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Immunohistochemical analysis of microglial changes
in the experimental acute hepatic encephalopathy

T. V. Shulyatnikova*

Zaporizhzhia State Medical University, Ukraine

Hepatic encephalopathy (HE) is a syndrome of impaired brain function in patients with advanced liver failure and it manifests
in form of psychometric tests alterations up to decreased consciousness and coma. The current knowledge about HE mainly
focused on the theory of ammonia neurotoxicity and neuroinflammation. Microglia being resident innate immune cells of
the brain when activated are responsible for the neuroinflammatory reactions.

The aim — immunohistochemical study of the microglial changes in different rat brain regions in conditions of experimental
acute HE (AHE).

Materials and methods. We used acetaminophen induced liver failure model in Wistar rats. Four from 10 animals that survived
up to 24 h after acetaminophen injection constituted “compensated group”; 6 animals which died within 24 h —“decompensat-
ed group”. Microglial reactive changes were analysed by the evaluation of the relative area (S rel., %) of CD68" expression
in the brain cells not associated with meninges and vessels, as well as the changing in shape and number of these cells.

Results. Acetaminophen-induced AHE in rats was characterized by the regional- and time-dependent dynamic increase in
CD68 expression level in the rat brain in form of significant (relatively to control) increase of CD68* S rel. in brain cells and
the number of such cells. The medians of CD68" S rel. and their numbers in significantly changed regions of non-survived rats
were, respectively: subcortical white matter —0.24 (0.20; 0.26) and 11.00 (8.00; 13.00); thalamus —0.13 (0.90; 0.18) and 6.00
(3.00; 7.00); caudate/putamen —0.13 (0.12;0.18) and 7.00 (4.00; 11.00) —allindicators were statistically significant compared
to control. In the survived animals, indicators were, respectively: subcortical white matter —0.24 (0.16; 0,26) and 10.00 (8.00;
12.00); caudate/putamen —0.12 (0.10; 0.15) and 6.00 (4.00; 10.00) - the differences were significant compared to control.

Conclusions. The highest and significant indicators were revealed at 24 h (compared to earlier time points) of the experiment
in the white matter, thalamus and caudate/putamen. This fact reflects time-dependent dynamic boosting of reactive changes in
microglia and presumably may indicate the regions of the most active neuroinflammatory response within the brain parenchyma
in the conditions of AHE. The appearing of a small percentage of cells with amoeboid transformation among CD68*-cells may
mean partial functional insufficiency of such cells due to probable suppressive impact of ammonia or other influencing factors,
as well as insignificance of the material that needs to be phagocytosed under established conditions.

IMmyHoricToXiMiuHUM aHaAAI3 3MiH MIKPOrAii npu eKcnepuMeHTaAbHIN
rocTpin neviHkoBin eHuedanonarii

T. B. LyaaTHikoBa

MNeviHkoBa eHuedanonartis (ME) — cuHAPOM NOpyLLEHHS PYHKLIT MO3KY B NALIIEHTIB i3 BMPaXEHO NeYiHKOBO HEJOCTAaTHICTIO,
L0 MOXe MaHihecTyBaTh ik 3MiHU NCUXOMETPUYHIX TECTIB i MOrNMBMOBaTUCS [0 3HVKEHHS CBIJOMOCTI 3 PO3BUTKOM KOMM.
CyuyacHi ysBneHHs npo [ME 3ocepempxeHi nepeayciMm Ha Teopii HEMPOTOKCUYHOCTI amiaky Ta HerposananeHHi. Mikpornis, Lwo
npeacTaBnse Pe3MAEHTHUA Myn KNiTUH BPOMKEHOTO IMYHITETY B MO3KY, MiCNS aKTVBALi MOXe BUKIMKaTK HerposanasbHy
Bi4NOBIAb.

MeTta po60T1 —iMyHOrCTOXiMi4HE BU3HAYEHHS MIKpOTTianbHWX 3MiH Y Pi3HUX AinsiHKax MO3Ky B yMOBaX €KCNEPUMEHTaIbHOI
roctpoi ME (FME).

