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ABSTRACT. Background. Pathophysiology of acute hepatic encephalopathy (AHE) is complex and fine links of its devel-
opment are still to be recognized. It is believed that AHE mechanisms are commonly focused on the ammonia neurotoxicity
associated with neuroinflammation, neurotransmitter disbalance and severe astrocytic swelling leads to generalized brain
edema. Astroglia, principal homeostatic cell population in the brain are suggested to be the primary target for
hyperammonemia in this condition. Being highly region- and context-dependently heterogenic, its response to various patho-
logical actions is also supposed to be highly diverse. The objective determining the immunohistochemical features of glial
fibrillary acidic protein (GFAP) expression in different rat brain regions in the conditions of experimental acute hepatic en-
cephalopathy. Methods. The study was conducted in Wistar rats: 5 sham (control) animals and 10 rats with acetaminophen
induced liver failure model (AILF). The immunohistochemical study of GFAP expression in the sensorimotor cortex, white
matter, hippocampus, thalamus, caudate nucleus/putamen region was carried out in the period of 12-24 h after injection. Re-
sults. Beginning from the 6™ hour after injection all animals of AlLF-group showed the progressive increase in clinical signs
of acute brain disfunction finished in 6 rats by comatose state up to 24 h; they constituted subgroup AILF-B, “non-survived”.
Four animals survived until the end of the experiment, 24 h (subgroup AILF-A “survived”). In the AILF-B group, starting
from 16 to 24 hours after the AILF-procedure, a significant (relative to control) regionally-specific dynamic decrease in the
level of GFAP expression was observed in the brain: in the subcortical white matter by 125.65%, in the thalamus by
526.66%, in the caudate nucleus/putamen by 103.12%, in the hippocampus by 176.31%, from 18" hour in the cortex, by
537.5% with the most substantive reduction in the cortex and thalamus: by 6.47 and 6.26 times, respectively. Conclusion. In
the conditions of experimental AILF, there is early dynamic decrease in astroglial reactivity in the cortex, thalamus, hippo-
campus, white matter and caudate nucleus/putamen region. The most significant decrease in GFAP indices in the cortex and
thalamus indicates these areas as more vulnerable to systemic aggressive factors and more susceptible to toxic and metabolic
load in conditions of acute liver failure, and on the other hand, emphasizes relatively more pronounced sensitivity and reac-
tivity of local astroglia to the action of damaging substances in this state and at this time period of the pathology develop-
ment. The dynamic decrease in the level of GFAP in the rat brain, associated with the same dynamic deterioration in the state
of animals, indicates the importance of such pathological astroglial remodeling in the mechanisms of AHE development in
rats.

Key words: acute hepatic encephalopathy, astroglial reactivity, GFAP.

Citation:

Shulyatnikova TV, Tumanskiy VO. Immunohistochemical analysis of the glial fibrillary acidic protein expres-
sion in the experimental acute hepatic encephalopathy. Morphologia. 2021;15(4):96-105.

DOI: https://doi.org/10.26641/1997-9665.2021.4.96-105

Shulyatnikova T.V. 0000-0002-0196-9935

Tumanskiy V.O. 0000-0001-8267-2350
X shulyatnikova.tv@gmail.com
© Dnipro State Medical University, «Morphologia»

Background nitive disorder termed hepatic encephalopathy (HE)
Among the vast majority of reasons of endoge- ranging from Grade O “minimal” or latent HE to
nous toxicity, liver pathology plays one of the lead- Grade IV coma state [1, 2]. HE determines a serious
ing roles. Substantial liver damage is associated with financial burden on health care system and linked to
the development of potentially reversible neurocog- poor patient prognosis and high mortality rates [3].
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Acute hepatic encephalopathy (AHE) occurs due to
massive liver necrosis that complicates viral hepati-
tis and poisoning by hepatotoxic poisons, displaying
the most prominent clinical manifestation of the
acute liver failure (ALF) in these conditions [3].

