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Abstract—According to the two-hit hypothesis of psychoneuropathology formation, infectious diseases and other patholog-
ical conditions occurring during the critical periods of early ontogenesis disrupt normal brain development and increase its
susceptibility to stress experienced in adolescence and adulthood. It is believed that these disorders are associated with
changes in the functional activity of the glutamatergic system in the hippocampus. Here, we studied expression of NMDA
(GIuN1, GluN2a, GluN2b) and AMPA (GluAl, GluA2) glutamate receptor subunits, as well as glutamate transporter
EAAT?2, in the ventral and dorsal regions of the hippocampus of rats injected with LPS during the third postnatal week and
then subjected to predator stress (contact with a python) in adulthood. The tests were performed 25 days after the stress. It
was found that stress altered protein expression in the ventral, but not in the dorsal hippocampus. Non-stressed LPS-treat-
ed rats displayed lower levels of the GIuN2b protein in the ventral hippocampus vs. control animals. Stress significantly
increased the content of GluN2b in the LPS-treated rats, but not in the control animals. Stress also affected differently the
exploratory behavior of LPS-injected and control rats. Compared to the non-stressed animals, stressed control rats demon-
strated a higher locomotor activity during the 1st min of the open field test, while the stressed LPS-injected rats displayed
lower locomotor activity than the non-stressed rats. In addition, LPS-treated stressed and non-stressed rats spent more time
in the open arms of the elevated plus maze and demonstrated reduced blood levels of corticosterone. To summarize the
results of our study, exposure to bacterial LPS in the early postnatal ontogenesis affects the pattern of stress-induced changes
in the behavior and hippocampal expression of genes coding for ionotropic glutamate receptor subunits after psychogenic
trauma suffered in adulthood.
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INTRODUCTION

The role of early experiences in development of
increased susceptibility to the stress-induced psy-
chopathological states has been actively discussed during
the recent years [1, 2]. In particular, this problem is con-

Abbreviations: AMPA, o.-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid; EAAT?2, excitatory amino acid transporter 2;
EPMT, elevated plus maze test; LPS, lipopolysaccharide,
endotoxin; NMDA, N-methyl-D-aspartate; OFT, open field
test; PTSD, post-traumatic stress disorder.

* To whom correspondence should be addressed.

sidered within the framework of the two-hit hypothesis,
which suggests that stress, infectious diseases, and other
pathological states occurring during the critical periods of
early ontogenesis disrupt early brain development and
increase the organism susceptibility to stress experienced
in adolescence and adulthood [3-5]. Bacterial infection,
as one of the damaging factors, can be modeled experi-
mentally by injecting lipopolysaccharide (LPS, endotox-
in), a component of the cell wall of gram-negative bacte-
ria. It was shown earlier that LPS injection in early onto-
genesis can produce a long-lasting damaging effect on the
CNS function and disrupt cognitive functions and emo-
tional behavior [6-11]. Changes in the stress reactivity of
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animals injected with LPS in early ontogenesis have been
demonstrated in several studies [12, 13].

The mechanisms of LPS-induced disorders of
behavior and stress reactivity are poorly studied. It was
suggested that disruptions in the functional activity of the
glutamatergic system in the brain can be associated, in
particular, with disorders in the formation of ionotropic
NMDA and AMPA glutamate receptors [14], which have
a complex subunit structure. NMDA receptors are het-
erotetramers consisting of the obligatory GluN1 subunit
and variant GluN2a-d or GIuN3 a, b subunits responsible
for the functional and regional variability of NMDA
receptors [15]. AMPA receptors consist of four GIuA sub-
units (GluA1-4). AMPA receptors containing the GluA2
subunit are impermeable to calcium ions [16]. The sub-
unit composition of NMDA and AMPA receptors in the
brain of adult rats is formed during the first weeks of life
[17-21]. LPS injection during this period leads to the
short- and long-lasting alterations in the expression of
genes encoding NMDA and AMPA receptor subunits in
the hippocampus and cerebral cortex [10, 11, 14].

