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Background: Alzheimer’s disease (AD) is acommon form of age-related dementia, characterized by deposi-
tion of amyloid A plaques, neuroinflammation and neurodegeneration. N-methyl-p-aspartate receptors
(NMDAR) are postsynaptic glutamate receptors that play a role in memory formation and are targets for
memantadine, an anti-AD drug. Nitric oxide (NO) signaling has been involved in both memory devel-
opment through neuronal NO synthase (nNOS), and neuroinflammation through inducible NO synthase
(iNOS) which mediates CNS inflammatory processes.

Zf;l‘:\grr:; Aim: To study the expression of the NMDAR2B subunit in an inflammatory model of AD before and after
Nitric oxide treatment with NO modulators.

NMDAR Materials and methods: AD was induced in mice by a single dose of lipopolysaccharide (LPS). Behavioral
NOS inhibitors tests for spatial and non-spatial memories and locomotor activity were performed to assess disease sever-
Diflunisal ity and progression. The effects of L-NAME (general NOS inhibitor), 1400W (iNOS inhibitor), diflunisal

LPS (systemic anti-inflammatory drug that does not cross the blood brain barrier), and L-arginine, the sub-
strate for NOS was determined. Immunohistochemistry was done to confirm AD and brain lysates were
tested for AR formation, levels of NMDAR2B subunits, and brain NO levels.

Results: Systemic LPS induced AD, as shown by cognitive impairment; increased levels of AR and con-
comitant increase in the brain NO concentrations. This was associated with overexpression of NMDAR2B.
All tested drugs improved behavioral dysfunction, prevented A formation and NMDAR overexpression,
and lead to decrease in NO concentration in the brain. L-Arginine alone, however, did not produce similar
improvements.
Conclusion: NMDAR2B subunits are overexpressed in an inflammatory model of AD and NO inhibitors
ameliorate this expression.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

AD is aneurodegenerative disorder affecting regions in the brain
responsible for memory and cognition. It is accompanied by promi-
nent neuroinflammation and biochemically is characterized by the
presence of amyloid beta (AB) plaques and neurofibrillary tangles
(NFT) (Medeiros et al., 2011).

LPS induces progressive neurotoxicity through binding to Toll-
like receptor-4 (TLR-4) on the microglial cells causing the release
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of variable neurotoxic inflammagens as TNF-a, IL-6, NO and PGE;.
Thus, LPS is an accepted model for AD suffering from memory
impairment and amyloidogenesis and is applicable for the study
of neuroinflammation and neuroinflammation-associated patho-
genesis of AD (Lee et al., 2012; Liu and Bing, 2011).

NO is a highly diffusible molecule with both neuroprotective
and neurotoxic properties. It is directly related to L-glutamate and
NMDA receptors in the CNS (Benarroch, 2011) and thus to long-
term potentiation (LTP).

NMDAR are tetrameric ionotropic glutamate receptors that
allow Ca2* influx. GluN1 makes up two of the four subunits and
the other two vary according to the location and the stage of devel-
opment. GluN2A and GluN2B are the most predominant suggesting
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that they play a role in the synaptic function and plasticity (Paoletti
et al, 2013).

The drugs used in this study were L-NG-nitroarginine
methyl ester (L-NAME), N-((3-(aminomethyl)phenyl]methyl)-
ethanimidamide, dihydrochloride (1400W), diflunisal and L-
arginine. L-NAME is a competitive inhibitor of the 3 NOSs with
higher potency as an inhibitor of eNOS and nNOS (K; =60nM and
90 nM, respectively) than for the iNOS (K; = 1.4 nM) (Pfeiffer et al.,
1996). 1400W is a selective inhibitor for iNOS (K; =2 nM) over the
nNOS and eNOS (K; is 2 wM and 50 wM) (Garvey et al., 1997). Diflu-
nisal is a salicylate anti-inflammatory analgesic that does not pass
the blood brain barrier (Nuernberg et al., 1991). L-Arginine is the
substrate for the NOS enzymes. Several studies had shown that the
level of L-arginine decreases in old age and in AD (Vi et al., 2009)
and that its increase is responsible for improving memory (Rayatnia
et al., 2011; Yildiz Akar et al., 2009).

