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A B S T R A C T

Neuroinflammation is an important risk factor for neurodegenerative disorders like Alzheimer's disease.
Nicotinic acetylcholine receptors of α7 subtype (α7 nAChRs) regulate inflammatory processes in various tissues,
including the brain. N-stearoylethanolamine (NSE) is a biologically active cell membrane component with anti-
inflammatory and membrane-protective properties. Previously we found that mice injected with bacterial li-
popolysaccharide (LPS) or immunized with recombinant extracellular domain (1–208) of α7 nAChR subunit
possessed decreased α7 nAChR levels, accumulated pathogenic amyloid-beta peptide Aβ(1–42) in the brain and
demonstrated impaired episodic memory compared to non-treated mice. Here we studied the effect of NSE on
behavior and brain components of LPS- treated or α7(1–208)-immunized mice. NSE, given per os, non-sig-
nificantly decreased LPS-stimulated interleukin-6 elevation in the brain, slowed down the α7(1–208)-specific
IgG antibody production and prevented the antibody penetration into the brain of mice. NSE prevented the loss
of α7 nAChRs and accumulation of α7-bound Aβ(1–42) in the brain and brain mitochondria of LPS-treated or
α7(1–208)-immunized mice and supported mitochondria resistance to apoptosis by attenuating Ca2+-stimulated
cytochrome c release. Finally, NSE significantly improved episodic memory of mice impaired by either LPS
treatment or immunization with α7(1–208). The results of our study demonstrate a therapeutic potential of NSE
for prevention of cognitive disfunction caused by neuroinflammation or autoimmune reaction that allows sug-
gesting this drug as a candidate for the treatment or prophylaxis of Alzheimer's pathology.

1. Introduction

Neuroinflammation is an important risk factor for neurodegenera-
tive disorders like Alzheimer disease (AD). It was shown not only to
accompany but to precede the development of cognitive symptoms in
AD patients [1–2]. Correspondingly, non-steroid anti-inflammatory
drugs (NSAID) were shown to decrease the risk of AD development in
humans [3] and to prevent accumulation of amyloid-beta peptide
Аβ(1–42) and appearance of cognitive symptoms in transgenic mice
bearing the AD-related mutations [4].

Nicotinic acetylcholine receptors of α7 subtype (α7 nAChRs) ex-
pressed in the cells of monocyte and related origin are known to at-
tenuate pro-inflammatory cytokine production [5]. Correspondingly,
cholinergic anti-inflammatory pathway was found important in

regulating inflammatory processes in various tissues, including the
brain [5–7]. In addition, α7 nAChR subunits interact directly with
amyloid-beta precursor protein (APP) and its processing products to
ensure their proper metabolism [8–9]. Therefore, α7 nAChR deficiency
favors inflammatory reactions and aberrant APP processing [10–11].
The α7 nAChRs are also expressed in the brain mitochondria to regulate
the early events of mitochondria-driven apoptosis, and their deficiency
decreases cell sustainability against apoptogenic stimuli that favors
neurodegeneration [12–13].

Previously we found that neuroinflammation caused by regular in-
jections of bacterial lipopolysaccharide (LPS) results in the decrease of
α7 nAChR density and accumulation of Aβ(1–42) in the brain of mice
accompanied by the impairment of episodic memory – symptoms
characteristic for the early-stage AD. Similar symptoms were observed
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in mice immunized with recombinant extracellular domain α7(1–208)
suggesting a critical role of α7 nAChRs [13]. Mitochondria of LPS-in-
jected or α7(1–208)-immunized mice were less sustainable against
Ca2+ apoptogenic effect and less sensitive to normalizing effect of α7
nAChR agonist PNU282987 [14]. This data formed a basis for the
search of approaches to prevent neuropathogenic effects of either in-
flammation or α7(1–208)-specific immune reaction in the brain.

