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Abstract. Pathomorphology of severe Grade 3-4 hepatic encephalopathy in decompensated cirrhosis patients with
acute-on-chronic liver failure. Shulyatnikova T.V., Tumanskiy V.O., Tumanska L.M. The study was aimed to
determine of the most significant pathomorphological signs of severe hepatic encephalopathy (HE) in deceased cirrhotic
patients with acute-on-chronic liver failure (ACLF) syndrome based on changes of the glioneuronal complex and the level
of tissue ammonia. Using pathohistological, histochemical, and immunohistochemical methods, the cerebral cortex,
thalamus, striatum, and cerebellum of 21 deceased patients with acutely decompensated liver cirrhosis with ACLF syndrome
and HE Grade 3-4 were examined in comparison with control group, which included 30 deceased patients from acute
cardiovascular failure. The study revealed that during HE Grade 3-4 as a component of ACLF, in all studied brain regions,
there was a reliably (p<0.05) higher histochemical level of tissue ammonia (up to 500%), increased numbers (up to
215.69%) of apoptotic neurons (according to caspase-3), reduced (up to 119.60%) level of synaptophysin, increased
expression of glutamine synthetase (up to 253.02%) and aquaporin-4 (up to 481.81%) associated by reduced (up to
296.81%) expression of glial fibrillary acidic protein in astrocytes, increased (up to 11-fold) numbers of Alzheimer type 2-
astrocytes, expansion of perivascular and pericellular «edematousy spaces (up to 890.81%), increased numbers of amyloid
bodies (up to 5-fold), increased area of immunopositive material of CD68+ microgliocytes (up to 114.78%) with an increase
(up to 71.91%) in the proportion of CD68+ amoeboid microglia. The above-mentioned changes confirm that the loss of
consciousness and other psychoneurological manifestations of severe HE Grade 3-4 are due to compound ammonia-
associated changes in the components of the glioneuronal complex, namely: adaptive remodeling and dystrophic changes
in astrocytes, reduced synaptic transmission and apoptotic neuronal death, reactive changes in microglia with a small
proportion of microgliocytes involved in phagocytosis, cytotoxic brain edema and dysfunction of the glymphatic system.

Pedepar. IlatomopdoJiorisa 3-4 cTyneHiB TSAKKOCTI Me4iHKOBOI eHIledaonaTii y XBOPUX HA JeKOMIIEHCOBAHMI P03
NeYiHKM 3 CHHAPOMOM TOCTpoi Ha T XpoHiuHOI neyiHkoBoi HepocTaTHOCTI. IllyasitnikoBa T.B., Tymancekmii B.O.,
Tymanceka JIL.M. [Jocrioscenns npucesuene 6uU3HA4EHHIO HAUOIbUL CYMMESUX NAMOMOPDONOSIUHUX O3HAK MANHCKOL
neyinkogoi enyepanonamii (IIE) y nomepaux Xeopux Ha yupo3 NeyiHKU 3 CUHOPOMOM 20CMpOi HA ML XPOHIYHOL
neyinkogoi neoocmamuocmi (I’ XIleuH) na niocmagi 3min 2NIOHEUPOHANTLHO20 KOMNLEKCY Md PI6H MKAHUHHO20 AMIAK).
3a oonomoezoro namozicmonoziuHux, 2iCMOXIMIYHUX, IMYHOLICIOXIMIYHUX MemOOi8 OOCTIONCEHO KOPY 8eTUKUX NIGK)Ib
2010681020 MO3KY (I'M), manamyc, cmyeacme mino, mo304ok 21 nomepnozo x60poeo Ha 20CMpo OeKOMNEeHCOBAHU YUPO3
neyinku i3 cunopomom I'XIleuH ma I1E Grade 3-4 6 nopisnanni 3 epynoro kowmpono, wjo exmouuna 3 30 nomepaux 6io
eocmpoi’ cepyego-cyounnoi nedocmamuocmi nayicumis 6e3 I1E. Pe3ynomamu 0ocnioscenns noxkasanu, wjo npu I1E 3-
4 cmynenie maxckocmi 6 cknadi cunopomy I'XlleuH 3 y 6cix docniodcenux eiodinax I'M suseniemovcsi 00cmosipHo
(p<0,05) i 3nauno suwuii (0o 500%,) pisenv mranunHo2o amiaxy, niosuweHna Kirvkicms (0o 215,69%) anonmomuynux
HeupoHie (3a kacnazoio-3) ma sHudicenuil (0o 119,60%) pisenv excnpecii cunanmogizuny, niosuwenutl (0o 253,02%)
pisens excnpecii emomamincunmemasu i akeanopurny-4 (0o 481,81%) ma s3nuorcenuit (0o 296.81%) pisensv excnpecii
eniogiopunsaproeo 6inky 6 acmpoyumax, niosuujena (0o 11 pasis) kinbxicms acmpoyumis Anvyeetivepa 2 muny, 3Haune
(0o 890,81%) poszwupenns nepusacKyIsApHUX i NEPUYENIOISAPHUX «HAOPSIKOSUX» Npocmopis, niosuujena (0o 5 paszie)
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KLMbKicmb aminoionux mineys, niosuugena (0o 114,78%) nnowa excnpecii CD68+ mikpoenioyumie ma 30inouiena (00
71,91%) uacmka CD68+ ameboionux mikpoenioyumie. Ompumani 0ami ceiouams npo me, W0 3HUNCEHHS. C8I0OMOCMI
ma iHwi ncuxoHesponoeiuni nposeu msdickoi IIE 3-4 cmynenie msoickocmi 3yMO6IeH] amiak-acoyiioganumu mMopgo-
QyuryionanbHumMyu 3MIHAMU 2NIOHETPOHATLHO20 KOMNIIEKCY, d came: a0anmueHUM pPeMOOeNO8aAHHAM mMa OUCMPO-
DiuHUMU IMIHAMU ACTPOYUMIB, 3HUICEHHAM CUHANMUYHOL nepeoayi ma anonmo30M HelupoHis, peakmuGHUMU 3MIHAMU
MIKpO2Tii 3 He3HAUHUM 3POCHAHHAM YACMKU (Da2oyumyouux MiKpo2iioyumis, a maxKoic YyumomoxcuuHum Haopsaxkom I' M