The pathophysiology of HE is complex and fine
links of its development are still to be recognized. It
is believed that HE underlying mechanisms are
commonly focused on the ammonia theory when
urea cycle (ornithine cycle) abnormality in damaged
hepatocytes causes rising of systemic ammonia lev-
els. The highest levels of ammonia in systemic cir-
culation have been observed in HE of types A and B
according the World Congress of Gastroenterology
in 1998, 2002 [1, 4]. Elevated blood ammonia that
has not gone through liver detoxification, cross the
blood-brain barrier (BBB) and induce increased lev-
el of ammonia in the brain [4, 5]. Among other fac-
tors implicated in the mechanisms of HE has been
recognized systemic and neuroinflammation, dis-
turbances in cerebral blood flow, electrolyte, pH,
amino acids and neurotransmitter abnormalities [6,
3]

It has been evidenced by multiply studies that
hyperammonemia mostly target brain astrocytes
likely because they are the only cell population that
contain glutamine synthetase and metabolize ammo-
nia [7]. An excessive ammonia level in the brain
leads to glutamine overload of astrocytes, followed
by their cytotoxic edema, development of general-
ized cerebral edema, intracranial hypertension and
hernial dislocation of the brain hemispheres [1]. The
noted facts suggest endowing astroglia with a unique
and special role in the development of hyperosmolar
brain edema in case of hyperammonemia. In re-
sponse to high ammonia in the tissue, astrocytes
undergo specific morphological changing called
Alzheimer Type Il astrocytosis, characterized by an
enlarged nucleus with clear chromatin and the rim of
the swollen cytoplasm around [8]. Astrocytes, the
main homeostatic cells of the brain, being function-
ally disabled, cause critical disturbances in numer-
ous fundamental processes including synaptic func-
tion and plasticity, neurotransmitter and water ho-
meostasis, microcirculation, BBB permeability, etc.
[9]. Astrocytic glial fibrillary acidic protein (GFAP)
is critical for structural stability and integrity as well
as motile activity and supporting homeostatic func-
tions by astrocytes [10]. In response to any trigger-
ing factors astroglia rapidly underdo phenotypic
remodeling and become reactive. Nevertheless, it
was reported in earlier studies that GFAP is
downregulated in astroglia during hyperammonemia
states [11]. Considering substantive region-
dependent and context-dependent constituent heter-
ogeneity of astroglial population through the brain
[12], its response to various pathological actions is
also supposed to be highly diverse. The revealing
this differential glial response during acute hepatic
encephalopathy might shed more light on the pro-

cesses of brain reactivity and adaptation to critical
conditions that are created in the whole-body system
in case of massive liver damage. Taking into account
the intimate communication between glial cells in
health and neuropathological states and the results of
our previous study showing region-specific hetero-
geneity of microglial response in the experimental
AHE [13], it would be imperative to study astroglial
reactivity in the same brain regions and experimental
model to compare glial responsiveness.

Acetaminophen one of the most widely used
antipyretic drug worldwide and it’s overdosing de-
termines the leading cause of ALF in many countries
[14]. Due to such overdosing causes ALF in rodents,
this model can be used for explore fine links of AHE
similar to that in humans [15, 16].

The objective determining the
immunohistochemical features of GFAP expression
in different rat brain regions in the conditions of
experimental acute hepatic encephalopathy.

Materials and methods

For experimental purpose we used Wistar rats,
200-300 g body weight. All procedures were con-
ducted according to the European convention for the
protection of vertebrate animals (Strasbourg, 18
March 1986; ETS No. 123) and the Directive
2010/63/EU. For induction of AHE type “A”
(“Acute liver failure” according to the American
Association for the Study of Liver Disease updated
guidelines), we used acetaminophen (paracetamol,
N-acetyl-p-aminophenol [APAP]) induced liver fail-
ure (AILF) model [15, 16]. The detailed characteris-
tics of all steps of the noted experimental model was
described in the previous paper [17]. Rats were ran-
domly divided into control group (n = 5) and AILF-
group (n = 10). After intraperitoneal (i.p.) aceta-
minophen injection, rats were examined for signs of
changed major physiological parameters, lethargy
and loss of reflexes. Six rats were euthanized up to
24 h after the acetaminophen injection by an i.p.
administration of sodium thiopental euthanasia solu-
tion due to the above severe clinical symptoms and
constituted the group “AILF-B” decompensated
AILF (“non-survived group”). Four animals that
showed compensated clinical signs and survived up
to 24 h after the injection were designated to group
“AILF-A” compensated AILF (also indicated
through the text as “survived group”). In control
“AILF-C” group, all animals survived up to 24 h. At
24 h after AILF-procedure, all survived and control
animals were euthanized by i.p. injection of sodium
thiopental. The brain and liver samples were pro-
cessed 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 anti-GFAP primary anti-
body (clone ASTRO6, Thermo Scientific, USA) and
Ultra Vision Quanto Detection imaging system with
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diaminobenzidine (Thermo Scientific Inc., USA).
The results of IHC reaction were assessed at x200
magnification in a standardized field of view (SFV)
of the microscope Scope. Al “Carl Zeiss” (Germa-
ny) using Jenoptik Progres Gryphax 60N-
C1"1,0x426114 (Germany) camera and the program
Videotest-Morphology 5.2.0.158 (Video Test LLC,
Russia). The expression of GFAP was assessed as a
percentage of the relative area (S rel., %) of
immunopositive labels to the total area of the tissue
section in the SFV. For the comparative analysis of
the GFAP expression, such brain regions were se-
lected as sensorimotor cortex, subcortical white mat-
ter, hippocampus, thalamus and caudate nucle-
us/putamen region. Five SFV of each mentioned
region were analyzed for each animal. Digital data
were statistically processed by Statistica® for Win-
dows 13.0  (StatSoft Inc., license  Ne
JPZ8041382130ARCN10-J) with evaluating median
(Me), lower and upper quartiles (Q1; Q3). For com-
parison between groups Mann-Whitney and
Kruskal-Wallis tests were used. The results were