Matepianu Ta meTogu. Bukoprctanu mogenb aleTamiHogeH-iHayKOBaHOI NEYIHKOBOI HEAOCTATHOCTI Y LLypiB niHii Wistar.
YoTunpw TBApUHM (i3 LECATH), SIKi BUXKUIM B TEPMIH A0 24 roauH nicns iH’ekuii aueTamiHodeHy, — komneHcoBaHa rpyna; 6 Tea-
PVH, 5IKi 3arviHyny NpoTaroM 24 roouH, — AekomneHcoBaHa rpyna. MikpornianbHi peakTUBHi 3MiHW OLiHIOBanM LLNSXOM aHanidy
BigHoCHoI mrowi (S rel., %) ekcnpecii CDB8* y kniTuHax MO3Ky, LLO He MOB’S3aHi 3 MO3KoBMMU 0OOMTOHKaMM Ta CyauHamu, a
TaKoX 3a 3MiHaMu hOpMY Ta KiflbKOCTi TaKuX KNiTWH.

Pe3ynkrartu. IHgykoBaHa aueTamiHodeHom ITIE y LwypiB xapakTepuayBanacs perioHanbHAM i AUHaMIYHUM Y Yaci 3p0CTaHHAM
piBHs ekcnpecii CD68 y Mo3ky: BUSIBUNW BiporiaHe o0 KOHTPOI 36inbLueHHs CD68* S rel. y kniTuHax MO3Ky Ta KinbKOCTi
Takux knituH. Megiann CD68* S rel. (%) i kinbkicTe CDB8*-kNiTWH y AiNsiHKaX MO3KY 3i 3HAYYLLWMMM KifbKICHUMU 3MiHaMK y
nomepnux LLypiB CTaHOBUNK: Migkipkoea Gina pevosuHa — 0,24 (0,20; 0,26) Ta 11,00 (8,00; 13,00); tanamyc — 0,13 (0,90;
0,18) Ta 6,00 (3,00; 7,00); xBoctate sigpo/nytameH — 0,13 (0,12; 0,18) Ta 7,00 (4,00; 11,00) BignosigHo. YCi NOKa3HMKH, LO
HaBefEHi, CTaTUCTUYHO BipOriaHO GinbLLi MOPIBHSHO 3 KOHTPOMBHUMM. Y TBAPWH, LLIO BUXKIIIU, NOKA3HWKW CTAHOBUI: MigKipkoBa
6ina peyosuHa — 0,24 (0,16; 0,26) Ta 10,00 (8,00; 12,00); xBocTare sigpo/nytameH — 0,12 (0,12; 0,15) Ta 6,00 (4,00; 10,00)
BiZNOBIAHO; NOKa3HMKM BIiPOTiAHO GinbLUi LLIOAO KOHTPONHO.

BucHoBku. HareuLLi Ta BiporiaHi NoKasHUKM BCTAHOBIEHI Ha 24 rofAuHi eKCrepuMEHTY (MOPIBHAHO 3 NONepeaHiMu YacoBUMMU
nepiogamu) B Giniit pe4oBuHI, Tanamyci Ta xBocTatomy sapi/nyTamei. Lien dakT ninTBepmKye perioH-3anexHe, AMHaMivyHe
B Yaci NOCUNEHHSA PEaKTUBHUX 3MiH MIKPOMil, L0 MOXe BKasyBaTV Ha [iNsHKW PO3BUTKY HaWaKTUBHILLOI HeMpo3ananbHoi
BiANOBiAi B napeHximi Mo3ky B ymoBax [TIE. HasBHicTb cepen CD68*-kniTMH HEBENMKOrO BigcoTka KniTvH 3 ameboigHo0
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TpaHcdopmaLlieto MOXe 03HaYaTy iXHIO YacTKoBY (DYHKLOHamNbHY HEAOCTATHICTb YEPE3 iIMOBIPHUI CyNPECVBHWIA BNAWB amiaky
abo iHWMX dakTopiB, @ TAaKOX HE BUKIIOYAE YTBOPEHHS B LIMX YMOBAX HE3HAYHOI KiflbKOCTi TKAHWHHOTO MaTtepiany, Lo Mae
3a3HaBaTy haroynTosy.