N-stearoylethanolamine (NSE) and other N-acylethanolamines
(NAE) are biologically active cell membrane components possessing
cannabimimetic activity [15–17]. Normally, mammals contain pico-
molar quantities of NAE, which can increase 10- to 100-fold upon pa-
thological conditions [15,18–19]. NSE is of considerable interest for
pharmacologists, because of its multiple therapeutic effects: ability to
modulate immune functions [20], cause anti-inflammatory [21],
membranoprotective and anxiolytic effects [19,22–23]. Other NAE
were found to regulate permeability of the blood-brain barrier [24–26]
and to influence the activity of various cell plasma membrane receptors
and channels [27–29]. Interestingly, production of endogenous NAE
was shown to be dependent on α7 nAChR activation [29]. Several
studies describe the protective effects of NAE in the brain, in particular,
against excitotoxic neuronal death [30], pain [31–33] and depression
[23,34]. Our previous experiments demonstrated anti-inflammatory
effect of NSE in the model of LPS-induced pulmonary inflammation
[35–36], thermal skin burn [37] and neuroprotective effect in the
model of chronic morphine dependence [38–39], as well as its anti-
acetylcholine esterase and pro-cognitive activity in the model of cho-
linergic deficiency caused by scopolamine [40].

Taking into account the described pharmacological effects of NSE,
we put an aim to test this drug in LPS-treated or α7(1–208)-immunized
mice in order to study its potential protective effect against neuroin-
flammation, accumulation of amyloid-beta peptides and cognitive im-
pairment caused by these interventions.

2. Materials and methods

2.1. Animals

We used female C57BL/6 J mice starting from 2 months of age. The
mice were kept in the animal facility of Palladin Institute of
Biochemistry, were housed in quiet, temperature-controlled room and
were provided with water and food pellets ad libitum. Before removing
the brain mice were sacrificed by cervical dislocation. All procedures
complied with the ARRIVE guidelines, were carried out in accordance
with the Directive 2010/63/EU for animal experiments and were ap-
proved by the Animal Care and Use Committee of Palladin Institute of
Biochemistry.

2.2. Reagents

All reagents were of chemical grade and were purchased from
Sigma-Aldrich unless specially indicated. NSE was synthesized in the
Department of Lipid Biochemistry at Palladin Institute of Biochemistry
as described previously [20]. Briefly, ethanolamine and stearic acid
were co-condensed in argon athmosphere and upon defined tempera-
ture regime and NSE obtained was purified by re-crystallization in
ethanol. The end product was identified as a single spot corresponding
to NSE standard (S8439 from Sigma-Aldrich) by the thin layer chro-
matography in the solvent system chloroform: methanol: 25% ammonia
(80: 20: 2).

Recombinant nAChR extracellular domain α7(1–208) produced in
yeast was a kind gift of Prof. Socrates Tzartos from Hellenic Pasteur
Institute, Athens, Greece. It was characterized previously [41,42] to
display a significant 125I-alpha-bungarotoxin-binding affinity, a similar
secondary structure composition to that of the acetylcholine-binding
protein, Torpedo α-nAChR-extracellular domain, and mouse α1-nA-
ChR-extracellular domain and a well-defined tertiary structure.

Antibodies against cytochrome c, α7(179–190) or α7(1–208) nAChR
fragments were obtained and characterized in our laboratory [43–45].
The antibodies were biotinylated according to standard procedure [46].
Antibody against Aβ(1–42) and IL-6-specific ELISA kit were from Novex
(Life Technologies), USA.

2.3. Animal treatment and brain samples preparation

To study the effect of NSE on LPS-induced cognitive and biochem-
ical changes, two groups of mice, 10 animals per group, were injected
intraperitoneally with 2 mg kg−1 LPS (E. coli strain 055:B5, purchased
from Sigma-Aldrich) in 0.1 ml of saline, twice, with the interval of four
weeks. NSE was given per os to one of the groups, 50 mg kg−1, 50 μl per
mouse during 9 days: 4 days before and 5 days after LPS injection. The
dose of NSE, as well as the scheme of treatment have been optimized in
previous experiments [36].