ma oucyHKyiero enimpamuynoi cucmemu.

Hepatic encephalopathy (HE) in patients with
liver cirrhosis (LC) is believed to be conditioned by
ammonia-induced astrogliopathy [1, 2, 3], which,
according to the results of our recent studies [4], is
associated with an increased optical density of tissue
ammonia precipitates, altered expression of key
astroglial proteins (GFAP, GS, and AQP4) and the
appearance of numerous Alzheimer type 2 astrocytes
(AA2) in the thalamus, striatum, cerebellum and
cerebral cortex. In patients with acute decom-
pensation of LC (acute development of refractory
ascites and/or gastrointestinal bleeding, systemic
inflammation, jaundice), severe HE occurs as a
component of the most dangerous syndrome during
LC — acute-on-chronic liver failure (ACLF) [5], when
the above symptoms of acute decompensation of LC
are aggravated by signs of organ dysfunction/failure
(liver and/or kidney, brain, lung, circulatory), which
is associated with an extremely high rate of a shot-
term mortality (< 28 days after hospital admission)
[6]. According to CLIF-C OF scale assessment of
ACLF [7], decreased consciousness of cirrhotic
patients up to deep stupor (12-11 points of Glasgow
coma scale [GCS]) is referred as HE Grade 3, and
comatose state (<8 points according to GCS) — as HE
Grade 4. Despite the fact that severe Grade 3-4 HE
significantly increases cirrhotic patients mortality
rates and affects thanatogenesis, its pathomorpho-
logical characteristics is lacking and was only par-
tially described by selected studies [1, 8]. Considering
the above, the current study was aimed to determine
the most important pathomorphological signs of
severe Grade 3-4 HE in deceased cirrhotic patients
with ACLF based on the glioneuronal complex
changes and the level of brain tissue ammonia.

MATERIALS AND METHODS OF RESEARCH

The study was performed on authopsy material of
21 deceased patients with acutely decompensated
non-alcoholic LC of class C according to Child-Pugh
scale [9], aged 55-83 y.o. (mean age 60.00+7.07 y.0.)
associated with HE Grade 3 (n=14) and Grade 4
(n=7). According to the CLIF-C OF scale, these pa-
tients additionally manifested intravital signs of acute
liver and/or kidney, circulatory dysfunction/failure
(based on the serum bilirubin, creatinine and mean
arterial pressure, respectively), as well as laboratory
signs of systemic inflammation (leukocytosis,
increased ESR and leukocyte intoxication index),
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which corresponded to criteria for ACLF according to
EASL-CLIF (Table) [7].