WMMYHOTrMCTOXMMHUUECKUI aHAAU3 U3MEHEHUI MUKPOTAUM NPU 3KCNIEPUMEHTAAbHOM
0CTPOM NEYEHOUHOH IHUEpanONaTUK

T. B. LUyraTHUKOBA

MeveHo4Hast aHUedanonatvs (M3) — cMHAPOM HapyLIEHHOW (YHKLMW MO3ra Y NauMeHTOB C BbIPaXXEHHON NeYEHOYHOM
HEeOOCTaTOMHOCTbIO, KOTOPbI MOXET MaHW(ECTUPOBATL B BUAE M3MEHEHUI NCUXOMETPUYECKMX TECTOB U YCUNMBATLCS 40
CHVKEHWS CO3HaHMS BNOTb A0 pasBuTUS kKombl. CoBpeMeHHbIe NpeacTasnerns o N3 cocpeaoToYeHbl NPeMYLLECTBEHHO
Ha TEOpUW HEeWPOTOKCWYHOCTWM aMMuaka W HevposocnaneHnn. Mukpornus, NpeacTaBnALLas pe3naeHTHbIN Ny KeTok,
OTBeYaloLLMiA 3a BPOXAEHHbIN MMMYHWUTET B MO3re, MOCHe akTUBaLMM CNocobHa MHULIMMPOBATL HEMPOBOCNANUTENBHbI OTBET.

Llenb paboTbl — UMMYHOTUCTOXMMUYECKOE OMNpeaeneHne MUKpPOrnnanbHbIX U3MEHEHWA B pa3nuyHbix 0bnactsx Mosra B
YCMoBWMSIX aKkcnepumMeHTansHomn octpoi M3 (Or13).

Matepuansl u Metoabl. Vicnons3oBaHa Mofenb aleTaMMHOGEH-MHAYLIMPOBAHHOW NEYEHOYHON HEAOCTAaTOMHOCTH Y KPbIC
nmHum Wistar. YeTBepo XUBOTHbIX (M3 AECATH), KOTOPbIE BELKWIIN B CPOK A0 24 YaCcOB NOCHe MHbEKUMW aueTaMuHodeHa, —
KOMMEeHCMpOoBaHHas rpynna; 6 K1BOTHbIX, NOTMBLLKX B TeYEHWe 24 4acoB, — AEKOMMEHCUPOBaHHas rpynna. MukpornmaneHble
peakTMBHbIE U3MEHEHNS OLIEH1BanM NyTem aHanuaa oTHocuTenbHon nnowaaw (S rel., %) akcnpeccun CD68* B kneTkax
Mo3ra, He CBA3aHHbIX C MO3roBbIMW 0BOI04KaMu 1 COCyAaMu, a Takke Mo M3MEHEHNSM OpMbl 1 KONMYECTBA TakuUX KIETOK.

Pesynbrathbl. MHayumpoBaHHas aueTammHodeHom Ol3 y KpbiCc xapakTepu3oBanach pervoHanbHbIM 1 AUHaMUYECKUM BO
BPEMEH POCTOM YpOBHS akcnpeccu CDB8 B Mo3re KpbiC B BAE AOCTOBEPHOMO OTHOCUTENBHO KOHTPOIS yBenuyeHns CD68*
S rel. B kneTkax Mo3ra 1 Konn4ecTsa MMMYHOMO3NUTUBHBIX kreTok. MeanaHsl CD68* S rel. (%) 1 konnyecto CD68*-kneTok
B pervoHax mMosra C CyLLeCTBEHHbIMU KONIMYECTBEHHBIMW U3MEHEHUSMM Y YMEPLLMX KPbIC COCTaBUIN: NOAKOPKOBOE Benoe
BewecTso — 0,24 (0,20; 0,26) n 11,00 (8,00; 13,00); Tanamyc — 0,13 (0,90; 0,18) n 6,00 (3,00; 7,00); xBocTaToe sapo/
nytameH — 0,13 (0,12; 0,18) n 7,00 (4,00; 11,00) cooTBeTcTBEHHO. BCe noka3atenu CTaTUCTUYECKM JOCTOBEPHO BbILLE
KOHTPOMbHbIX. Y BbIKVMBLLKX XUBOTHBIX MOKa3aTenu cocTaBunu: nogkopkoeoe benoe sewectso — 0,24 (0,16; 0,26) n 10,00
(8,00; 12,00); xBoctatoe sgpo/nytameH — 0,12 (0,12; 0,15) n 6,00 (4,00; 10,00) cooTBETCTBEHHO; NOKa3aTenu 4OCTOBEPHO
BbILLE KOHTPOSbHbIX.