To study the effect of NSE in α7(1–208)-immunized mice, three
groups of mice, 9 animals in each, were immunized intraperitoneally
with 50 μg of recombinant α7(1–208) emulsified in 0.2 ml of complete
Freund's adjuvant. The second immunization was performed after
21 days with the same dose of the antigen emulsified in incomplete
Freund's adjuvant. One group of mice obtained NSE (50 mg kg−1, 50 μl
per mouse) per os 9 days daily before each immunization. Another
group of animals obtained similar doses of NSE during 7 days after each
immunization. The third group of mice got no NSE, and the fourth
group was intact (no immunizations or LPS injections). The blood
samples (20 μl) were taken from the tail vein of immunized mice on
days 10 and 15 after the first immunization and on days 8 and 16 after
the second immunization.

After the end of immunization/injection cycle, mice were examined
in behavioral test and then sacrificed by cervical dislocation. The brains
were removed and homogenized in a glass homogenizer. The primary
preparation was fractionated into mitochondria and non-mitochondria
by standard procedure of differential centrifugation as described
[13,47]. Live mitochondria were further examined in functional test of
cytochrome c (cyt c) release (see below), while the pellets of both mi-
tochondria and non-mitochondria fractions were used to prepare the
detergent lysates, as described previously [13]. Protein content was
measured with the BCA kit (Thermo Scientific, France).

To study the antibody penetration into the brain mice were injected
intraperitoneally with LPS (1.5 mg kg−1) and the next day were in-
jected intravenously with rabbit biotinylated α7(1–208)-specific anti-
body (200 μg per mouse). Another group of mice was pretreated with
NSE (50 mg kg−1, 50 μl per mouse) four days before and an hour after
injecting LPS. Mice were sacrificed 15 min or 3 h after the antibody
injection; their brains were removed and cut into two halves. One half
was fixed in 4% paraformaldehyde and cut by vibratome into coronal
40 μm sections to be further studied by confocal microscopy. Another
half was homogenized, lysed in detergent-containing buffer, as de-
scribed elsewhere [13], and studied by ELISA for the presence of
α7(1–208)-specific antibodies.

2.4. ELISA assays

To determine the level of α7 nAChR subunits within the brain or
mitochondria preparations, the immunoplates (Nunc, Maxisorp) were
coated with rabbit α7(1–208)-specific antibody (20 μg/ml), blocked
with 1% BSA, and the detergent lysates of brain tissue or mitochondria
were applied into the wells (1 μg of protein per 0.05 ml per well) for 2 h
at 37 °C. The plates were washed with water and the second biotiny-
lated α7(179–190)-specific antibody was applied for additional 2 h
being revealed with Streptavidin-peroxidase conjugate and o-pheny-
lendiamine-containing substrate solution. The specificity of such assay
has been previously demonstrated by using the corresponding pre-
parations of α7−/− mice [12].

To determine the level of Aβ(1–42) bound to α7 nAChR, the plates
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were coated with α7(1–208)-specific antibody, and the α7-Aβ complex
from the brain preparation applied as described above was revealed
with biotinylated Aβ(1–42)-specific antibody, Streptavidin-peroxidase
conjugate and o-phenylendiamine-containing substrate solution. The
optical density was read at 490 nm using Stat-Fax 2000 ELISA Reader
(Advanced Technologies, USA).

To determine the presence of α7(1–208)-specific antibodies in the
mouse blood sera the immunoplates were coated with recombinant
α7(1–208), 10 μg/ml in PBS, blocked with 1% BSA and washed by tap
water before application of the sera diluted 1:50 in 0.05% Tween 20-
containing PBS overnight at 4 °C. The bound antibodies were detected
with peroxidase conjugate of anti-mouse IgG and o-phenylendiamine-
containing substrate solution; the optical density was read at 490 nm.

