTaMeHi y rpyni 1 NOMepX TBApUH, | TUX, SIKi BYXWAW. YNBTPACTPYKTYPHO A5 MIKPOTioumTiB
NoMeprnX TBapWH XapaKTEPHi 03HAKW KITiTWH, LU0 aKTUBHO (haroLmMTYHOTb, | NOLMPEHOI Mio-HeAPOHabHOI B3aeMOfii; Y TBApWH, sKi
BVXMIM, charoLMTytoda MIKpOrrisi nokasarna akTuBHY y4acTb y npoLecax eniMiHaii HeKPOTUYHOTO AETPUTY B CyaUHHE PYCro.

BucHoBku. B ymoBax CAE B napeHximi MO3Ky BigOyBa€eTbCs paHHE Ta AMHAMIYHE 3pOCTaHHS haroLMTapHOI akKTUBHOCTI KNTUH
i3 nepeBaxaHHAM npoLecy B 6iniit pe4oByHi Ta XBOCTaTOMy SApi/MyTameHi. TEOPETUYHO Lie MOXe BkasyBaTi Ha 0cobnmey porb
LMX AiNSHOK MO3Ky B MeXaHiaMax HeyiposanarnbHoi BignoBidi B yMOBaX CUCTEMHOrO 3anarneHHs. Y MO3Ky TBapuH, ski nomepnu,
MOKa3HUKK haroLyTo3y MatoThb BILLI 3HA4EHHS MOPIBHSHO 3 TBApUHAMMK, SIKi BUXXUNW. HaniMOBIpHiLLe, Lie CBiA4NTb NPO 3aKOHOMIPHY
peakLjito Mikpormii Ha BUPaxeHiLLi npoLecy AeCTPYKLi, ane He BUKoYae 0gHOYACHWIA HeMpOTOKeUYHMIA Bnnve CD68-no3nTueHMX
KMITWH Ha HABKOMULLHIO HEPBOBY TKaHWHY.
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PernoHanbHble 0COOE€HHOCTH aKTUBALIMK ¢darouutosa B Mo3re KpbiC
B YCAOBUAX ceﬂCMC-aCCOHMMPOBaHHOﬁ 3HUuedanonaTuu

T. B. WynatHukoBa, | B. A. LLiaBpuH

B ycnosusix cencuc-accoummpoBaHHon aHuedanonatim (CAS) BHYTPUMO3roBOI HEMPOBOCTANUTENbHbINA OTBET CHUTAIOT OOHAM
13 IMaBEHCTBYIOLLMX MEXaHWU3MOB TKaHEBOTO MOBPEXAEHWS 1 HapYLLEHNs1 MO3roBOro romeocTasa. OCHOBHas KIETOYHas nony-
NsiLMS MO3ra, OTBeYatoLLast 32 UMMYHHBIN OTBET, — MUKPOITIUS, @ e charoLuTapHast akTUBHOCTb SIBISIETCS OCHOBOMOMNaratoLLen
yHKUMen, 0becneunBaroLLEN ee 1 roMmeocTaTyeckue, U NOBpeXaaoLLMe CBOMCTBA.

Llenb pa6oTbl —onpeaeneHyie IMMYHOMMCTOXUMUYECKIX U YTBTPACTPYKTYPHBIX OCOBEHHOCTEN akTBaLMM haroLmuTo3a B pasHblX
00nacTsX roNoBHOTO MO3ra KpbIC B YCOBMSIX SKCNEPUMEHTANBHOTO Cencuca.

Marepuankl n metogbl. MiccnenosaHue npoBeaeHo Ha Kpbicax NuHuM Buctap: 5 NoXHOONepupoBaHHbIX XXMBOTHbIX M 20 KpbIC C
nepeBsA3KoN 1 NyHkumen cnenoi kuwwku (CLP). MpoeengHo MMMYHOTUCTOXMMIYECKOE MCCNERoBaHWe akcnpeccui Mapkepa CD68
B kope, 6enom BeLLecTBe, runnokamne, Tanamyce, XsocTaTom siape/ckopryne B cpok 20-48 4 nocneonepauuorHoro nepuoaa. C
MOMOLLbI0 TPAHCMUCCHOHHOM 3MEKTPOHHO MUKPOCKONWW 1ccneaoBaHa kopa bonbLunx nonyLapui.

