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Severe sepsis is accompanied by multiple organ dysfunction where acute liver failure (ALF) plays one of the most critical roles.
The principal sign of acute hepatic encephalopathy accompanying ALF is ammonia induced edema of astrocytes. In case of
ALF in sepsis, one can suppose increase in systemic and brain ammonia. Astroglia are target cells for ammonia metabolism
as they are principal source of glutamine-synthetase (GS). Previous studies have reported that ALF stimulates increase in
astroglial GS which correlates with deterioration of the animal state.

The aim of the study was to determine the level of glutamine synthetase expression in different brain regions of rats in the
conditions of experimental sepsis.

Materials and methods. The study was conducted in Wistar rats: 5 sham-operated (control) animals and 20 rats with cecum
ligation and puncture (CLP) septic model. Immunohistochemical study of GS expression was performed in the cortex, white
matter, hippocampus, thalamus, caudate nucleus/putamen in the period of 2048 h after CLP.

Results. Starting at 121" h after CLP, operated animals displayed progressive impairment finished by profound lethargy and
respiratory failure. Between 20-38 h, 9 animals expressed final mentioned symptoms and were euthanized (CLP-B, non-sur-
vived), 11 rats displayed less expressed suffering up to 48 h (CLP-A, survived). At 23 h in CLP-B and 48 h in CLP-Arats, liver
tissue displayed morphological signs of the focal irreversible damage which was aggravated with time after CLP which could
be observed dynamically in non-survived group. Both CLP-A and CLP-B rats showed gradual elevation of GS in all studied
brain regions. From 24 to 38 h after CLP, non-survived animals showed significant region-specific dynamic increase in GS
expression: in the cortex — by 69.35 %, hippocampus — by 53.6 %, thalamus — by 50.0 %; with the most substantive elevation
in the cortex — 1.69-fold increase compared to control.

Conclusions. In CLP model, 24 h after operation there is significant dynamic increase in GS level in the cortical, hippocampal
and thalamic regions of the rat brain with the most prominent in the cortex. Heterogeneous increase in GS indicates regions
more or less vulnerable for incoming systemic agents as well as region-specific reactiveness of the brain tissue, including local
astroglia, to these factors in septic conditions. Morphological signs of sepsis-associated liver damage preceding significant
increase in the brain GS by 1 h, might suppose addition of the liver failure to the course of sepsis which is accompanied by
increased level of hepatogenic toxins (presumably including ammonia) in the blood and in the brain parenchyma by 23 h
after CLP. The latter might propose an active implication of hepatogenic detrimental agents in sepsis pathophysiology and
involvement of reactively increased brain GS levels in the complex mechanisms of sepsis-associated encephalopathy.

IMyHoricToXimiuHe AOCAIAKEHHA eKenpecii TAyTaMiHCUHTETa3U
B FOAOBHOMY MO3KY LLypiB B yMOBaX MOA€EAi cencucy

T. B. LLUynsTHikoBa, B. 0. TymaHcbkui

Tsixkwid nepebir cencucy CynpoBOLKYETbCA CUHAPOMOM NONiOpraHHOi HeAOCTATHOCTI, B IKOMY FOCTpa MediHkoBa HegocTaT-
HicTb (ITTH) Bigirpae ogHy 3 HaMBaXnMBILLMX ponei. [onoBHa 03Haka rocTpoi NeYiHKOBOI eHLedanonarii, Lo CynpoBOAXYyeE
['TIH, — Habpsik acTpouwuTiB, iHAYKOBaHMI amiakom. Y pasi po3eutky MIH nig yac cencucy MoxHa Takox npunycTuTy Nigsu-
LLIeHHS! PiBHIB CCTEMHOTO Ta MO3KOBOTO aMiaky. ACTPOLMTM — KNKOYOBI KMITUHW Ans MeTaboniamy amiaky B MO3KY, OCKIMbK/ €
OCHOBHUM [pkepenoM riyTamiHcuHTeTasn (GS). MonepeaHi gocnimkeHHs nokasanu: MMH npu3soanTb 40 NiABULLEHHS PIBHIB
acTpornianbHoi GS, L0 KOPENoe 3 NOripLUEHHSIM CTaHy eKCrepuMeHTarnbHUX TBapyH.