The aim of the study was to study the effect of AD on the expres-
sion of NMDAR2B and the role of NO modulators on this expression.
L-Arginine was reported to decrease in regions in the brain involved
with memory formation such as the entorhinal and postrhinal cor-
tices with old age (Rushaidhi et al., 2012), so effect of increasing its
serum level was tested, as it is the source of endogenous NO.

2. Experimental procedures
2.1. Animals

Adult male mice weighing 25-30g between 3 and 4 months
old were purchased from the National Research Centre (NRC),
Giza Cairo. The mice were kept in a temperature-controlled room
23-24°Cwith a 12-h dark/light cycle. Free access to food and water
was allowed and all the experiments were carried according to the
guidelines of the Animal Care and Use Committee of the German
University in Cairo.

2.2. Chemicals

The LPS used for the induction of Alzheimer’s was obtained
from Sigma-Aldrich Chemie GmbH, Taufkirchen as well as the
anti-inflammatory drug diflunisal. The 1400W and L-NAME were
obtained from Cayman Chemicals, Germany.

The LPS, 1400W, L-NAME and L-arginine were dissolved in saline
and diflunisal was mixed with Tween 80 then dissolved in saline.

2.3. Experimental design

In this study, intraperitoneal (ip) injection of LPS was given to
the mice at a dose of 0.8 mg/kg (Sheng et al., 2003) in 100 .1 saline
for the induction of AD. After 6 days the mice were trained on the
behavioral experiments and then tested on the following day. On
the 8th day the mice were sacrificed and the brains were immedi-
ately frozen in liquid nitrogen then stored at —80°C. A mouse from
each group was sacrificed and its brain preserved in 4% formalde-
hyde at 4°C for immunohistochemical staining. The mice were
divided into five groups each with n=10 (Fig. 1).

Another group was named “Arg Group” was used to study the
effect of L-arginine on improving the memory after AD had devel-
oped (n=10) (Fig. 2).

2.4. Behavioral tests

2.4.1. The Y-maze

It is a measure of the spatial memory. Mice were trained on
the apparatus 6 days after the LPS injection. The mice were put
individually in the middle of the apparatus and left to explore the
apparatus freely for 8 min to get familiar with the apparatus and
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Fig. 1. Working protocol for the control, LPS, 1400W, L-NAME and diflunisal groups.
The control group was given 100 pl saline. The LPS dose was 0.8 mg/kg of LPS in
100 ! saline. It was given to the LPS group. The doses of 1400W and L-NAME were
5mg/kg (Garvey et al., 1997) and 20 mg/kg (Traystman et al., 1995) dissolved in
100 pl saline. The doses were given at 24-h intervals to ensure maximum inhibition
of the NOSs (Nemec et al., 2010). The diflunisal dose was 100 mg/kg dissolved in
100 pl of saline (Meunier et al., 1998).

to enhance its memory acquisition (Van der Borght et al., 2007).
The following day, the arms were labeled arbitrary A, B and C.
The mice were put in the middle and monitored for 8 min and
the sequence of arm entry was recorded. The maze was washed
with 70% ethanol after each mouse. The experiment was performed
under white light in a quiet room and the behavior recorded for
analysis later.

