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Abstract. Post‑traumatic stress disorder (PTSD) is character-
ized by re‑experiencing of a traumatic event, avoidance of 
trauma‑associated stimulation, general changes in mood and 
cognition, and hyper arousal symptoms. Cyclooxygenase is 
involved in the production of prostaglandins and thromboxanes, 
and its inducible form cyclooxygenase‑2(COX‑2), an important 
mediator of cell injury in inflammation, is primarily expressed 
in leukocytes and brain cells. The present study investigated the 
expression of COX‑2 in the hippocampi of rats with PTSD and 
evaluated the effect of COX‑2 inhibition on PTSD. Adult male 
Wistar rats were randomly divided into three groups: Control 
(n=20), PTSD (n=20) and intervention group (PTSD+COX‑2 
inhibitor treatment, n=20). The expression of COX‑2 was 
detected by immunohistochemistry, reverse transcription‑quan-
titative polymerase chain reaction and western blotting. Terminal 
deoxynucleotidyl transferase mediated dUTP nick end labeling 
staining was used to observe the apoptosis of rat hippocampal 
neurons. Tumor necrosis factor α (TNF‑α), interleukin (IL)‑6 and 
prostaglandin E2 (PGE2) levels were analyzed by ELISA. Nitric 
oxide (NO) was detected using the Griess test. The behavioral and 
cognitive function of rats in the PTSD group was significantly 
decreased compared with the control group, while the behavioral 
and cognitive function of rats in the intervention group were 
improved. The COX‑2 mRNA and protein expression levels in 
hippocampi of rats in the PTSD group were higher than in the 
control and intervention group. The apoptosis of hippocampus 
in rats with PTSD was significantly increased compared with 
the control group and following treatment with COX‑2 inhibitor, 
apoptosis was decreased. In addition, compared with the control 
group and intervention group, the levels of TNF‑α, IL‑6, PGE2 
and NO in hippocampi of rats were increased in the PTSD group. 
The present study indicated that COX‑2 may be involved in the 

pathogenesis of PTSD, and inhibition of its expression serves a 
neuroprotective role in hippocampi of PTSD rats.

Introduction

Post‑traumatic stress disorder (PTSD) is an abnormal mental 
reaction to severe stress factors, such as major disasters, war, 
terrorist attacks, traffic accidents and abuse, and has a high 
incidence overall (1,2). Clinical and community‑based studies 
of PTSD among the elderly have identified elevated rates of 
anxiety, mood variation and substance use disorders which 
typically develop after PTSD (3‑5). Such cognitive or behav-
ioral changes are frequently ignored or underestimated during 
initial hospitalization, when severe psychological reactions 
or obvious physical injuries are presented (6). Recent studies 
have demonstrated that PTSD is dependent on environmental 
factors, which stimulate changes in the expression of biological 
susceptibility genes and associated proteins; however, but the 
specific mechanism remains to be elucidated (7,8). Current 
PTSD treatment includes antidepressant medication and 
psychotherapy, but a significant number of patients remain 
refractory to the treatment mostly due to substance use disor-
ders, general medical illnesses and suicides (9‑11).

Cyclooxygenase‑2 (COX‑2) is a rate‑limiting enzyme in 
prostaglandin E2 (PGE2) synthesis. The expression of COX‑2, 
an important mediator of cell injury in inflammation, is induced 
by cytokines and inhibited by glucocorticoids  (12). It was 
reported that the expression of COX‑2 could also be induced 
by neuronal excitation and increased intracellular calcium. 
COX‑2 also serves an important role in the pathophysiology of 
neuronal death in ischemia and a variety of neurodegenerative 
diseases (13,14). The expression of the immediate early gene 
COX‑2 is induced by vulnerable CA1 neurons. Several studies 
demonstrated that treatment with a COX‑2selective inhibitor 
can decrease the damage following temporary focal isch-
emia (15,16). Therefore, inhibition of COX‑2 expression might 
reduce the oxidative stress‑induced damage to nerve cells.

