European Review for Medical and Pharmacological Sciences 2019; 23: 4971-4979

Parecoxib improves the cognitive function
of POCD rats via attenuating COX-2
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Abstract. - OBJECTIVE: This study aims to ex-
plore the role of parecoxib in improving postoper-
ative cognitive dysfunction (POCD) in rats, and to
investigate the possible underlying mechanism.

MATERIALS AND METHODS: 60 Sprague
Dawley (SD) rats were randomly divided into the
control group (n=20), the model group (n=20), and
the para group (n=20). The Morris water maze
test was conducted to detect the postoperative
cognitive ability of rats. The hematoxylin-eosin
(HE) staining was applied to observe the neu-
ronal density in the hippocampus of rats. The
TdT-mediated dUTP Nick-End Labeling (TUNEL)
was used to detect the hippocampal apoptosis
in rats. Meanwhile, relative levels of inflammato-
ry factors in rat hippocampus were detected by
enzyme-linked immunosorbent assay (ELISA), in-
cluding interleukin-1g (IL-1B), IL-6, tumor necrosis
factor-o. (TNF-0), and prostaglandin E2 (PGEZ2).
Furthermore, Western blot was conducted to de-
tect the protein levels of cyclooxygenase-2 (COX-
2), PGE2, EP1, and p-Akt in rat hippocampus.

RESULTS: Behavioral test results showed that
the escape latency of rats in the para group was
significantly shorter than that of the model group
(p<0.05). Compared with the model group, rats
in para group showed significantly longer time
in target quadrant and more times across the
platform, as well as higher Tn/Tn+Tf (p<0.05). In
the control group, pathological changes of hip-
pocampal neurons were slighter with rare apop-
totic cells. Rats in model group showed great
pathological lesions with abundant apoptotic
neurons, which were markedly alleviated in the
para group (p<0.05). Meanwhile, ELISA showed
that the levels of IL-1B, IL-6, TNF-a, and PGE2 in
the para group were remarkably lower than those
of the model group (p<0.05). Expression levels
of COX-2, PGE2, and EP1 in the para group were
significantly lower than those of the model group
(p<0.05). However, the expression level of p-Akt
was significantly higher than the model group
(p<0.05).

CONCLUSIONS: Parecoxib improves the cog-
nitive function of POCD rats via inhibiting COX-
2 overexpression in rat brain.
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Introduction

Postoperative cognitive dysfunction (POCD)
is a common postoperative complication in the
elderly. The clinical features of POCD are char-
acterized by cognitive function decline (learning,
memory, thinking, and attention) within several
days to weeks after surgery. Some POCD patients
may even develop into dementia. POCD prolongs
the length of hospital stay and increases medical
expenses, eventually posing a serious burden on
their families and society"?>. Therefore, the pre-
vention and treatment of POCD have been well
explored in the field of neuroscience, exerting im-
portant clinical significances. The pathogenesis
of POCD is a synergistic effect of various factors,
involving the central nervous system, endocrine
system, and immune system disorders. So far, the
precise mechanism of POCD is still unclear®*.
Current researches™® have indicated that age,
surgery, anesthesia, postoperative pain, and in-
fection may be associated with POCD. The cen-
tral inflammatory response has been confirmed
to be a key factor mediating the development of
POCD. Surgical stress activates the peripheral
immune system’. Meanwhile, elevated inflamma-
tory factors affect the immune system response
of the central nervous system through various
signaling pathways, thus leading to cognitive
dysfunction®. Studies have shown that cycloox-
ygenase-2 (COX-2) regulates the development of
neurodegenerative diseases. COX-2 is associat-
ed with neuronal degeneration and apoptosis in
the pathological process of various neurological
diseases’. Cyclooxygenase is a key enzyme that
catalyzes the conversion of substrate arachidonic
acid (AA) to prostaglandins. It contains three
subtypes, namely, COX-1, COX-2, and COX-3.
Under normal physiological conditions, COX-2
is rarely expressed in the central nervous system.
However, external stimulation greatly induces
COX-2 upregulation in the cerebral cortex and
hippocampus. Moreover, COX-2 overexpression
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occurs in neurodegenerative diseases related to
a central inflammatory reaction, such as Alz-
heimer’s disease (AD), cerebral ischemia, hy-
poxia, and surgical trauma'®'". Parecoxib (para)
is a selective COX-2 inhibitor, which exerts an-
ti-inflammatory and antipyretic analgesic effects
through inhibiting cyclooxygenase and PGE2
production'?. Clinical studies have found the
fat-solubility property of para. After intravenous
injection of para for 15 minutes, it passes through
the blood-brain barrier. Meanwhile, the blood
concentration of para in cerebrospinal fluid is
1.57 ng/mL at 17 min. In addition to inhibition of
peripheral inflammation, para simultaneously in-
hibits inflammation in the central nervous system,
which is widely applied for analgesia'>!*. COX-2
selective inhibitors have shown a neuroprotective
role in brain injury diseases. Meloxicam, a COX-
2 selective inhibitor, markedly improves memory
and cognitive dysfunctions. Meanwhile, it reduces
oxidative stress in the brain of AD mice induced
by Amyloid B-protein (AP)>'6. Haile et al'” have
validated that meloxicam stimulates the activation
of astrocytes, and decreases learning and memory
function in mice after splenectomy. Moreover, it
has also been reported™ that therapeutic admin-
istration of para reduces cerebral oxidative stress
and neuronal apoptosis in cerebral ischemia rats,
thereby improving brain damage after cerebral
ischemia. We aim to explore the role of parecoxib
in improving POCD in rats, and to investigate the
potential effects of para on POCD-induced apop-
tosis, oxidative stress, and inflammatory response.