The alternation behavior was defined as the successive entries
into the three different arms A, B and C in overlapping triplet
sets (Tamura et al., 2006). The ratio between the actual and possi-
ble alternation was calculated and the percentage alternation was
obtained through this equation:

Number of alternations

% Alternation = - x 100
Total arm entries-2

2.4.2. The novel object recognition test

This is a measure for the non-spatial memory of the mouse. After
6 days from the LPS injection two identical objects were put at one
end of the box 10 cm away from the sidewalls and the mouse put at
the opposite side. The mouse was left to explore the box for 15 min.
After 24 h, one of the objects was replaced by a completely differ-
ent new one and the mouse was left for 4 min while recording the
time spent in exploring each of the objects. The box and the objects
were washed with 70% ethanol after each mouse. The experiment
was performed under white light in a quiet room and the behavior
recorded for analysis later.

Exploration is counted if the mouse directs his nose to the object
at a distance of 2 cm or less (Ohta et al., 2012). The percentage of
explorations to the new object was calculated using this equation:

Time spent exploring new object
Total time of time experiment(4 min)

x 100

% Exploratory preference =
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Fig. 2. Working protocol for L-arginine group. L-Arginine was dissolved in saline at
a concentration of 50 mg/ml and given at a dose of 500 mg/kg orally.
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2.4.3. The open field test

This is used to test the motor abilities of the mouse with regards
to the ambulation, rearing and grooming frequencies. After 6 days
from the LPS injection, the mouse was putin a specific corner square
and left to explore the arena for 3 min. A day later the mouse was
put on the same square, left for 3 min and the ambulation, rearing
and grooming frequencies were measured. The arena was washed
with ethanol 70% after each mouse. The experiment was performed
under white light in a quiet room and the behavior recorded for
analysis later (Kim et al., 2005).

2.5. Immunohistochemistry

2.5.1. Chemicals

The primary antibody ab10148 (anti-beta amyloid 1-42) was
bought from Abcam plc, Germany. Trilogy (20x) (920P-06), the
immunohistochemistry tissue fixation kit, was obtained from Cell
Marque, USA, and the EconoTek HRP anti-polyvalent (DAB) kit was
from Scytek Laboratories, Inc., USA.

2.6. Western blot

Western blot was done for two proteins, the A3 and the NMDAR
N2B subunit (more common at extrasynapse (Petralia et al., 2010)).
Tris-tricine 16% gel was used for the Af as it has a low molecular
weight of 4 kDa and Tris—glycine 12% gel for the NMDAR2B as it has
a bigger molecular weight of 166 kDa.

2.6.1. Chemicals

Glycine, tris, tricine (N-tris-(hydroxymethyl)-methyl-glycine)
and SDS (sodium dodecyl sulphate) were obtained from Carl Roth,
Germany. The primary antibodies ab10148 (anti-beta amyloid
1-42), ab65783 (anti-NMDAR2B), ab8227 (anti-beta actin) and the
secondary antibody ab97061 (donkey polyclonal secondary anti-
body to rabbit IgG-H&L (alkaline phosphatase)) were all bought
from Abcam plc, Germany. The nitrocellulose membrane was
bought from Whatman GmbH, Germany and had a pore size of
0.2 pm.

Protein concentration was measured using a Qubit fluorometer,
Invitrogen, Carlsbad, CA, USA.

2.6.2. Work protocol

2.6.2.1. Sample preparation. Half a hemisphere of mouse brain was
cut and weighed then put in RIPA buffer (400 w1 for each 100 mg
brain). The brain was then homogenized using a tissue homog-
enizer at 28,000 rpm for 30s at 0°C. The homogenate was then
centrifuged at 3000 x g for 5min at 4°C. The supernatant was
aliquoted and stored at —80°C.

2.6.2.2. Tris-tricine gel electrophoresis and transfer. The casting of
the Tris-tricine gel was done according to the protocol published
by Schagger and von Jagow (1987).

Tricine was chosen as it has a higher electrophoretic mobility
and thus increases the ionic strength of the media and thus allows
for the separation of small proteins at high acrylamide concentra-
tions (Schagger and von Jagow, 1987). The gel was made of a 4%
stacking gel, a 10% spacer gel and a 16.5% resolving gel. The pres-
ence of the spacer was reported to sharpen the bands (Schagger,
2006). After gel polymerization, 70 pg of protein was taken from
the brain homogenate and an equal volume of loading dye was
added to it. This mixture was heated at 99 °C for 5 min then added
to one of the wells along with the protein ladder and a standard
amyloid protein as a positive control.