MeTa po60TH — BU3Ha4EHHS PiBHS EKCNPECi rMyTamMiHCUMHTETa3 B Pi3HWX Bigdinax MO3KY LLypiB B yMOBaX eKCnepymeHTarb-
HOrO cencucy.

Marepianu Ta metoam. [locnigxeHHs 3giicHunm Ha Lypax niii Bictap: 5 xubHoonepoBaHux (KOHTpOrbHKX) i 20 TBapuH i3
CENTUYHOK MOZEN0 NEPEB’A3KM Ta NyHKLIT cninoi kuwku (CLP). ImyHoricToximiuHe gocnimkeHHs ekcnpecii GS BukoHanm B
Kopi, Binii pe4oBuHi, rinokamni, Tanamyci, xeoctatomy sapi/nywnuHi B nepiog Mix 20 i 48 rog nicnst CLP.

PesynkraTtu. MounHatoum 3 12 rogmhu nicns CLP, y npoonepoBaHux TBapuH crnocTepiranit NoripLUEHHs CTany, Lo Nporpecy-
Basno. Y 9 tBapuH mix 20 i 38 rog kniHiuHUi nepebir 3aBepLUMBCS PO3BUTKOM NETaprii Ta BaXKVX PECTIPAaTOPHUX MOPYLLEHD;
BOHW Oy eBTaHa30BaHi — rpyna «TBapuH, ki 3arvHynm», CLP-B. B 11 Lwypis cnocTtepirany MeHLL BUpaxeHi NopyLLEHHS CTaHy
[0 48 rog — rpyna «Tux, siki Buxunuy», CLP-A. Yepes 23 roa y wypis rpynu CLP-B, a Takox Yepes 48 rog y TBapuH rpynu
CLP-A'y TKaHUHI nediHky BUSIBUNM MOPEOMOriYHi 03HAKM BOMHWLLEBOMO HE3BOPOTHOIO MOLLKOKEHHS, L0 Mano TEHAEHLI0
[0 nporpecyBaHHs 3 Yacom nicns CLP-npoueaypy. Y CLP-A i CLP-B wypis cnoctepiranu noctynose NigBuLLEHHS piBHs GS
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y BCiX AinsiHkax Mo3ky, Wwo gocnigumu. Big 24 go 38 rog nicnsa CLP y rpyni CLP-B Bu3Haumnv BiporiaHe perioH-cneumdivxHe
AnHamivHe 36inblueHHs ekcnipecii GS: y kopi — Ha 69,35 %, rinokamni — Ha 53,6 %, Tanamyci — Ha 50,0 %; HaricToTHiLe
NiABULLEHHS — B KOpi, 30inbLueHHs B 1,69 pasa NOpiBHSAHO 3 KOHTPOMEM.

BucHoBku. Y mogeni CLP yepes 24 roguHu nicns onepadii cnoctepirany BiporigHe guHamivHe nigeuLeHHs piBHs GS y KOPKOBIN,
rinokamMnanbHin i TanamivHin ginsHkax Mo3Ky LLypa, HalcyTTEBILE NiABULLEHHS — B KOpI. [eTeporeHHe nigsuLLeHHs piBHiB GS
BKa3ye Ha PEerioHn Mo3Kky, Lo Ginblue Yu MeHLLe BPa3nuBi O CUCTEMHUX HEPOTOKCUYHIX YMHHWKIB, @ TaKOX NIATBEPAXYE
perioHarnbHy cneLmgivHICTb peakTUBHOCTI MO3KOBOI TKAHWHW, B TOMY YWCAI MIiCLIEBOI acTpormii, 4O CUCTEMHMX BMIIMBIB B yMO-
Bax cencucy. MopdonoriyHi 03Haku cencmc-acoLinoBaHOro NOLLKOMKEHHS NEYiHKK, L0 Ha 1 roguHy nepeaytoTh BiporigHOMY
36inbLUeHHI0 GS B MO3Ky, MOXYTb BKa3yBaTW Ha NpUeSHAHHS NEYiHKOBOI HEAOCTATHOCTI 40 nepebiry cencucy 3 NiaBULLEHHSIM
PiBHS renaToreHHNX TOKCUHIB (IMOBIPHO, BKIHOYa0UM amiak) y KpoBi Ta MO3KOBIM TkaHUHI Yepes 23 roauHu nicns CLP. Otxe,
MOXHa NPUNYCTUTM aKTUBHY y4acCTb renatoreHHUX LWKiANMBMX Monekyn y natodisionorii cencucy, a Takox Le CBig4nTb Npo
3aryyeHHs peakTUBHO MiABULLIEHUX PIBHIB MO3KOBOI GS y KOMNMEKCHWX MeXaHiamMax Cencuc-acoLinoBaHoi eHuedanonarii.