Materials and Methods

Experimental Animals

Totally 60 adult male Sprague Dawley (SD)
rats were housed in a quiet environment with
21-25°C of room temperature, 40%-60% of hu-
midity, and 12-16/h of air exchange. All rats
were maintained with a 12/12 h cycle of light.
After one-week habituation, rats were randomly
assigned into control group (no treatment), model
group (abdominal surgery), and para group (ab-
dominal surgery + para injection). Each group
included 20 rats. Rats were intraperitoneally in-
jected with 1 mL/kg para or saline 1 hour before
abdominal surgery. At postoperative 6 h, 2 days
and 3 days, 1 mL/kg para or saline was intraper-
itoneally injected. This study was approved by
the Animal Ethics Committee of Ningbo Sixth
Hospital Zhejiang Animal Center.
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Behavioral Tests

Place navigation (acquisition phase): the rat
head was placed toward the pool with a random
initial position (four initial positions of east, west,
south, and north). The time of the rat finding the
underwater platform (the escape latency) was
recorded. In the previous trainings, the rat was
guided to the platform and stayed for 10 s if
the escape latency exceeded 60 s. Each rat was
trained 4 times per day (4 times in the east, west,
south, and north quadrants). The interval between
two trainings was 15-20 min, for a total of 5 days.
Spatial probe test: on the second day after place
navigation training, the platform was removed for
space exploration training. The rat was placed in
the water from the opposite side of the original
platform quadrant. The time spent in the tar-
get quadrant where the platform was originally
placed (time in target quadrant) and the times
across the platform were recorded as indicators
of spatial memory. Object recognition memory
test: the time for exploring objects in rats was
detected by novel and familiar object recognition
test, for a total of 3 days. The exploring time of
novel and familiar objects in rats were recorded
as Tn and Tf, respectively. The time ratio of ex-
ploring novel object was calculated as Tn/Tn+Tf.
Higher time ratio indicated stronger recognition
memory of rats.

Sample Collection and Processing

After behavioral tests, 10 rats of each group
were anesthetized for harvesting brain tissues.
Fresh hippocampus tissues were separated on
the ice and stored in a -80°C refrigerator. The
remaining 10 rats in each group were anesthe-
tized by intraperitoneal injection of 0.3% pento-
barbital. After exposure of rat heart, intubation
was performed through the left ventricular apex
to the aorta. The right atrial appendage was cut,
and 0.9% saline was quickly perfused until the
rat lungs became pale with clear liquid flow from
the auricula dextra. Subsequently, 300 mL of 4%
paraformaldehyde was slowly infused for fixa-
tion. Brain tissue of rat was harvested and fixed
again, followed by paraffin embed and serial
coronal section preparation.

Hematoxylin-Eosin (HE) Staining

After 48 hours of fixation with 4% parafor-
maldehyde, brain tissues at 1-4 mm posterior to
optic chiasma were cut into slices in the coronal
direction. Brain slices were dehydrated with gra-
dient alcohol, cleared in xylene, and embedded
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in paraffin. Subsequently, brain tissues were cut
into 5-pum slides for HE staining (Boster, Wuhan,
China) and captured under a microscope.

Apoptosis Assay

The sections were routinely dewaxed, washed,
hydrated, and fixed. Apoptosis determination
was strictly performed according to the instruc-
tions of TdT-mediated dUTP Nick-End Labeling
(TUNEL) Apoptosis Kit (Beyotime, Shanghai,
China). Cells stained with a brown substance in
the nucleus were considered as positive apoptotic
cells. Five high-power fields in each sample were
observed, with 100 cells counted in each field.
The number of apoptotic cells was calculated as:
Al = apoptotic cell number / total cell number x
100%.