To determine the presence of injected biotinylated α7(1–208)-spe-
cific antibodies in the brain preparations, the immunoplates were
coated with recombinant α7(1–208), the brain detergent lysates were
applied at 100 μg/ml and the bound antibodies were revealed with
Streptavidin-peroxidase conjugate and o-phenylendiamine-containing
substrate solution.

2.5. Cyt c release studies

The purified live mitochondria (120 μg of protein per ml) were in-
cubated with either 9.0 μM CaCl2 or 9.0 μM CaCl2 and 30 nM
PNU282987 for 2 min at room temperature and were immediately
pelleted by centrifugation (10 min, 7000 g) at 4 °C. The incubation
medium contained 10 mM HEPES, 125 mM KCl, 25 mM NaCl, 5 mM
sodium succinate and 0.1 mM K2PO4, pH 7.4. The α7 nAChR agonist
PNU282987 was applied just prior to Ca2+. The mitochondria super-
natants were collected and tested for the presence of cyt c by sandwich
assay as described previously [45,47].

2.6. Measuring IL-6

The primary mouse brain homogenates were tested for the presence
of IL-6 using the Mouse IL-6 Antibody Pair kit from Novex (Life
Technologies), according to manufacturer's instructions.

2.7. Immunohistochemistry and confocal microscopy studies

The floated sections of mouse brains (presumably containing bioti-
nylated antibodies) were incubated with Extravidin-Cy3 (Sigma-
Aldrich, 1:200) in 1% BSA-containing PBS for 1 h, placed onto micro-
scopic slides and embedded in Vectashield to be examined under Zeiss
LSM 510 Meta confocal laser scanning microscope. The brain regions
were identified according to Paxinos and Franklin [48].

2.8. Behavioral studies

Mice of all groups were tested in the “Novel Object Recognition”
(NOR) behavioral test [13,49]. The results of NOR test are presented as
Discrimination Index (DI) calculated as the difference in the number of
“novel” and “famous” object explorations divided by the total number
of explorations.

2.9. Statistical analysis

ELISA experiments have been performed in triplicates and mean
values for individual mice were used for statistical analysis assessed
using either the Student's t-test or Mann-Whitney test. Behavioral tests
were also performed in triplicate for each mouse and mean values for
individual mice were taken for statistical analysis. The data are pre-
sented as Mean ± SE and the difference was considered significant at
p < 0.05. The data of Student's and Mann-Whitney tests were similar.

3. Results

3.1. The effect of NSE on LPS-induced changes in the brain of mice

LPS injections resulted in increase of IL-6 level in the brain of mice
and treatment with NSE did not significantly decrease it (Fig. 1A). The
level of α7 nAChR was slightly (about 13%) increased in the brain of
LPS-treated mice and slightly (about 12%) decreased in the brain mi-
tochondria; both changes tended to be prevented by NSE treatment
(significantly for the brain mitochondria, Fig. 1B). In contrast, LPS-
treated mice possessed dramatically elevated levels of α7-bound
Aβ(1–42) in both mitochondria and non-mitochondria brain fractions;

Fig. 1. The effect of NSE on the IL-6 level in the brain (A),
α7 nAChR (B) or α7-bound Aβ(1–42) (C) levels in the brain
and brain mitochondria of LPS-treated mice and on cyt c
release from the brain mitochondria of LPS-treated mice
stimulated with 9 μM Ca2+ in the presence or absence of
30 nM PNU282987. Columns correspond to Mean ± SE
values, * - p < 0.05; ** - p < 0.005; *** - p < 0.0005
compared to the data of non-treated mice (Ctrl); # -
p < 0.05; ## - p < 0.005 compared to the data of LPS-
treated mice; n = 6.
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they were diminished almost to the control level in LPS + NSE-treated
mice (Fig. 1C). In functional assay, the brain mitochondria of LPS-
treated mice released much more cyt c in response to 9 μM Ca2+ and
were less sensitive to attenuating effect of α7-specific agonist
PNU282987 than mitochondria of control mice; moreover small
amount of cyt c was released even without Ca2+ demonstrating im-
paired integrity of mitochondria under LPS effect. NSE treatment pre-
vented all these changes and returned the studied parameters to control
levels (Fig. 1D).