Pesynirathl. B cpok nocne 20 4acos nocreonepawyoHHOro neproaa 0TMEYaloT CYLLECTBEHHOE ANHAMUYECKOE MOBBILLEHIE 3HaYe-
HWIA OTHOCUTENBbHOI NoLLaam akcnpecci CD68, konmyecTBa MMMYHOMO3UTUBHBIX KIETOK, @ TakKe NPOLEeHTa MMMYHOMO3WUTUBHBIX
KneTok ¢ amebomnaHoi mopdonorven y Bcex xmBoTHbIx CLP rpynnbl ¢ npeobnagaHnem nokasateneit y Kpbic netanbHon rpynnbl.
Hanbonee BbICOKMe MoKa3aTeN akTUBHOCTM (haroLmMTo3a OTMeYeHb! B GEMOM BELLECTBE 1 XBOCTATOM siApe/ckopriyne B rpynne v
YMEPLLKX, W BbDKUBLLIMX XXMBOTHbIX. YTBTPACTPYKTYPHO ANSt MUKPOTTIMOLMTOB rPYNMbl yMEPLUMX XMBOTHbIX XapaKTepPHbI MPU3HaKM
aKTUBHO (ParoLMTUPYIOLLIMX KIETOK 1 pacnpoCTpaHeHHOe MMno-HeNpoHanbHoe B3aMMOLENCTBIE; Y BbDKMBLLIMX KUBOTHBIX dharo-
LMTUpYHOLLAs MUKPOTIIUS MoKa3ana akTUBHOE y4acTie B MPOLIECCaX ANMMUHALMU HEKPOTUYECKOTO JeTPpUTA B COCYANCTOE PYCro.

BiiBogbl. B ycrosusx CAS B MO3re 0TMEUEHO paHHee 1 AHaMU4YEeCKoe HapacTaHne NPU3HaKoB akTuBaLmW daroLuTosa ¢ npe-
VMYLLIECTBEHHOW Nokanu3auueli B 6enom BelLecTse 1 XBocTatoM sape/ckopriyne. MpeanonoXuTensHo, 3T0 MOXET ykasbiBaTb
Ha 0cobyto porb aTX 0bnacTei Mo3ra B MexaH13Max HelpoBOCManuTeNbHOMO OTBETA B YCMOBUSX CUCTEMHOrO Bocnanexus. B
MO3re YMepLLMX XMBOTHbIX MOKasaTenu darountosa umetor 6onee BbICOKME 3HAYEHWS N0 CPABHEHWIO C FPYNNON BbIKMBLLIMX.
Ckopee Bcero, 370 CBIAETENLCTBYET O 3aKOHOMEPHOW PeakLyi MUK Ha Bonee BbipakeHHble NpoLecch AECTPYKLMM, HO
He UCKMIo4YaeT OAHOBPEMEHHOE HelpoTokcyeckoe BosaeiicTame CDB8-N03NTHBHBIX KIETOK Ha OKPYXaIOLLY0 HEPBHYIO TKaHb.

Sepsis-associated encephalopathy (SAE) being one of
the most common complication of sepsis, clinically mani-
fests from the delirium to coma, thus directly determines
the survival rate of critically ill patients [1,2]. The mecha-
nisms of SAE development remain to be elucidated,
but the important role of brain immunity activation was
emphasized. In this regard, microglia, the resident brain
macrophages, are considered to play a crucial role in
triggering neuroinflammatory responses. In healthy brain,
resting microglia provide a neuroprotective environment
and contribute substantially to neurogenesis, neuronal dif-
ferentiation, elimination of excessive and apoptotic neurons,
neuronal migration, axon growth, synaptogenesis, astro-
cytogenesis, oligodendrocytogenesis and angiogenesis
[3,4]. However, being a highly important connecting link in
the homeostatic balance of the central nervous system, in
numerous cases such as sepsis, microglia move towards
the neurotoxic phenotype and support uncontrolled neu-
roinflammation [5]. In the conditions of systemic inflamma-
tory challenge, neuroinflammation is considered as one of
the major damaging factors inside the brain medium [6]. The
animal studies examining microglial activation after a single
systemic challenge with live bacteria or lipopolysaccharide
show a more rapid and profound glial reactivity to the latter
factor, accompanied by acute pro-inflammatory environment
in the brain tissue [7]. Still, the results of these studies re-
main rather ambiguous and do not give clear consecutive
mechanisms of the initiation and development of neuroin-
flammatory response to systemic inflammatory challenge.
The contribution of microglia to restoring the brain tissue,
damaged by endogenous toxins, also remains unclear. In
this regard, considering the problem of SAE, it would be
logical to apply the common animal sepsis model reliably
simulating natural, multifactorial state of systemic infection.