The conditional control group included patients
who died from acute cardiovascular failure without
toxic-metabolic pathologies and signs of encepha-
lopathy (n=30).

The study meets the requirements stated in the
Declaration of Helsinki «Ethical principles of medical
research involving human subjects» of the World
Medical Association, the «General Declaration on
Bioethics and Human Rights (UNESCO)», the Order of
the Ministry of Health of Ukraine «On Approval of the
Procedure for Conducting Clinical Trials of Medicinal
Products and examination of materials of clinical trials
and a standard regulation on ethics commissions»
No. 690, 09/23/2009, and was approved by the local
Bioethics committee of Zaporizhzhia State Medical and
Pharmaceutical University (protocol No. 13, March 15,
2024). Pathomorphological studies of the brain were
performed within the standard list of brain regions
necessary for diagnosing the causes of death.

Cortical samples from the frontal, parietal, temporal,
and occipital lobes of the cerebral large hemispheres,
thalamus, striatum, and cerebellum were fixed in 10%
buffered formalin and embedded in paraffin blocks.
Serial 4 pm sections for microscopic analysis (hemato-
xylin and eosin staining), histochemical (HC) and
immunohistochemical (IHC) studies were produced by
the precession rotary microtome HM3600 («MICROM
Laborgerate GmbH» — Germany). Ammonia determi-
nation in paraffin brain sections was performed by HC
method using Nessler's reagent according to V. Gu-
tiérrez-de-Juan et al. [10]. IHC studies were run in pa-
raffin sections according to the manufacturer's instruc-
tions using the UltraVision Quanto HRP + DAB System
visualization system (Thermo Scientific, USA). The
level of neuronal apoptotic changes was detected using
Mo a-Hu Caspase 3 (Casp3) (CPP32) Ab-3 (Clone
3CSPO3, Thermo Scientific Inc., USA); synaptic vesic-
les quantities in presynaptic terminals were identified by
Mo anti-synaptophysin (Syn) Ab (Clone SY38, Thermo
Scientific Inc., USA); to identify astrocytic changes
were used Mo anti-GFAP Ab (Clone ASTROG6, Thermo
Scientific Inc., USA), Rb polyclonal anti-GS Ab (Ther
mo Scientific Inc., USA) and Rb polyclonal anti-AQP4
Ab (Thermo Scientific Inc., USA); microglia and
amoeboid microgliocytes were identified by Mo a-Hu
CD68 Ab (clone PG-M1, Dako, Denmark).
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Distribution of ACLF signs in deceased patients
with acutely decompensated LC according to CLIF-C OF scale [7]

Organ dysfunction/failure

Precipitating/pre-existing factors

No.
brain (he) liver kidney C P SAP SI A GIB J
1 Grade 3 - - F + - + Ao - Gd
2 Grade 3 D - D + - + Gd + Ao
3 Grade 3 - - D - + + Gd + Gd
4 Grade 3 D D + - + Ao - Ao
5 Grade 3 D D F - - + Ao + Ao
6 Grade 3 - D - - - + Ao + Gd
7 Grade 3 D D - + - + Gd - Gd
8 Grade 3 F D D + - + Gd - Ao
9 Grade 3 F - D - - + Ao - Ao
10 Grade 3 F - F - - + Ao - Ao
11 Grade 3 F D D + - + Gd + Ao
12 Grade 3 - D D - - + Ao - Gd
13 Grade 3 D D D - + + Ao - Gd
14 Grade 3 D - D + - + Gd + Ao
15 Grade 4 D F D - + + Ao - Gd
16 Grade 4 F D D + + + Ao + Ao
17 Grade 4 D - F + - + Ao + Gd
18 Grade 4 F F + - + Ao + Ao
19 Grade 4 D D F - + + Gd - Gd
20 Grade 4 D F D + - + Ao - Gd
21 Grade 4 F D F + + + Gd - Ao

Notes: C — circulation; P — pneumonia; SAP — spontaneous ascites-peritonitis; SI — systemic inflammation (leukocytosis, increased ESR, leukocyte
intoxication index); A — ascites; GIB — gastrointestinal bleeding; J — jaundice; D — acute organ dysfunction; F — acute organ failure; Gd — gradual

development; Ao — acute onset.

