
Page 1 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(22):1210 | https://dx.doi.org/10.21037/atm-22-4997

Original Article

Flurbiprofen axetil alleviates the effect of formalin-induced 
inflammatory pain on the cognitive function of rats with mild 
cognitive impairment through the AMPKα/NF-κB signaling 
pathway
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Background: Mild cognitive impairment (MCI) as a prestage of dementia shares the most risk factors with 
dementia. In the present study, we explored the effect of flurbiprofen axetil on reducing the response of the 
central nervous system to inflammatory factors and anti-inhibiting apoptosis with the aim of developing a 
formalin-induced inflammatory pain model using MCI rats.
Methods: Rats were subjected to sham operation (Sham group) or formalin-induced inflammatory pain, 
with or without flurbiprofen axetil (10 mg/kg). MCI rats were administered D-galactose (1,000 mg/kg) for  
7 days subcutaneously. Thereafter, formalin was injected subcutaneously into the hind paws of rats, 
while sham group was injected with only normal saline. In the formalin/flurbiprofen group (F/F group), 
flurbiprofen axetil was injected into the tail vein 15 min before formalin was given, and the formalin/saline 
group (F/S group) used normal saline instead of the drug for injection. The pain score was recorded, and the 
time-score curve was drawn. The escape latency time and the number of times crossing the platform were 
recorded. The expression of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), AMP-activated protein 
kinase-α (AMPKα), and nuclear factor-κB p65 (NF-κB p65) in hippocampal tissue was determined. Varying 
degrees of pathological changes in the hippocampal CA1 region were observed.
Results: The II phase pain score of rats in the F/F group was lower than that of the F/S group rats (P<0.05). 
The evasion incubation period and the number of platform crossings increased in both the F/F group and the 
F/S group (P<0.05), and were more significant in the F/S group. The relative content of AMPKα increased 
sequentially in the 3 groups, and the difference between the two comparisons of each group was statistically 
significant (P<0.05). The relative content of IL-6, TNF-α and NF-κB in the F/S group was greater than 
that of the F/F group, and the difference was statistically significant (P<0.001). Pathological morphological 
observations can be seen that the phenomena of nuclear consolidation, deep staining, and neuronal apoptosis 
occur, and the F/S group is more obvious.
Conclusions: Flurbiprofen axetil can reduce the inflammatory response and cognitive function of an 
inflammatory pain model using MCI rats through the AMPKα/NF-κB signaling pathway.
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Introduction

Alzheimer’s disease (AD), the most common form of 
dementia, is a neurodegenerative disease. A decline in 
learning and memory function is considered to be a high-
risk factor for AD, and special attention should be given 
to the early problems caused by this decline. The decline 
in cognitive function has a negative impact on the quality 
of life of patients and can create a heavy toll on family 
and society (1,2). Mild cognitive impairment (MCI) is an 
intermediate state between normal aging and dementia, and 
is an acquired cognitive impairment that occurs without 
dysfunction (3,4). According to our previous study, an MCI 
model could be established by continuous injection of  
1,000 mg/kg/d D-galactose (D-gal) into the neck and back 
of rats for 7 days (5).

A previous study has confirmed that there is a close 
relationship between surgical pain, inflammation, and 
cognitive decline (6). In recent years, a variety of relatively 
mature pain models have been established, including 
chemical pain models, neuropathological models, an 
incision pain models (7-9). Among these models, the 
chemical pain model is widely used, and its effect is 
relatively stable and close to clinical postoperative pain. 
The formalin inflammatory pain model is one such model. 
Acute persistent pain is formed by chemical nociceptive 
stimulation produced by subcutaneous injection of  
formalin (10). Different degrees of pain cause different 
behaviors in rats, which can be scored according to the 
pain score, and finally the pain degree of the rats can be 
compared.

Flurbiprofen axetil is a non-steroidal anti-inflammatory 
drug (NSAID) that can safely and effectively control 
moderate postoperative pain. Its anti-inflammatory and 
analgesic effects are achieved by non-selectively inhibiting 
cyclooxygenase (COX) and reducing the synthesis of 
prostaglandins. However, some scholars have proposed that 
NSAIDs can alleviate cognitive impairment by not relying on 
the inhibition of COX-related mechanisms (11). It has been 
reported that the use of NSAIDs can prevent the occurrence 
of AD (12), and postoperative use of flurbiprofen axetil 
can effectively affect the Mini-Mental State Examination 

score of elderly patients after joint replacement (13). These 
data support the hypothesis that anti-inflammatory drugs 
can effectively slow down the progression of cognitive 
impairment, as strong central nervous system (CNS) 
inflammation is a common feature of AD. NSAIDs can 
activate the AMP-activated protein kinase-α (AMPKα) 
pathway independent of the COX mechanism (14,15), 
therefore affecting the expression of nuclear factor-κB 
(NF-κB) to different degrees (16). However, it is not clear 
whether flurbiprofen axetil interacts with the NF-κB-
related apoptosis signaling pathway and inflammatory 
factors through this signaling pathway. Therefore, we 
conducted this study to investigate the effect of flurbiprofen 
axetil on cognitive function after the establishment of an 
inflammatory pain model in MCI rats. The findings of this 
study provide new insights into the development of new 
therapeutic strategies for early cognitive function changes. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4997/rc).