In 2016, sepsis was defined as a life-threatening organ
dysfunction caused by a dysregulated host response to
infection [1]. Sepsis-associated encephalopathy (SAE)
— is an acute brain dysfunction ranging from delirium
to coma and accompanies sepsis in up to 70 % of ICU
patients [2].

Mechanisms of SAE are complex and still need to be
clarified. Current knowledge about SAE is focused on neu-
rotransmitter imbalance, blood-brain barrier breakdown,
neuroinflammation, ischemic focal lesions, excessive/de-
ficient glial reactivity, selective neuronal death, alteration
of water homeostasis and brain edema [3]. Severe course
of sepsis is often accompanied by multiple organ dysfunc-
tion syndrome where acute liver failure (ALF) plays one
of the most critical roles [4]. It was evidenced decades
ago, that ALF also determines high mortality rates in
ICU departments, including patients with sepsis [5]. The
principal sign of acute hepatic encephalopathy (AHE)
accompanying ALF is ammonia induced cytotoxic edema
of astrocytes leading to generalized brain edema-swelling
[6]. Astrocytes, the main homeostatic cellular population
in the brain, are responsible for constant supporting of all
mentioned fundamental processes on physiological level.
Representing the most numerous cell population in the
brain, in pathological state they might cause deep failure
of the tissue homeostasis in diverse spectrum and lead
to progressive brain dysfunction [7,8].

In case of SAE astrocytes rapidly became reactive
performing heterogeneous morpho-functional phenotypes
in region- and time-dependent manner as was shown
in our recent study [9]. In case of ALF development in
sepsis, one can suppose increase of systemic and brain
ammonia levels. Astroglia are the target cells responsible
for ammonia metabolism inside the brain as they are the
principal cellular pool expressing glutamine-synthetase
(GS) — enzyme essential to convert ammonia and gluta-
mate to glutamine [10]. As was shown in our previous yet
not published study, in rat acetaminophen-induced acute
liver failure (AILF) model there was substantive region-
and time-dependent increase in astroglial GS expression
which correlated with deterioration of the animal state up
to coma in non-survived animals during first 24 hours after
acetaminophen overdosing. Considering high heteroge-
neity of astroglial population through the brain regions
in healthy and diseased brain, it seems rational to study
characteristic features of GS expression alteration in the
same brain regions to estimate astroglial reactiveness in
the conditions of severe sepsis model reflecting a similar
state in human sepsis.

ISSN 2306-8027  http://pat.zsmu.edu.ua

Aim
The aim was to determine the immunohistochemical

level of glutamine synthetase expression in different brain
regions of rats in the conditions of experimental sepsis.

Materials and methods

The study was performed in Wistar rats, 200-300 g
(“Biomodelservice”, Kyiv, Ukraine). All experimental pro-
cedures were ruled in accordance with the European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and other Scientific Purposes (Strasbourg,
18 March 1986; ETS No. 123) and the Directive 2010/63/
EU. Animals were subjected to the cecal ligation and
puncture (CLP) model of sepsis. Rats were divided into
2 groups: CLP group (n = 20) and sham-operated (con-
trol) group (n = 5). All further experimental stages were
conducted according to previously displayed manner [11].
After CLP-procedure, rats were routinely observed up
to 48 h after operation. Beginning from the 12" hour the
following clinical signs as periorbital exudation, piloerec-
tion, diarrhea, fever/hypothermia, social isolation, deep
lethargy and severe respiratory disorders dynamically
increased in animals. During the period of 20-38 h after
CLP-procedure, 9 rats showed highly expressed men-
tioned clinical symptoms and were euthanized (“CLP-B”
— non-survived/lethal), 11 animals with less expressed
symptoms survived until 48 h — end-point of the experi-
ment (“CLP-A” — survived). Sham-operated rats (“CLP-C”)
showed no lethal outcomes. All animals from CLP-A and
CLP-C groups were sacrificed at 48 h after CLP-procedure
by intraperitoneal overdosing of sodium thiopental.
Samples of the brain and liver tissue were processed
according to standard procedures with formation of
paraffin blocks. For general histopathological analysis
hematoxylin-eosin stained sections were used. Im-
munohistochemical (IHC) study involved detection of
immunopositive labels using rabbit polyclonal anti-GS pri-
mary antibody (Thermo Scientific, USA) and Ultra Vision
Quanto Detection imaging system with diaminobenzidine
(Thermo Scientific Inc., USA). The results of IHC reaction
were assessed at magnification x200 in a standardized
field of view (SFV) of the microscope Scope. A1 “Carl
Zeiss” (Germany) using Jenoptik Progres Gryphax
60N-C1"1,0x426114 (Germany) camera and the program
Videotest-Morphology 5.2.0.158 (Video Test LLC, RF).
The expression of GS was assessed as a percentage
of the relative area (S rel., %) of immunopositive labels
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Table 1. The indicators of GS expression in different brain regions in animals of different experimental groups expressed in the percent