Morphometric analysis was performed in the
microscope Scope Al «Carl Zeiss» (Germany) with ca-
mera Jenoptik Progres Gryphax 60N-C1"1,0x426114
(Germany) using morphometric software. HC ammonia
expression and IHC expression of synaptophysin were
determined in Image] (National Institutes of Health,
USA) using automatic mode with standard plug-in color
deconvolution «<H DAB» in 5 standardized fields of
view (SFV) x200 of four mentioned brain regions in
each case and were expressed in conventional units of
optical density (CUOD). With CUOD values from 0 to
20, ammonia and synaptophysin expression were
considered negative («-»); 21-50 — weak («+»); 51-
100 — moderate («++»); 101> — strong («+++»). Using
Videotest-Morphology 5.2.0.158 (LLC «VideoTest»)
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software, in 5 SFV x200 of each case, in four brain
regions were determined the relative area (Srel.%) of
immunopositive material of GFAP, GS, AQP4, and
CD68, the percentage of Caspase 3+ neurons (%), and
at magnification x400 — percentage of CD68+ amoeboid
microgliocytes (%). In each studied brain region, in
5 SFV x400, the mean area of «empty» (swollen) peri-
cellular and perivascular spaces (PCs+PVs) (um?) as
well as the average number of amyloid bodies (AB) was
calculated. In 20 SFV of each case, the number of
Alzheimer type 2 astrocytes was determined and de-
signed 4 degrees of AA2-astrocytosis: 1-5 AA2 —0 deg-
ree; 6-10 AA2 — I degree (weak AA2-astrocytosis); 11-
20 AA2 — Il degree (moderate); 21 or more AA2 — III
degree (severe) [4].

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

Data were processed using the Statistica®™
13.0 package (StatSoft Inc., License
No. JPZ804I382130ARCN10-J).  Results were
represented as median (Me) with range (Q1; Q3). The
Mann-Whitney U-test was used to compare two
groups, and the Kruskal-Wallis test was used for two
or more groups. The results were considered statis-
tically significant at the level of 95% (p <0.05) [11].

RESULTS AND DISCUSSION

Considering the results obtained, we can assume
that loss of consciousness and other neurological
symptoms of HE in ACLF are conditioned by neuro-
toxic, ammonia-induced significant morpho-functio-
nal changes of the glioneuronal complex, which can
be determined by pathomorphological examination of
cerebral cortex, thalamus, striatum and cerebellum. In
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the named brain regions of deceased patients with
ACLF and HE Grade 3-4, moderate and strong
granular expression of ammonia precipitates reliably
(p<0.05) and significantly exceeded the indicators of
the control group with negative ammonia expression.
In the cortex this relation was 72.15 (69.32; 77.45) vs.
18.14 (15.26; 19.53) CUOD (297.73% higher); tha-
lamus — 112.04 (106.74; 115.25) vs 19.25 (16.58; 19.72)
CUOD (482.02% higher); striatum — 103.46 (101.12;
107.29) vs 18.46 (15.69; 18.93) CUOD (460.45% hig-
her); cerebellum — 118.45 (110.29; 121.62) vs 19.74
(18.32; 19.83) CUOD (500.00% higher), respectively
(Fig. 1,2). These data confirm the widely accepted
hypothesis that implicates ammonia as a major
neuroaggresive factor and trigger for HE develop-
ment during liver failure [12, 13].
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ACUOD - ammonia level (expressed in CUOD); AA2, n — Alzheimer 2 astrocytes (numbers); GFAP, S rel, % — relative area of GFAP
immunopositivity; GS, S rel, % — relative area of GS immunopositivity; AQP4, S rel, % — relative area of AQP4 immunopositivity; CD68, S rel, % —
relative area of CD68 immunopositivity; % CD68 ameb — the percentage of CD68" amoeboid microglial cells; % CASP3" neurons — the percentage of
CASP3" neurons; Syn, CUOD - synaptophysin level expressed in CUOD; PVS+PCS, um2 — the average area of the extended tissue perivascular and

perycellular spaces expressed in um2; AB, n — amyloid bodies (numbers).

