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Abstract

Inflammations have been implicated
in a variety of acute as well as chronic neuro-
logic and neurodegenerative disorders. In the
current work, we have investigated that selec-
tive or non-selective COX inhibitors can reduce
the inflammatory response induced by bacte-
rial endotoxin Lipopolysaccharide (LPS). Rats
were pretreated with COX -1 selective inhibitor
(Resveratrol 10 and 20mg/kg), COX-2 inhibitor
(Celecoxib 10 and 20mg/kg) or non selective
COX inhibitors (Aspirin 10 and 20mg/kg) for 15
days followed by single challenged LPS (100ug/
kg., i.p.). In behavioural tests, pretreated with
non-selective COX inhibitors reversed the lo-
comotor and exploratory behavior produced by
LPS in the open field test and actophotometer.
Reverse transcriptase-polymerase chain reac-
tion analysis indicated that aspirin significantly
attenuates LPS induced upregulated the tumour
necrosis factor-a (TNF-a) and inducible nitric ox-
ide synthases (iNOS) expression in rat’s brain.
In histopathological analysis, aspirin reversed
the neuronal damage induced by LPS when
compared to selective COX inhibitors. Mecha-
nistically, aspirin strongly attenuated the activa-
tion of transcription factor nuclear factor kappa
B (NF-kB). Having taken the data together, we
strongly suggested that a non-selective COX in-
hibitor is useful for mitigating neuroinflammatory
conditions by block inflammatory cytokines via

the nuclear factor kappa B pathway.
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Introduction

Inflammation is a protective reaction
involving immune cells, blood vessels, and
molecular mediators that occurs when bodily
tissues are exposed to damaging stimuli such
as pathogens, damaged cells, or irritants [1].
Activation of the immune system happens
when an organism is either rarely or inadver-
tently exposed to a pathogen. Change happens
due to the central nervous system’s activation,
including decreased locomotor activity and ex-
ploratory behavior raised in concentrations of
pro-inflammatory cytokines [2]. Collectively, this
behavioral alteration mediated by immune sys-
tem activation is termed as sickness behavior
[3]. In rodents, an adaptive behavior change is
easily induced by LPS peripherally. LPS is a
bacterial endotoxin that is found in Gram-neg-
ative organisms in the outer cell wall. Microglial
and astrocytes stimulation that responds to LPS
can upregulate the pro-inflammatory cytokines
and oxidative damage [4].

AChE inhibitors (AChElIs) are currently
the first-line medications used to treat
Alzheimer’s disease around the world [5]. Many
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studies have shown that chronic therapy with
non-selective COX inhibitors has a protective
effect in neurodegenerative diseases like
Alzheimer’s disease, Parkinsonism disease etc.
The rate-limiting enzyme is cyclooxygenases
(COX) which can transform arachidonic acid
into prostaglandins, and it was proposed to
play a considerable function in brain-related
dysfunction. COX is present in two different
isoforms, such as COX-1 & 2, respectively.
Both COX 1 and 2 isoforms can vary in
location, mechanism and preferential coupling
to upstream and downstream in the central
nervous system [6-8]. The COX-1 enzyme is
constitutively expressed in many tissues, and
this isoform is responsible for maintaining the
prostaglandin synthesis, with diverse COX-2
being an inducible enzyme in neurodegenerative
conditions expressed both in neurons and glial
cells [9]. Hence, itis not surprising that enormous
research proposed that COX-2 enzyme inhibition
has both anti-inflammatory and neuroprotective
actions [10-12], arising some doubt in selective
COX- 2 inhibitors possess potential adverse
effects. According to the recent study indicates
that COX- 1 isoenzyme act as a very important
responsibility in inflammatory response due to
activated microglia cells [13-15]. In response
to systemic lipopolysaccharide administration,
COX-1, which is predominantly present in
Virchow-Robin spaces in the brain mediated
immunity to brain signalling [16].

Hence, we suggest that reconsidering
the rampant hypothesis, COX enzyme is stim-
ulated in peripheral administration of bacterial
endotoxin. COX-2 inhibitor is well documented
for anti-inflammatory medication and COX-1,
predominately present in microglia cells, has a
vital role in the inflammatory cascade. With this
background, the current research was investi-
gating the role of aspirin, resveratrol and cele-
coxib on LPS induced behavioral, biochemical
alterations and neuronal damage in rats.