The run was performed at a constant voltage of 100 V for approx-
imately 15 min till the bands finish the spacer gel. After that the
voltage was raised to 150V for another 35 min. During the run, a

nitrocellulose membrane and six pieces of filter paper all cut the
same size as the gel was soaked in Towbin buffer.

After the run was over, the 4% stacking gel was removed and
the gel was left in Towbin buffer for 5 min. The gel, membrane and
filter papers were then arranged appropriately in the blotter and
left for 40 min at 400 mA for the transfer of the proteins from the
gel to the membrane.

2.6.2.3. Tris-glycine gel electrophoresis and transfer. Tris-glycine
gel was used as the molecular weight of NMDAR was big enough
and the Tris-tricine was not needed.

After gel polymerization, 50 g of protein were taken from the
brain homogenate and an equal volume of loading dye was added
to it. This mixture was heated at 95 °C for 5 min then loaded into the
wells along with the protein ladder and a standard NMDAR protein
as a positive control.

The run was performed at a constant voltage of 125V for approx-
imately 15 min till the bands finish the spacer gel. After that the
voltage was raised to 150V for another 60 min. The proteins were
transferred to a nitrocellulose membrane using 400 mA for 40 min.

2.6.2.4. Detection. The membrane was washed with TBST buffer
for 15 min to remove remaining Towbin/carhode/anode buffer. The
membrane was then left in the blocking buffer (5% non-fat milk in
TBST) for one hour to allow binding of the antibody only to the
transferred proteins not the whole membrane. After blocking, the
membrane was incubated with the primary antibody overnight to
allow for complete binding to the target protein. The next day it
was washed for 15 min with the blocking buffer then the secondary
antibody was added and left for one hour.

After removing the secondary antibody the membrane was
washed for 15 min with TBST to remove any traces of the sec-
ondary antibody. Ten milliliters of the ALP substrate were mixed
with 33 pl of BCIP (50 mg/ml) and 66 .l (50 mg/ml) of NBT directly
before adding it to the membrane. Within a couple minutes the
protein bands became stained with a purple color.

2.7. NO measurement

The assay was performed according to Griess assay.

2.7.1. Chemicals

VCL3, N-(1-naphthyl)ethylenediamine dihydrochloride (NED),
sulphanilamide, NaNO3 and ZnSO4 were all obtained from
Sigma-Aldrich Chemie GmbH, Taufkirchen.

2.7.2. Work protocol

Protein was first precipitated by adding 20 wl ZnSO4 to 200 .l
of the homogenate. The samples were vortexed then centrifuged at
15,000 rpm for 15 min at 4 °C. The supernatant was collected.

To 100 plof the supernatant 300 .l of Griess reagent were added
followed by 200 .l ddH,0 and 300 wl VCls. The mixture was then
incubated in a thermomixer for 30 min at 37°C and 300rpm. A
blank was prepared by adding 300 .1 ddH, 0, 300 1 VCl3 and 300 .l
Griess reagent. To 100 w1 of each of the standards 200 wl of ddH;0,
300 pl of Griess reagent and 300 .1 VCl; were added. The blank and
the standards were incubated with the samples.

After 30 min, the absorbance of the samples and the standards
were measured at 540 nm. A calibration curve was drawn from
the standards and the concentrations of the samples were deter-
mined using this curve. The concentration was then calculated as
concentration per mg protein.
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Fig. 3. Mean % alternation in the Y-maze. A significant difference existed between
the control and the LPS groups (p<0.001). All the drugs studied showed higher %
alternation than the LPS group (p <0.001) while L-arginine showed no improvement.
(a) Significantly different from control, (b) significantly different from LPS group.

