
 

ORIGINAL ARTICLE  

 

Corresponding Author: F. Baharvand 

Department of Anatomy, School of Medicine, Zahedan University of Medical Sciences, Zahedan, Iran  
Tel: +98 915 4646884, Fax: +98 33 291124, E-mail address: baharvandfarzaneh@gmail.com 

 

The Protective Effect of Celecoxib on CA1 Hippocampal Neurons and Oxidative 

Stress in a Rat Model of Parkinson’s Disease  

Maryam Sarbishegi1,2, Hamidreza Mahmoudzadeh-Sagheb3,4, Zahra Heidari3,4, Farzaneh Baharvand2  

1 Cellular and Molecular Research Center, Zahedan University of Medical Sciences, Zahedan, Iran 

2 Department of Anatomy, School of Medicine, Zahedan University of Medical Sciences, Zahedan, Iran 

3 Infectious Diseases and Tropical Medicine Research Center, Zahedan University of Medical Sciences, Zahedan, Iran 

4 Department of Histology, School of Medicine, Zahedan University of Medical Sciences, Zahedan, Iran 

 

Received: 04 Mar. 2018; Accepted: 15 Dec. 2018 

 

Abstract- Several studies point to an important role of neuroinflammation in Parkinson's disease (PD). 

Cognitive and memory impairments have been known in the early stages of PD. In the present study, we 

examined the effects of celecoxib (CLX), a selective inhibitor of cyclooxygenase-2 (COX-2), on hippocampus 

cell loss, passive avoidance memory and antioxidant status in a rat model of PD. We used the subcutaneous 

injection of 2.5 mg/kg/48h rotenone (ROT) for 4 weeks for induction of PD in a male Wistar rat. Animals were 

randomized to 4 groups (n=12): Control, sham, PD and PD+CLX group that receive celecoxib (20 mg/kg/day) 

for 4 weeks. Passive avoidance memory evaluated. We also determined the protective effect of CLX on a 

number of CA1 neurons in Nissl and TUNEL staining. Total antioxidant capacity (TAC) and malondialdehyde 

(MDA) a marker of lipid peroxidation in hippocampus assessed. Our findings indicated administration of CLX 

increase the passive avoidance memory (P<0.05), and by a decrease in apoptosis caused an increase in viable 

pyramidal neurons in CA1 hippocampus (P<0.01). On the other hand, CLX markedly reduced MDA level and 

increased TAC in the hippocampus of the PD model animal (P<0.05). It seems CLX with anti-inflammatory 

and antiapoptotic effect could prevent neurons loss and memory impairment which induced in PD.  

© 2019 Tehran University of Medical Sciences. All rights reserved.  
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Introduction 
 

Parkinson’s disease (PD) is one of the 

neurodegenerative diseases accompanied by loss of 

dopaminergic neurons of the substantia nigra pars 

compacta in the midbrain (1). Although the dopaminergic 

cells are vulnerable and damaged in PD, MRI studies 

revealed that other brain regions such as the hippocampus 

were also affected (2,3). Hippocampus is an important 

structure of the human’s brain and other vertebrates 

which is located in the temporal lobe and is crucial for 

memory, spatial recognition and emotions (4). It has 

reported that the decrease in hippocampal volume and 

neuron loss is seen in Parkinson’s disease. Memory and 

cognitive impairment are the non-motor early symptoms 

which are seen in patients who suffer from PD (5). 

It is believed that neuroinflammation and oxidative 

stress participate in the development of PD. Therefore 

neuronal protection against inflammation and oxidative 

stress are effective strategies for PD management (6,7). 

Cyclooxygenase-2 (COX-2) is an essential enzyme in 

inflammatory conditions and products. Prostaglandin E is 

an important inflammation mediator. COX-2 is expressed 

in some areas of cerebral cortex and in the hippocampus. 

COX-2 plays a special role in normal neuronal function 

and in neurotoxicity (8). It is reported that COX-2 

overexpression plays a detrimental role in 

neurodegeneration disease (9,10). Different studies 

revealed that dopaminergic neurons show the majority of 

COX-2 positive cells in PD (9,11). 