of immune-positive labels in the SFV, Me (Q1; Q3)

cLpA cps cpc

Cortex

Subcortical white matter
Hippocampus
Thalamus
Caudate/putamen

4.25 (4.12; 5.25)*

0.38 (0.29; 1.20)
1.72 (1.63; 2.03)"
1,68 (1.53; 2.11)*
0.97 (0.48; 1,67)

5.25 (4.23; 5.72)*
0.42 (0.32; 1.39)
1.92 (1.74; 2.11)*
1.71 (1.65; 2.25)"
1.04 (0.52; 1.76)

3.10 (2.56; 3.85
0.34 (0.27; 0.41
1.25(0.72; 1.52
1.14(0.38; 1.34
0.92 (0.47; 1.52

*: significant differences in indicators compared to control group (P < 0.05) are marked with an asterisk; CLP-A: survived group; CLP-B: non-survived group; CLP-C: control.

to the total area of the tissue section in the SFV. For the
comparative analysis of the GS expression sensorimotor
cortex, subcortical white matter, hippocampus, thalamus
and caudate nucleus/putamen regions were selected.
Five SFV of each noted region were analyzed for each
animal.

Data were statistically processed using Statis-
tica® for Windows 13.0 (StatSoft Inc., license No.
JPZ8041382130ARCN10-J) with evaluating median (Me),
lower and upper quartiles (Q1; Q3). For data comparison
between two and more than two groups, Mann—-Whitney
and Kruskal-Wallis tests were used. The results were
considered significant at 95 % (P < 0.05).

Results

Starting from the 12" hour after CLP-procedure, all
operated animals displayed progressive impairment in
periorbital exudation, piloerection, fever-/hypothermia,
diarrhea, social isolation, lethargy, and respiratory im-
pairment. Between 20 and 38 h, 9 animals expressed
pronounced mentioned symptoms and were euthanized
(“CLP-B”), while 11 rats survived until 48 h of the experi-
ment (“CLP-A"). From 23 h in non-survived, as well as 48
hin survived animals, pathohistological study of the liver
tissue revealed signs of spread ballooning degeneration
of hepatocytes of presumably centrilobular localization
with selective coagulative necrosis of individual hepato-
cytes, as well as foci of centrilobular necrosis of lobules,
neutrophilic infiltration and signs of moderate cholestasis.
Mentioned changes were aggravated with time after
CLP-procedure in case of non-survived group.

At 24 h control brains showed heterogeneous GS
expression among different regions with the highest level
in the sensorimotor cortex — 3.10 (2.56; 3.85) % and the
lowest in the subcortical white matter region —0.34 (0.27;
0.41) % (Table 1). GS labeling in all brain regions of control
animals was predominantly associated with the vascular
astroglial endfeet and in the lesser degree was related to
parenchymal astrocytic processes (Fig. 1).

IHC analyses of all studied brain regions of rats in
CLP-Aand CLP-B groups revealed enhanced GS staining.
In the sensorimotor cortex, GS* staining predominantly was
related to the superficial first two layers and was associated
with perikaryons of hypertrophically changed astrocytic
bodies as well as equally distributed over cytoplasm of
diverse types of cellular processes. Such distribution led
to neuropil diffuse-focal GS* staining (Fig. 2).