considered significant at 95 % (p < 0.05).

Results

Beginning from the 6 h after injection all ani-
mals of AILF-group showed the dynamic increase in
clinical signs of acute brain disfunction finished in 6
rats by comatose state up to 24 h. Pathohistological
study of the liver samples of all AILF-rats have evi-
denced spread acute damage including centrilobular
necrosis, focal hemorrhages and severe balloon dys-
trophy of hepatocytes, all presenting dynamic in-
crease over time after injection. Conventional
histopathological analysis of the samples from dif-
ferent brain regions of all experimental groups did
not reveal prominent changes in size of astrocytic
bodies and nuclei, while IHC study identified signif-
icant shifting of astroglial morphology.

Control AILF-C rats at 24 h after injection
showed nonequivalence of the level of GFAP ex-
pression in different brain regions with the highest
level in the white matter 9.50 (6.31; 10.69) % and
the lowest in the sensorimotor cortex 2.59 (2.48;
3.33) % (Table 1).

Table 1

The indicators of GFAP expression in different brain regions in animals of different experimental groups ex-
pressed in the percent of positive labels in standardized field of view of the microscope (S rel. (%) SFV). Data
are presented as median (Me) with lower and upper quartiles (Q1; Q3)

Brain region AILF-A

AILF-B AILF-C

Cortex 0.82(0.33;1.91) *
Subcortical white matter 5.26 (4.70; 5.92) *
Hippocampus 1.90(1.31; 2.10) *
Thalamus 0.90 (0.41; 2.10) *
Caudate/putamen 3.80 (3.23; 4,20) *

0.40 (0.11; 1.82) *
4.21 (3.21; 5.76) *
1.52 (0.90; 2.10) *
0.60 (0.31; 1.90) *
3.20 (3.10; 4.10) *

2.59 (2.48; 3.33)
9.50 (6.31; 10.69)
4.20 (2.58; 4.89)
3.76 (2.90; 4.59)
6.50 (5.70; 7.84)

Reliable differences in indicators of the same brain region compared to the control animals (p <0.05) are

marked with an asterisk (*).

Moreover, the morphology of control astrocytes
also showed region-dependent diversity. Thus, corti-
cal astroglial population mostly displayed signs of
typical protoplasmic forms while astrocytes of the
white matter shared morphological features of fi-
brous phenotypes, meanwhile hippocampal, thalam-
ic and caudate nucleus/putamen regions were distin-
guished by a combination of the both mentioned
morphological types with the prevalence of the fi-
brous one. All studied regions were characterized by
non-overlapping territorial domain pattern of
astroglia. (fig. 1).

Histopathological studying of ICH sections of
all mentioned brain regions in rats after AILF-
procedure revealed dramatic reduction in the num-
bers and sizes of GFAP-positive cells and their pro-
cesses. The latter appeared to be thinner and shorter,
mostly reflecting parenchymal non-vascular part of
cellular processes and in much lesser degree repre-
sented by vascular astroglial endfeet (fig. 2).

Comparing to control, experimental AILF-A
(survived) and AILF-B (non-survived) animals also
showed variability of GFAP expression along the
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regions with the highest indicators in subcortical
white matter, although, in general, in both groups
there was revealed pronounced reliable decrease in
the marker expression in all mentioned regions rela-
tive to control values of the same localization.

Thus, in the non-survived AILF-B group the
relative area of GFAP" labels displayed the most
prominent decrease in the cortical region comparing
to control, respectively: 0.40 (0.11; 1.82) % and 2.59
(2.48; 3.33) %, p <0.05, that was equal to 537.5% or
6.47-fold decrease if compare medians indicators. At
24 h of the experiment, AILF-A group also showed
reliable the most profound among regions decrease
in cortical GFAP expression, however with lesser
degree compared with non-survived animals (Table
1).