Although it has been known for decades that cyclo-
oxygenase inhibitors ameliorate brain injury (12), whether 
inhibition of COX‑2 can have a positive effect on the symp-
toms of PTSD remain to be elucidated. In the present study, 
changes in COX‑2 expression in rats with PTSD treated 
with COX‑2 inhibitor were detected. Celecoxib, a first selec-
tive COX‑2 inhibitor, is widely used in clinical practice and 
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research (17‑19). The apoptosis of rat hippocampi and levels of 
inflammatory factors, such as tumor necrosis factor α (TNF‑α), 
interleukin (IL)‑6, prostaglandin E2 (PGE2) and nitric oxide 
(NO), were used to evaluate the effect of COX‑2 inhibition on 
PTSD. The objective of the present study was to reveal the 
mechanism of COX‑2 in the pathogenesis of PTSD, and the 
therapeutic potential of COX‑2 inhibition was investigated.

Materials and methods

Experimental animals. A total of 60 healthy, male Wistar rats 
(2‑3 months, 150‑200 g) were obtained from experimental 
animal center (Tongji Medical College, Huazhong University 
of Science and Technology) and acclimatized in the labora-
tory for 2 weeks prior to the experimental manipulation. Rats 
were reared in a cage kept at 25±3˚C in a normal atmosphere 
and a 12 h light/dark cycle. Rats had free access to dry pellets 
and water with intermittent feeding of green fodder. Rats were 
randomly divided into three groups: Control, (n=20), PTSD 
(n=20) and intervention (PTSD+COX‑2 inhibitor treatment, 
n=20). A PTSD model was established by single prolonged 
stress (SPS) as previously described by Liberzon et al (20,21). 
SPS was induced in three stages: Rats were restrained for 24 h, 
forced to swim for 20 min and administered ether anesthesia. 
All protocols involving animals were approved by the Ethics 
Committee for Experimental Animals (Wuhan No. 1 Hospital, 
Wuhan, China).

Rats in the control and PTSD groups were administered 
0.9% normal saline and in the intervention group rats were 
treated with 25 mg/(kgd) COX‑2 inhibitor celecoxib (Pfizer, 
Inc., New York, NY, USA) through a nasogastric gavage. 
Samples were collected after treatment for 2 weeks.

A pre‑experiment was performed to select the optimum 
celecoxib concentration for treatment. A total of 9 rats from 
the PTSD group were divided into three groups and received 
celecoxib in dose of 15, 25 or 35 mg/(kgd) respectively via 
intraperitoneal route for one week, as previously described (22). 
COX‑2 mRNA expression levels in all groups were detected by 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR).

Behavioral detection. A total of four incandescent lamps 
(60 W) were placed in each of the four corners and served as 
an indoor light source for a behavioral laboratory, at a constant 
illumination of 150‑300 Lux. In order to ensure clear obser-
vation of rat activity, the lights did not directly irradiate the 
detection equipment. The outdoor light was blocked by shading 
curtains. The open‑field (OF), elevated plus maze (EPM) and 
Morris water maze (MWM) tests used in the present study 
are widely used procedures for examining the behavioral 
effects of anxiety  (23,24). Horizontal movement distance 
and residence time are important indices of the open field 
test, while the open arm entry times and open arm residence 
times are indices for the EPM test. The results of the Morris 
water maze test were evaluated based on the escape latency. 
The open field test was performed as previously described by 
Choleris et al (25), the EPMtest was performed as previously 
described by Walf and Frye (26) and the Morris water maze 
test was performed as previously described by Morris (27). 
The primary method for data collection was a video‑tracking 

system, which automatically detected and recorded the hori-
zontal movement distance and residence time.