In the CLP animals, the alteration of GS expression
was characterized by heterogenous mode among different
brain regions. The highest elevation of the GS expression
was detected in the cortex and the lowest — in the caudate
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Fig. 1. GS expression in the cortex of the control rat (CLP-C group) 48 h after the sham operation

(anti-GS, Thermo Scientific, USA). x200.

Fig. 2. GS expression in the cortex of the non-survived rat (CLP-B group) 38 h after the CLP

procedure (anti-GS, Thermo Scientific, USA). x200.

nucleus/putamen region. Interestingly, both CLP-A and
CLP-B animals were noted by significant (compared to
control) elevation in GS expression only in the cortex,
hippocampus and thalamus, whereas subcortical white
matter and caudate/putamen regions showed insignificant
rise (Table 1). Increased values of GS expression in all
studied regions had no significant difference between
CLP-Aand CLP-B groups (P > 0.05), although CLP-B va-
lues were higher compared to CLP-A indicators (Table 1).

In the CLP-B group, the relative area of GS ex-
pression displayed the most prominent increase in the
cortex compared to control: 5.25 (4.23; 5.72) % and 3.10
(2.56; 3.85) %, respectively, P < 0.05, which was equal
to 69.35 % or 1.69-fold increase if compare medians of
indicators. At 48 h of the experiment, CLP-A group both
showed significant increase in cortical GS expression —
4.25(4.12; 5.25) % (Table 1).
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Fig. 3. Dynamics of the GS expression in the cortex of CLP-B rats after CLP-procedure.
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Fig. 4. Dynamics of the GS expression in the hippocampus of CPL-B rats after CLP-procedure.
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Fig. 5. Dynamics of the GS expression in the thalamus of CLP-B rats after CLP-procedure.
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The next highest growth in GS values was revealed in
hippocampus and thalamus of CLP-B group: 1.92 (1.74;
2.11) % (1.53-fold or 53.6 % compared medians to con-
trol) and 1.71 (1.65; 2.25) % (1.5-fold or 50 % compared
to control), respectively. In CLP-A group, hippocampal
and thalamic expression also demonstrated significant
increase compared to control, however values did not
differ from CLP-B group (P > 0.05), (Table 1).

Less pronounced GS level alteration in CLP-B ani-
mals was related to subcortical white matter and caudate/
putamen region: 0.42 (0.32; 1.39) % (1.23-fold/23 %
compared medians to control) and 1.04 (0.52; 1.76) %
(1.13-fold/13.04 % compared medians to control), respec-
tively. Nevertheless, the revealed excess in indicators had
no significance compared to control (P > 0.05).

From the 20™ h after operation, non-survived animals
performed dynamic elevation in GS expression in all studied
brain regions. Interestingly, the significant increase in
indicators was found only in animals died starting from
24 h after CLP-procedure with the maximal values in all
studied brain regions at 38 h — the time-point when the
last CLP-B animal was euthanized due to decompensated
state (Figs. 3-5).

In sum, in the postoperative period of CLP-procedure,
the highest GS expression was typical for the CLP-B
animals in all studied brain regions with the most substan-
tial and significant compared to control elevation in the
cortical, hippocampal and thalamic regions. Furthermore,
in the latter regions, significant and dynamic rising of GS
was revealed only starting from 24 h after CLP-procedure
and reached maximum at 38 h.

Discussion

In sepsis, besides the brain damage conditioned by the
action of systemic neurotoxins and products of dysregu-
lated immune response, in case of sepsis-associated liver
dysfunction development, one can suppose the influence
of the additional detrimental factors caused by the failure
of detoxifying and other functions of the liver.

Current concepts on pathogenesis of the brain da-
mage in SAE and AHE indicate the presence of similar
links in their mechanisms, including neuroinflammation,
abnormal glial reactivity, neurotransmitter imbalance,
disturbed water metabolism, brain edema, etc. [2,12].