In the conditions of severe sepsis, it seems principal to de-
termine the degree of microglial activation in different brain
areas, thus evaluating region-specific features of microglial
reactivity and the neuroinflammatory response severity
depending on the various brain structures.

Aim
To determine the immunohistochemical and ultrastructural
specificity of the phagocytosis activation in different rat brain

regions in the conditions of cecum ligation and puncture
sepsis model.

Materials and methods

The study was conducted in male Wistar rats, weighing
200-300 g (“Biomodelservice”, Kyiv, Ukraine). The animals
were kept in acrylic cages under standard conditions: at a
12-hlight-dark cycle, at22 + 2 °C, with free access to food
(standard chow for rats, “Biomodelservice”, Kyiv, Ukraine)
and water. All procedures were performed in accordance
with the European Convention for the Protection of Verte-
brate Animals Used for Experimental and other Scientific
Purposes (Strasbourg, 18 March 1986; ETS No. 123) and
the Directive 2010/63/EU on the protection of animals used
for scientific purposes.

The animals were subjected to the cecal ligation and
puncture (CLP) model of sepsis, the most widely used to
induce polymicrobial abdominal sepsis in rodents. Animals
were randomly divided into 2 groups: an experimental CLP
group (n = 20) and a control group (sham-operated rats,
n = 5). The consecutive CLP-procedure stages were
performed as described by our previous study [8]. Within
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the first 2 h postoperatively, the animals were observed
every 30 min, then — every 6 h up to 48 h after the CLP
procedure. The following signs were evaluated: lethargy,
diarrhoea, fever/hypothermia, piloerection, periorbital
exudation, respiratory disorders, social isolation, huddling
and malaise. Within a 20-38-h period after the operation,
in the CLP group, 9 rats showed severe clinical signs of
sepsis and were euthanized (subgroup “CLP-B” —lethal), 11
animals survived until the end of the experiment (subgroup
“CLP-A" — survived). In the control animals (subgroup
“CLP-C”), there were no lethal cases. All the survived and
control animals were euthanized 48 h after the operation by
intraperitoneal administration of sodium thiopental solution
(60 mg/kg).

Coronal sections of the brain hemispheres were fixed
in 10 % buffered formalin and after standard processing
steps, the material was embedded in paraffin blocks. Histo-
pathological analysis of samples was evaluated in sections
stained with hematoxylin and eosin. Immunohistochemical
(IHC) study was carried out according to the standard pro-
tocol provided by the antibody manufacturer. The mouse
monoclonal anti-CD68 primary antibody (clone PG-M1,
RTU, Dako, Denmark) and Ultra VisionQuanto Detection
imaging system with diaminobenzidine (Thermo Scientific
Inc., USA) were used. The results of IHC reaction were
assessed at x200 magnification in a standardized field of
view (SFV) of the microscope Scope. A1 “Carl Zeiss” (Ger-
many) using Jenoptik Progres Gryphax 60N-C1"1,0x426114
(Germany) camera and the program Videotest-Morphology
5.2.0.158 (VideoTest LLC, Russia). The expression of CD68
was assessed as a percentage of the relative area (Srel, %)
of immunolabeling to the total area of the section in the mi-
croscope SFV. CD68* expression related to vessel walls
(endothelial and perivascular expressing macrophages) was
ignored, as not being the object of our interest. In addition
to the relative area of the marker expression, the number of
CD68" cells in the SFV, as well as the percentage of CD68*
cells with amoeboid morphology, were assessed. Such cells
were presented as more rounded, with shortened, thickened
processes and slightly more abundant cytoplasm in com-
parison with elongated, rod-shaped and ramified resting
forms (the insets in the Fig. 6, 8, 10, 12).

For the comparative statistical analysis of the specified
criteria, such brain regions as cortex, subcortical white mat-
ter, hippocampus, thalamus and caudate nucleus/putamen
were selected. Five SFV of each specified region were
analyzed for each animal.

Data were analyzed using the package of Statis-
tica® for Windows 13.0 (StatSoft Inc., license No. JP-
Z8041382130ARCN10-J). The median (Me), the lower and
upper quartiles (Q1; Q3) were calculated; the comparison
between two groups of observations was carried out using
the Mann-Whitney U-test, between three or more groups
of observations —using the Kruskal-Wallis test. The results
were considered statistically significantat 95 % (P < 0.05).