2.8. Statistical analysis

Statistical significance for the behavioral tests was determined
using one-tailed Student t-test except for the Arg group where a
two-tailed Student t-test was used. Immunohistochemistry was
done to ensure the precipitation of Af in the cortex and was subject
for visual examination only.

The bands of the Western blotting were analyzed using Image-]
software, which measured the intensity of each band and compared
it to the intensity of B-actin obtained from the same sample thus
using it as an internal standard. The ratio obtained was used for
comparison between the groups using a one-tailed Student t-test.

Statistical analysis was done using GraphPad Prism version 5a
(GraphPad Software, Inc., USA). A p value of 0.05 was considered
significant in both tests.

3. Results
3.1. Behavioral tests

3.1.1. The effect of 1400W, L-NAME, diflunisal and arginine on
spatial memory in the Y-maze

Spatial memory was tested in a Y-maze, with the percentage
alternation taken as a measure for the normal cognitive function. In
the LPS group, alternation decreased compared to the control group
(p<0.001) (Fig. 3). In all treatment groups, significant increase in
the alternation percentage compared to the untreated LPS group
was observed (p<0.001), completely reversing the effect of LPS.
There was no significant difference between the group receiving the
arginine and the LPS group. Arginine had no effect on LPS-induced
decrease in alternation frequency.

3.1.2. The effect of 1400W, L-NAME, diflunisal and arginine on
the novel object recognition test

Exploratory preference in the LPS group decreased by more than
50% when compared to the control group (p<0.05). In the treat-
ment groups, all drugs elicited a significant increase of exploratory
preference compared to the untreated LPS group (p <0.05) (Fig. 4).
There was no difference between the group receiving arginine and
LPS and that receiving the LPS only.

3.1.3. The effect of 1400W, L-NAME, diflunisal and arginine on
the open field test

Ambulation frequency was massively reduced in LPS-treated
animals (Fig. 5). All drugs were able to reverse those effects, retur-
ning value to control levels. Rearing frequency and grooming were
less affected, all tested drugs increased rearing. Arginine had no
effect on ambulation, but caused a slight, non-significant increase
in rearing frequency.

Mean % Exploratory Preference

100
w0 T
30 b b b
70 5
, 60 a
% Exploratory 50 a
Preference o
30
20
10
0 1|
Control LPS 1400W L-NAME Diflunisal Arg
Group

Fig. 4. Effects of LPS and tested drugs on exploratory preference in the Novel Object
Recognition Test. A significant difference existed between the control and the LPS
groups (p <0.05). All the drugs studied showed higher % exploratory preference than
the LPS group (p <0.05) while L-arginine showed no improvement. (a) Significantly
different from the control, (b) significantly different from the LPS group.

3.2. Immunohistochemistry

Brainsslices treated with AP antibody and stained showed that ip
injection of LPS indeed induced the deposition of amyloid plaques
in the cortex. Animal groups that received treatment with L-NAME,
1400W or diflunisal showed less amyloid plaques by visual obser-
vation (Fig. 6).

3.3. Biochemical assay

3.3.1. Detection of AB in brain lysates

In brain lysates of mice treated with LPS alone or is combined
with the tested drugs, levels of A} were estimated using an A3-
specific antibody (ab10148 from Abcam, Germany), and compared
to [B-actin as an internal standard. The intensity of the bands was
measured using the software Image-] to compare the relative con-
centration of AB. Monomeric AR was only detected in the LPS and
arginine group (Fig. 7A). AP oligomers however, were found in all
animal groups (including the control group in some cases) (Fig. 7A).
Quantitation relative to 3-actin (Fig. 7A) showed a marked increase
in AP after LPS treatment (~10 folds), which was partially repressed
by 1400W, L-NAME and diflunisal, but not by arginine (Fig. 7B).