Fig. 1. Median indicators of pathomorphological parameters of the cerebral cortex (A), thalamus (B), striatum (C),
and cerebellum (D) of deceased cirrhotic patients with HE Grade 3-4 during ACLF compared to control group
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Fig. 2. Strong («+++») brownish-colored histochemical expression (in CUOD) of the ammonia in tissue precipitates
accompanied by the presence of numerous AA2-astrocytes (red arrows) in the thalamus of a deceased cirrhotic patient
with HE Grade 4 (hepatic coma) during ACLF. HC reaction with Nessler's reagent. Mg. x 400

According to our data, high amounts of tissue
ammonia precipitates in HE during ACLF adversely
affect neurons and synaptic transmission in the brain
associating with a compound morpho-functional remo-
deling of the glioneuronal complex. In deceased
cirrhotic patients with severe HE, there was a reliable
(p<0.05) increase in the percentage of Caspase 3+
neurons in apoptotic state (compared to control): in the
cortex, the relation was 13.02 (11.37; 14.56) vs 5.63
(3.29; 8.68)% (131.26% higher); thalamus— 10.26
(7.45; 12.04) vs 3.25 (2.74; 4.67)% (215.69% higher);
striatum — 10.48 (7.46; 11.72) vs 4.37 (3.19; 5.72)%
(139.81% higher); cerebellum — 9.26 (7.48; 10.36) vs
425 (2.16; 524)% (117.88% higher), respectively
(Fig. 1). According to [1], in liver failure, apoptosis and
selective cytolysis are characteristic morphological
forms of neuronal death. P.R. Angelova et al. (2022)
have evidenced that neuronal death during hepatic
hyperammonemia is mostly conditioned by mito-
chondrial dysfunction mechanisms [14]. At the same
time, signs of reduced neuronal synaptic transmission
were registered in the brains of patients with severe HE
in ACLF. Thus, synaptophysin expression reliably
(p<0.05) reduced compared to control: in the cortex —
32.45 (30.97; 35.51) vs 61.65 (56.23; 71.34) CUOD
(reduced by 89.98%); thalamus — 27.54 (25.68; 34.56)
vs 60.48 (57.92; 65.35) CUOD (lower by 119.60%);
striatum — 29.67 (27.51; 38.48) vs 54.72 (51.12; 58.63)
CUOD (reduced by 84.42%); cerebellum — 37.64
(32.54; 41.83) vs 51.37 (48.63; 53.92) CUOD (lower by
36.47%), respectively (Fig. 1, 3). Decreased synaptic
transmission in all studied brain regions can be
explained by direct ammonia-induced severe neuronal
dysfunction and more important widespread astroglial
insufficiency; the latter, according to [15, 16], deter-
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mines the dysfunction of perisynaptic astrocytic proces-
ses and disruption of synapses. A central role in this
primary synaptic dysfunction may be played by
ammonia-induced deficiency of membrane glutamate
and glutamine transporters in astrocytes and neurons,
leading to accumulation of glutamate in synaptic clefts
and increased glutamine levels within astrocytes,
leading to excitotoxic neuronal death and degenerative
cytotoxic/osmotic swelling of astrocytes [12, 13].

In the brains of deceased patients with HE
Grade 3-4, simultaneously with increased tissue am-
monia, it was determined reliably (p<0.05) elevated
compared to control IHC expression of GS — the main
astrocyte-specific enzyme for ammonia detoxi-
fication. Median values of Srel.% of GS+ IPM were
equal to: in the cortex — 16.27 (14.31; 18.43) vs 4.29
(2.26; 5.63)% (209.32% higher); thalamus — 7.59
(5.75; 9.51) vs 2.15 (1.73; 3.45)% (253.02% higher);
striatum — 5.37 (5.18; 6.53) vs 1.84 (1.33; 2.12)%
(191.84% higher); cerebellum — 7.32 (6.56; 9.25) vs
2.43 (0.63; 2.84)% (201.23% higher) respectively
(Fig. 1, 4). Physiologically, astrocytes are the main
brain cells responsible for the conversion of ammonia
and glutamate to glutamine through catalysis by GS.
Besides supposed dysfunction of SNAT-transporters
removing gluamine from astrocytes to nearby neu-
rons during HE [3], our study revealed that accumu-
lation of glutamine osmolyte in astrocytes may also
be due to an increase in its synthesis conditioned by
increased GS expression. Such hyperexpression of
GS is supposed to be a compensatory astrocytic res-
ponse to accumulation of tissue ammonia and is
consistent with reported experimental data on acute
and chronic liver failure [17]. However, glutamine
accumulation in these conditions is one of the most