A previous study demonstrated the expression of 

COX-2 increased significantly in the hippocampus in a 

rat model of global cerebral ischemia-reperfusion injury 

and inhibition of COX-2 has an important role in the 

protection of cognitive impairments during ischemia and 

stroke (12). 

COX-2 inhibitor was also showed to attenuate 

cytotoxicity of chronic neuroinflammation in basal 
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forebrain cholinergic neurons of rats (13).  

Celecoxib (CLX), which is one of the non-steroidal 

anti-inflammatory drugs (NSAIDs) and a COX-2-

specific inhibitor, has anti-pyretic, anti-inflammatory, 

and analgesic activities attributed to the inhibition of 

prostaglandin (14). Kurhe and et al., reported that 

Celecoxib has potential antidepressant-like effect in 

depression associated with obesity (15). Reksidler et al., 

showed that that parecoxib (a cox-2 inhibitor) has a 

neuroprotective effect on the motor, tyrosine hydroxylase 

expression, and cognitive e functions in Parkinson's 

disease in an animal model (16). 

Rotenone is a neurotoxin used for induction of PD 

model in animals. It caused dysfunction of complex-I of 

the mitochondrial respiratory chain and enhanced 

oxidative stress and neuroinflammation in the 

nigrostriatal dopaminergic pathway (17). ROT increased 

the levels of proinflammatory cytokines (IL-1β, IL-6, and 

TNF-α), and inflammatory mediators (COX-2 and iNOS) 

in rat brain tissues (18).  

Thus the aim of the present study was the evaluation 

of neuroprotective effects of celecoxib on hippocampal 

CA1 neurons, passive avoidance memories (shuttle box) 

and oxidative stress in Parkinson’s disease induced by 

rotenone in male rats. 

  

Materials and Methods 

 

A total of 48 male Wistar male rats (Animal lab of 

Zahedan University of Medical Sciences, Iran) weighing 

300-350 g were included in this experiment. The animals 

were housed in standard cages at Controlled temperature 

(22±1° C) with a 12-h light: 12-h dark cycle and supplied 

with normal commercial chow and tap water. The animals 

fed with drug or vehicle by gavage tube for 4 weeks 

except for the control group. The PD model was induced 

via the subcutaneous (S.C) injection of 2.5 mg/kg/ 48 h 

of ROT for 28 days as reported earlier (19).  

The rats were randomly allocated into 4 groups 

(n=12) as follows: Group I: (Control) animal were not 

treated with any drug or injection, group II: vehicle-

treated (Sham), group III: the rotenone-injected (PD) and 

group IV: the rotenone-injected+celecoxib 

(20mg/kg/daily) (PD+CLX). 

The experimental procedures were approved by the 

Ethics Committee of Zahedan University of Medical 

Silences, (IR.ZAUMS.REC.1395.238). 

 

Passive avoidance memory  

The shuttle box device consisted of two compartments 

of dark and light (illuminated by a 5 W lamp) with the 

floor which was covered with steel metal wires stainless 

(2 mm diameter with 1 cm distance). The compartments 

were connected by a guillotine door and a device for 

producing an electrical shock. Each rat was placed inside 

the shuttle box for 10-minutes in order to adaptation with 

the device (free access to light and dark chamber). Two 

days after adaptation, the animal was put inside the 

lightbox and the latency time of animal's entrance into the 

dark box was recorded (learning). Upon the entrance of 

the animal into the dark chamber, a guillotine door was 

closed and an electrical light shock (1.5 mA for 3 

seconds) was applied to the fore and hind paws of the 

animals. The next day (24 hours later), the animal was 

placed in the light compartment, and guillotine door was 

raised and latency time of entering the dark compartment 

(without electric foot shock) was recorded (as step-

through latency) (20). 