3.3.2. NMDAR?2B levels

The NMDAR2B bands appeared in all lanes as were expected
at the 166 kDa mark. Image-] was used for the comparison of the

Different Parameters of the Open Field Test
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Fig. 5. Effect of LPS and various compounds on the Open Field Test. Significance dif-
ference was found between the ambulation in the control group and the LPS group
at p-value <0.05. The three groups receiving the drugs showed a marked improve-
ment in the ambulation frequency when compared to the LPS group (p-value <0.05).
There was no difference between the group receiving the arginine and the LPS group.
The rest of the measured parameters showed no difference from the control group.
(a) Significantly different from the control, (b) significantly different from the LPS
group.
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Fig. 6. Inmunohistochemistry of A deposition in the cortex of mice brain. (a) LPS group, (b) control group, (c) group receiving 1400W, (d) group receiving L-NAME, (e)
group receiving diflunisal and (f) group receiving L-Arg. The amount of A plaques was greater in the LPS group than in the control group. The 3 groups receiving the drugs
showed a decrease in the amount of AR plaques. The group receiving L-Arg showed no improvement.

bands. The WB signals for NMDAR2B subunits were detected using
a specific antibody (ab65783 from Abcam, Germany), showing a
distinct band at 166 kDa. Upon LPS treatment, NMDA2B signal
increased ~4 folds (Fig. 7A and C). 1400W, diflunisal and argi-
nine had no or minor effects, but L-NAME was able to reduce the
NMDAR2B subunit almost to control level (Fig. 7C).

3.4. NO levels

The concentration of NO was determined using Griess method
and calculated as wM/mg protein brain lysate. The concentration
was increased ~1.5 folds (p <0.001) in the LPS group compared to
control. Systemic arginine had no effect on NO levels. All other
drugs reduced NO to control levels, with L-NAME showing the
strongest reduction (Fig. 8).

4. Discussion

Alzheimer’s is characterized by the deposition of A plaques
in the brain, although the soluble form of AP is considered to
be responsible for the neuronal damage accompanying the dis-
ease, mainly through CaZ* excitotoxicity (Parameshwaran et al.,
2008).

LPS is an endotoxin of gram-negative bacteria that acts as a
potent inflammagen through stimulation of TLR-4 receptors and
inducing the release of proinflammatory cytokines (as IL-1 «/f3,
TNF-a and IL-6), NO, prostaglandin E; (PGE,) and O,~. These
changes will result in neuronal death (Liu and Bing, 2011).

4.1. Verifying systemic LPS as a model for AD

In this study, mice were given LPS ip to induce AD. The behav-
ioral experiments showed a decline in both the both spatial and
non-spatial memories as well as the motor skills in mice when
compared to control animals (Figs. 3-5). Immunohistochemistry
showed that LPS treatment induced the deposition of amyloid
plaques that were absent in the control group. Although the plaques
themselves are not toxic, their formation gives an indication on
the degree of polymerization of A (Hardy and Selkoe, 2002) and
correlates to AD progression.

Western blot analysis showed a marked increase in A@ in LPS
treated mice. In particular we noticed a band just below the 55 kDa

(~12 x AB) in the LPS group that was absent in the control group.
This agrees with findings by (Li et al., 2007), that soluble dode-
camers of A were responsible for the synaptic dysfunction and
cognition decline.

AP oligomers cause neuronal toxicity through one of the fol-
lowing pathways as proposed by Berridge (2013), either through
induction of inflammation or through the generation of ROS or
through the excessive Ca2* influx. Besides the fact that inflamma-
tion itself may lead to deposition of A3, AP oligomers are able to
stimulate the TLR-4 on the microglia and cause the release of NF-
kB, which in turn increases the transcription of IL-13 and TNFa.
Microglia also phagocytize AP, which upon entry into the nucleus
enhance the transcription of additional inflammatory mediators
such as IL-1B, which stimulates the release of more NO (Berridge,
2013).