3.2. The effect of NSE on the integrity of the blood-brain barrier disturbed
by LPS

The brain is normally protected from penetration of high molecular
weight substances, like antibodies, by tightly connected vascular en-
dothelial cells forming the blood-brain barrier (BBB). Inflammatory
stimuli use to loosen the tight intercellular junctions making the BBB
permeable and allowing the antibody penetration into the brain par-
enchyma [13]. To study whether NSE affects the BBB integrity, we
injected biotinylated α7(1–208)-specific antibodies into the tail vein of
mice, either intact of pre-injected with LPS a day before; a group of LPS-
treated mice obtained NSE before and just after the LPS injection. Mice
were sacrificed in either 15 min or 3 h after the antibody injection and
their brains were examined for the presence of biotinylated antibodies
by ELISA and immunohistochemistry. As shown in Fig. 2A, no antibody
was found by ELISA in the brain preparations of non-treated mice. LPS
pre-treatment resulted in the antibody appearance in the soluble brain
fraction (supernatant) 15 min after injection and in the brain tissue
(detergent lysate of the pellet) 3 h after injection. NSE significantly
decreased the detected antibody levels in both brain fractions.

To check which brain regions were mostly affected by NSE, we
performed biotin-specific staining and confocal microscopy examina-
tion of the brain slices of antibody-injected mice. As shown in Fig. 2 B-
D, biotinylated α7(1–208)-specific antibodies were detected in various
brain regions 3 h after the antibody injection. The non-specific rabbit
IgG injected into LPS-treated mice also penetrated through the walls of
the brain vessels but did not stain the cells within the brain parenchyma
([13], data not shown here). NSE prevented antibody penetration into

striatum radiatum and striatum oriens area of the hippocampus (Fig. 2B),
and to the frontal cortex internal granular layer (Fig. 2C) and also
slightly decreased the antibody staining in striatum and medulla (data
not shown). In contrast, no visible difference between NSE-treated and
non-treated mice was found in pyramidal layer of the hippocampus CA3
zone (Fig. 2B), in internal pyramidal layer of the frontal cortex (Fig. 2D)
and in thalamus-habenula region (data not shown).

3.3. The effect of NSE on the antibody production and on immunization-
induced changes in the brain and behavior of mice

NSE slowed down the antibody production in α7(1–208)-im-
munized mice. However, by day 35, the level of α7(1–208)-specific
antibodies in the blood serum was similar in NSE-treated and non-
treated mice (Fig. 3A). α7(1–208)-immunized mice demonstrated de-
creased α7 nAChR levels in the brain and brain mitochondria; the de-
crease was significantly attenuated by NSE pre-treatment (Fig. 3B). The
brains and brain mitochondria of α7(1–208)-immunized mice con-
tained elevated amount of α7-bound Aβ(1–42), which was decreased to
almost control level by NSE pre-treatment and, less, post-treatment
(Fig. 3C). In contrast to LPS treatment, immunization with α7(1–208)
did not affect the brain mitochondria sensitivity to 9 μM Ca2+; never-
theless, NSE decreased the level of cyt c released under the effect of
Ca2+ or Ca2++PNU282987 and even in mitochondria of control mice
(Fig. 3D).

Finally, mice either treated with LPS or immunized with α7(1–208)
demonstrated significantly worse episodic memory compared to non-
treated mice. NSE restored the memory of immunized mice (pre-treat-
ment being again more effective than post-treatment) and tended to
restore it in LPS-treated mice (Fig. 4A–B).