BbiBogbl. Camble BbICOKVE 1 JOCTOBEPHbIE NoKa3aTenm OTMeYEHb! K 24 Yacam aKcreprMeHTa (No cpaBHEHWIO C npeablay-
UMMM BpeMEHHbIMU Nepuogamu) B 6enom BeLecTse, Tanamyce U XBocTatoM siape/nytameHe. JToT hakT NoaTBEPXaaeT
PErvioH-3aBrCUMOe, AMHAMUYECKOE BO BPEMEHU YCUNEHWE PEAKTUBHBIX U3MEHEHUI MUKPOTTIAW 1 B ONPELENeHHOI CTENEHM
MOXET yKa3sblBaTb Ha 06nacTv Hambonee akTMBHON HEPOBOCMANUTENBHON peakLmy B napeHxmMe Moara B ycnosusx OfM3.
Hanuuwe cpenyn CD68*-kneTok HeGOMbLLIOMO NPOLIEHTA KITETOK C aMe6oMaHO TpaHChopMaLMen MOXET 03Ha4aTb MX YaCTUHHYO
(pyHKLMOHANBHYIO HEJOCTATOMHOCTb 13-3a BEPOSITHOrO NOAABIISIOLLETO BRMSIHUS aMMuaka Unn Apyrux akTopos, a Takke
He UCKntoyaeT 0bpasoBaHMe B TaKMX YCMOBUSIX HECYLLECTBEHHOMO KOMWYeCTBa TKaHeBOro MaTtepuarna, npegHasHa4YeHHoro
ans garouuTosa.

Hepatic encephalopathy (HE) is a syndrome of impaired
brain function in patients with advanced liver failure
[1]. This complex state presents in a wide spectrum
of neuropsychiatric manifestations from alterations of
psychometric tests up to progressive spatiotemporal
disorientation, decreased consciousness and coma [2].
The pathogenesis of HE is complicated and specific
disease mechanisms remain to be determined, however
the current knowledge about HE development mainly
focused on the theory of ammonia neurotoxicity as a re-
sult of substantial liver disfunction. Besides this concept,
the role of systemic inflammation and neuroinflammatory
response of the brain was emphasized [1]. Microglia be-
ing resident macrophages of the central nervous system
when activated by systemic pro-inflammatory cytokines
are responsible for the brain neuroinflammatory reac-
tions [3]. Neurotoxic forms of activated microglia release
a range of pro-inflammatory and cytotoxic mediators
including IL-1b, IL-1a, TNF-a, NO, prostanoids all indu-
cing damaging effect on the neighboring tissue elements
and affect brain homeostasis [3]. The most prominent
neuropathological sigh of acute hepatic encephalopathy
(AHE) is the development of severe brain edema mostly
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caused by cytotoxic decompensated astrocyte swelling.
Though the fine pathophysiological links of the brain
edematous changes in AHE are still not entirely clarified,
it was proposed that pro-inflammatory cytokines released
by the part of activated microglia might be directly related
to these mechanisms [4].