Enzyme-Linked Immunosorbent
Assay (ELISA)

Rat hippocampal tissue was lysed on ice with
radioimmunoprecipitation assay (RIPA) lysate
(Beyotime, Shanghai, China) for 30 min, and the
supernatant was collected for centrifugation. In
this procedure, the serum levels of interleukin-1§
(IL-1B), IL-6, tumor necrosis factor-o. (TNF-a),
and prostaglandin E2 (PGE2) in rats were detect-
ed by ELISA using a microplate reader.

Western Blot

Total protein in hippocampus tissues was
lysed with RIPA (radioimmunoprecipitation as-
say; Beyotime, Shanghai, China). The concen-
tration of extracted protein was quantified using
the bicinchoninic acid (BCA) protein assay kit
(Pierce, Rockford, IL, USA). Protein samples
were electrophoresed on polyacrylamide gels
and then transferred to polyvinylidene difluoride
(PVDF) membranes (Merck Millipore, Billerica,
MA, USA). After blocking with 5% skimmed
milk, the membranes were incubated with pri-
mary antibody of COX-2, PGE2, EP1, and p-Akt
(Cell Signaling Technology, Danvers, MA, USA)
at 4°C overnight. The membrane was incubated
with the secondary antibody after rinsing with
the Tris-Buffered Saline and Tween (TBST).
Chemiluminescence was used to expose the pro-
tein bands on the membrane.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 17.0 (Chicago, IL, USA) was used for all
statistical analysis. The experimental data were
expressed as mean = SD (Standard Deviation)

(X£s). The experimental results were analyzed
with the standard #-test analysis. Categorical data
were analyzed by the y’-test. p<0.05 was consid-
ered as statistically significant.

Results

Behavioral Test Results

The place navigation test indicated that rats in
the model group showed prolonged escape latency
compared with that of the control group, whereas
para treatment markedly shortened escape laten-
cy (p<0.05, Figure 1A). Subsequently, the time
spent in the target quadrant and the times across
the platform in rats of the model group were sig-
nificantly fewer than those of the control group
(p<0.05). However, rats in the para group exhib-
ited markedly longer time in target quadrant and
more times across the platform than those of the
model group (p<0.05, Figure 1B, 1C). The time
ratio of exploring novel object was expressed as
Tn/Tn+Tf. Results demonstrated that Tn/Tn+Tfin
the model group was significantly lower than that
of the control group. Meanwhile, the para group
showed a remarkably higher level of Tn/Tn+Tf
than the model group (p<0.05, Figure 1D). The
behavioral test revealed that para administration
could improve cognitive function in POCD rats.

Pathological Lesions
in Hippocampal Neurons

In the control group, hippocampal neurons were
arranged in a compact, continuous and uniform
shape. The nucleoli were clear and basically locat-
ed in the center of the nuclei. However, neurons in
the model group were impaired with a disordered
arrangement and unclear structure. Deeply stained
nuclei and karyopyknosis were common, and the
neuron density was reduced to a certain extent.
Comparably, the para group showed significantly
less neuronal destruction, and the arrangement
was slightly sparse. Meanwhile, deeply stained
nuclei and karyopyknosis were less observed than
those of the model group (Figure 2A-2D).

Apoptosis of Hippocampal Neurons

In the control group, only several apoptotic
cells were observed in the hippocampus. The
model group showed much more apoptotic cells
than the control group. Moreover, the number of
apoptotic cells in the hippocampus of the para
group was markedly lower than that of the model
group (Figure 3A-3D).
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Figure 1. Behavioral test results. Rats were divided into the control group (n=20), the model group (n=20), and the para group
(n=20). A, Comparison of escape latency among the three groups. B, Comparison of time in target quadrant among the three
groups. C, Comparison of times across the platform among the three groups. D, Comparison of Tn/Tn+Tf among the three
groups. *p<0.05, compared with the control group; “p<0.05, compared with the model group.

Levels of IL-1p, IL-6, TNF-.
and PGEZ in Hippocampus

Results of ELISA showed that the levels of
IL-1B, 1L-6, TNF-a, and PGE2 in rats of the
model group were significantly higher than those
of the control group (p<0.05). However, remark-
ably decreased levels of IL-1p, IL-6, TNF-a, and
PGE2 were found after para treatment (p<0.05,
Figure 4A-4D).