Immunohistochemical staining. Glass slides were pre‑heated 
in an oven at 65˚C for 1 h. Paraffin‑embedded sections were 
dewaxed, rehydrated and treated with 3% hydrogen peroxide 
for quenching of endogenous peroxidase activity at room 
temperature. Sections were incubated with a rabbit anti‑rat 
polyclonal COX‑2 antibody (1:1,000; cat. no. BA0738, Boster 
Biological Technology, Pleasanton, CA, USA) overnight at 4˚C. 
The spatial localization of COX‑2 was visualized by incubation 
with mouse IgG horseradish peroxidase (HRP)‑conjugated 
secondary antibody (1:10,000; cat. no. PV‑9000; ZSGB‑Bio; 
OriGene Technologies, Inc., Beijing, China) for 1 h at room 
temperature. A 3,3'‑diaminobenzidine tetrahydrochloride 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) chro-
mogenic reagent was added dropwise until the nucleus had 
stained brown. After wards, the sections were rinsed with 
PBS, counterstained with hematoxylin for 3 min at room 
temperature, dehydrated with graded ethanol (75, 85, 95% and 
anhydrous ethanol) and xylene and mounted with Entellan 
(cat. no. 1.07960.0500; Merck KGaA). Sections were observed 
under a light microscope, six visual fields were selected and 
the mean number of positive cells was counted.

RNA extraction and RT‑qPCR. Total RNA from rat 
hippocampi was extracted using TRIzol reagent (Takara 
Biotechnology Co., Ltd., Dalian, China) and detected with an 
ultraviolet spectrophotometer and agarose‑gel electrophoresis. 
For each sample, 1 µg RNA was reverse‑transcribed to obtain 
first‑strand cDNA using the PrimeScript® RT Reagent kit with 
a gDNA Eraser (Takara Biotechnology Co., Ltd.) according to 
the manufacturer's protocol. Expression levels of COX‑2were 
analyzed using RT‑qPCR. The primers were designed and 
synthesized by TsingKe Biological Company (Wuhan, China). 
The primer specific to COX‑2 was: Forward, 5'‑TCG​CTG​
TGC​CTG​ATG​ATT​G‑3' and reverse, 5'‑TCG​CTT​ATG​ATC​
TGT​CTT​G‑3'; and a primer specific to the internal control 
β‑actin was: Forward, 5'‑TGA​CGT​GGA​CAT​CCG​CAA​AG‑3' 
and reverse, 5'‑CTG​GAA​GGT​GGA​CAG​CGA​GG‑3'. Each 
reaction mixture (20 µl total volume) contained 10 µl of 2x 
SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.), 
0.4 µmol/l each forward and reverse primer and 0.2±0.02 µg 
cDNA template. The thermocycling conditions were: 95˚C for 
30 sec, followed by 40 cycles at 95˚C for 5 sec, 58˚C for 20 sec 
and 72˚C for 20 sec. The relative transcription levels of genes 
were calculated using the 2‑∆∆Cq method (28). The quantitation 
cycle (Cq) was determined for each reaction, and the Cq values 
for each gene of interest were normalized to the endogenous 
control gene β‑actin. The quantification of target and refer-
ence genes was evaluated using standard curves and the ratio 
between the target and reference gene represented the relative 
expression levels of target gene. For each group three technical 
replicates of each measurement were obtained.

Western blot analysis. Western blot analysis was performed 
to determine the expression of COX‑2. Rat hippocampi 
were homogenized and the total protein was extracted. The 
protein concentration was determined using a Bicinchoninic 
Acid kit (Bio‑Swamp, Wuhan, China). Equal amounts of 