For transmission electron microscopy (TEM) study,
the brains were removed in 1-5 min after stopping
the heartbeat and placed in a standard fixation solution for
TEM: 2.5 % glutaraldehyde (Alfa Aesar by Thermo Fisher
Scientific)in 0,1 M phosphate buffer (PB), pH = 7.4.Blocks
up to 1 x 1 x 1 mm were cut from the sensorimotor cortex
of the frontal lobe of the left hemisphere and placed for 2 h
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(att = 4 °C)in the same fixation solution with the addition
of sucrose. Additional fixation for 2 h was performed using
1 % osmium tetroxide on PB. Specimens were next pro-
cessed through graded (up to 100 %) series of ethanol for
dehydration and contrasted with a 2.5 % uranyl acetate
solution for 2 h. Dehydrated specimens were then infiltrated
with a mixture of acetone and Eponresin (2:1; 1:1; 1:2), em-
bedded in epoxy medium Epon-812 (Sigma-Aldrich Chemie
GmbH, Taufkirchen, Germany, 45345) and polymerized in
two steps: at36 °C (12h); 56 °C (24 h). Semithin (1-2 pm)
and ultrathin (55-65 nm) sections were cut using an
ultramicrotome (PowerTome RMC Boeckeler, USA) and
stained with lead citrate according to Reynolds (30 min,
t = 25 °C). Semithin sections were stained with methylene
blue and basic fuchsin. Examination of ultrathin sections
at different magnifications and imaging were performed
using the PEM-100-01 electron microscope (“‘Selmi”, Sumy,
Ukraine) at 65 kV.

Results

The immunohistochemical study in control animals showed
a rather low level of the CD68 protein expression in brain
cells for all the studied parameters and its unequal expres-
sion in different brain regions.

Thus, at 48 h of the experiment, the sham-operated
rats showed the highest indicators of the CD68 expression
relative area and the number of immunopositive cells
in the subcortical white matter, respectively: 0.21 (0.20;
0.22) %;8.00(7.00; 11.00). In addition, this area was char-
acterized by the highest percentage ofimmunopositive cells,
in comparison to other areas, with changed morphology
towards the amoeboid form, which was equal to 5.00 (2.00;
10.00) %. Less pronounced indicators were identified in
the cortex, hippocampus, thalamus and caudate/putamen.
In these areas, S rel. (%) and the number (units) of CD68*
cells were: in the cortex —0.13 (0.11; 0.14) %, 6.00 (3.00;
7.00); in the hippocampus - 0.13 (0.12; 0.14) %, 6.00
(4.00; 8.00); in the thalamus - 0.09 (0.07; 0.10) %, 4.00
(3.00; 6.00); in the caudate/putamen —0.11(0.10;0.12) %,
5.00 (3.00; 9.00). The percentage of CD68* cells with
amoeboid morphology in these areas was minimal ( Table 7).

In the survived group of animals (CLP-A), in relation
to the control group, a moderate increase in parameters
of phagocytic activity in the brain tissue was found by 48 h
of the experiment, also showing regional heterogeneity.
Among all the regions studied, the highest indicators of
the S rel. (%) of CD68 expression and the number of
immunopositive cells were typical for the subcortical white
matter; there was also a significant increase in the number
of immunopositive cells with amoeboid morphology. Among
the studied areas, statistically significant differences in
the indicators of S rel. and the number of CD68" cells, in
comparison to the control, were characteristic for: cortex,
subcortical white matter, hippocampus, and caudate/
putamen (Table 1).

In the non-survived animal group (CLP-B), the most
significant increase in all the studied parameters was
observed, which was also characterized by regional diffe-
rences. The highest values of the S rel. of CD68* expression,
the number of immunopositive cells and cells with amoeboid
morphology were noted in (in descending order): subcortical
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Table 1. The indicators of phagocytosis activation in different brain regions in animals of different experimental groups. Data are presented as median
(Me) with lower and upper quartiles (Q1; Q3)

CLP-A CLP-B CLP-C

S rel. (%) CD68"* cells % of CD68" cells | S rel. (%) CD68* cells % of CD68" cells | S rel. (%) CD68* cells % of CD68" cells

in SFV number in SFV | in SFV in SFV number in SFV in SFV in SFV number in SFV | in SFV
with amoeboid with amoeboid with amoeboid
morphology morphology morphology