 

Tissue processing 

At the end of the schedule, a subset of rats in groups 

(n=6) was perfused transcardially using 4 % 

paraformaldehyde fixative then the brains removed and 

immersed in the same fixative solution for one week , 

processed routinely, and embedded in paraffin after 

graded ethanol dehydration. Coronal serial (5 µm-thick) 

sections were cut at the level of hippocampus according 

to Paxinos atlas (–2.5 mm to –4.5 mm from bregma) (21) 

and mounted on historic-treated slides for Nissl staining 

and terminal deoxynucleotidyl transferase dUTP nick end 

labeling (TUNEL). 

Another subset of animals was killed under deep 

anesthesia, and the brains were quickly removed. The 

hippocampus of both sides was isolated on the ice and 

prepared as a homogenate to determine the MDA level 

and TAC.  

 

Nissl staining  

The coronal sections of brains were stained with 0. 

1% cresyl violet, dehydrated through graded alcohols (70, 

95, 100% 2x), placed in xylene, and mounted. The intact 

pyramidal neurons in the CA1 area of the hippocampus 

on the right side of the brain were counted under a light 

microscope at a magnification of 400x. 

 

TUNEL staining 

The TUNEL staining method was performed 

according to the Roche protocol (Roche molecular 

biochemicals kit, Germany). Briefly, de-waxed tissue 

sections were treated with proteinase K for 30 minutes. 

The sections were incubated with 3% H2O2 for 10 

minutes to reduce endogenous peroxidase activity, then 
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the TUNEL reaction mixture was added, and the sections 

were incubated for 1 hour. The tissue sections were 

incubated with a convertor-POD at 37° C for 30 min. 

Finally, the sections were incubated with 

diaminobenzidine substrate solution (DAB) for 15 min to 

achieve visualization of the apoptotic cells and 

counterstained with hematoxylin for 30 s. Finally, the 

samples were dehydrated in alcohol, cleared in xylene 

and mounted for visualization. Cells with deep brown-

stained nuclei were counted in the CA1 area of the 

hippocampus on the right side of the brain under a light 

microscope at a magnification of 400x (22). 

 

Biochemical analysis 

Preparation of hippocampal supernatant 

For biochemical analysis, both hippocampus from 

each rat were quickly isolated, weighted and 

homogenized (10% w/v) in cold PBS (0.1 M, pH 7.4). 

The homogenates were centrifuged at 12,000 g at 4° C for 

25 minutes. The supernatants were stored at −80° C for 

measurement of Malondialdehyde (MDA) level and total 

antioxidant capacity (TAC). The content of protein in the 

hippocampus homogenate was measured by the method 

of Bradford (23). 

 

Determination of malondialdehyde (MDA) 

MDA level which is a marker of lipid peroxidation 

was determined by thiobarbituric acid reactive substances 

(TBARs) according to Ohkawa et al., Briefly 200 μl of 

hippocampal supernatant was added to 500 μL of acetic 

acid solution (2.5 M HCl, pH 3.4), 200 μL of 8.1 % 

sodium dodecyl sulfate (SDS) and 500 μL of 0.8 % 

thiobarbituric acid (TBA) and after vortex mixing sample 

was heated at 95° C for 1 h. After centrifuging at 3,000 

rpm for 10 min, the absorbance of the supernatant was 

read at 532 nm. The results were expressed as nmol/mg 

protein (24). 

 

Total antioxidant capacity (TAC) 

To determination of TAC, the ferric 

reducing/antioxidant power (FRAP) was used according 

to by the method of Benzie and Strain. The FRAP method 

measures the power of antioxidants to reduce the ferric 

tripyridyl triazine (Fe3+-TPTZ) to a ferrous form (Fe2+). 

Briefly, FRAP solution was prepared by mixing buffer 

acetate (300 mMpH 3.6) with TPTZ (2,4,6-tripyridyl-

triazine) (10 mM) solution with 10:1 ratio in HCL (40 

mM) and 1 mL FeCl3, the 6H2O solution was added just 

before use. Then, 1.5 mL of the FRAP reagent was added 

to 50 µL of 10% homogenate and incubated for 10 

minutes at 37° C. In addition, FeSO4 was used as a 

standard to measure the FRAP. The complex between 

Fe2+/TPTZ formed a blue color that absorbance was 

measured at 593 nm. The final results were reported as 

µmol/g tissue (25). 