Thalamic region of AILF-B group was the se-
cond most notable region of the rat brain where
GFAP expression decrease substantially compared
to control indicators 6.26-fold or 526.66%, respec-
tively: 0.60 (0.31; 1.90) % and 3.76 (2.90; 4.59) %,
(p <0.05). For matching, in AILF-A survived group,
as well as in case cortical region, the decline was
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significant and reliable, although less expressed 0.90
(0.41; 2.10) % comparing to control 3.76 (2.90;
4.59) %, (p <0.05).
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Fig. 1. GFAP expression in the cortex of the control rat (AILF-C group) 24 h after the sham procedure. (anti-GFAP, Ther-

mo Scientific, USA). x200.
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Fig. 2. GFAP expression in the cortex of the non-survived rat (AILF-B group) 24 h after the AILF procedure. (anti-GFAP,

Thermo Scientific, USA). x200.

The hippocampal, white matter and cau-
date/putamen regions of non-survived AILF-B rats
during the whole period after AILF-procedure
showed reliable decrease of GFAP expression by
more than 2 times compared to control values of the
same regions (by 176.31%, 125.65% and 103.12%
respectively) (Table 1).

In all noted regions, survived AILF-A animals
at 24 h also displayed serious decrease in GFAP
expression, while these indicators were slightly
higher comparing to total medians of AILF-B coun-

terparts evaluated during the whole post-injectional
period, with no statistical validity between AILF-A
and AILF-B (Table 1).

In AILF-B group, during the post-injection pe-
riod the decrease of GFAP values described dynamic
curve (figs. 3-7). Depending on the time point after
AILF-procedure when animals began display signs
of severe suffering and were sacrificed, the indica-
tors of GFAP expression also differed between re-
gions. The lowest values of the GFAP S rel. (%) was
found 24 h after the injection in all the studied re-
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gions (figs. 3-7). The interesting feature of the first
case of the animal death in AILF-B group at 12 h
after the injection was represented by increased ex-
pression of GFAP in all studied brain regions com-
pared to control values but with no statistical validi-
ty (p >0.05) (figs. 3-7). Starting from 16 h of the
experiment, all other animals displayed reliable de-
crease IHC indicators of GFAP relatively to control
values, except the cortical region where decrease
gained statistical validity only at 18 hours after
AILF-procedure.

50

Overall, after AILF-procedure, the lowest indi-
cators of GFAP* S rel. (%) in all studied regions
were typical for the non-survived AILF-B animals
with the most substantial decline in the cortex and
thalamus (comparing to control rates). After insig-
nificant elevation of the GFAP expression at 12 h of
the experiment, the reliable and dramatic decrease in
values of GFAP expression was noted from 16 h for
all studied brain regions except the cortex, where it
was revealed at 18 h after procedure.
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Fig. 3. Dynamics of the relative area of GFAP" expression (in the microscope SFV, %) in the cerebral cortex of AILF-B rats

after injection.
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Fig. 4. Dynamics of the relative area of GFAP" expression (in the microscope SFV, %) in the subcortical white matter of

AILF-B rats after injection.
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Fig. 5. Dynamics of the relative area of GFAP" expression (in the microscope SFV, %) in the hippocampus of AILF-B rats

after injection.
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Fig. 6. Dynamics of the relative area of GFAP" expression (in the microscope SFV, %) in the thalamus of AILF-B rats after

injection.

Discussion

Except the ammonia theory as a leading con-
ception of the AHE development, the
neuroinflammatory mechanistic component in the
tissue reactivity has also been emphasized [18]. It
was displayed in many previous studies that
astroglia rapidly become reactive in response to var-

ious inflammatory signals both systemic and local,
accompanied with upregulation of the main
astrocytic “reactive” marker GFAP [9]. On the
background of the general picture of the dramatic
decrease in the levels of GFAP protein during
immunostaining of the all mentioned brain regions,
we eventually revealed the interesting phenomenon
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of the temporary increase in the level of expression
in rats scarified at 12 hours after acetaminophen
injection, although with no statistical validity com-
pared to control. Such synchronic rising of the level
of GFAP in the all taken regions can be indirectly
corresponded to the results of our previous study
where in the cecum ligation and puncture model of

sepsis-associated encephalopathy we observed the
early activation of microglia cell type which is evi-
denced to be intimately interrelated with astroglia in
orchestrating the neuroinflammatory reactiveness in
the brain and often showing simultaneous reactivity
[19].

S rel. (%) of GFAP* expression in the caudate/putamen
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Fig. 7. Dynamics of the relative area of GFAP" expression (in the microscope SFV, %) in the caudate nucleus/putamen of

AILF-B rats after injection.