Cortex

0.30(0.29;0.32)*  7.00(6.00; 8.00)*  4.00 (2.00; 7.00) 0.76 (0.65; 0.73)*  11.00 (10.00; 14.00)* 22.00 (9.00; 23.00)*  0.13(0.11; 0.14) ~ 6.00 (3.00; 7.00) 2.00(1.00; 6.00)
Subcortical white matter

0.47 (0.40; 0,48)*  11.00 (8.00; 12.00)* 10.00 (6.00; 19.00)*  0.95(0.92; 1.15)*  15.00 (12.00; 16.00)* 30.00 (25.00; 35.00)* 0.21(0.20;0.22) ~ 8.00 (7.00; 11.00)  5.00 (2.00; 10.00)
Hippocampus

0.34(0.32;0.35)  8.00(7.00;9.00)*  4.00 (3.00; 8.00) 0.86 (0.74;0.88)*  12.00 (11.00; 13.00)* 19.00(10.00; 20.00)* 0.13(0.12;0.14)  6.00 (4.00; 8.00) 3.00(1.00; 9.00)
Thalamus

0.10(0.09; 0.20) 5.00 (2.00; 7.00) 1.00 (0.00; 4.00) 0.18(0.09;0.21)  5.00 (3.00; 7.00) 2.00 (0.00; 4.00) 0.09 (0.07;0.10)  4.00 (3.00; 6.00) 1.00 (0.00; 3.00)
Caudate/putamen

0.25(0.21;0.35)  6.00 (4.00; 10.00)*  3.00 (1.00; 6.00) 0.97 (0.96; 1.04)*  14.00 (12.00; 15.00)*  29.00 (19.00; 32.00)* 0.11(0.10; 0.12) ~ 5.00 (3.00; 9.00) 2.00(0.00; 3.00)

*: significant differences in indicators of the same brain region compared to the control animals (P < 0.05); CLP-A: survived group; CLP-B: lethal group; CLP-C: control group.
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Fig. 1. Dynamics of the relative area of CD68+ expression (in the microscope SFV, %) Fig. 2. Dynamics of the relative area of CD68+ expression (in the microscope SFV, %)

in the cerebral cortex of CLP-B rats in the postoperative period. in the subcortical white matter of CLP-B rats in the postoperative period.
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Fig. 3. Dynamics of the relative area of CD68+ expression (in the microscope SFV, %) Fig. 4. Dynamics of the relative area of CD68+ expression (in the microscope SFV, %)
in the hippocampus of CLP-B rats in the postoperative period. in the caudate/putamen of CLP-B rats in the postoperative period.

white matter, caudate/putamen, hippocampus and cortex. Thus, summarizing the data obtained from all animals
All the values were statistically significantly different from of each group (CLP-A, CLP-B, CLP-C), the highest S rel.
the control ones (P < 0.05). In the thalamus area, as in indicators of the CD68* expression, as well as the number
the CLP-A group, an increase in indicators was not statisti- ofimmunopositive cells and cells with changing morphology
cally significant, in relation to the control (Table 1). towards phagocytic forms, were typical for the non-survived
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Fig. 5. CD68 expression in the cortex of the non-survived rat (CLP-B group) 20 h after

the CLP procedure. (anti-CD68, Dako, Denmark). x200.

CD68, Dako, Denmark). x200.

Fig. 7. CD68 expression in the white matter of the non-survived rat (CLP-B group) 20 h

after the CLP procedure. (anti-CD68, Dako, Denmark). x200.

(anti-CD68, Dako, Denmark). x200.

Fig. 9. CD68 expression in the hippocampus of the non-survived rat (CLP-B group) 20 h

after the CLP procedure. (anti-CD68, Dako, Denmark). x200.

animal group (CLP-B), and all the differences were signifi-
cant as compared to the control values.

Depending on the time point of the postoperative period,
when decompensation of the animal state of CLP-B group
occurred and euthanasia was performed, the indicators of
phagocytosis activation also had unique features. Thus,
the maximum increase in the S rel. of CD68" expression
was observed 38 h after the CLP-procedure in all the studied

Zaporozhye medical journal. Volume 23. No. 1, January — February 2021

cell. (anti-CD68, Dako, Denmark). x200.

areas other than the thalamic, where this increase was not
statistically significant (Fig. 1-12).