It is well known that NMDA and AMPA receptors
are involved in cognitive functions [22-25] and psychoe-
motional responses [26]. Stress changes expression of
these receptors in the hippocampus [27, 28]. It is assumed
that ionotropic glutamate receptors mediate fear extinc-
tion, while disturbances in this process play a key role in
the pathophysiology of post-traumatic stress disorder
(PTSD) [29, 30]. Administration of NMDA receptor
antagonists prevents stress-induced hormonal and behav-
ioral disorders [31, 32], that evidencing the involvement of
glutamate receptors in the regulation of stress responses.

EAAT?2 glutamate transporter (GLT-1) is another
protein involved in the glutamatergic system activity.
EAAT?2 is produced mainly by astrocytes; it is responsible
for the recapture by these cells of up to 90% of glutamate
from the synaptic gap, thus acting as the major regulator
of extracellular glutamate levels [33]. Changes in the
EAAT2 production in the hippocampus have been
observed in the learned helplessness paradigm (model of
depression) [34] and in adult rats subjected to social stress
(maternal separation) in the neonatal period [35].
However, EAAT?2 expression in the brain of stressed adult
animals injected with LPS at the early age has not been
studied before.

The purpose of the present work was to investigate
the combined effects of the neonatal LPS injection and
stress in adulthood on rat behavior, corticosterone levels,
and expression of EAAT2 and subunits of NMDA and
AMPA receptors in the dorsal and ventral regions of the
hippocampus. The model of stress (predator stress caused
by rat exposure to a python) and the testing protocol were
chosen based on our earlier studies that have demonstrat-
ed that the predator stress affected expression of the stud-
ied genes [36]. Here, gene expression was analyzed sepa-
rately in the ventral and dorsal regions of the hippocam-
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pus, because these regions differ in their functions and
impact of stress on the expression of genes coding for the
glutamate receptor subunits and EAAT?2 [27, 37].

MATERIALS AND METHODS

Treatment of rats. Experimental scheme. The study
was performed in male Wistar rats in full compliance with
the recommendations of the European Community
Directive no. 86/609 EC and was approved by the Local
Ethics Committee of the Institute of Evolutionary
Medicine. The experimental scheme is presented in
Fig. 1. Rat pups were kept with their mothers, one litter
per cage (14 litters in total). The number of pups in a lit-
ter was limited to 7-8; if necessary, some female pups were
left, but not used in the experiments. Bacterial LPS
(serotype 055:B5 from Escherichia coli, 50 ng/kg; Sigma-
Aldrich, USA) or pyrogen-free saline was injected
intraperitoneally once a day on postnatal days 15, 18, and
21. The pups were taken from their mothers for no longer
than 1 min. Each litter was divided into control (saline)
and experimental (LPS) animals. At 1 month of age, the
pups were separated from their mothers. The LPS dosage
was chosen based on the earlier studies to possess a mod-
erate pyrogenicity and to influence the expression of
genes encoding NMDA and AMPA receptor sub-
units [10].

Exposure fo stress. At the age of 3 months, a half of
the experimental (# = 16) and control (# = 19) animals
were subjected to stress by being threatened with death by
a predator (python) and witnessing a death of other rat
[38]. For this, a group consisting of the experimental and
control rats (17-20 animals in total) was placed into a ter-
rarium with a hungry python, where one of the rats was
killed by the predator. The remaining rats were exposed to
the stressful situation by being kept in the terrarium for
the following 20-25 min. Then, the rats were taken from
the terrarium and placed back into the cages, where they
were kept until behavioral testis or collection of biological
material for analysis. Non-stressed experimental and
control animals were used for comparison.

Since we were interested in the long-lasting stress-
induced changes, the experiments were performed
25 days after the stress in the stressed and non-stressed
animals of the same age. Different groups of control and
experimental rats were used for performing biochemical
(saline, n = 17; LPS, n = 13) and behavioral (saline,
n=19; LPS, n = 16) studies.