MOLECULAR MEDICINE REPORTS  17:  4925-4932,  2018 4927

protein (30  µg) were separated by 10% SDS‑PAGE and 
then transferred onto polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA). Membranes were 
blocked for 2 h at room temperature with 5% skimmed milk 
in Tris‑buffered saline (20 mmol/l Tris, 500 mmol/l NaCl and 
0.05% Tween 20). Subsequently, the membrane was incubated 
with anti‑COX‑2 antibody (1:100; cat. no. ab52237; Abcam, 
Cambridge, UK) overnight at 4˚C. An anti‑β‑actin antibody 
(1:10,000, cat. no. ab227387, Abcam) was selected as an internal 
reference. The membranes were washed with Tris‑buffered 
saline and incubated with a rabbit anti‑goat secondary anti-
body (1:10,000, cat. no. E030130, EarthOx, LLC, Millbrae, 
CA, USA) for 2 h at room temperature. Immunoreactivity was 
visualized by colorimetric reaction using enhanced chemilu-
minescence substrate buffer (EMD Millipore, Billerica, MA, 
USA). Membranes were scanned with a Gel DocEZ imager 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and bands 
were quantified using Quantity One software version 5.0 
(Bio‑Rad Laboratories, Inc.).

Terminal deoxynucleotidyl transferase mediated dUTP nick 
end labeling (TUNEL) staining. Paraffin‑embedded sections of 
rat hippocampi were obtained. TUNEL assay was performed 
using a TUNEL kit (Boster Biological Technology, Pleasanton, 
CA, USA) according to the manufacturer's protocol. The 
sections were sealed with natural gum. Apoptotic cells were 
observed under a light microscope (magnification, x400) 
and counted in 6 fields of vision. The apoptosis index was 
expressed as the number of apoptotic cells within 1 mm2, and 
the apoptosis of rat hippocampal neurons was defined as the 
number of apoptotic neurons/total number of neurons x100%.

ELISA. The levels of IL‑6, TNFα and PGE2 in rat hippo-
campi were evaluated by an ELISA assay. The supernatant 
of 10% rat hippocampal homogenate was extracted. IL‑6 
(cat. no.  RA20607), TNF‑α (cat. no.  RA20035) and 
PGE2ELISA kits (cat. no. RA20013) were obtained from 
Bio‑Swamp (Wuhan, China) and the assay was carried out 
according to the manufacturer's protocol.

NO detection. The NO content in rat hippocampi was detected 
using the Griess test (29). The Nitric Oxide Assay kit (cat. 
no. S0021, Beyotime Institute of Biotechnology, Shanghai, 
China) was used according to the manufacturer's protocol. The 
hippocampal tissue was treated with S3090 lysate (Beyotime 
Institute of Biotechnology) prior to detection.

Statistics analysis. All data are expressed as the mean ± stan-
dard deviation. Statistical differences were analyzed by 
one‑way using SPSS (version 18.0, SPSS, Inc., Chicago, IL, 
USA). Duncan's test was used as a post‑hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Behavioral changes in rats. In the pre‑experiment, in the 
25 mg/(kgd) celecoxib treatment group, the COX‑2 mRNA 
expression level was lower than in rats administered 15 and 
35 mg/(kgd) celecoxib (Fig. 1). Therefore, 25 mg/(kgd) cele-
coxib treatment was selected for the following experiments.

As presented in Fig. 2, behavioral changes were observed 
in rats with PTSD and in rats from the intervention group, 
compared with the control group. The alertness, anxiety and 
environmental adaptability of rats were evaluated by the OF 
test. The results of the OF test demonstrated that the horizontal 
movement distance of rats within 5 min in the PTSD and 
intervention groups were significantly decreased compared 
with the control group (P<0.01 or P<0.05) and the horizontal 
movement distance in intervention group was greater than in 
the PTSD group (P<0.05) (Fig. 2A). The residence time of rats 
in the PTSD group was increased significantly compared with 
the control group (P<0.05), but in the intervention group the 
residence time was decreased significantly compared with the 
PTSD group (P<0.05; Fig. 2B).

The anxiety levels of rats were evaluated by EPM and 
compared with the control group. The percentage of open 
arm entry times and the percentage of open arm residence 
time of rats in the PTSD group were decreased significantly 
(P<0.01 or P<0.05). Compared with the PTSD group, the 
percentage of open arm entry times and open arm residence 
time of rats were increased in the intervention group (P<0.05; 
Fig. 2C).

The escape latency of rats was detected by MWM and the 
results are presented in Fig. 2D. Compared with the control 
group, the escape latency was increased in the PTSD group 
(P<0.05) and decreased compared with the PTSD group 
(P<0.05).