4. Discussion

The data presented here demonstrate that either LPS treatment or
immunization with extracellular domain of α7 nAChR subunit resulted
in significant changes in the brain and behavior of mice. This is in ac-
cord with our previously published data showing that α7(1–208)-spe-
cific antibodies generated in vivo produced an inflammation-like effect

Fig. 2. The effect of NSE on the α7(1–208)-specific antibody penetration into the brain studied by ELISA (A) or confocal microscopy (B–D) in the hippocampus (B) and frontal cortex
internal granular (C) or pyramidal layer (D) 3 h after the antibody injection. SO – striatum oriens, SR – striatum radiatum, Pyr – pyramidal layer of the hippocampus. Columns in (A)
correspond to Mean ± SE values. ** - p < 0.005 compared to LPS-non-treated mice; ## - p < 0.005 compared to LPS-treated mice; n= 3.
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in mice resulting in accumulation of Aβ peptides, mitochondria damage
and episodic memory impairment [13–14]. The α7 nAChRs are known
to be involved in regulating pro-inflammatory cytokines production
[5–6], and high LPS doses resulted in the decrease of both α7 RNA and
protein levels [50]. The α7(1–208)-specific antibody could decrease the
level of α7 nAChR protein by inducing its internalization and catabo-
lism; in addition, as it was shown with single-chain α7-specific anti-
bodies, the antibody binding stimulated pro-inflammatory IL-6 pro-
duction in astrocyte-derived human cell line [51].

The LPS dose used in these experiments (2 mg kg−1) affected sig-
nificantly, but not dramatically, the α7 nAChR expression in the brain
and brain mitochondria and made mitochondria much more sensitive to
apoptogenic effect of Ca2+. In contrast, immunization with α7(1–208)
dramatically decreased α7 nAChR levels in the brain and brain mi-
tochondria, but did not affect mitochondria sensitivity to Ca2+. These
data indicate that inflammation caused by LPS injection or immune
reaction stimulated by α7(1–208) injection affected mice in different
ways. Nevertheless, both treatments stimulated considerable accumu-
lation of α7-bound Aβ(1–42) and dramatically decreased episodic
memory of mice. Therefore, memory was mostly affected by Aβ(1–42)
accumulation in the brain and was less dependent on the level of α7
nAChR or the state of mitochondria.

Numerous data demonstrate that Aβ peptides are involved in pa-
thogenesis of AD [52–53]. They are oligomerized to form extracellular
senile plaques affecting interneuronal contacts in the brain [54]. Being
accumulated intracellularly, they affect mitochondria functions leading

to reactive oxygen species formation, mitochondrial membrane depo-
larization, mitochondria swelling and cytochrome c release [55–58].
Aβ(1–42) was shown to interact directly with α7 nAChRs [8–9]. In our
experiments, the level of α7-bound Aβ(1–42) was increased in both the
brain and brain mitochondria of LPS-treated or α7(1–208)-immunized
mice that is in accord with our previously published data [13–14].
Given almost similar α7 nAChR levels found in LPS-treated and non-
treated mice and decreased α7 levels in α7(1–208)-immunized mice,
this data demonstrate a significant increase in Aβ(1–42) production
under the effect of either LPS or immunization, independently on the
α7 nAChR level.

NSE effectively prevented the Aβ(1–42) accumulation and sub-
sequent memory decline in both experimental schemes used.

NSE is a natural component of mammalian cell membranes, along
with other NAE, like N-palmithoylethanolamine, N-oleylethanolamine
and N-linoleylethanolamine, which are important and physiologically
relevant mediators of cell protection against various pathological con-
ditions [15–6,18,20,36–37]. The mechanisms of NAE activity include
either direct incorporation into the cell membranes or interaction with
specific cell receptors: cannabinoid, vanyloid, nuclear PPAR [59–61].
As a result, NAE can stabilize cell membranes and influence the activity
of multiple calcium, potassium, chloride and ligand-gated ion channels,
including α7 nAChRs [27–29]. However, NSE effects found here don't
seem to be α7 nAChR-specific, because similar improvements were
found in another experimental model of cognitive pathology caused by
scopolamine treatment and, therefore, related to muscarinic