Substantial changes in the cortical microgliocyte ultra-
structure were observed in the CLP-B group beginning 20 h
after the CLP-procedure. In the dynamics of the postopera-
tive period, microglia gradually acquired morphological signs
of active phagocytic cells with the maximum manifestations
at the 38" observational hour.

Fig. 6. CD68 expression in the cortex of the non-survived rat (CLP-B group) 38 h after
the CLP procedure. The inset shows the magnified image of an amoeboid cell. (anti-

Fig. 8. CD68 expression in the white matter of the non-survived rat (CLP-B group) 38 h
after the CLP procedure. The inset shows the magnified image of an amoeboid cell.

Fig. 10. CD68 expression in the hippocampus of the non-survived rat (CLP-B group)
38 h after the CLP procedure. The inset shows the magnified image of an amoeboid
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Fig. 11. CD68 expression in the caudate/putamen of the non-survived rat (CLP-B group)
20 h after the CLP procedure. (anti-CD68, Dako, Denmark). x200.
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Fig. 12. CD68 expression in the caudate/putamen of the non-survived rat (CLP-B group)

38 h after the CLP procedure. The inset shows the magnified image of an amoeboid cell.
(anti-CD68, Dako, Denmark). x200.

Fig. 13. Microglial (dark-blue-colored) location close to the neuron (brown-red-colored)
signed by ischemic condensation, homogenization, and formation of the tight connection
with microglial cell. Delated spaces (highly e-translucent) between the microgliocyte
plasma membrane and surrounding neuropil (yellow-colored). The cortex of a non-
survived rat (CLP-B group). 20 h after the CLP-procedure. TEM, mag. x14,000.

NNu: neuronal nucleus (dark-violet-colored); NPrk: neuronal perikaryon; MgNu: microglial
nucleus; MgPrk: microglial perikaryon.

Fig. 14. Close approximation of two microglial cells to the capillary wall and the formation
by one of them of the tight connection with the vascular outer layer. Accumulation of a
number of lipid and complex lamellar inclusions in the microglial cytoplasm. Enlarged
intercellular spaces (yellow-colored) around microgliocytes. The cortex of a survived rat
(CLP-A group). 48 h after the CLP-procedure. TEM, mag. x12,000.

MgPrk: microglial perikaryon; Lil: lipid inclusions; Lal: lamellar inclusions; EC: endothelial
cell; CL: capillary lumen.
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It was accompanied by an increase in the perikaryon
volume and thickening of the microglial processes due
to the accumulation of a large number of lipid and com-
plex lamellar inclusions, lipofuscin granules and residual
bodies in them (Fig. 74). The immunohistochemical study
using the light microscopy revealed an amoeboid shape of
such cells. Microglial plasma membranes displayed loss
of contacts with the surrounding structures, resulting in
the appearance of extended intercellular spaces around
and indicating an increase in their mobility and migration
activity. Most often, such microgliocytes were found in close
connection with ischemically affected neurons, undergoing
the formation of close contacts with their cell membranes
and apparently turning into their satellites (Fig. 13).

In the group of survived animals (CLP-A), at 48 h of
the postoperative period, the relative frequency of active
phagocytic microgliocytes in the cortical sections was
slightly lower than that in the lethal group at 38 h-time point,
but they had the same ultrastructural distinctive features. In
the survived animals, the accumulation of such phagocytes

around and in close connection with the walls of venules
and capillaries was seen, where microglia often formed tight
contacts with the blood-brain barrier structures (Fig. 14).

Discussion

In the field of neuroglial physiology, one of the most acute
problems is the origin, typical heterogeneity, and cellular
reactivity of microglia. All of these issues still do not have
clear answers and have been only marginally covered,
remaining a subject of study for many decades. The
latest studies in this area show the theoretical possibility of
the heterogeneous origin of different types of microglia, as
well as their differentiated response to various pathological
effects in different regions of the brain [9,10].

Microglial pro-inflammatory M1-like/anti-inflammatory
M2-like polarization is also an actively controversial issue,
leaving many white spots in the concept of the multidirec-
tional effect of microglia on the surrounding tissue structures.
Currently, this subdivision is already considered rather
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simplified and one that does not reflect the real, substan-
tially situational, context-dependent and region-dependent
variety of microglial reactions to the impact of any factors [9].
However, this classification still exists and is actively used in
the interpretation of one or another effect of microgliocytes
on the nervous tissue state. During sepsis, it is supposed
that microglia could induce both neurotoxic and repairing
effect on the tissue depending on the microglial phenotype
assumed [5].