Ha ymosax niyensii CC BY 4.0
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detrimental for astrocytes and brain tissue as it leads
to osmotic cellular edema. Moreover, glutamine
(according to «Trojan Horse» hypothesis) can act as
a Trojan Horse being a hidden ammonia carrier. Thus,
being transported to the mitochondria via the gluta-

mine transporter (GLN-Tx), glutamine undergoes
metabolizm by phosphate-activated glutaminase into
glutamate and ammonia. Accumulation of the latter
instigate mithochondrial dysfunction, generation of
reactive oxygen species, and tissue energy failure [16].

Fig. 3. Weak synaptophysin expression (in CUOD) in the presynapnic membranes of interneuronal synapses
of thalamus in the deceased cirrhotic patient with HE Grade 4 (hepatic coma) during ACLF.
Mo monoclonal anti-synaptophysin Ab (Clone SY38, Thermo Scientific Inc., USA) Mg. x 400

Fig. 4. Extended area of GS expression in the thalamus of a deceased cirrhotic patient with HE Grade 4
(hepatic coma) during ACLF. Rb polyclonal anti-GS Ab (Thermo Scientific Inc., USA). Mg. x 400

In all studied brain regions of deceased patients
with ACLF and severe HE was observed a reliablely
(p<0.05) larger (compared to control) mean area of
perivascular and pericellular «swollen» tissue spaces
(PVs+PCs) which, according to electron microscopy,
represent expanded perivascular and pericellular
astrocytic processes [18]. Srel.% medians of these
«swollen» tissue spaces were equal to: in the cortex —
102.64 (81.69; 105.68) vs 11.63 (9.48; 14.25) um?
(782.54% higher); thalamus — 97.42 (85.12; 102.45)
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vs 10.06 (8.15; 11.45) um?* (868.38% higher); stria-
tum — 93.55 (81.36; 99.39) vs 9.54 (9.32; 12.51) um?
(880.60% higher); cerebellum — 101.36 (98.43; 110.15)
vs 10.23 (9.98; 11.56) um? (890.81% higher), respec-
tively (Fig. 1). At the same time, a reliably (p<0.05)
higher compared control expression of the main brain
water channel protein AQP4 was also determined.
Srel.% indicators of AQP4+ IPM were: in the
cortex — 15.64 (12.63; 17.12) vs 3.40 (3.22; 4.25)%
(360.00% higher); thalamus — 8.32 (7.57; 9.37) vs
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1.43 (0.43; 1.68)% (481.81% higher); striatum — 8.17
(6.86; 8.59) vs 1.95 (1.65; 2.43)% (318.97% higher);
cerebellum —9.75 (8.84; 11.93) vs 3.16 (2.47; 3.75)%
(208.54% higher), respectively (Fig. 1, 5). The enlar-
ged swollen tissue spaces in HE confirms the
development of complex edematous mechanism
presumably including both cytotoxic and vasogenic
pathways. The first one was more evidenced for
severe forms of HE type «A» during acute liver
failure, while the second is more characteristic for
persistent milder HE forms [1]. In both variants,

edematous spaces are predominantly reflect enlarged
swollen astrocytes and their processes, which are the
central to HE pathomorphology. AQP4, which is a
universal actor in the water exchange mechanisms,
when increased, also speaks in favor of both ede-
matous pathways. This corresponds to the reports of
experimental studies which established that hyperam-
monemic medium induces dysfunction of the blood-
brain barrier (BBB), promotes hyperexpression of
AQP4 and supports brain edema [3, 18].