 

Statistical analysis 

Analysis of the data was performed using one-way 

analysis of variance (ANOVA) followed by Tukey’s post 

hoc test by SPSS software. Data are presented as 

mean±SEM. The significance level was set at P<0.05. 

 

Results 
 

Passive avoidance memory  

As seen in figure 1, step-through latency time showed 

a significant difference between control and PD group, 

which indicated decreased passive avoidance learning in 

the PD group compared with the control group (P<0.001). 

20 mg/kg oral administration of celecoxib for four weeks 

significantly increased step-through latency time in the 

CLX group compared to the PD group (P<0.05).  

 

Nissl staining  

As seen in figure 1, the number of surviving neurons 

in the CA1 hippocampal area was counted and compared 

among groups. Control and sham group did not show any 

histopathological abnormalities at CA1area of the 

hippocampus and pyramidal cells had intact nuclei and 

normal arrangement. Our results showed that injection of 

ROT enhanced the neurodegeneration in the 

hippocampus and decreased the viable pyramidal cells in 

the PD group compared to the control group (P<0.001). 

Treatment with CLX markedly prevented a decrease in 

intact pyramidal cells in the CA1 hippocampal area 

compare to the PD group (P<0.01). 
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Figure 1. Effects of CLX on step-through latency time in experimental groups. Data are expressed as the mean ± SEM (n = 6) and analyzed using 

one-way analysis of variance and Tukey’s post-hoc test. *P<0.001 versus control group, **P<0.05 versus PD group 

 

TUNEL staining  

The apoptotic cells in the hippocampal samples were 

detected by TUNEL staining (Figure 3). In the control and 

sham groups, TUNEL-positive pyramidal neurons rarely 

observed in the CA1 area of the hippocampus. In contrast, 

in the PD group, the numbers of TUNEL-positive neurons 

significantly increased compared to the control group 

(P<0.001). CLX treated group showed a decrease in the 

number of apoptotic neurons in comparison with the PD 

group (P<0.01). 

 

 
Figure 2. Effects of celecoxib on pyramidal cells count in the hippocampal CA1 of a rat with PD (Nissl staining) 

Nissl staining was used to observe pyramidal cells in different groups . Survival cells were quantified at 400× magnification. Red arrows show 

the viable cells and black arrows show the pycnotic cells. The graph shows the number of survival hippocampal CA1 neurons. Data are expressed as 

the mean ± SEM (n = 6) and analyzed using one-way analysis of variance and Tukey’s post-hoc test. *P < 0.001 versus control group, **P < 0.01 

versus PD group. A: control group; B: sham group; C: PD group; D: PD+CLX group 
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Figure 3. Effects of celecoxib on cell apoptosis in the hippocampal CA1 of the rat with PD (TUNEL staining) 

TUNEL staining was used to observe differences in apoptosis (×400) in different groups. TUNEL-positive cells were quantified at 400× 

magnification. Black arrows show the TUNEL-positive cells and red arrows shows TUNEL-negative cells. The graph shows the number of apoptotic 

cells hippocampal CA1 neurons.  Data are expressed as the mean ± SEM (n = 6) and analyzed using one-way analysis of variance and Tukey’s post-

hoc test. *P < 0.001 versus control group, **P < 0.01 versus PD group. A: control group; B: sham group; C: PD group; D: PD+CLX group 

 

 

Effect of CLX on hippocampal MDA level  

As seen in figure 4 A injection of ROT significantly 

increased MDA level in the hippocampus of the PD group 

compared to the control group (P<0.001). On the other 

hand, the CLX treated group showed a reduction of MDA 

level compared to the PD group (P<0.05).  