The high levels of NO observed in brain homogenates of mice
receiving LPS can be attributed to the high amount of proinflam-
matory mediators released due to the presence of Af3.

4.2. NMDAR2B

4.2.1. Overexpression

AP affects memory and LTP through activating the STEP protein
responsible for the down-regulation of NMDA receptors thus, caus-
ing a sustainable moderate increase in Ca* resulting in long-term
depression and depotentiation instead of LTP. Here we found that
the expression of NMDAR2B subunit was markedly increased in
the LPS group compared to control. It is believed that A3 enhances
the substitution of the GIuN2A subunit in the NMDAR with GluN2B
to facilitate it binding to SAP102 (Gladding and Raymond, 2011).
SAP102 is a highly mobile protein. As a result, NMDAR2B subunit
will laterally diffuse to the extra-synapse rather than being inter-
nalized. This agrees with the findings of (Gladding and Raymond,
2011) that showed that up regulated AP indeed favors the preva-
lence of NMDAR2B. It should be noted that NMDAR2A opens briefly
but reliably following glutamate release while NMDAR2B have a
lower opening probability but activation persists for several 100 ms
after glutamate release (Lisman et al., 2012) and that NMDAR2B
is more sensitive toward glutamate than NMDAR2A (Vizi et al.,
2013). Indeed, a recent report demonstrates the improvement of
AD by NitroMemantine, a selective extra-synaptic NMDAR blocker
(Talantova et al., 2013).
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Fig. 7. A (a) LPS group, (b) Arg group, (c) L-NAME (d) 1400W group, (e) diflunisal
group and (f) control group (*) +ve control (exceptin 55 kDa was part of ladder). B. A
content measured relative to 3-actin using Image-J. All the groups showed a higher
AR content than the control group (p<0.001). The AB content was significantly
higher in the LPS and Arg compared to the groups receiving the drugs (p<0.001).
The L-NAME group showed a significantly lower A content than the 1400W and
the diflunisal groups (p <0.05). No difference existed between the 1400W group and
the diflunisal group. (a) Significant difference from the control group (p <0.001), (b)
significant difference from LPS group (p<0.001) and (c) significant difference from
the L-NAME group. C. NMDAR2B content measured relative to 3-actin using Image-
J. NMDAR2B content was lower in the control than the rest of the groups (p <0.001).
The LPS and arginine groups had a higher NMDAR2B content compared to the groups
receiving the drugs. The L-NAME group had lower NMDAR2B than the 1400W and
the diflunisal (p <0.05). (a) Significant difference from the control group (p <0.001),
(b) significant difference from LPS group, (c) significant difference from L-NAME
group.

4.2.2. Correlation with nNOS

NMDARs are attached to post synaptic density protein-95 (PSD-
95), which is in contact with nNOS through their PDZ domain
(Cao et al.,, 2005). Glutamate can reach extra-synaptic NMDARs
either through glutamate spillover after synaptic excitation (Carter
and Regehr, 2000) or through glutamate release from astrocytes
that face the extra-synaptic region as proposed by Jourdain et al.
(2007). Glutamate allows Ca%* influx through NMDAR and thus,
activates the nNOS. The elevated level of NO causes the release

Average NO Concentration
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Fig. 8. Average NO concentration. The average NO concentration was higher in the
LPS and the Arg group compared to the control (p<0.001) and the groups receiv-
ing the drugs. (a) Significant difference from control (p<0.001) and (b) significant
difference from LPS.

of more glutamate from the pre-synaptic neurons and thus, ele-
vates intracellular levels of Ca2*. Also NO causes S-nitrosylation
affecting protein folding and reactive nitrogen species (RNS), which
are free radicals responsible for DNA destruction (Mukherjee et al.,
2014). Nitric oxide was reported to activate stress activated p38
MAP kinase (with and without the aid of glutamate) triggering apo-
ptosis (Cao et al., 2005). Separating the nNOS from NMDAR reduces
significantly Ca2* excitotoxicity caused by NMDAR overstimulation
(Courtney et al., 2014; Eastwood, 2005).