Fig. 3. The effect of NSE pre- or post-treatment on the
α7(1–208)-specific IgG level in the blood sera of α7(1–208)-
immunized mice (A), on the α7 nAChR (B) and α7-bound
Aβ(1–42) (C) levels in the brain or brain mitochondria of
α7(1–208)-immunized mice and on the sensitivity of brain
mitochondria to 9 μM Ca2+ in the presence or absence of
30 nM PNU282987 (D). Points (A) and columns (B-D) cor-
respond to Mean ± SE values, n = 9. A: * - p < 0.05; ** -
p < 0.005; *** - p < 0.0005 compared to corresponding
values of NSE-non-treated mice. Arrows indicate the time
points of the antigen injections. B-D: * - p < 0.05; ** -
p < 0.005; *** - p < 0.0005 compared to corresponding
values of non-immunized mice (Ctrl); # - p < 0.05; ## -
p < 0.005; ### - p < 0.0005 compared to corresponding
values of α7(1–208)-immunized NSE-non-treated mice.

Fig. 4. The effect of NSE on episodic memory of LPS-treated (n = 10,
A) or α7(1–208)-immunized mice (n = 7, B). DI – discrimination
index. Columns correspond to Mean ± SE values; * - p < 0.05; ***
- p < 0.0005 compared to non-treated mice (Ctrl); ### -
p < 0.0005 compared to α7(1–208)-immunized NSE-non-treated
mice.
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acetylcholine receptors [40]. Most probably, positive effects of NSE are
due to its anti-inflammatory and membrane stabilizing activities, which
is quite evident from the data presented here.

We did not observe a significant decrease of pro-inflammatory IL-6
in the brain under the effect of NSE. However, previous experiments
demonstrated its peripheral anti-inflammatory action [35–37]. Here we
show that NSE pre-treatment slowed down the antibody response in
α7(1–208)-immunized mice. The α7(1–208)-specific IgG antibody ap-
peared in the blood of non-treated mice quite early (in 10 days) after
the primary antigen injection, suggesting that immunization activated
memory B lymphocytes. The extracellular domain of α7 nAChR subunit
is highly homologous between mammalian species [62], therefore,
human recombinant α7(1–208) introduced at the inflammatory back-
ground could stimulate “sleeping” autoimmune B cell clones. NSE
prevented or at least slowed down such stimulation, obviously, due to
anti-inflammatory effect.

The membrane-stabilizing effect of NSE was evident in experiments
dealing with the integrity of the BBB. At the time of brain examination
NSE-treated and non-treated α7(1–208)-immunized mice contained
almost equal amounts of α7(1–208)-specific IgG antibodies. However,
negative effects of these antibodies were observed only (mainly) in
NSE-non-treated mice. We found that NSE prevented antibody pene-
tration into the frontal cortex and hippocampus, the areas involved in
cognition and memory, that could explain undisturbed episodic
memory of NSE-treated compared to non-treated α7(1–208)-im-
munized mice.

In addition, NSE was shown to possess cannabimimetic activity,
although its effects were not attributed to activation of cannabinoid
receptors [17]. Nevertheless, the results of our study are strikingly si-
milar to the described ability of phytocannabinoid cannabidol to reduce
cognitive AD symptoms in pharmacological and transgenic models in
rodents by exhibiting anti-inflammatory, anti-oxidant and neuropro-
tective properties [63–64]. Moreover, dysregulation of en-
docannabinoid-eicosanoid network supported pathogenesis in a mouse
model of Alzheimer's disease [65]. These data indicate that cannabi-
mimetic properties of NSE should also be taken into account in relation
to its pharmacological activity. Similarly, we cannot exclude the anti-
acetylcholine esterase activity of NSE found in previous experiments
[40] that would favor stimulation of both muscarinic and nicotinic A-
ChRs in the brain.

5. Conclusion

The results of our study demonstrate a therapeutic potential of NSE
for prevention (prophylaxis) of cognitive disfunction caused by neu-
roinflammation or autoimmune reaction that allows suggesting this
drug for further pre-clinical studies in AD models.
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