 

Effect of CLX on hippocampal TAC level  

A significant decrease in TAC level was observed in 

the hippocampus of the PD group compared to the control 

group (P<0.001). Treatment with CLX 20 mg/kg 

significantly prevented of reduction of TAC level in 

comparison to the PD group (P<0.05) (Figure 4 B). There 

was no significant difference in the TAC level between 

the control and the sham groups (P>0.05). 
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Figure 4. Effects of CLX on MDA (A) and TAC level (B) in the hippocampus of animals. ROT increased MDA level and decreased antioxidant 

enzymes level in all animals. Pretreatment with CLX prevented the increase in the level of MDA and improved TAC level. Statistical analysis by one 

way ANOVA followed by Tukey’s post hoc multiple comparison tests. P<0.05 considered significance level. Data expressed as mean±SEM 

(n=6).*P<0.001 versus control group and **P<0.05 versus PD group A: control group; B: sham group; C: PD group; D: PD+CLX group  

 

 

Discussion 
 

The current study demonstrated neuroprotective effects celecoxib on CA1 hippocampal neurons and oxidative 

damages following PD induced by rotenone in rats. Our finding showed that celecoxib decrease hippocampal 

neuronal death improved the passive avoidance memory and antioxidant status in the rat model of PD.   

PD is a progressive neurodegenerative disease, which 

involved a neuronal loss in midbrain and some area of the 

brain, especially in hippocampal tissue (26). 

Learning and cognitive impairment in PD patients 

have been approved by different studies, and it has shown 

that hippocampal neuronal damages in PD are resulting 

in memory deficits which is the primary and non-motor 

symptoms (27).  

The effect of PD on memory has been examined by MRI 

pictures which are showed atrophy in the hippocampus 

CA1 region (3). 

Heijer et al., has demonstrated an increase in the 

hippocampal atrophy in patients with type 2 diabetes 

mellitus, and it is accompanied by weakness in verbal 

episodic memory (28), thus it is suggested that prevention 

of cell death or stimulation of neuronal proliferation in 

hippocampus can be a hopeful strategy for PD treatment 

(7). 

Because of inflammatory mechanisms contributing to 

neuronal damage in neurodegenerative diseases such as 

PD, some researchers suggested that the use of anti-

inflammatory agents may decrease or inhibit the progress 

of PD (7,29). Inflammatory processes caused 

enhancement in COX-2 expression which leads to neuro-

degeneration in SNC and hippocampus (30).   

Yang stated that increase of COX-2 in the 

hippocampus of diabetic rats caused impairment in spatial 

memory, hippocampal cells loss and long-term 

potentiation (LTP) (31).  

Some studies suggested that non-steroidal anti-

inflammatory drugs (NSAIDs) such as celecoxib by 

inhibition of proinflammatory cytokines expression 

cascades have a neuroprotective effect in PD and 

Alzheimer disease and reduce the risk of memory deficit 

(32). The NSAIDs inhibit the cascade of proinflammatory 

cytokines expression. Yu et al., reported an elevation of 

COX-2 expression in the hippocampus of a rat model of 

global cerebral ischemia-reperfusion injury; they showed 

the beneficial role of COX-2 inhibitors in the protection 

of cognitive impairment during ischemia (12). Cox-2 

overexpression increased in hippocampus and cortex of 

patients suffering from senile memory abnormalities (33). 

According to a study conducted by Small et al., daily 

administration of celecoxib in people with age-associated 

memory decline increase regional brain metabolism and 

improve cognitive performance (34). 

The result of Yang’s study showed that celecoxib 

increased the upregulation of BDNF-TrkB (Brain-derived 

neurotrophic factor -tyrosine receptor kinase B) in the 

hippocampus of diabetic rats, which resulted in 

improving memory and learning deficit. BDNF/TrkB 

signaling pathway plays an essential role in enhanced 

learning and memory (31). Decreased mRNA expression 

of BDNF is shown in the hippocampus of PD rats (7). On 

the other hand, the results of some studies demonstrated 

that COX-2 up-regulation contributed to neuronal death 

in neurodegenerative diseases and Cox-2 inhibitors 

decrease neuronal loss in the brain (35). Other studies 

suggest that memory function is closely attributed to the 
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numbers and functional capability of pyramidal cells in 