Different animal and cell culture studies have shown
the controversial influence of acute or chronic hyperam-
monemia on microglial and astroglial reactivity mostly
indicating microglial activation associated with increased
expression of proinflammatory IL-6 and TNF-a cytokines
[5-7]. However, the precise primary cellular source of noted
cytokines synthesis, secretion and consecutive causal
factors inducing increasement of them are still inconsistent
[8]. Considering the above, as well as the fact of small
amount of in vivo studies of microglial reactivity in AHE
conditions, it would be useful to study reactive response
of this neuroglial pool in animal model of acute liver failure
(ALF). The concept of microglial activation still has not
clear definitions, however as a functional sign of the latter
it was widely considered acceptable to use CD68 marker,
that indicates highly activated phagocytic microglia/mac-
rophages [9]. Moreover, given the recently identified wide
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context-dependent and region-dependent morpho-func-
tional heterogeneity of the microglial population in the brain
[10,11], a more detailed research of the microglial reactivity
in different brain structures would make a great contribution
in the better understanding of the cerebral dysfunction
mechanisms in the conditions of ALF.

Acetaminophen is the most widely used antipyretic
and/or analgesic drug and it’s overdosing is the primary
cause of ALF in many countries [12]. Due to the fact, that
such overdosing also causes ALF in rodents this model
can be used for analysing mechanisms of acute hepatic
encephalopathy similar to that in humans [13,14].

Aim
Immunohistochemical study of the microglial changes in

different rat brain regions in the conditions of experimental
acute hepatic encephalopathy.

Materials and methods

For experimental purpose Wistar rats, 200-300 g, were
used. All procedures were conducted according to the Eu-
ropean convention for the protection of vertebrate animals
(Strasbourg, 18 March 1986; ETS No. 123) and the Di-
rective 2010/63/EU. Rats were divided into control group
(n = 5)andAlLF-group (n = 10). For induction of AHE
type “A” (“Acute liver failure” — according to the Ameri-
can Association for the Study of Liver Disease updated
guidelines), we used acetaminophen (paracetamol,
N-acetyl-p-aminophenol [APAP]) induced liver failure
(AILF) model [13,14]. The detailed description of all steps
and characteristics of the experimental model can be
found in our previous paper [15]. After intraperitoneal (i.p.)
acetaminophen injection, rats were examined for signs of
changed major physiological parameters, lethargy, loss
of reflexes. Six rats were euthanised up to 24 h after
the acetaminophen injection. Euthanasia was achieved
by ani.p. administration of sodium thiopental euthanasia
solution due to the above severe clinical symptoms. Four
animals that survived up to 24 h after the procedure were
designated to group “AILF-A” — compensated AILF; 6
animals which died within 24 h after injection constituted
the group “AILF-B” —decompensated AILF. In the control
group “AlLF-C”, all animals survived up to 24 h. In 24 h af-
ter AILF-procedure, all survived and control animals were
euthanised by i.p. injection of sodium thiopental solution.

The material of the brain and liver tissue was
processed according to standard procedures with for-
mation of paraffin blocks. For general histopathological
analysis hematoxylin-eosin stained sections were used.
Immunohistochemical (IHC) study involved detection
of immunopositive labels using mouse monoclonal an-
ti-CD68 antibody (clone PG-M1, RTU, Dako, Denmark)
and UltraVision Quanto detection system (ThermoSci-
entific, USA) at magnification x200 in the standardized
field of view (SFV) of the Scope A1 microscope (Carl
Zeiss, Germany). Morphometric calculations were done
using Videotest-Morphology 5.2.0.158 program. The
characteristics of CD68 expression were evaluated as
the relative area (S rel., %) of immunopositive labelling
to SFV. In addition, numbers of immunopositive cells and
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the percentage of positive cells with changed morpholo-
gy to amoeboid type were assessed. Latter ones show
more round form due to more abundant cytoplasm, with
shortened, thickened processes in relation to rod-shaped
microglia (inset on the Fig. 4). To identify specific features
of glial reactivity such regions were selected as prefrontal
cortex, underlying white matter, thalamus, hippocampus
and caudate nucleus/putamen region.

Digital data were statistically processed by Statis-
tica® for Windows 13.0 (StatSoft Inc., license Ne JP-
Z8041382130ARCN10-J) with evaluating median, lower
and upper quartiles. For comparison between groups
Mann-Whitney and Kruskal-Wallis tests were used. The
results were considered significant at 95 % (P < 0.05).