Western blotting analysis of protein expression. The
levels of NMDA (GluN2a, GluN2b) and AMPA (GluAl,
GIuA2) receptor subunits were determined by Western
blotting. After the animals were sacrificed by decapita-
tion, their entire brains were isolated, frozen immediate-
ly, and stored at —70°C. The ventral and dorsal regions of
the hippocampus were isolated from the sections pre-
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Fig. 1. Scheme of the experiment.

pared with a Thermo Scientific MICROM HM micro-
tome-cryostat (Thermo Scientific, USA) at —20°C
according to the rat brain atlas [39] (Fig. S1 in the
Supplement). Isolated brain structures were homoge-
nized on ice in the optimized lysing buffer proposed by
Kopec et al. [40] supplemented with 1x protease inhibitor
cocktail (Pierce Protease Inhibitor Tablets, Thermo
Fisher Scientific, USA) and incubated for 60 min at room
temperature. The cell debris was removed by centrifuga-
tion (15 min, 14,000g, 20°C). Protein concentration in
the samples was determined by the modified Lowry
method [41]. The supernatant was diluted at a 1 : 1 ratio
with 2x loading buffer (125 mM Tris-HCI, pH 6.8; 40%
(v/v) glycerol; 4% sodium dodecyl sulfate; 2.5% B-mer-
captoethanol; 0.02% Bromophenol Blue) and incubated
in a thermostat (BioSan, Latvia) for 15 min at 70°C.
Electrophoretic separation was performed under reduc-
ing denaturing conditions [42] in 7% polyacrylamide gel
using molecular weight standards (Thermo Scientific
PAGE Ruler Prestained Protein Ladder 10-170 kDa;
Thermo Fisher Scientific) at 125 V. Each protein sample
contained 6 pg of total protein per lane, because this
amount of protein allowed us to work within the linear
region of densitometric analysis for all used antibodies.
Together with the analyzed specimens, each gel had a
standard calibrator sample obtained by mixing several
specimens from animals of different groups.
Fractionated proteins were transferred onto a nitro-
cellulose membrane (pore diameter, 45 um) by the semi-
dry transfer in 1x transfer buffer (Invitrogen Power
Blotter 1-Step Transfer Buffer, Thermo Fisher Scientific)
according to the manufacturer’s instructions. After the
transfer, the membrane was stained with 0.1% Ponceau S
solution in 5% acetic acid (Merck KGaA, Germany); the
results were documented using a ChemiDoc MP gel visu-
alization system (Bio-Rad, USA). Next, the membrane
was blocked with 5% fat-free milk (Sigma-Aldrich,
Switzerland) in PBS-T [0.01 M phosphate buffer, pH 7.4;

BIOCHEMISTRY (Moscow) Vol. 86 No. 6 2021

137 mM NaCl; 2.7 mM KCI containing 0.1% (v/v)
Tween 20] for 1.5 h at room temperature, washed three
times with PBS-T, and incubated overnight at 4°C with
primary antibodies against GluN2a (ab169873, rabbit
polyclonal antibodies), GIuN2b (ab65783, rabbit poly-
clonal antibodies), GluAl (ab109450, rabbit monoclonal
antibodies), GluA2 (ab106515, mouse monoclonal anti-
bodies), and EAAT?2 (ab205248, rabbit monoclonal anti-
bodies) in the same buffer. All primary antibodies
(Abcam, Great Britain) were diluted 1/1000. Next, the
membrane was incubated with horseradish peroxidase-
conjugated anti-rabbit immunoglobulins G (31460,
1/60,000, Pierce Goat anti-rabbit IgG-HRP, Thermo
Fisher Scientific) for GluN2a/2b, GluAl, and EAAT?2 or
anti-mouse immunoglobulins G (ab6808, 1/40,000,
Sheep Anti-Mouse IgG H&L (HRP), Abcam) for
GluA2. The membranes were developed with the chemi-
luminescent substrate Super-Signal™ West Pico PLUS
(Thermo Fisher Scientific) and documented with a
ChemiDoc MP system (Bio-Rad). Densitometric analy-
sis was performed with the Image Lab 6.0.1 software
(Bio-Rad); the optical density of the signal was normal-
ized to the calibrator specimen based on the Ponceau S
staining (total protein) of the corresponding lane.
Determination of corticosterone levels in the blood.
The corticosterone level was determined in the peripher-
al blood serum of the decapitated animals by competitive
enzyme immunoassay using a Corticosterone (Human,
Rat, Mouse) ELISA (RE52211) kit (TECAN Trading,
Switzerland) according to the manufacturer’s recom-
mendations. Spectrophotometric analysis was performed
with an Immunochem-2100 Microplate Reader (HTI
Diagnostics, USA). The concentration of corticosterone
was calculated by the linear regression method. All exper-
iments were performed in two independent repeats.
Behavioral tests. The orientation and exploratory
behavior and the anxiety levels in rats were assessed in the
open field test (OFT) and elevated plus maze (EPMT)
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tests. In the OFT, an open round platform 1 m in diame-
ter was illuminated at 10 1x. A rat was placed in the center
of the platform, and the test was conducted for 3 min. The
following parameters were recorded: total distance cov-
ered (locomotor and exploratory activity), distance cov-
ered in the first minute (orientation and exploratory
behavior), and time spent in the center of the platform
and at its periphery (anxiety level). The general strategy of
rat behavior (the shape of track) was analyzed as well (see
Results for details).