The results of another our study have displayed
that in the condition of AILF, the microglial phago-
cytic marker CD68, one of the most critical indica-
tors of its reactive state, was not significantly
changed compared to the control values reflecting
relative inconsistency of microglial response to in-
coming aggressive factors at 12 hours after aceta-
minophen injection in the same regions which are
studied in the current research [13]. The noted facts
may suggest the early (12 h after AILF-procedure)
microglia-independent reactivation of astroglial
population in all studied brain regions in response to
acute liver failure and accompanying critical chang-
es in systemic homeostasis. The exact significance
of such a reactive astroglia on other participants of
the pathologic events in these terms of the disease
remains to be clarified, since it is impossible to in-
terpret the pathogenetic action of astrocytes only by
increased GFAP expression. It is likely that on the
first stages of the ALF when the wide spectrum of
systemic damaging factors attacks the BBB, enter
the brain parenchyma and accumulate inside,
astroglia being the crucial and the main homeostatic
cell population, attempts to compensate the progres-
sively deteriorating water and osmotic tissue balance
and thus distinguished by elevated GFAP, the com-
mon feature of astrocytic reactiveness. Consequent-
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ly, due to exacerbation of the harmful action of the
incoming aggressive factors through the BBB, it is
supposed that astrocytes lose their reactive capabili-
ties (with beneficial and/or unfavorable functional
effect on the microenvironment) became insufficient
and show decreased levels of GFAP comparing to
control values which was observed in later time pe-
riods, beginning from the 16 hours in the white mat-
ter, hippocampus, thalamus and caudate/putamen
and at 18 hours in the sensorimotor cortex.

As well as in the physiological conditions, in
the AILF-model of ALF, astroglia displayed
heterogenous reactivity with the most substantive
decrease of GFAP levels in the cortical and thalamic
regions compared to control values. Apparently,
these brain regions might be suggested as more
passable for the entry of systemic aggressive mole-
cules or/and regions more susceptible to toxic-
metabolic imbalance in conditions of ALF, as well
as may indicate the special reactive response of re-
gional astroglia on the action of detrimental sub-
stances in this condition and time point.

In general, our current observations correspond
with  earlier studies reported about GFAP
downregulation in other animal models of HE, while
some differences and contradictions also present.
Thus, Jaeger V. and coauthors have reviewed the
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data from earlier study of Suarez I. et al. showing
heterogeneous reduce in GFAP expression in the rat
brain, including perivascular astrocytic processes of
different hippocampal layers in the long-term
portacaval anastomosis model of HE [11]. Despite
this, the same review referred other paper authored
by Wright G. et al. where it was shown increased
GFAP expression in corpus callosum from day 1 to
4 weeks after bile duct-ligation in rat model of cir-
rhosis. Lost GFAP expression in the brain cortex
was also revealed in the postmortem study of pa-
tients who died as a result of brain edema due to
ALF [20]. GFAP being important cell volume regu-
lator, in downregulation state could contribute to the
development of cerebral oedema in the conditions of
AHE. The mechanism of the GFAP downregulation
during HE is supposed to be linked to the mecha-
nism where ammonia interfering with the cellular
metabolism is followed by falling ATP levels and
decrease GFAP synthesis [11]. Finally, brain dys-
function in AHE grading up to coma state seems to
be conditioned by aggravation of oxidative and
nitrosative stress in the brain tissue, followed by loss
of GFAP protein and severe astrocyte swelling [21,
22].

Conclusion

Beginning from the 16th hours after the AILF
procedure (from the 18th h in the cortex) up to 24-
hours end-point of the experiment, the reliable
(compared to control) region-specific dynamic re-
duce in GFAP expression was observed in the corti-

cal, thalamic, subcortical white matter, hippocampal,
caudate nucleus/putamen regions of the rat brain
with the most substantive decrease of indicators in
the cortex and thalamus. The latter potentially may
indicate brain regions more passable for entering
systemic aggressive factors and/or areas more sus-
ceptible to toxic-metabolic imbalance in conditions
of ALF, as well as may indicate the special sensitivi-
ty and kind of reactive response of regional astroglia
on the action of detrimental substances in this condi-
tion and time point. The dynamic decrease of the
GFAP level in the rat brain associated with deterio-
ration of animal state, indicate involvement of
astroglial failure in the mechanisms of AHE in rats.