Until now, there is no uniform definition of the “microglial
activation”. This concept potentially includes a number of
genetic, molecular, morphological and functional changes in
cells, and is determined by research methods and models
of exposure to them. In the most cases, the researchers
themselves specify the individual signs of “microglia acti-
vation” in a particular study. “Activation of microglia”, in fact,
is considered as a manifestation of its reactive changes,
and therefore it would be more correct to call such a phe-
nomenon as “microglial reactivity”. Thus, one of the main
signs of microglial reactivity is the cellular mechanisms of
phagocytosis activation. The cluster of differentiation 68
(CD68), a lysosomal membrane marker, is considered as
a common marker of a highly activated state of phagocytic
microglia/macrophages [11].

The available data on CD68-expressing cells are rather
contradictory. Despite the obvious positive significance of
phagocytosis for tissue such as debris and toxic meta-
bolites elimination, there is evidence that CD68* microglia
are associated with the characteristics of the neurotoxic
M1 phenotype [12,13]. However, there are also studies
conforming the anti-inflammatory effects of CD68* cells in
animal models [11,14].

Brain CD68-expressing cells are mainly represented
by phagocytic microglia, perivascular and meningeal mac-
rophages, macrophages of the choroid plexus, as well as
hematogenous macrophages invading brain tissue when
it is exposed to various damaging factors. Although we did
not perform additional phenotyping of immunopositive cells
in our study, the vascular and perivascular expression was
statistically ignored. Thus, our attention was directed only to
the immunopositive cellular components of the brain paren-
chyma, not related to the blood-brain barrier structures and
meninges. These cellular elements could be theoretically
represented by both resident microgliocytes and hema-
togenous macrophages, which penetrated the tissue due
to disruptive changes of blood-brain barrier that is inherent
in SAE [15].

The cytoplasmic expression of CD68 has helped to
identify the morphological features of the immunopositive
cells in CLP-group compared to the control animals, in
particular, shifting to a more rounded (amoeboid) shape and
an enlarged cell body. Such an amoeboid transformation
of microglia is considered as a sign of the resting ramified
forms transition to active phagocytic cells. Coupled with
the increase in the relative area of the marker expression
and the number of immunopositive cells compared to
the control, a combination of these morphological diffe-
rences has resulted in more comprehensive assessment of
the phagocytosis activation level in various brain regions in
the conditions of SAE. All these indicators of phagocytosis
activation were significantly higher in the cortex, white mat-
ter, hippocampus and caudate/putamen in the lethal group
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of animals compared with the control values. In the group
of survivors, the significant difference in indicators was
characteristic for the same areas, but changes in the cell
morphology towards the amoeboid form did not have sig-
nificant differences compared to the control. The revealed
in our study regional-specificity of the increased expression
of microglial markers, in particular CD68, in rodents’ brain
partially coincides with the data of other studies, where
other experimental models of systemic inflammation were
used [16].

The highest values of the S rel. CD68 expression
were found in the white matter and caudate/putamen in
the rats died within 24-38 h of the postoperative period
given the clinical signs of severe sepsis. High levels of
microglial reactivity in the white matter and its detrimental
role on myelinated axons and oligodendrocyte precursor
cells were previously noted by many authors as critical
factor in the pathogenesis of such brain pathologies as
multiple sclerosis, Alzheimer’s disease, traumatic brain
injury, psychiatric pathologies and others [10,17]. Michels
M. et al. in their studies emphasized the damaging effect of
proinflammatory cytokines produced by activated microglia
in the hippocampus [18,19].

Our model of experimental sepsis leads to the con-
clusion that areas such as the white matter and caudate/
putamen (along with the less involved cortex and hippo-
campus) are probably one of the main brain regions where
the most active neuroinflammatory events occur, or there
are the sites with more intense brain-immune crosstalk
established in the condition of systemic inflammatory
challenge.