EPMT was used to assess the anxiety level. The
installation consisted of the central platform (10x10 cm)
with two open and two closed arms (50x10 cm) elevated
40 cm above the floor. The closed arms had 30 cm-high
walls and were illuminated at 5 Ix. The open arms were
illuminated at 10 1x. A rat was placed in a closed arm, and

Dorsal hippocampus
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the test was conducted for 5 min. The following parame-
ters were assessed: time spent in the closed and open
arms; time spent for peeping out of the closed arms; the
number of visits to the open and closed arms, the per-
centage of time spent in the open arms, and the grooming
time in the closed arms. All behavioral experiments were
recorded with web cameras placed above the installation;
the video records were analyzed with a software (Field4W,
Pole-7, Pole Krest) developed at the Physiological
Department of the Institute of Experimental Medicine.
The data were processed statistically with the
SPSS Statistics 22 software (IBM Corp., USA) using the
Kolmogorov—Smirnov test for the distribution normality
assessment, the Levene’s test for verifying the equality of
variances, two-factor analysis of variance (ANOVA), and
the Student’s 7-test with the Bonferroni correction as a
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Fig. 2. Expression of genes encoding NMDA receptor subunits in the hippocampus of experimental and control rats (» = 4-8 in each group).
Each point corresponds to a single animal. F, Fisher’s criterion, two-factor ANOVA; *, significant differences from the control group, #, sig-
nificant differences for the non-stressed group; p < 0.05, Student’s 7-test with the Bonferroni correction. Representative Western blots for each

group of animals are shown left to the graphs.
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post hoc test. The Pearson’s %> test was used to analyze
the intergroup differences in the frequencies of different
types of tracks in the OFT. The differences were consid-
ered significant at p < 0.05. The data in the graphs are pre-
sented as mean = standard error. The graphs were plotted
with the GraphPad Prism 8 software (GraphPad
Software, USA).

RESULTS

The used LPS dose of 50 pg/kg did not affect animal
development and body weight dynamics (see Fig. S2 and
Table S1 in the Supplement).

Expression of genes for the ionotropic glutamate
receptor subunits was studied at the protein level (see
Fig. S3 in the Supplement for the results of membrane
staining). The differences between the groups were more
pronounced in the ventral vs. dorsal hippocampus. In the
non-stressed rats, the levels of the NMDA receptor
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GIluN2b subunit were lower in the animals injected with
LPS at the early age were (n = 4) as compared to the con-
trol rats (n = 6) (Fig. 2, t = 4.75; p = 0.002, significant
with consideration of the Bonferroni correction).

LPS injection affected the ratio between the GluN2a
and GIuN2b subunits, which was higher in the LPS-
injected rats [F ;) = 6.97; p = 0.02], especially in the
non-stressed animals (Fig. 2).