Prospects for further research

Given the mechanisms of AHE are still to be
investigated and suggesting critical role of astroglial
participance in brain adaptive reactions to various
factors, it is reasonable to proceed further studies in
the field of glial intercellular communication in re-
sponse to systemic endogenous toxic challenges.
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MyasTHikoBa T.B., Tymancekuii B.O. ImyHoricroxiMiunuii anajiz ekcnpecii riiaabHoro ¢piopuasip-
HOT'0 KHCJIOT0 MPOTeiHY NPH eKCIePpUMEHTANbHIH rocTpiil neyinkoBii eHuedasonarii.

PE®EPAT. AxkryanbHicTh. [TaTorenes roctpoi neuinkoBoi exriedanomnarii (OIIE) npeacTaBiaseTsest KOM-
IUIEKCHUM, 1 TOHKI JIAHKH 11 PO3BUTKY BCE Il[¢ BUMAratoTh CBOT0 3'sicyBaHHs. BBakaeThcs, mo mexanismu OIIE B
LIJIOMY 30Cepe/KeHI Ha HEHPOTOKCHYHOCTH aMiaky, Heifpo3amnaiieHHi, aucdanaHci HepoMeaiaTopiB 1 BaKKOMY
acTpolMTapHOMY HaOyXaHHi, 1110 IPUBOAUTH J0 I'EHEPAIM30BAHHOTO HAOPSKY MO3Ky. BBarkaeTbcs, 110 acTpor-
Jist, Oyy4 OCHOBHOIO MOMYJISLIEI0 KIITHH MO3KY, 1110 BIAINOBiJa€e 3a BCl BUAM TKAHMHHOI'O FOMEOCTa3y, € 0C-
HOBHOIO MIIIICHHIO JUTS IMiJBUINECHIX PiBHIB aMiaKy B JaHUX yMOBaX. Byqydn TOCHTh HEOTHOPIIHOIO B 3AJICKHO-
CTi BiJJl MO3KOBOTO PETiOHY 1 KOHTEKCTY MO[il, acTporiialbHas peakilis Ha pi3Hi IMaTOJOTIYHI BIUIMBH TaKOX
MPE/ICTABISIEThCS TeTeporeHHo0. MeTa BH3HAUYEHHS IMYHOTICTOXIMIYHMX OCOOJMBOCTEH eKcIpecii IilialbHOTo
¢i6puisiproro kucioro nporeiny (GFAP) B pisHuX Bijaizax MO3Ky IIypiB B yMOBaX €KCIEpHUMEHTAIBHOI rOCT-
poi nedinkoBoi eHuedanonarii. Marepiaan Ta meroau. [lociipkeHHs IPOBOIMIOCS Ha Iypax JiHii Bicrap: 5
KOHTpONbHUX 1 10 1IypiB 3 BIATBOPEHHSM MoOJelNi aneTaMiHO(EH IHAYKOBAaHOI NEYiHKOBOI HEJOCTAaTHOCTI
(AILF). Imynoricroximiune mocnimkeHus ekcipecii GFAP B ceHcomoTopHOi Kopi, Oiiif pedoBHHI, TiMOKaMITi,
TajaMmyci, XBOCTaTOMY SIAPI/CKOPIIYIi MpoBoawn B niepion 12-24 rox micns in'exuii. Pesyapraru. [TounHaroun
3 6-1 roguHN micna iH'ekmil y Bcix TBapuH AILF-rpymm cmocrepiranocs mporpecyrode HapOCTaHHS KIIHIYHUX
03HAK TOCTPOi MO3KOBOi MUCOYHKIIII, sKa 3aBepmmiacs y 6 mypiB 10 24 TOJUH KOMAaTO3HUM CTaHOM; BOHH
ckianu miarpymy AILF-B, «3aru6:mi tBapuamy. YoTHpH TBapWHY BHKWIM A0 KiHISA €KCIIEPUMEHTY, 24 | (Iiar-
pymna AILF-A «TtBapunn, mo Bwkuim»). Y rpyni AILF-B, nounnatoun 3 16-24 roann micas npouenypu AILF, B
TOJIOBHOMY MO3KY CIOCTEpIrajocsi CTaTUCTUYHO 3Hauymie (I0JJ0 KOHTPOJIO) PerioH-3ajJeXHe ANHAMIYHE 3HH-
»eHHs piBHs ekcnpecii GFAP: B minkipkosiii 6iniit peuoBuHi Ha 125,65%, B Tamamyci Ha 526,66%, B XBocTaTo-