Materials and Methods

Research design: Male Wistar rats weighing

between 160-180gms bred in PSG Institute of
Medical Science and Research animal house
(PSGIMS&R) were used. Animals were brought
to the lab and allowed to acclimatize for 14
days. They were housed under normal condi-
tions to maintain the temperature (25+2°C),
50% humidity, 12 hrs dark/light cycle and pro-
vided with feed pellets and water ad libitum. The
rats were randomly split into eight groups of six
in each as follows. Control group (Normal sa-
line group n=6). LPS group (100ug/kg., i.p.), +
Saline. Aspirin plus LPS treated group (10mg/
kg + 100pg/kg., i.p), Aspirin plus LPS treated
group (20mg/kg + 100ug/kg., i.p), Resveratrol
plus LPS treated group (10mg/kg + 100pg/kg.,
i.p), Resveratrol plus LPS treated group (20mg/
kg + 100pg/kg., i.p), celecoxib plus LPS treat-
ed group (10mg/kg + 100pg/kg., i.p), celecox-
ib plus LPS treated group (20mg/kg + 100ug/
kg., i.p). The research work was authorized
by the committee of the institutional level and
proceeded as per the guidelines of CPCSEA,
New Delhi. (IAEC No. Proposal No. 170/dated
17/11/2012). The experimental design of behav-
ioral study and drug administration was clearly
shown in Figure 1.

Drugs and chemicals: Celecoxib, Aspirin,
Resveratrol, LPS were obtained by Sigma Al-
drich Company USA. Analytical grade standard
was used for the other chemicals and reagents
in the current research.

Sacrifice and collect the
braintissue for biochemical
and histopathological

Locomotion activity findings
Saline or COX inhibi
T - 15 16 17 18
e

I

Open Field Test

LPS injection

Figure 1: The experimental design of behav-
ioral study and drug administration

Actophotometer: An actophotometer was
used to determine the locomotor behaviour of
the rats. In the actophotometer cage, the ani-
mals were placed individually for 3 mins for
habituation, prior day to the main study. There-
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after, locomotor activity was counted for 5 min
duration by placing the rats individually in the
actophotometer. Ambulatory behavior was doc-
umented for 5 minutes (17).

Exploratory behavior: The exploratory behav-
ior test was assessed in the open field appa-
ratus. The apparatus consists of a 72x72 cm
square area with 36 cm height. Except for six
millimeter plain lines, which divide the floor into
9 squares of the same area, the entire instru-
ment was black painted. The experiment was
done in the darkroom with low-intensity light
(45W), and the open field apparatus was kept
above the floor level approximately 50 cm. The
rats were positioned and observed for 5 min-
utes in the central square, and the following
behaviors were recorded. Central Square en-
tries: The rats crossed the white lines with all
four paws into the central square; Time spent
in the central square, Locomotion: movement of
the rats crossing with all the four paws; rearing:
rats stood on its hind limbs. The apparatus was
washed with 5 percent alcohol between tests
[18].

Isolation of brain: Following behavioral
experiments, the rats were sacrificed by cervical
decapitation and brain tissues were preserved.
The isolated brain tissues were used for proin
flammatory markers estimation and neuronal
damage analyses (n=3).

Reverse ranscriptase PCR: TRIzol reagent
was used to isolate the RNA from brain tissue.
For PCR amplification, approximately 100 ng
RNA was added in a single-stage RTPCT kit.
(Takara, USA). GAPDH amplification was used
as a housekeeping gene. The primers used
were TNF- a- forward 5'- CATCCGTTCTCTAC-
CCAGCC-3' and reverse 5- AATTCTGAGC-
CCGGAGTTGG -3’ (146 bp); INOS- forward 5'-
ACACAG TGTCGCTGGTTTGA -3’ and reverse
5'- AACTCTGCTGTTCTCCGTGG -3' (135 bp);
GAPDH-forward 5- ACCACAGTC CATGC-
CATCAC-3' and reverse 5- TCC ACCACCCT-
GTTGCTGTA -3'(452 bp). Two percent agarose
gel was electrophoresed on the amplification
materials were visualised by ethidium bromide

staining, and photographed using an image
analysis method.