Fig. 5. Extended area of AQP4 expression in the thalamus of a deceased cirrhotic patient with HE Grade 4
(hepatic coma) during ACLF. Rb polyclonal anti-AQP4 Ab (Thermo Scientific Inc., USA). Mg. x 400

In deceased patients with ACLF and HE Grade 3-
4, a significant (p<0.05) compared to control
accumulation of amyloid bodies (AB) in the brain
perivascular and subpial regions was determined. The
median values of AB numbers were equal to: in the
cortex — 5.00 (4.00; 6.00) vs 1.00 (0.00; 2.00) units
(5-fold higher); thalamus — 7.00 (6.00; 9.00) vs. 2.00
(1.00; 3.00) units (3.5-fold higher); striatum — 6.00
(5.50; 8.00) vs 2.50 (1.00; 4.00) units (2.4-fold hig-
her); cerebellum — 7.00 (6.50; 10.00) vs 2.00 (1.50;
2.00) units (3.5-fold higher) respectively (Fig. 1).
There is growing body of evidence that AB are
initially formed in astrocytic cytoplasm during
utilizing their own and tissue decay products and
gradually accumulate there like containers which
subsequently released from astrocytes, migrate to the
glymphatic system and transported to deep cervical
lymph nodes, where they are eventually phago-
cytosed by local macrophages [19, 20]. It can be
assumed that the accumulation of AB in severe HE
may indicate the processes of active neutralization by
astrocytes of the products of neurotoxin-induced
disturbed metabolism and be a marker of partial
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failure of the glymphatics, which cannot ensure
timely transport of AB to the extracranial lymphatic
system. Therefore, AB can be considered a putative
marker of astroglial and glymphatic failure, which
can be used to assess the functionality of the
astrocytic syncytium in various neuropathologies.
Alzheimer type 2 astrocytes, widely considered
the hallmark of HE, represent the morphological
manifestation of profound dysmetabolic astrody-
strophy [21]. AA2 were extremely rarely observed in
the brains of control patients, while in patients with
ACLF and HE Grade 3-4 they were determined in
reliably (p<0.05) higher numbers — median values of
AA2 were equal to: in the cortex — 25.00 (21.50;
26.00) vs 3.00 (2.00; 4.00) units (8.33-fold higher);
thalamus — 37.00 (22.50; 56.00) vs. 4.00 (3.00; 6.00)
units (9.25-fold higher); striatum - 27.00 (24.50;
47.00) vs 3.00 (3.00; 5.00) units (9-fold higher); cere-
bellum — 33.00 (28.00; 54.00) vs 3.00 (4.00; 6.00)
units (11-fold higher) respectively (Fig. 1, 2). Micro-
scopically, AA2 have an enlarged watery nucleus
with a scant marginal chromatine, excentric nuc-
leolus, and thing rim of cytoplasm [4]. This astrocytic
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morphotype is considered irreversible, followed by
further vacuolar degeneration of the nucleus, endo-
plasmic reticulum, Golgi complex, and cell death [4].
Widespread appearing of AA2 in all studied brain
regions confirms the value of these cells for diagnosis
of severe HE. In support of the astrodystrophic con-
cept, in deceased patients with ACLF and HE
Grade 3-4, a significantly reduced (compared to
control) Srel.% of intermediate filament protein
GFAP+ IPM was revealed in astrocytes of all studied
brain regions; the median values of which were: in the
cortex — 1.24 (0.42; 1.38) vs 4.52 (4.23; 5.57)%
(264.51% lower); thalamus — 1.74 (1.06; 1.86) vs 6.36
(5.91; 6.79)% (265.51% lower); striatum — 1.57
SAY

-
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> A

(1.05; 1.77) vs 6.23 (5.70; 7.84)% (296.81% lower);
cerebellum — 1.88 (1.75; 2.03) vs 5.59 (5.18; 5.83)%
(197.34% lower), respectively (p<0.05) (Fig. 1, 6).
Although neuroinflammatory mechanisms is con-
sidered to play an important role in the development
of HE, and increased GFAP levels have been sug-
gested (as is typically seen during astrocyte reactivity
in an inflammatory environment), we found the
opposite response. According to [1, 18], revealed
decreased GFAP expression confirmed the loss of
control by astrocytes over synthesis of their cy-
toskeletal proteins in a hyperammonemic media
contributing to their transformation into AA2.