4.3. Effect of treatment

4.3.1. NOS inhibitors

Inflammation has been previously suggested to play arole in the
incidence of AD (Fassbender et al., 2000; Zilka et al.,2012), so reduc-
ing the inflammation by NOS inhibitors or NSAIDs will improve the
condition.

Behavioral tests showed that treatment with the NOS inhibitors
guarded against LPS-induced loss of cognitive abilities in tested
mice (Figs. 3-5). Both compounds decreased NO levels compared
to the LPS treated group. Both inhibitors reduced levels of AP as
detected by western blotting thus, highlighting the role played by
NO in A3 formation and oligomerization.

Generally, the non-selective NOS inhibitor L-NAME gave better
improvements in all tests. This was surprising as iNOS produces
larger amounts of NO, so its inhibition by 1400W was expected to
have a stronger impact. Studies showed that prolonged activation of
extrasynaptic NMDA receptors in neurons could shift APP expres-
sion from APP695 to the KPI-containing APP isoforms, accompanied
with increased production of A (Zhang et al., 2011) thus, we sug-
gest that L-NAME results were due to the blocking of the nNOS
attached to the overexpressed extra-synaptic NMDARs as it has a
higher K; toward nNOS than to iNOS (Pfeiffer et al., 1996).

4.3.2. Diflunisal

Diflunisal, being an acid, cannot pass the blood brain barrier
(BBB) (Nuernberg et al., 1991) unlike other NSAIDs such as sulin-
dac sulphide and Celecoxib, and unlike .L-NAME and 1400W. Thus,
diflunisal does not act in the CNS but rather is a systemic anti-
inflammatory agent. The improvement of the mice conditions and
the concomitant decrease in NO concentration suggests that NO is
responsible for the neurodegeneration but its release is mediated
by other proinflammatory cytokines such as TNFa and IL-1(, in
regions outside the brain. This extra-neuronal effect is relevant,
as only a small amount of LPS can cross the BBB under normal
conditions (Nadeau and Rivest, 1999).
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These cytokines act mainly on microglia and astrocytes caus-
ing release of NO and other inflammatory mediators, which lead to
neurodegeneration and AD (Qin et al., 2007). By inhibiting produc-
tion of these inflammatory mediators, diflunisal is able to improve
the cognition and counteract progression of AD symptoms even
without crossing the BBB. Diflunisal excludes the possibility of local
action of NOS inhibitors on the expression of NMDARs.

Diflunisal guarded mice against cognition loss and neuronal
damage induced by LPS and decreased the Af protein. The expres-
sion of NMDAR2B was much lower in mice treated with diflunisal
confirming the correlation between inflammation and AD that has
been reported in the literature (Chintamaneni and Bhaskar, 2012;
Luterman et al., 2000) and the correlation between AD and the
overexpression of the NMDAR2B.

4.3.3. Effect of L-arginine

The role of L-arginine was controversial, with some studies stat-
ing that it improves the memory in specific regions in the brain
(Jing et al., 2013; Liu et al., 2009; Rushaidhi et al., 2012). In this
study L-arginine was only given 2 weeks after LPS administration,
because our aim was to study its effect on developed AD rather than
its progression. However, given at this late stage of the disease,
L-arginine did not improve behavioral or biochemical diagnostic
tests for AD, suggesting that beneficial effects of arginine, through
its established improvements of circulation, are only apparent in
early stages of the disease.

We concluded that systemic inflammation is a potential cause
of AD, or contributes to disease progression and this effect is medi-
ated through NO. Both nNOS and iNOS contribute to the progression
of AD with nNOS having a stronger effect. We also concluded that
NMDAR2B subunits could be used as a measure for the progres-
sion of AD. NMDAR2B also plays a major role in AD pathology and
targeting this receptor or its bound nNOS holds great potential for
future therapies.
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