the hippocampus CA1 region and hippocampal synaptic 

plasticity impairment and apoptosis in CA1 pyramidal 

neurons contribute to cognitive deficits (36,37). In line 

with these reports, here we showed a decrease in intact 

pyramidal cells in CA1 hippocampus in Nissl staining in 

a model of PD group which is accompanied by a decrease 

in passive avoidance memory in the shuttle box. Our 

results showed that the celecoxib-treated group had a 

number of surviving pyramidal cells in the CA1 area and 

also elevation in passive avoidance memory compare to 

the PD group. 

Ye et al., reported that part of impairment in 

performing the spatial learning and memory tasks in PD 

is contributed to apoptosis of CA1 pyramidal neurons 

(38). The hippocampus is vulnerable to different injuries, 

such as inflammation induced by neurotoxins (39).  

We used ROT injection for PD induction, and this 

neurotoxin induces neuro-inflammation which causes 

neuronal apoptosis in the nigrostriatal, cerebral cortex, 

and hippocampus (40). Our findings demonstrated 

significant enhancement of TUNEL positive cells in the 

CA1 hippocampus area in PD group compared to the 

control group. This observation is in line with a previous 

study showing that rotenone-induced caspase-3-mediated 

apoptosis (40). Smith et al., stated that during 

inflammation, NSAIDs by inhibition of inflammatory 

cytokines induction, inhibit caspase catalytic activity and 

reduce cell death (14). 

According to the results, COX-2 inhibition has a 

protective effect on CA1 hippocampal neurons. This 

effect can be attributed to the anti-inflammatory 

mechanism of celecoxib which mitigates microglial 

activation and decrease expression of proinflammatory 

cytokines resulted in apoptosis cell inhibition (41). 

Also, in this study, we showed a decrease in the total 

antioxidant capacity and an increase in MDA level in the 

hippocampus of PD rats. MDA is a lipid peroxidation 

marker, which is formed by the attack to free radicals to 

the cell membrane lipids and causing cellular 

dysfunction. We also previously reported a significant 

decrease of antioxidant enzymes activity and an increase 

of MDA level in the midbrain of a rat model of PD (42).  

It is well known that free radicals are involved in the 

pathogenesis of PD. The increase of oxidative stress and 

a decrease in antioxidant status are reported in patients 

with PD (43,44).  

ROT which was used in this experiment is a high-

affinity inhibitor of complex I of the electron transport 

which causes the production of reactive oxygen species 

(ROS) and oxidative stress in dopaminergic neurons in 

substantia nigra (45).  

It has been shown that the hippocampus receives the 

dopaminergic projection from the substantia nigra by 

mesolimbic pathway; therefore hippocampus might 

uptake the toxin and oxidative stress in dopaminergic 

neurons, and the result would be neuronal loss and 

memory impairment (46) (43). 

We evaluated the effect of celecoxib on hippocampus 

lipid peroxidation and total antioxidant capacity of PD 

rats. The results indicated that administration 20 

mg/kg/daily CLX for 4 weeks improved MDA level and 

reverse the decrease of TAC in the hippocampus of PD 

rats compared to the control group.  

As mentioned already microglial activation is one of 

the sources of ROS generation in neuro-inflammation 

disease such as PD. Since celecoxib with anti-

inflammatory effect could inhibit the microglial 

activation, therefore it shows antioxidant property (41) 

(47).  

In line with our results, Santiago et al. demonstrated 

that celecoxib enhanced antioxidant defenses and 

attenuated oxidative stress in the hippocampus of 

depressed rats (48). 

It is concluded that celecoxib via its anti-

inflammatory, anti-apoptotic, and antioxidant effect 

promotes neuron survival and enhances the memory in 

this PD model. Consequently, the use of celecoxib may 

have application in the alleviation of hippocampal 

neuronal death, learning, and memory abnormalities in 

PD patients. However, further researches are still 

required. 
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