Results

In our study all experimental animals showed the clinical
signs of growing acute brain disfunction finished by coma-
tose state. Pathohistological changes in their liver tissue
have evidenced its widespread toxic damage. Thus, at
the period up to 24 h, all AILF-rats had pathohistological
signs of centrolobular necrosis, focal hemorrhages, as
well as severe balloon dystrophy of hepatocytes. The
degree of these changes had dynamic increase with
the time after injection.

The IHC study of the brains showed that in control
animals, the expression of the CD68 in the brain tissue
was unequally expressed, region-specific and manifested
at a low level in all studied parameters. Control animals
demonstrated the highest indicators of the CD68* S rel.
(%) and the numbers of CD68* cells in the subcortical
white matter in relation to other regions. Moreover,
white matter was characterized by the most significant
indicators (in comparison to other regions) percentage
of CD68* cells with morphologic transformations into
amoeboid phenotype. Cortical, hippocampal, thalamic
and caudate/putamen regions of control rats demonstrat-
ed relatively smaller numerical indicators of the studied
parameters. The percentage of round-shaped amoeboid
immunopositive cells in all noted regions was represented
at the minimum level (Table 1).

In the brain tissue of survived rats with compensated
AILF (AILF-A) group in relation to control group, by 24 h of
the experiment the moderate, regionally heterogeneous
elevation in the indicators of microglial reactivity was
found. The highest and statistically significant parameters
of CD68* S rel. (%) and the number of CD68"-cells were
characteristic for caudate/putamen and subcortical white
matter compared to other studied areas. The cortex,
thalamus and hippocampus also showed increase of S
rel. (%) and numbers of CD68* cells, however they did
not statistically differ from the control values. The same
statistical insignificance of differences applied to moderate
increase in the number of cells changing their morphology
to amoeboid shape in subcortical white matter of survived
rats (Table 1).

The brain microglial reactive changes in non-survived
animals with decompensated AILF (AILF-B) demonstrated
statistically significant regional-dependent increase in two
studied parameters. The highest rates of the indicators of
the CD68"* S rel. (%) and numbers of CD68*-cells were
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Table 1. The indicators of microglial reactivity in different brain regions in animals from different experimental groups

AILF-A AILF-B AILF-C

CD68*cells % of CD68* CD68*cells % of CD68* CD68*cells % of CD68*
number in SFV | cells in SFV number in SFV | cells in SFV number in SFV | cells in SFV
with amoeboid with amoeboid with amoeboid
morphology morphology morphology
Cortex
0.13 5.00 3.00 0.13 7.00 3.00 0.13 6.00 2.00
(0.10; 0.16) (4.00; 7.00) (1.00; 5.00) (0.10; 0.16) (5.00; 8.00) (1.00; 5.00) (0.11; 0.14) (3.00; 7.00) (1.00; 5.00)
Subcortical white matter
0.24 10.00 6.00 0.24 11.00 6.00 0.22 8.00 5.00

(0.16; 0,26)* (8.00; 12.00) (3.00; 11.00) (0.20; 0.26)* (8.00; 13.00)* (3.00; 10.00) (0.20; 0.22) (7.00; 11.00) (2.00; 10.00)
Hippocampus

0.14 7.00 4.00 0.14 7.00 4.00 0.13 6.00 3.00
(0.11;0.17) (4.00; 9.00) (1.00; 8.00) (0.11; 0.17) (5.00; 9.00) (2.00; 9.00) (0.12; 0.15) (4.00; 8.00) (1.00; 9.00)
Thalamus

0.10 5.00 2.00 0.13 6.00 2.00 0.09 4.00 1.00

(0.07; 0.13) (2.00; 7.00) (1.00; 4.00) (0.90; 0.18)* (3.00; 7.00)* (1.00; 4.00) (0.07; 0.10) (3.00; 6.00) (1.00; 3.00)
Caudate/putamen