Fig. 6. Decreased GFAP expression in the cerebral cortex of a deceased cirrhotic patient with HE Grade 4 (hepatic
coma) during ACLF. Mo monoclonal anti-GFAP Ab (clone ASTROG6, Thermo Scientific Inc., USA). Mg. x 200

It is believed that in HE there is no remarkable
BBB disruption for proteins and cells, therefore the
number of hematogenous immunocompetent
cells/macrophages in the brain tissue does not
increase significantly [ 18]. Similarly to control group,
in the brains of deceased patients with ACLF and HE
Grade 3-4, most of the extravascular CD68+ cells had
the morphology of surveilling microglia: a small body
and elongated dichotomously branched processes; a
small percentage of CD68+ amoeboid microgliocytes
was also observed. However, compared to control,
Srel.% of extravascular CD68+ microgliocytes in
patients with ACLF and HE Grade 3-4 was signi-
ficantly (p<0.05) higher; the median values were: in
the cortex — 7.41 (6.56; 7.83) vs 3.45 (2.37; 4.68)%
(114.78% higher); thalamus — 5.69 (4.47; 6.14) vs
3.63 (2.12; 3.97)% (56.74% higher); striatum — 5.47
(4.86; 5.89) vs 3.21 (2.67; 4.14)% (70.40% higher);
cerebellum — 6.37 (5.59; 6.85) vs 3.25 (2.44; 4.34)%
(96.00% higher), respectively. The percentage of
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CD68+ amoeboid microgliocytes was also reliably
(p<0.05) increased compared to control indicators: in
the cortex — 6.12 (4.45; 7.24) vs 3.56 (3.14; 4.26)%
(71.91% higher); thalamus — 4.50 (4.15; 9.42) vs 2.72
(2.54;3.69)% (65.44% higher); striatum — 4.25 (4.12;
7.86) vs 3.26 (2.46; 4.07)% (30.36% higher); cerebel-
lum — 6.23 (5.68; 11.45) vs 4.36 (3.64; 4.83)%
(42.88% higher) respectively (Fig. 1, 7). Neuroin-
flammatory component of HE pathophysiology was
proven decades ago when microglial reactive res-
ponse was shown central to propagation of detri-
mental cytokin cascades predominantly involving
neuroglial cells [17]. Reactive microglial changes
during persistent HE, associate with both phagocytic
cleansing function and detrimental cytotoxic effects
on astrocytes, neurons, and oligodendrocytes. In this
study we have established that severe HE Grade 3-4
during ACLF (accompanied by serious systemic in-
flammation) is characterized by increased number of
activated microglia, however, with a small proportion
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of microgliocytes involved in phagocytosis. Similar
results were obtained by 1. Zemtsova et al. [22] in the
postmortem material of cirrhotic patients with HE and
in the models of chronic and acute hyperammonemia
in vivo: they showed ammonia-activated microglia
with increased Iba-1 expression, 65% of which
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showed reduced phagocytosis of latex particles. This
phenomenon can supposedly be explained by the
suppressive effect of high concentrations of tissue
ammonia on the synthesis of microglial proteins
responsible for the processes of phagocytosis.

Fig. 7. CD68 expression mainly in surveillant microglia and only single amoeboid microgliocytes (red arrows)
present in the cortex of a deceased cirrhotic patient with HE Grade 4 (hepatic coma) during ACLF.
Mo monoclonal a-Hu CD68 Ab (clone PG-M1, RTU, Dako, Denmark) Mg. x 400

CONCLUSION

Cerebral cortex, thalamus, striatum, and cerebellum
of the deceased patients with severe hepatic
encephalopathy Grade 3-4 as a component of acute-on-
chronic liver failure (compared to control deceased
patients) are characterized by: 1) histochemically
determined moderate and strong granular expression of
tissue ammonia; 2)increased numbers of apoptotic
neurons (by caspase-3 expression); 3) decreased
expression of synaptophysin in interneuronal synapses;
4) increased expression of astrocytic aquaporin-4;
5) significantly enlarged area of «swollen» perivascular
and pericellular spaces; 6) significant accumulation of
amyloid bodies; 7) increased expression of astrocytic
glutamine synthetase; 8)reduced expression of glial
fibrillary acidic protein in astrocytes; 9) pronounced
Alzheimer type 2-astrocytosis; 10) moderate increase in
cluster differentiation-68" microglia immunoreactivity
accompanied by a small percentage of cluster differen-
tiation-68 " amoeboid microgliocytes.
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