COX‑2 levels in rat hippocampi. The COX‑2 levels in 
rat hippocampi were evaluated by immunohistochemical 
staining. In the control group, low or no COX‑2 expression 
was observed (Fig. 3A). Compared with the control, the level 
of COX‑2 expression in the PTSD group was increased signifi-
cantly (Fig. 3B). In the intervention group, the COX‑2 level 
was lower than that of the PTSD group (Fig. 3C).

Transcription level of COX‑2 mRNA in rat hippocampi. The 
mRNA level of COX‑2 in rat hippocampi was evaluated by 
RT‑qPCR (Fig. 4). Compared with the control group, COX‑2 

Figure 1. COX‑2 mRNA expression levels in post‑traumatic stress disorder 
rats treaded with the COX‑2 inhibitor celecoxib. Data are expressed as the 
mean ± standard deviation (n=3). **P<0.01 vs. the 25 mg/(kgd) group. COX‑2, 
cyclooxygenase‑2.
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mRNA levels were increased significantly in the PTSD group 
(P<0.01) and intervention group (P<0.05). Compared with the 
PTSD group, COX‑2 levels in the intervention group were 
decreased (P<0.05).

Protein level of COX‑2 in rat hippocampi. The protein level of 
COX‑2 in rat hippocampi is presented in Fig. 5. In the PTSD 
group, the protein expression level of COX‑2 was higher than 
in the control group (P<0.01). However, compared with the 
PTSD group, the expression level of protein COX‑2 was lower 
in the intervention group (P<0.05).

Apoptosis of rat hippocampi. The apoptosis of rat hippo-
campi was evaluated by TUNEL staining and the results are 
presented in Fig. 6. In the PTSD group and the intervention 
group, the TUNEL staining was positive. Compared with the 

control group, the apoptosis in the PTSD group increased 
significantly (Fig. 6B). However, apoptosis in the intervention 
group was decreased significantly compared with the PTSD 
group (Fig. 6C). The apoptotic rate in the PTSD group and 
the intervention group were higher than in the control group 
(P<0.01; Fig. 6D). Compared with the PTSD group, the apop-
totic rate in the intervention group decreased significantly 
(P<0.01; Fig. 6D).

Levels of TNF‑α, IL‑6, PGE2and NO in rat hippocampi. 
Levels of TNF‑α, IL‑6, PGE2 and NO in rat hippocampi are 
presented in Fig. 7. In the PTSD group, the levels of TNF‑α, 
IL‑6, PGE2 and NO were higher than in the control group 
(P<0.01). The levels of TNF‑α and IL‑6 in the intervention 
group were higher than in the control group (P<0.05, P<0.01), 
but lower than in the PTSD group (P<0.01; Fig. 7A). Compared 

Figure 3. Immunohistochemical staining for COX‑2 in rat hippocampi (magnification, x200). (A) Control group COX‑2 was not expressed or expressed at a 
very low level. (B) Post‑traumatic stress disorder group COX‑2 expression was visibly enhanced and mainly localized to the cytoplasm and membranes of 
keratinocytes in rat hippocampi. (C) Intervention group COX‑2 level was decreased following treatment with COX‑2 inhibitor. COX‑2, cyclooxygenase‑2.

Figure 2. Behavioral changes in rats with PTSD, and the intervention group rats. (A) Horizontal movement distance and (B) residence time of rats within 5 min 
of the open‑field test. (C) Percentage of open arm entry times and the open arm residence time of rats were observed during an EPM task. (D) The escape 
latency in the Morris water maze task. Data are expressed as the mean ± standard deviation (n=10). *P<0.05, **P<0.01 vs. the control group; #P<0.05 vs. the 
PTSD group. PTSD, post‑traumatic stress disorder; EPM, elevated plus maze.
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with the PTSD group, the levels of PGE2 and NO in the inter-
vention group were increased significantly (P<0.01; Fig. 7B).