Expression of COX-Z2 Relative Gene
in Hippocampus

Western blot results showed that the protein
expressions of COX-2, PGE2, and EP1 in rat hip-
pocampus of the model group were significantly
higher than those of the control group. However,
the expressions of the above molecules were
significantly downregulated after para treatment

(p<0.05). On the contrary, the protein expression
of p-Akt in the hippocampus of the model group
was remarkably lower than that of the control
group (p<0.05). Furthermore, the para group
showed significantly higher expression of p-Akt
than that of the model group (p<0.05, Figure
5A-5D).

Discussion

The incidence of POCD gradually increases,
and its pathogenesis remains unclear. Current
studies believed that high concentration of in-
flammatory factors resulted from surgical stress
may interfere with normal hippocampal function
and lead to neurotoxicity of hippocampal neu-
rons. Impaired hippocampal neurons eventually
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Figure 2. Pathological changes in hippocampal neurons. A, Pathological changes in hippocampal neurons in rats of the
control group. B, Pathological changes in hippocampal neurons in rats of the model group. C, Pathological changes in hippo-
campal neurons in rats of the para group. D, Comparison of neuronal density among the control group, the model group, and
the para group. *p<0.05, compared with the control group; “p<0.05, compared with the model group.

result in cognitive dysfunction'*®. COX-2 and
its product PGE2 are found to be upregulated in
multiple cognitive dysfunction-related diseases.
Besides, EP1 receptor, the downstream factor of
PGE2, mediates neurotoxicity in cerebral isch-
emia and hypoxia as well as AD models. Re-
searches?'* have also shown that EP1 receptor is
crucial in neurodegenerative diseases.

In normal or mammalian brain tissues, COX-2
is mainly distributed in the cerebral cortical neu-
rons, hippocampal neurons, as well as dendrites
and dendritic spines of other neurons. COX-2 is
especially expressed in the postsynaptic mem-
brane of hippocampal neurons?’. COX-2 and its
metabolites are necessary in normal physiolog-
ical processes of the body, such as brain signal
transduction, gene expression, neuronal synaptic
plasticity formation, and synaptic remodeling.

Meanwhile, COX-2 is also involved in basic brain
functions, including neurotransmitter release,
learning and memory abilities, and regulation of
cerebral blood flow. Spinal cord pain response
and fever reaction can be regulated by COX-22>26,
COX-2 triggers inflammatory cascades after trau-
ma and infection, which is one of the important
regulators of inflammation-related diseases?’ .
Overexpression of COX-2 leads to the produc-
tion of PGE2, which in turn stimulates glial
cells to release cytotoxic factors and chemokines.
Thereafter, this may eventually cause or aggra-
vate the systemic inflammatory response’®. A
large amount of oxygen free radicals is produced
during the synthesis of PGE2. Oxygen free radi-
cals not only mediate excitatory neurotoxicity of
glutamate, but also lead to neuronal damage by
oxidative stress***.
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Figure 3. Apoptosis of hippocampal neurons. A, Apoptosis of hippocampal neurons in rats of the control group. B, Apoptosis
of hippocampal neurons in rats of the model group. C, Apoptosis of hippocampal neurons in rats of the para group. D, Com-
parison of apoptotic index among the control group, the model group, and the para group. *p<0.05, compared with the control

group; “p<0.05, compared with the model group.

In central nervous system diseases, COX-2
overexpression may lead to neuronal inflammation
related neuronal damage, increased prostaglandin
synthesis, prostaglandin receptor activation, oxi-
dative stress, and apoptosis**. Our study showed
that the levels of COX-2, PEG2, EPI1, as well as
cytokines of IL-1, IL-6, and TNF-a in rat hippo-
campus were significantly upregulated in the mod-
el group. This indicated that COX-2 promoted free
radicle production, oxidative stress, inflammation
and apoptosis, ultimately leading to neuronal dam-
age and cognitive dysfunction. Para administration
could effectively reverse the levels of COX-2,
PEG2, EPI, IL-1pB, IL-6, and TNF-q in the brain.
Prostaglandin production, neuronal inflammation
and oxidative stress could be effectively controlled
by para treatment. Finally, the release of neurotox-
ic free radicals was reduced, and the learning and
memory functions were improved.

In this work, we also proposed a close relation-
ship among surgery-induced neuro-inflammatory
reaction, COX-2/PEG2/EP1 pathway and cogni-
tive impairment, which was destructed by COX-
2 inhibition after para treatment. Para exerts a
strong lipophilicity and easily passes through
the blood-brain barrier. Furthermore, it presents
neuroprotective effects on improving the learning
and memory ability of postoperative rats.

Conclusions

We showed that selective COX-2 inhibitor
parecoxib suppressed COX-2 overexpression in
postoperative rats. Moreover, para inhibited cen-
tral inflammatory state, neuronal apoptosis, and
oxidative stress, thus improving learning and
memory functions in rats.
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