0.12 6.00 3.00 0.13 7.00 3.00 0.11 5.00 2.00

(0.10; 0.15)* (4.00; 10.00)* (2.00; 5.00) (0.12; 0.18)* (4.00; 11.00)* (2.00; 5.00) (0.10; 0.11) (3.00; 9.00) (1.00; 3.00)

Data are presented as median (Me) with lower and upper quartiles (Q1; Q3); *: significant differences in indicators of the same brain region compared to the control animals
(P < 0.05); AILF-A: compensated AlLF; AILF-B: decompensated AILF; AILF-C: control group.
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Fig. 1. Dynamics of the relative area of CD68* expression (in the microscope SFV, %) in the subcortical white matter of AILF-B rats in the period after injection.
Fig. 2. Dynamics of the relative area of CD68" expression (in the microscope SFV, %) in the thalamus of AILF-B rats in the period after injection.
Fig. 3. Dynamics of the relative area of CD68* expression (in the microscope SFV, %) in the caudate/putamen of AILF-B rats in the period after injection.

Fig. 4. CD68" expression in the caudate/putamen of the non-survived rat (AILF-B group) 24 h after the injection. The inset shows the magnified image of an amoeboid cell (anti-
CD68, Dako, Denmark). x200.
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noted in (descending order): subcortical white matter,
caudate/putamen and thalamus. In the hippocampus and
cortex increase of noted indicators was not statistically
different relatively to the control. The slight increase in
the percentage of cells with changed morphology in such
regions as caudate/putamen, thalamus and subcortical
white matter of AILF-B rats was also not statistically
different relatively to the indicators of control animals
(P>0.05) (Table 1).

Thus, the data from 3 experimental groups clearly
demonstrated the substantial, reliable increase (compared
to control values) in indicators of CD68* S rel. (%), as well
as the number of CD68* cells in the subcortical white
matter, caudate/putamen and thalamus of non-survived
AILF-B-animals and for subcortical white matter and
caudate/putamen of survived AILF-A-rats.

In the AILF-B group depending on the time after
acetaminophen injection, when decompensation of animal
state occurred, the numerical rates of microglial reactive
changes were different. The maximal level of the CD68*
S rel. (%) was found in caudate/putamen, thalamus and
subcortical white matter at 24 h after the initiating of
the experiment (Fig. 1-4).

Discussion

Besides the old issues on microglia origin, the novel
problem of heterogeneity of microglial populations within
different or even the same adult brain region has arisen
recently [10]. The already established concept of M1-like/
M2-like microglial polarization also has been revised and
now is the subject of great controversy [11]. However,
this subdivision still exists and is actively used by current
neuroscience researchers due to the lack of the evi-
dence-based tools for evaluating the precise microglial
effect on tissue media under certain conditions within
the tissue in in vivo experiments or during the study of
postmortem human material. In the brain tissue CD68*
cells can be generally represented by microglia and
perivascular macrophages, as well as hematogenous
phagocytes entering the brain as a result of various
brain-systemic challenges [10]. Therefore, in our study
we excluded positive cellular immunolabelling related to
the structures of blood brain barrier (BBB).

The current knowledge on the microglial role in the im-
pairment of the astrocytic water metabolism under action
of ammonia neurotoxicity remains unclear to a large ex-
tent. Studies of microglial reactivity using different models
of ammonia intoxication, including primary cell cultures
and acute or chronic HE animal models, have shown
controversial results. Zemtsova |. et al. has experimentally
demonstrated the direct activation of cultured rat microglia
by ammonia in form of increased expression of Iba-1
(ionized calcium binding adaptor molecule 1) — protein
involved in reorganization of the cytoskeleton, required
for morphology changing, cell migration and phagocyto-
sis. Although this was accompanied by activated cellular
migration, there was simultaneous inhibition of phagocytic
microglial activity. Despite noted “activation” signs cultured
microglia did not increase proinflammatory cytokines
mRNA expression, whereas ROS production was induced
[3]. On the other hand, Rao et al. using primary microglial
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cultures has shown an increase in the levels of proin-
flammatory cytokines, oxy-radicals and nitric oxide after
ammonia exposure, and conditioned media derived from
ammonia-treated microglia when added to cultured astro-
cytes led to significant astrocyte swelling [5]. Thrane R. V.
et al. in the slower azoxymethane-induced HE demon-
strated that microglia did not become activated prior to
the onset of neurological dysfunction at the terminal stage
of HE and coincides with BBB opening. In the same study
using a rapid acute hyperammonemic AHE model induced
by ammonia load authors did not show any signs of mi-
croglial activation, despite animals developed high levels
of plasma ammonia and severe neurological impairment.
Consequently, authors suggested that microglial activation
does not contribute to the early neurological dysfunction
during either HE and AHE [7].