104

MORPHOLOGIA 2021« Tom 15« Ne 4



My sapi/ckopiymi Ha 103,12%, B rinokamri Ha 176,31%, 3 18-0i rognHN B KOpi TOJIOBHOTO MO3KY, Ha 537,5%
TP HAWO1JIBII 3HAYHOMY 3HIDKEHHI TIOKa3HUKIB B KOPi 1 Tamamyci: BiamosigHo B 6,47 1 6,26 pasu. BucHoBku. B
ymoBax excnepuMmenTanbHoi AILF crocrepiraeTscsl paHHE TUHAMIYHE 3HIDKEHHS PEaKTUBHOCTI acTpOriii B KO-
pi, Tamamyci, rimokammi, Oimii pedoBHHI i 00MACTI XBOCTATOrO Apa/cCKOpiIypu. HaWOIbmn icToTHE 3HMKEHHS
noka3aukiB GFAP B kopi i Tamamyci no3Hadae mi 067acTi SK OUTHII ypasauBi A CHCTEMHUX arpEeCHBHHUX YW H-
HUKIB 1 TOKCHKO-METaOO0JIIYHOTO HaBaHTAKEHHA B YMOBaX TOCTPOI IMEYiHKOBOI HEJOCTATHOCTI, 3 iHIIOTO OOKY,
MIIKPECITIOE BITHOCHO OUTBII BUpa)KEHY YYTJIMBICTB 1 PEaKTUBHICTH MICLIEBOi acTpOIIil y BiINOBIAb HA Ai0 1O-
IIKOJDKYIOUMX PEYOBHH B LLOMY CTaHI 1 Ha JaHOMY YacOBOMY €TaIlli pO3BUTKY MaTouiorii. JlnHamMiuHe 3HWKEHHS
piBast GFAP B rosioBHOMY MO3KY IIypiB, acoliifoBaHe 3 TaKUM K€ JTUHAMIYHHM MOTIPIICHHSAM CTaHy TBapuH,
BKa3ye Ha 3HaYECHHs TaKOTO MAaTOJIOTIYHOTO acTPOIJIiajbHOTO PEMOETIOBaHHsS B MexaHi3Max po3Butky OIIE y
HIypiB.
KaiouoBi ciioBa: roctpa nedyiHkoBa eHiedanonarisi, acTporiiajibHa peakTuBHicTb, GFAP.

IMynasTaukosa T.B., Tymanckuii B.A. IMMyHOrncToXuMH4ecKHil aHAJIM3 IKCIPECCUU IIMAJBHOIO
GudpUIIAPHOro KUCJI0ro NPOTEeNHA NPH IKCIEPUMEHTAIBbHOI 0CTPOil NeYeHOYHOMH dHIedaIonaATHH .