Western blot analysis: Isolated brain tissue
was washed with 500ul lysis buffer and
homogenized with normal saline. Homogenized
content was transferred into microcentrifuge
tubes and sonicated for 10s followed by 15
min centrifugation at 20,800 rpm. According to
the Bradford method, protein concentrations
were quantified. The lysis buffer homogenates
are mixed with Laemmli buffer and placed in
a boiling water bath for 5 min. Proteins were
separated in ten percent polyacrylamide gel,
and protein was transferred to nitrocellulose
membrane. The membrane was then probed
with antibodies of antiphospho-p65 (NF-kB)
followed by manufacturers’ instructions. 3-actin
was used as an internal standard. The ECL plus
Western detection kit and Gene Tools analysis
programme were used to analyze [19].

Histopathological examination using cresyl
violet staining: The brain cortex region was
isolated and washed with 0.9% NaCl and
fixed formalin solution 10% for a minimum of
two days of pathological observation in brain
cortex region. The paraffin portion was taken
and stained with 0.1 percent cresol violet at 50
pm thickness. The brain cortex regions were
examined under a binocular microscope (40X)
were assessing the neuroprotection [20].

Histological assessment

As listed below, the degeneration of brain
tissue was assessed based on grading:

S. | Graded | Histopathological observations

No

1. | One No significant signs of harm - (0-
10%)

. | Two Dark neurons - (11-30%)

3. | Three Shrunken cell bodies of dark
stained cells- (31-50%)

4. | Four Degenerative neurons with More
lesions- (51-70%)

5. | Five Appearance of necrotic cells - (71-
100%)
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Statistical study: The experimental outcome
reveals that mean + standard error is used in
one way ANOVA method(Tukey multiple com-
parison tests). At a significance level of P<0.05,
differences were considered.

Results and Discussion
Effect of COX Inhibitor on locomotoractivity

In the current investigation, we have shown that
pretreated with non-selective COX inhibitors
(aspirin) produced better efficacy than selective
COX 1 and 2 inhibitors induced by a single ex-
posure of LPS administered neuroinflammation
in rats. Intraperitoneal administration of LPS
treated rats shows evidence of decreased lo-
comotion in the actophotometer compared to
untreated rats (p<0.001). The current investiga-
tion confirmed the previous observation that an
acute administration of LPS induced depressive
behavior and reduction in exploratory behavior
in rats [21]. In our research, we found that the
behavioral changes caused by LPS were dimin-
ished with COX blockers. In aspirin and cele-
coxib treatment groups significantly increased
the locomotor activity by dose-dependently
when compared to LPS group of rats. Previ-
ous research work has supported our present
study that behavioral changes caused by LPS
have been attenuated by indomethacin and
nimesulide [22]. Treatment of resveratrol did not
significantly change the locomotion when com-
pared to LPS groups. Our research currently in-
dicates that the behavioral alterations caused by
the LPS were better attenuated with aspirin and
celecoxib. This result is consistent with the pre-
vious research work that reveals that in different
behavioral evaluations following LPS adminis-
tration, COX 2 was more significant than COX
1[23]. Resveratrol and celecoxib significantly
decrease the locomotor activity when compared
to a high dose of aspirin (P<0.001) (Figure 2).

Impact of COX inhibitor on exploratory be-
havior test

In the anxiety parameter measured in
OFT, the times spent and the distance trav-

elled in the peripheral line crossing of the LPS
treatment rats were considerably higher against
normal rats, while rats spending time and the
distance travelled in the central line crossing the
lipopolysaccharide treated group were substan-
tially shorter against normal rats. LPS treated
rats significantly decreased the total number of
line crossings, rears, central line crossing, and
the periphery compared to normal group. The
previous report as shown that LPS administered
group is followed by a reduction in the total trav-
elled distance in the OF test [24].
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Figure 2: Effect of COX inhibitors on
ambulatory behavior against LPS treated
groups. Readings are expressed as mean
* standard error mean. ## p<0.001 indicates
statistical implications in contrast to LPS
rats. °®p<0.05 and °*%*p<0.001 indicates
statistical implication in contrast to Aspirin
20 mg treated rats.