Our study revealed partially similar characteristics
of microglial reactivity but in the conditions of AILF-in-
duced AHE, although, this did not apply to all indicators.
In AILF-animals a small percentage of the brain CD68*
cells, as in control rats, was presented as round-shaped
(amoeboid) forms which indicated activation of their
phagocytic activity at that moment. Moreover, the increase
in number of CD68* cells in specified brain regions, as
well as the relative area of the marker expression (with
respect to control) indirectly evidence to inducing of
migration activity of these phagocytes within the brain
tissue, while not excluding invading parenchyma through
the brain barriers. As noted above, in both lethal and
survived animals, morphological transformations of cells
towards the amoeboid form did not have significant
differences compared to control for the same regions.
Altogether, noted features presumably may indicate
the early structural reactive changes of microglia and
simultaneous lack of their functional activity under action
of ammonia and other neurotoxins elevated due to acute
liver failure. However, this does not exclude the relative
insignificance of the amount of tissue material that needs
to be phagocytosed under established experimental
conditions. Elevation of S rel. CD68* and number of such
cells appeared to have a region-dependent specificity:
indicators were significantly higher in the subcortical
white matter, caudate/putamen of the both groups and in
thalamus of non-survived rats, compared to control. This
fact allows to conclude that indicated regions are possibly
ones where neuroinflammatory response unfolds most
intensely in the conditions of AILF. Dynamic evaluating of
noted parameters in the decompensated and euthanized
AILF-B-rats helped to recognize that changing of microg-
lial reactivity developed in time-dependent manner. The
highest indicators of the CD68* S rel. (%) and numbers
of cells were found in the white matter, thalamus and
caudate/putamen at 24 h after injection (if compared to
all earlier time points) (Fig. 7-3). The revealed difference
in higher, statistically significant values of microglial re-
activity in non-survived rats may indicate predominance
of neurotoxic effects of CD68* cells, as well as represent
phagocytosis activation as a subsequent mechanism of
tissue cleansing after the irreversible damaging impact
of neurotoxins. These features can be comparable to our
previous study on astroglial reactivity in the conditions of
experimental AILF, where the most severe edematous
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and destructive changes in astrocytes were characteristic
for decompensated cases of AILF at 24 h after injection
[15]. This fact can indirectly evidence the close interac-
tion between astro- and microglia in the conditions of
AHE, although this still does not give a clear answer to
the question: “Which one of this pair has a primary influ-
ence on the other and what is this effect?” Clarifying these
questions requires more comprehensive technological
approaches and complex study.

Conclusions

1. In the conditions of AILF in the rat brain there is
dynamic, region-specific increase in microglial reactive
changes.

2. The highest indicators of microglial reactive
changes were revealed at 24 h after initiation of AILF
in the subcortical white matter, thalamus and caudate/
putamen which presumably may indicate the regions
of the most active neuroinflammatory response within
the brain tissue in acute hepatic encephalopathy.

3. The small percentage of cells with amoeboid
shifting among CD68*-cells may mean partial functional
insufficiency of these cells due to probable suppressive
impact of ammonia and other influencing factors or relative
insignificance of the amount of tissue material that needs
to be phagocytosed under established conditions.

Prospects for further research. Considering
the central role of neuroglia in adaptation and responses of
the brain to various systemic and intracerebral challenges,
it is necessary to study the interaction between different
glial pools in the conditions of somatogenic toxic encepha-
lopathies, including hepatic one, not only in experimental
models, but also using postmortem human material.
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