Higher rates of phagocytosis activation in decom-
pensated animals may indicate predominantly neurotoxic
phenotype of immunopositive cells or, on the other hand,
represent the activation of phagocytosis only as a natural
subsequent outcome of heterogeneous neurotoxicity of a
different origin with decompensation of adaptive mecha-
nisms in the tissue. The second option can be indirectly
confirmed by the data of our previous study, which has
shown early signs of astroglial insufficiency in non-survived
animals and the endosomal system activation in reactive
astrocytes in survived rats [8]. There is evidence of an active
interaction between astroglia and microglia in the brain in
conditions of systemic inflammation; however, this issue
is still largely ambiguous. Nevertheless, studies of inflam-
matory influence on the nervous tissue have shown earlier
reactive changes in astrocytes, leading to the subsequent
reactivation of microglia and manifestation of its neurotoxic
properties [15].

Despite the opinion about the predominantly neurotoxic
effect of activated microglia in neuropathology, there is
growing evidence of an important reparative role of mi-
croglia on intracerebral and even systemic homeostasis.
Thus, the CLP animal model of severe sepsis has shown
the necessity of microglial involvement in reducing the SAE
manifestations including signs of systemic inflammation
since artificial depletion of the microglial population wors-
ened the consequences of sepsis [19].

Our ultrastructural studies of the animal cortex have
shown the active involvement of microglia in the processes
of tissue debris phagocytosis, as well as rather early, begin-
ning from the 20™ h of the postoperative period, activation
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of glio-neuronal and glio-vascular communications. The
microglial movements to damaged or decayed neurons, as
well as the close contacts with them, indicates the active in-
volvement of microglia in the processes of direct intercellular
interaction that can be either a favorable or an unfavorable
force. In our study, such the glio-neuronal communication
was largely typical for animals of the lethal group, where
microglia showed the greatest phagocytic activity, based
on the parallel immunohistochemical analysis. In survived
animals, direct contacts of microglia with neurons were
relatively rare by the 48" h. Instead, a tendency towards
a more frequent occurrence of microgliocytes loaded with
the phagocytosed material in direct contact with the blood-
brain barrier walls was observed in this group, which can
be explained by the tissue debris elimination into the vas-
culature, but not ruling out the brain-systemic signaling
activity of microglia.

It should be assumed that this difference in microglial
reactivity between the lethal and survived groups is largely
explained by the natural reaction of phagocytic glia to more
pronounced tissue destructive processes in the non-sur-
vived animals, which increased in the dynamics of the post-
operative period. However, despite the favorable value
of cleansing the tissue from the products of destruction,
the excessive intensification of phagocytosis, as described
earlier [10,20,21], can also lead to an undesirable direction
of pathological processes in the tissue and the aggravation
of pathology. Furthermore, given the ability of activated
microglia to secrete a number of neurotoxic factors, in-
cluding reactive oxygen species, glutamate, TNFa and
others, the possibility of a wide detrimental signaling effect
of phagocytic microglia on the surrounding medium, con-
tributing to an unfavorable scenario of the brain pathology,
can not be excluded.

Conclusions

1. Beginning from the 20th h after the CLP procedure,
the significant (relative to the control) region-specific dy-
namic increase in the immunohistochemical parameters
of phagocytosis activation was observed in the rat brain.

2. All animals of the CLP group, compared with the con-
trols, showed an increase in the parameters of phago-
cytosis activation in the cortex, subcortical white matter,
hippocampus and caudate/putamen, with not significantly
different values in the thalamus and the highest indicators
in the white matter and caudate/putamen.

3. The greatest increase in parameters of phagocytosis
activation in the white matter and caudate/putamen pre-
sumably may indicate the localization of the most intense
processes of the brain neuroinflammatory response to
systemic inflammation.

4. The highest indices of phagocytosis activation in
the brain tissue were noted at the 38" h in the group of
the non-survived animals given the decompensated sepsis
signs, that most likely indicates a consecutive intensification
of the tissue cleansing processes from the decay products
under SAE conditions.

5. Ultrastructural signs of microglial reactivity indicated
the predominance of close interaction between phagocytic
microglia and neurons in the cortex of the non-survived
animals and glial-vascular eliminating activity in the brain

of the survived animals. That difference may indicate the in-
volvement of phagocytic microglia in neurotoxic mecha-
nisms leading to decompensation of the brain homeostasis
during SAE in the non-survived animals.

Prospects for further research. Given the lack of
data on glial reactivity in various regions of the brain under
conditions of sepsis-associated encephalopathy, it would
be appropriate to conduct a detailed morpho-functional
analysis of other cell populations, their interaction and roles
in the multifactorial dynamic processes of the brain damage
and repair in response to systemic inflammation.
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