Stress also affected differently the expression of the
NMDA receptor GluN2b subunit and AMPA receptor
GluAl subunit in the experimental and control rats
[Figs. 2 and 3; interaction of the stress and group factors,
respectively, F;,, = 4.71; p = 0.04 and F 5, = 4.87,
p = 0.04]. The level of the GIuN2b subunit in the experi-
mental rats increased after the stress (= 3.04; p = 0.025),
whereas in the control rats, it displayed a trend for a
decrease vs. the non-stressed animals.

No significant changes in the EAAT?2 levels in the
ventral and dorsal regions of the hippocampus were found
(Fig. 4).



766 NIKITINA et al.
Dorsal hippocampus Ventral hippocampus
Group - F (4 23=0.51; p=0.48 Group - F(4.2)=0.38; p=0.54
Stress - F(4.23=0.01; p=0.91 Stress - F(1.20=0.76; p=0.39
i Interaction - F(4 23,=0.86; p=0.36 " Interaction - F(4 20,=0.05; p=0.82
_*2 No stress Stress g 1.5 X .0 No stress Stress
g 1.0+ ° Saline LPS  Saline LPS g i Saline LPS  Saline LPS
°
2 72 kDa £ 101 e 72 kDa
% o5 5 .
R % 43 kDa © 0.5- o 43 kDa
14 . [ X
0.0 0.0

No stress Stress

X Saline

No stress Stress

e LPS
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Therefore, neonatal injection of LPS affected ex-
pression of genes encoding ionotropic glutamate receptor
subunits in the ventral, but not in the dorsal hippocam-
pus. The most pronounced changes in the non-stressed
and stressed -animals were observed for the NMDA
receptors GluN2b subunit. To elucidate whether these
changes influence animal behavior after psychogenic
trauma, we studied rat behavior the OFT and EPMT
using the same experimental paradigm, because animal
behavior in these testes is known to depends on the activ-
ity of the GluN2b-containing NMDA receptors [43, 44].

The total covered distance in the OFT (Fig. 5) did
not differ between the groups, however, the activity during
the first minute (an indicator of orientation and
exploratory behavior) increased in the stressed control
rats and decreased in the experimental rats [interaction of
stress and group factors: F; 3y = 6.32; p = 0.017]. No sta-
tistically significant difference was revealed in the time
spent in the field center and at the periphery, but the char-
acter of the track differed in the rat groups. Three types of
the tracks were observed. The first type, that occupied
mostly the field periphery (exploration of the entire field)
was found in the majority of non-stressed control and
experimental animals (66.7 and 70%, respectively) and in
70% of the control stressed rats. The second type, with
frequent visits to the field center, was characteristic for the
one-third of non-stressed control and experimental rats.
The third track type, with the exploration only of a part of
the field, was described in 44.4% of experimental stressed
rats. Apparently, this indicated lower exploratory activity,
and, possibly, increased anxiety level. The prevalence of

different types of track was significantly different in the
four groups (x> = 16.4; p = 0.012).

In the EPMT, stressed and non-stressed experimen-
tal rats stayed longer in the open arms of the maze
(Fig. 6a; group factor F »;, = 4.70; p = 0.04); similar
results were obtained for the percent of time spent by the
animals in the open arms (group factor F ,; = 4.56;
p = 0.04; Fig. S4 and Table S2 in the Supplement). These
results corresponded to the trend for a lesser time spent at
the field periphery displayed by the experimental rats in
the OFT (F 3;, = 2.98; p = 0.09). However, these results
cannot be unambiguously interpreted as a decrease in
anxiety, because the stressed experimental rats displayed
longer grooming time in the closed arms: (Fig. 6b; inter-
action of factors stress and group: F 4.29;
p = 0.048). No differences were found in the time spent in
the closed arms, as well as in the time spent for peeping
out of the closed arms and in the number of visits into the
open and closed arms (Fig. 5 and Table S2 in the
Supplement).

Therefore, the behavioral response to stress was dif-
ferent in the rats injected with LPS during the neonatal
period and control animals.