Discussion

Although the morbidity of PTSD has been reported multiple 
times, the pathogenesis of the disease remains to be eluci-
dated. PTSD can significantly reduce the quality life of 
patients, causing psychiatric and physical comorbidity (30). 
Research over the past two decades has focused on identifying 

the neurocircuitry mediating the core clinical symptoms of 
PTSD, in attempt to develop optimal, effective interventions 
for PTSD (31). The hypothalamic‑pituitary‑adrenal (HPA) 
axis, sympathetic and parasympathetic nervous system and 
5‑hydroxytryptamine (5‑HT) are the main regulators of the 
stress response, emotion and arousal of an organism (32). 
Intense external stimulation might induce over‑excitement of 
HPA, which can lead to an increased cytokine secretion (33). 
It has been reported that transmembrane proteins can trans-
port TNF‑α and IL‑6 into the central nervous system through 
active transport, causing a series of inflammatory injuries to 
the central nervous system (34,35). Increased stress‑asso-
ciated protein expression is a key pathogenic symptom of 
PTSD. In the present study, the levels of TNF‑α and IL‑6 
in rats with PTSD were increased significantly, indicating 
that TNF‑α and IL‑6 may serve an important role in the 
pathogenesis of PTSD. The increase in TNF‑α and IL‑6 
expression in rats with PTSD was prevented by the inhibition 
of COX‑2, which suggested that a feedback loop might exist 
between COX‑2 and inflammation. Stress can stimulate the 
immune system to release pro‑inflammatory factors. IL‑6 in 
plasma of patients with depression was positively correlated 
with the severity of their clinical symptoms (36). Therefore, 
the authors of the present study hypothesized that excessive 
inflammatory cytokine expression can lead to secondary 
intracranial injury and resulting pathological changes associ-
ated with PTSD.

Studies have demonstrated that COX‑2 expression is 
abnormal in patients with depression (36,37). In the present 
study, rats with PTSD were treated with COX‑2 inhibitor 
celecoxib which alleviated their anxiety and cognitive func-
tion. In rats with PTSD, the level of COX‑2 was higher than 
in the control group, while it was decreased significantly 
following treatment with celecoxib. The above observa-
tions suggest that the enhanced expression of COX‑2 is 
involved in the pathogenesis of PTSD and COX‑2 is a 
potential target for PTSD treatment. Celecoxib serves an 
important role in the treatment of PTSD through the inhibi-
tion of the expression of COX‑2. The results of the present 
study are consistent with previous studies, in which inhibi-
tion of COX‑2 production lead to a reduction in a variety 
of stress‑induced behavioral pathologies in mice (38). The 
protein level of COX‑2 is closely associated with inflamma-
tion in vivo (39,40). The present study confirmed that the 
increase in the abundance of pro‑inflammatory factors is 
associated with an increased COX‑2 expression and causes 
up‑regulation of PGE2, NO and other products of oxidative 
stress. The mechanism of cell apoptosis induced by oxidative 
stress has been confirmed (41,42). PEG2 is one of the caus-
ative factors of apoptosis. Takadera et al (43) demonstrated 
that apoptosis was observed following treatment of mouse 
neurons with PGE2 for 48 h and that PGE2 induced apop-
tosis in a dose‑dependent manner via activation of cysteine 
protein kinase. Li  et  al  (44) reported that COX‑2/PGE2 
signaling serves a pivotal role in the accumulation and func-
tion of myeloid‑derived suppressor cells following traumatic 
stress and that COX‑2 blockade inhibits accumulation and 
function of myeloid‑derived suppressor cells and restores 
T cell response following traumatic stress. In the present 
study, the level of PEG2 in hippocampi of rats with PTSD 

Figure 5. Western blot analysis of COX‑2 protein expression levels in rat 
hippocampi. (A)  Western blot visualization of COX‑2 protein expres-
sion levels in the experimental and control groups. (B)  Quantitative 
analysis of COX‑2/β‑actin levels in rat hippocampi. Data are expressed as 
the mean ± standard deviation (n=3). **P<0.01 vs. the control group; #P<0.05 
vs. the PTSD group. COX‑2, cyclooxygenase‑2; PTSD, post‑traumatic stress 
disorder.