Aspirin and celecoxib treated rats signifi-
cantly increased the total number of line cross-
ings, rears, central line crossing and peripheral
line crossing in comparison to LPS rats. Res-
veratrol (10mg/kg) did not reverse the LPS sig-
nificantly induced the line crossing in the centre
as well as periphery, rears and line crossing in
the open field test, but in high dose of resver-
atrol shown significantly increased the number
of line crossing, rears and central line crossing
when compared to LPS treated rats (p<0.05).
Resveratrol (10 and 20 mg/kg) treated rats had
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significantly decreased the total number of line
crossing, rears, central line crossing and in the
periphery when compared to non-selective COX
(aspirin) treated rats (p<0.001). Celecoxib (10
mg/kg) produced significantly decreased the to-
tal number of line crossings, rears and peripher-
al line crossing when compared to non-selective
COX inhibitor aspirin (20 mg/kg) treated rats
(p<0.05) (Table 1).

Effect of COX Inhibitors on pro-inflammatory
markers

The impact of COX inhibitors acts
on TNF-alpha and iNOS pro-inflammatory cyto-
kines in brain homogenates assessed by RTP-
CR. A significant amount of neuroinflammatory
cytokine expression including COX, interleu-
kin-6, iINOS, Tumour necrosis factor-alpha lev-
els, were induced by LPS administration. These
inflammatory cytokines are responsible for sick-
ness behavior and affect the normal function

of the brain. The release of pro-inflammatory
cytokines follows the activation of microglia in
LPS-stimulated cells [25]. In comparison to con-
trol rats, rats treated with LPS had higher levels
of TNF- and iNOS m-RNA expression. Aspirin
treated groups were significantly decrease the
TNF-a (p<0.001) and iNOS (p<0.001), resver-
atrol (20 mg/kg) TNF- a (p<0.05) and celecoxib
(10 and 20mg/kg) TNF-a (p<0.05,p<0.01) and
iINOS (p<0.05) m-RNA level when compared
to LPS treated rats. Recent research indicates
that neuroinflammation played a key position
in bipolar disorder and is also associated with
inflammatory disorder. Cascade of up-regulat-
ed brain arachidonic acid and pro-inflammatory
mediators; aspirin acts by dampening the up-
regulated mediators [26-28]. When compared
to aspirin (20mg/kg) treated group, resveratrol
and celecoxib treated rats have significantly
increased the pro inflammatory cytokine level
(Figure 3 and 4).

Table 1: Effect of COX inhibitors on exploratory behavior against LPS treated rats

Total No. of Line . Central Line Peripheral Line
Treatment . Rearing . .
Crossing Crossing Crossing
Control 117.70+1.58 36.00+£1.00 12.67+0.66 55.17+1.75

LPS (100ug/kg) 22.00£1.15 ™

3.83+1.22 ™

1.50+0.71™ 6.17+0.65™

Res (10mg/kg ) 29.50+3.53%%

4.50+4.95%%

2.33+3.61%%¢ 8.16+3.21%%8

Res (20mg/kg) 32.17+7.10%%%8

7.3314.43#5%%

4.00+2.6375¢ 10.70+1.93%%

Cel (10mg/kg) 73.33£1.43##$ 21.00£1.84%# | 7.28+263% | 32.17+1.51%#
Cel (20mg/kg) 86.00+1.46 23.67+1.58% | 8.08+4.28%* | 39.17+3.22#
Asp (10mg/kg) 88.67+2.40 ##* 22.1741.37 % |  8.16+0.74** | 38.17+3.33#*
Asp (20 mg/kg) 92.50+2.50%# 31.4741.55% | 11.17+1.47% | 44.33+4.11%

Readings are expressed as mean + standard error mean. ***p<0.001 states statistical im-
plications in contrast to normal rats. #* p<0.001 indicates statistical implications in contrast to LPS
rats. ® p<0.05 and %° p<0.001 indicates statistical implication in contrast to Aspirin 20 mg treated

rats.
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Figure 3. Effect of COX inhibitors on
TNF-a mRNA expression in LPS induced

neuroinflammation in rats. GAPDH was used
as a housekeeping gene (internal control).
Values are defined as mean + SEM. *** p<0.001
indicates statistical implications in contrast to
normal rats.
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Figure 4. Impact of COX inhibitors on

iINOS mRNA expression in LPS induced
neuroinflammation in rats. GAPDH was used
as control. Values are defined as mean + SEM.
*** p<0.001 indicates statistical implication in
contrast to saline treated rats. # p<0.05 and
## p<0.001 indicates statistical implication
in contrast to LPS rats. ¥ p<0.001 indicates
statistical implication in contrast to Aspirin 20
mg treated rats.
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Figure 5. Effect of COX inhibitors of relative ex-

pression density of NFKB against LPS group.
Readings are expressed as mean + standard
error mean. *** p<0.001 indicates statistical
implication in contrast to saline treated rats. ##
P<0.001 indicates statistical implication in con-
trast to LPS rats. %% P<0.001 indicates statistical
implication in contrast to Aspirin 20 mg rats.