PE®EPAT. AxrtyajabHocTh. [laTorenes octpoii medeHouHoi sHiedanomatnn (OI1D) mpencrapmsercs
KOMIUTIEKCHBIM, ¥ TOHKHE 3BEHbsSI €€ Pa3BHUTHSI BCE €IIe TPeOYIOT CBOETo BhISICHEHNA. CHUTAETCS, YTO MEXaHU3MBI
OII3 B menoM cocpeAoTOYEeHbl Ha HEHPOTOKCHYHOCTH aMMHMaka, HeHpoBOCHaIeHHH, AucOanaHce HeHpomenna-
TOPOB U BBIPAXXEHHOM acTPOLIUTAPHOM HaOyXaHHH, IIPHBOJSIIEM K FeHEpAIN30BaHHOMY OTeKy Mo3ra. [Ipenmo-
JlaraeTcs, 4TO acTpOIus, OyAy4d OCHOBHOM MOMYJIALUEN KIETOK MO3ra, OTBETCTBEHHOH 3a BCE BBl TKAHEBOTO
rOMeoCTa3a, SIBJISETCS] OCHOBHON MUILIEHBIO JUIA TOBBIIICHHBIX YPOBHEH aMMHUaKa B aHHBIX yCIOBUAX. Byayun
JIOCTATOYHO HEOJHOPOJHON B 3aBUCHMOCTH OT MO3TOBOT'O PErHMOHA M KOHTEKCTa COOBITHH, acTporiuagbHas pe-
aKI¥s Ha Pa3IMYHbIC ITATOJIOTHYECKIE BO3ACHCTBUS TaKkKe MpecTaBiseTcs rereporeHHol. [lean onpenenenue
MMMYHOTHCTOXMMHUYECKHX 0COOEHHOCTEH 3KCIpeccuyl THaibHOro puopmusipaoro kucioro nporensaa (GFAP)
B Pa3NIMYHBIX OTAEIAaX MO3Ta KPbHIC B YCIOBUAX IKCIEPUMEHTAIBHOM OCTpOil edeHoYHOH HIedatonaTun. Me-
ToAbl. VccaenoBanne MpoBOAMIOCH Ha KpbIcax JUHUM Buctap: 5 KOHTpoabHBIX U 10 KpbIC ¢ BOCTIPOM3BEICHUEM
MOJIENIN alleTaMHHO(PEH WHAYIMPOBAaHHOW HedeHOYHOH HemoctatouHocTH (AILF). MMmyHOTHCTOXHMHYECKOE
uccienoBanue skcnpeccun GFAP B ceHcoMoTOpHO# KOpe, OelloM BenecTBe, THIIOKAMIIE, TaJaMyCce, XBOCTaTOM
sape/ckopIiyIe npoBoawn B nepuon 12-24 4 nocie nabekuu. PesyabsraTel. Haunnas ¢ 6-ro yaca nocie uHb-
eKIMU y BceX )KMBOTHBIX AILF-rpynnsl Habroanock nporpeccupyoliee HapacTaHue KIMHUYECKHX PU3HAKOB
OCTpOH MO3TOBOI AUC(YHKIINH, 3aBEPIIUBILEHCS Y 6 KpbIC 10 24 4acOoB KOMAaTO3HBIM COCTOSIHHEM; OHH COCTa-
Bun noarpynny AILF-B, «moru0mme >KuBOTHBIEY». YeThIpe >KUBOTHBIX BBDKHIIIN A0 KOHIIA SKCIICPUMEHTA, 24 4
(moarpynma AILF-A «BpDKHBIINE XKHUBOTHBIEY). B rpynmne AILF-B, nHaunHast ¢ 16-24 gacoB mocie mporenyps!
AILF, B rojmoBHOM MoO3re HaOIIOANOCh CTATUCTHUECKH 3HAUYMMOE (OTHOCHTEIBHO KOHTPOJS) PErhoH-
3aBUCHMOE TMHAaMHYecKoe CHIKeHne ypoBHs skcrpeccun GFAP: B mogkopkoBoM 6emom Bemectse Ha 125,65%,
B Taslamyce Ha 526,66%, B xBoctaToM sinpe/ckopirynie Ha 103,12%, B runmoxamme Ha 176,31%, ¢ 18-ro vaca B
KOpe roJoBHOTO Mo3ra Ha 537,5% npu Hanboiee 3HAYMTEILHOM CHIDKCHHH TIOKa3aTelieil B Kope M Tajlamyce:
COOTBETCTBEHHO B 6,47 1 6,26 pa3za. BeiBoasl. B ycrmosusax sxcnepumentansHort AILF HaOmromaercs pannee
JMHAMHYECKOE CHIDKEHNE PEaKTHBHOCTH acTPOTJIMH B KOpE, TalaMyce, THITIoKaMIIe, OeIoM BelecTBe 1 o0mac-
TH XBOCTAaTOTO siApa/ckopiynsl. Hambonee cymecTBeHHOEe CHIDKeHHE mokasateneii GFAP B kope u tamamyce
0003HayaeT 3TH 00JacTH Kak Oosiee ysI3BUMBIE ISl CHCTEMHBIX arpecCUBHBIX (DaKTOPOB M 0o0Jiee MOABEPKEHHBIE
TOKCHUKO-METa0O0IMIeCKO Harpy3ke B YCJIOBHSX OCTPOM MEYEHOYHOW HEAOCTATOYHOCTH, C JIPYrol CTOPOHBI,
MOJYEPKUBACT OTHOCHTEIBHO 0OJee BBIPAKECHHYIO YYBCTBHUTEIBHOCTh M PEAKTUBHOCTH MECTHOI acTpOTJIMU B
OTBET Ha JIefiCTBHE MOBPEXKAAIOIINX BEIIECTB B 9TOM COCTOSHUM M Ha JAaHHOM BPEMEHHOM 3Talle pa3BUTHSA I1a-
tonoruu. JluHamudeckoe cHuxeHne ypoBHs GFAP B roJoBHOM Mo03re KpbIC, aCCOIMMPOBAHHOE C TaKUM K€ JAHU-
HaMUYECKHM YXY/IICHHEM COCTOSIHUS )KHBOTHBIX, YKa3bIBa€T HAa 3HAYEHHE TAKOT'O MAaTOJIOTMYECKOr0 acTPOriIn-
IFHOTO PEMOJIENTMPOBAHMS B MexaHu3Max passutus OI1D y kpsic.

KaioueBbie ci1oBa: octpas nedeHo4Has SHIe(aIoNaTHs, aCTPOTIHaIbHas peakTUBHOCTh, GFAP.
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