To test the assumption that the observed differences
can be associated with changes in the corticosterone lev-
els, we analyzed blood levels of this hormone in the con-
trol and experimental rats subjected and not subjected to
the psychogenic trauma. It was shown that the LPS injec-
tion at the early age decreased the blood level of corticos-
terone in both stressed and non-stressed rats [Fig. 7, LPS
injection factor: F; 53y = 6.22; p = 0.02].
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Based on the results obtained results, injection of bac-
terial LPS in early postnatal ontogenesis during the period
crucial for the formation of ionotropic glutamate receptors
(group factor) influences the ratio between the GluN2a and
GIuN2b subunits in the ventral hippocampus, as well as rat
behavior in the EPMT and blood levels of corticosterone.
Different stress response of the control and experimental
rats (combined influence of the group and stress factors)
was manifested as differences in the expression of the
NMDA receptor GluN2b and AMPA receptor GluAl sub-
units and in the rat exploratory and emotional behavior.
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Fig. 7. Corticosterone level in the blood serum of stressed and
non-stressed control (solid line) and experimental (dashed line)
rats (n = 6-8 in each group). F, Fisher’s criterion, two-factor
ANOVA.

DISCUSSION

In this work, expression of ionotropic glutamate
receptor subunits in the hippocampus of rats after com-
bined exposure to the neonatal injection of LPS and psy-
chogenic trauma in adulthood was studied for the first
time.

The group factor (LPS injection) had a pronounced
effect on the GluN2a/GluN2b ratio in the ventral hip-
pocampus and on rat behavior in the EPMT. We also
showed that the non-stressed experimental rats displayed a
decreased GluN2b levels in the ventral hippocampus. An
increase in the GluN2a/GluN2b ratio was shown earlier
in adult rats subjected to prenatal viral infection (via injec-
tion of pregnant females with a synthetic polyl:C mole-
cule). However, in this case, the ratio between the subunits
was increased due to the upregulated synthesis of the
GluN2a subunit [45]. A similar increase in the synthesis of
mRNA for the GluN2a subunit was observed in adult rats
that had received a single injection of a high dose of LPS
(100 pg/kg) on postnatal day 14 (the GluN2a/GluN2b
ratio was not assessed) [14]. Our earlier studies in juvenile
rats that were injected with LPS during the third postnatal
week revealed a decrease in the GluN2b subunit level and
increase in the GluN2a/GluN2b ratio in the dorsal and
ventral regions of the hippocampus [11]. However, similar
LPS injections upregulated GluN2b mRNA in the adult
animals [10]. The activity of NMDA and AMPA receptors
is directly associated with the long-term potentiation
(LTP) in the hippocampal neurons. It was found that the
LPS injections in the neonatal period led to the LTP dis-
turbances in sexually immature animals [11, 46-48]. It
should be noted that the most pronounced changes have
been observed in the ventral hippocampus. Onufriev et al.
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[49] showed that LPS injections in adult rats led to differ-
ent dynamics in the cell activity in the ventral and dorsal
regions of the hippocampus (based on the LTP parameters
and expression of genes encoding proinflammatory
cytokines): the maximal response in the dorsal hippocam-
pus was observed earlier than the maximum response in
the ventral hippocampus.

LPS-induced rearrangements in the subunit compo-
sition of ionotropic glutamate receptors can influence
behavior [43, 44]. Multiple studies have shown impaired
exploratory behavior and changes in the anxiety levels in
adult animals subjected to the LPS injections in the
neonatal period [46, 50-52]. In particular, adult rats
injected with LPS during the third postnatal week exhib-
ited significantly reduced exploration of novel objects
[53] and decreased number of rearings in the OFT [10].
The symptoms of anxiety and depression were recorded in
adult rats and mice that had been injected with LPS on
postnatal days 1 or 3 and 5 [46, 50, 54]. However, other
authors [55] observed reduced anxiety (assessed by the
time spent in the open arms in the EPMT) in the juvenile
rats injected with LPS (100 pg/kg) on postnatal day 5. We
found that adult rats injected with LPS during the third
postnatal week spent less time in the open arms in the
EPMT [10].