Figure 4. mRNA expression levels of COX‑2 in rat hippocampi. Data are 
expressed as the mean ± standard deviation (n=6). *P<0.05, **P<0.01 vs. the 
control group; #P<0.05 vs. the PTSD group. COX‑2, cyclooxygenase‑2; 
PTSD, post‑traumatic stress disorder.
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was increased and following intervention with celecoxib, the 
PEG2 level was down‑regulated. These results of the present 
study indicated that celecoxib intervention can inhibit COX‑2 
production and induce a protective effect on rat hippocampi.

NO, as a highly reactive free radical, can induce free 
radical chain reaction with ONOO‑, which can directly inhibit 
mitochondrial respiratory chain and cause damage to DNA. 
Previous studies have shown that activation of NF‑κB and 
up‑regulation of the inducible nitric oxide synthase can lead to 
the synthesis of NO causing tissue injury (45). In the present 
study, NO expression in hippocampi of rats with PTSD was 
increased significantly compared with the control group but 
in the intervention group NO levels were lower than in the 
PTSD group, indicating that COX‑2 inhibition may protect 
the nervous system by reducing the expression of NO and its 
downstream pathway.

PTSD as a stress disorder disease and COX‑2 may serve 
an important role in its pathogenesis. In the present study, 
the levels of TNF‑α, IL‑6 and COX‑2 in the hippocampi of 
rats with PTSD were increased significantly compared with 
healthy rats, which is consistent with the PTSD pathology 
detected by imaging. Levels of proinflammatory cytokines 
were increased by stress stimuli. Up‑regulation of COX‑2 was 
involved in the oxidative stress and its downstream products 
such as NO and PGE2 were elevated causing neuronal injury 
and apoptosis. Oxidative stress responses are a common 
pathway for multiple intracellular signal transduction 
pathways and drug therapy has been shown to significantly 
reduce the symptoms of PTSD (46). Therefore, exploring the 
pathogenesis of PTSD‑related signal transduction pathways 

Figure 7. Levels of TNF‑α, IL‑6, PGE2 and NO in rat hippocampi. The levels 
of (A) TNF‑α and IL‑6, and (B) PGE2 and NO. Data are expressed as the 
mean ± standard deviation (n=6). *P<0.05, **P<0.01 vs. the control group; 
#P<0.05, ##P<0.01 vs. the PTSD group. TNF‑α, tumor necrosis factor‑α; IL, 
interleukin; PGE2, prostaglandin E2; NO, nitric oxide; PTSD, post‑traumatic 
stress disorder.

Figure 6. TUNEL staining analysis of the apoptosis in rat hippocampi (magnification, x400). (A) The control group was negative for the TUNEL staining. 
(B) PTSD group, the TUNEL staining was positive and the apoptosis was increased compared with the control group. (C) Intervention group, TUNEL staining 
was positive. (D) The apoptosis rate in rat hippocampi from different groups. Data are expressed as the mean ± standard deviation (n=6). **P<0.01 vs. the 
control group; ##P<0.01 vs. the PTSD group. TUNEL, terminal deoxynucleotidyl transferase mediated dUTP nick end labeling; PTSD, post‑traumatic stress 
disorder.
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can contribute to the development of new drugs and clinical 
treatments.

In conclusion, COX‑2 can induce inflammation and cell 
apoptosis in rats and promote the development of PTSD. COX‑2 
inhibition can decrease the levels of TNF‑α, IL‑6, PEG2 and 
NO in the hippocampi of rats with PTSD and reduce the 
apoptosis of cells in this tissue. COX‑2 inhibition reduces the 
prevalence of oxidative stress products and apoptosis, and may 
in the future serve an important role in the clinical research 
and treatment of PTSD.
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