Among sequences of ALF, systemic and brain hyper-
ammonemia have been considered to be principal factors
in the mechanisms of acute hepatic encephalopathy. The
target cell population in the brain for ammonia exposure
are astroglia as they are primarily ones containing glu-
tamine synthetase and metabolize ammonia [10]. Our
recent animal studies used CLP model of sepsis and
acetaminophen-induced liver failure (AILF) model of ALF,
have revealed the early astroglial reactive changes in the
cortical, white matter, hippocampal, thalamic and caudate
nucleus/putamen regions of the rat brain. In sepsis model,
dynamic significant increase in GFAP protein expression
in the cortex, white matter and hippocampus was found as
early as 20 h after CLP-procedure [9], while in AILF-model,
the trend of GFAP alterations was represented by the
form of a dynamic downward curve from 16 to 24 h after
acetaminophen treatment (yet unpublished data). These
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results suggest high and fast responsiveness of astroglia
both on systemic inflammatory challenge and on hepa-
togenic toxemia which demonstrates contrary effects on
protein expression.

Studies on GS, another principal player of astroglial
metabolism and functions including reactive astrogliosis,
have demonstrated in AILF-model pronounced but hetero-
geneous increase in GS expression in the cortex, white
matter, hippocampus, thalamus and caudate/putamen
16 h after acetaminophen treatment and maximal va-
lues at 24 h [13]. The latter fact potentially could indicate
brain regions more or less permeable for ammonia and
other toxic agents as well as heterogeneous sensitivity
of different brain regions to damage factors in conditions
of ALF. Coincidence of the high GS expression with the
period of animal’'s decompensation might indicate close
involvement of high GS levels in the development of AHE.

GS is known to be a central enzyme in the regulation
of neurotransmitters glutamate and GABA homeostasis
and therefore, supporting functionality of synapses and
neuronal circuicity [14]. SAE is characterized by the vio-
lation of the neurotransmitter tone in the nervous tissue,
leading to pronounced brain dysfunction up to coma state
[3]. The present study has demonstrated the dynamic
increase in GS expression in the CLP-rat brains with
slightly higher rates in the non-survived animals (likewise
it was observed in AILF-model of the acute liver failure)
[13], although the rise of expression in CLP-study was less
significant than in AILF and was significant only 24 h after
the procedure. The appearance of morphological signs of
focal irreversible liver damage, which preceded significant
increase in GS expression by 1 hour, might suppose
addition of the liver failure of a certain degree to a course
of sepsis with increased levels of hepatogenic toxins
(presumably including ammonia) in the blood and directly
in the brain parenchyma by 23 h after CLP-procedure.

The highest increase in GS expression in the cortex
potentially might indicate the brain region most exposed
to detrimental systemic incoming agents, as well as
specificity of the local astroglial reactivity in given complex
condition. The significant rise in GS expression from 24 to
38 h, demonstrate implication of high levels of GS protein
expression in the mechanisms of SAE progression and
suppose involvement of hepatogenic detrimental influence
among mechanisms of sepsis decompensation. Although,
the absence of a significant difference between GS ex-
pression values in survived and non-survived animals,
as well as positive correlation between GS expression
level and animal survival, may indicate that the severity
of the putative liver failure is insufficient to significantly
influence the mechanisms of thanatogenesis in the
CLP-model of sepsis.

Conclusions

1. In the conditions of CLP sepsis, as soon as 24 h
after operation, there is significant dynamic increase in
GS levelin the cortical, hippocampal and thalamic regions
of the rat brain with the most prominent in the cortex.
Heterogeneous alteration in GS expression potentially
indicates zones more or less acceptable for incoming
systemic agents as well as region-specific reactiveness

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHSA

of the brain tissue, including local astroglial populations,
to these factors in the conditions of sepsis.

2. Revealed morphological signs of sepsis-associated
liver damage preceding significant increase in the brain
GS by 1 h, might suppose addition of the liver failure of a
certain degree to the course of sepsis, which is accompa-
nied by increased level of hepatogenic toxins (presumably
including ammonia) in the blood and in the brain tissue by
23 h after CLP. The latter might propose active implication
of hepatogenic detrimental agents in sepsis pathophy-
siology and involvement of reactively increased brain GS
levels in the complex mechanisms of SAE.

Prospects for further research. Pathophysiology
of SAE still needs further clarifying. Considering growing
body of evidence for central role of glial responsibility and/
or functional disability in suspected mechanisms, it is highly
expected to continue further research in the field of glial
reactivity to systemic endotoxic challenge of different origin.
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