The main objective of this study was to investigate
the specific features of the response to psychogenic trau-
ma in adult rats injected with LPS at the early age.
Modeling of the life-threatening situations, in particular,
exposure of laboratory rodents to a predator (or its odor),
is frequently used for PTSD modeling [56]. This disorder
is characterized by a delayed development of psychoneu-
rological impairments [57]. The model used by us in this
has been used before for analyzing the course of post-
stress changes in the expression of genes encoding
NMDA and AMPA receptor subunits in the rat hip-
pocampus, medial prefrontal cortex, and amygdala. The
most pronounced changes were found in the hippocam-
pus 25 days after the stress [36]. For this reason, we used
the same the time interval to assess the specific features of
animals injected with LPS in the neonatal period. In con-
trast to previous research, we did not find any statistically
significant effect of the stress factor on the studied param-
eters, which might be associated with individual features
of animal used in the study. Similar phenomenon has
been described in clinical and experimental works, in
which PTSD developed only in some humans and ani-
mals subjected to stress [56, 58]. Nevertheless, we found
that the LPS-injected rats displayed higher stress reactiv-
ity as judged from changes in the GluN2b levels. No
changes in the biosynthesis of EAAT?2 protein in the hip-
pocampus of rats 25 days after the psychogenic trauma
were found. Earlier, downregulated expression of this
protein was shown in the hippocampus of mice subjected
to chronic stress [59]. It is possible that stress used in our
study was insufficient for affecting EAAT?2 expression.
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The main result of our study is identification of the
combined effect of LPS injection in the neonatal period
and psychogenic trauma on the expression of genes coding
for the NMDA receptor GluN2b subunit and AMPA
receptor GluAl subunit, as well as on the exploratory and
emotional behavior of rats. To the best of our knowledge,
this is the first study on the expression of genes encoding
ionotropic glutamate receptors subunits in the used exper-
imental paradigm. The studies on specific features of stress
reactivity in animals injected with LPS in the neonatal
period assessed by the behavioral and hormonal parame-
ters have been performed before. Thus, Shanks et al. [60]
found an increased secretion of adrenocorticotropic hor-
mone (ACTH) in response to the restraint stress in adult
rats injected with endotoxin on postnatal days 3 and 5.
Moreover, the animals displayed a decreased sensitivity to
glucocorticoids, indicating dysregulation of the negative
feedback regulatory mechanisms of stress response.
Similar results, such as stronger or more prolonged
response to stress (assessed by the corticosterone levels) in
animals injected with LPS at the early age were also
obtained in other works [13, 46]. Walker et al. [12] report-
ed that a 3-day combined stress induced weaker hormon-
al response in rats injected with LPS at the same early
period, although the behavioral stress reactivity of these
animals was higher than in the control rats.

In the present study, rats injected with LPS during
the third postnatal week demonstrated lower corticos-
terone levels both in the absence of psychogenic trauma
and 25 days after the trauma. The lowest concentrations
of corticosterone were recorded in the LPS-injected rats
subjected to stress. In another independent study per-
formed by us earlier [9], low corticosterone levels were
found in the non-stressed rats that had received three LPS
injections (25 or 50 pg/kg) during the third postnatal
week. It is possible that the discrepancies in the obtained
results are due to different endotoxin of and different
times of injections. It should be also noted that the
decrease in the blood level of glucocorticoids and distur-
bances in the negative feedback mechanisms are typical
for PTSD [61, 62], which was presumably modeled in our
work by the exposure of rats to stress.

In conclusion, our study has shown that the injection
of bacterial LPS in the early postnatal ontogenesis affects
the stress-induced changes in animal behavior, as well as
expression of genes coding for ionotropic glutamate
receptor subunits in the hippocampus of adult animals
subjected to the psychogenic trauma. A possible relation-
ship between impaired behavioral responses and altered
gene expression was indicated, in particular, by Lei et al.
[43], who demonstrated that Rislenemdaz (GluN2b-
selective NM DA receptor antagonist) caused changes in
the animal activity in the OFT. The final conclusion
about the association between the neurochemical and
behavioral changes found by us can be made only after
additional neuropharmacological studies.
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