Impact of COX inhibitors against LPSin-
duced NF-kB p,, phosphorylation

Further analysis, mechanisms behind the pro-
tective effect of COX inhibitor on LPS induced
the NF-kB p65 proteins were analyzed by West-
ern blot. LPS treated rats showed a significant
upregulation of NF-kB phosphorylation when
compared with the normal group of rats. Pre-
treated with aspirin significantly decrease the
p65 transcription factor protein is compared
with LPS treated rats by dose-dependently
(p<0.001). Previous research has supported the
successful reduction of up-regulation of pro-in-
flammatory markers such as tumuor necrosis
factor-alpha and nitric oxide synthase induc-
ible form NSAID pretreatment induced by LPS.
Correspondingly, the dampening of the nuclear
factor kappa B protein activity was followed by
inflammation [29]. In both, the doses, resvera-
trol and celecoxib did not significantly modulate
the expression of NF-kB as compared to LPS
group. When compared to the aspirin 20mg/kg
treated group, resveratrol and celecoxib have
shown significantly upregulated the expression
of phosphorylated nuclear factor kappa B pro-
tein (Fig.5 and 6).
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Figure 6. Effect of selective / non-selective
COX inhibitors on NF kB protein expression
against LPS.
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Figure 7. Neuropathological findings were observed in cortex regions using cresol violet staining
procedure. (a-h) represent the different groups treated with COX inhibitor with LPS.Picture (a) the
normal morphology of the pale nuclei neurons surrounded by nerve fibres, glial cells and blood
vessels is shown by normal rats. Picture (b) denotes the lipopolysaccharide treated rats showing
the neuronal degeneration and increased chromatolysis and pyknotic nuclei. Picture (c) denotes
the resveratrol 10 mg/kg showing partially neuroprotected associated with cell bodies shrinked.
Picture (d) denotes the resveratrol 20 mg/kg showing the decrease in neuronal cell degeneration.
Picture (e) denotes the celecoxib 10 mg/kg showing the significant decrease in neuronal cell death
with mild edematous nuclei. Picture (f) denotes the celecoxib 20 mg/kg showing the less shrinkage
of neurons cell bodies and neuronal damage. Picture (g) denotes the aspirin 10 mg/kg showing the
significant protected neurons without lesions. Picture (h) denotes the aspirin 20 mg/kg showing the
significant decrease in cell edema and neuronal cell degeneration.

Impact of COX inhibitors against LPS in-
duced neuronal damage

No pathological findings were observed
in the region of brain cortex tissues in the nor-
mal control group. LPS treated rats have shown
a reduction in neuron cells and increased the
number of neurons shrunken. A previous study
revealed that short-term exposure of LPS ad-
ministered leads to neuronal damage [30]. In
both doses, aspirin-treated rats decrease neu-
ronal cell death, brain cell oedema, chromatol-
ysis and pyknotic nuclei when compared to
LPS treated rats. Resveratrol (10 and 20 mg/
kg) showed mild cell edema and degeneration
in neurons compared to LPS treated rats. Ce-
lecoxib (10 and 20 mg/kg) treated rats showed

a significant reduction in neuronal cell death
with mild edematous nuclei compared with LPS
treated rats (Figure 7 a-h).

Conclusion

The current investigation emphasized the
protective function of aspirin in neuroinflamma-
tion was mediated through NFKB mechanism. In
a behavioral study, aspirin and celecoxib have
shown increasing ambulatory behaviour activi-
ty, and anxiety behavior was observed. Further
studies revealed that TNF-a and iNOS m RNA
levels were downregulated, and neuronal dam-
age was attenuated in the aspirin group when
compared to selective COX 1 and 2 inhibitors.
Furthermore, the aspirin-treated group attenu-
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ated the neuroinflammation by down streaming
the NFkB p65 phosphorylated protein. Among
the studied drugs, aspirin was found to be better
medicine in controlling the neuroinflammation
induced by peripheral administration of LPS.
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