Methods

Ethical statement

Animal experiments were performed under a project license 
(No. 2022-NSFC-0183) granted by Institutional Animal 
Care and Use Ethics Committee of the Fujian Medical 
University, in compliance with Chinese national guidelines 
for the care and use of animals.

Reagents

Flurbiprofen axetil was obtained from Tide Pharmaceutical 
(Beijing, China). D-gal (purity 99%) was purchased 
from Sigma-Aldrich (St Louis, MO, USA). Interleukin-6  
(IL-6) and tumor necrosis factor-α (TNF-α) kits were 
obtained from Westang Biotechnology (Shanghai, China). 
Anti-NF-κB p65 antibody was purchased from Abcam 
(Cambridge, UK), and AMPKα (D5A2) rabbit monoclonal 
antibody was purchased from Cell Signaling Technology 
(Danvers, MA, USA).
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Animals and treatments

A total of 36 adult Sprague-Dawley rats (male, 250–300 g, 
16–17 weeks old) were obtained from Fujian Medical 
University (Fuzhou, China) and kept in standard cages at a 
temperature of 25±2 ℃ and humidity of 60%±5%, with a 
12-h light/dark cycle. The rats were fasted overnight with 
free access to water 1 week before the experiment. 

The rats were randomly divided into the following  
3 groups (n=12 per group): sham group, formalin/saline 
(F/S), and formalin/flurbiprofen (F/F). According to our 
previous study (5), each rat was subcutaneously injected 
with 1,000 mg/kg/d D-gal on the back of the neck for  
7 days.

Twenty-four hours after D-gal injection, normal saline  
(1 mL/kg) was injected into the caudal vein of the rats in 
the sham group and the F/S group, and flurbiprofen axetil  
(10 mg/kg) was injected into the caudal vein in the 
F/F group. After 15 min, 50 μL saline was injected 
subcutaneously into the left hind paw of the rats in the sham 
group, and 50 μL of 5% formalin was injected into the F/S 
and F/F groups.

Formalin test

The animals were placed in an observation cage and 
recorded continuously for 1 h after treatments. In the video 
recording, the different behaviors of the rats in the 3 groups 
were observed, scored, and recorded every 5 min, and 
expressed as mean ± standard deviation (SD); the time-score 
curve was drawn.

Morris water maze (MWM) test

The water maze experiment began 24 h after treatments. 
The MWM test was used to assess the spatial learning and 
memory abilities of the rats (17). The water maze (180 cm in 
diameter and 60 cm in depth) was filled with water (23±1 ℃), 
which was made opaque by adding white ink to a depth of 
25 cm, and divided into 4 quadrants, with a hidden platform 
(12 cm in diameter and 23 cm high) placed in the center 
of the second quadrant. The rats were tested 4 times daily 
for 5 continuous days. The rats were gently placed into the 
water, facing the pool wall in 4 different starting positions. 
Each rat was given up to 90 s to find the hidden platform. 
After reaching the platform, the rat was permitted to stay 
for 15 s. If the rat failed to find the platform within 90 s, 
the rat was directed to the platform, where it stayed for  

15 s. After 5 days of training, exploratory tests were 
conducted to estimate spatial memory. In this test, the 
platform was removed from the water tank, and each rat 
swam freely for 60 s before being removed from the water. 
The number of times the rat crossed the platform was 
recorded. The water tank was located in the center of a 
room, and there was a camera on the ceiling to monitor 
the swimming path. The recorded data were analyzed by 
SuperMaze (Changsha, China). After 12 h, the rats were 
anaesthetized with 0.3% sodium pentobarbital to collect 
tissue specimens.

Histological examination

Six rats were randomly selected from each group, and the 
pericardium was opened to infuse the brain tissue with 
10% neutral formaldehyde solution. The brains were 
immediately removed and then embedded in paraffin. 
The tissue was cut into 5-μm slices with a microtome. 
Sections were baked at 60 ℃ for 2 h, and disposed with 
dimethyl benzene for 20 min. Every section was dealt with 
ethanol, 95% ethanol, 80% ethanol, and distilled water in 
sequence. To investigate histological changes in brain tissue, 
hematoxylin-eosin (HE) staining was partially performed 
according to the conventional protocol

Protein extraction from the rat brain

Other rats from each group were killed, and hippocampal 
tissues were separated with care. The samples were 
immediately homogenized in sterile phosphate-buffered 
saline. The mixture was then centrifuged at 14,000 ×g 
at 4 ℃ for 20 min to obtain a supernatant for further 
biochemical analysis.

Western blot analysis

The supernatant was prepared as mentioned earlier. Levels 
of AMPKα and NF-κB p65 were determined by Western 
blot analysis. Extracts were boiled at 95 ℃ for 15 min in 
the presence of sample buffer. Identical amounts of protein 
samples were separated by 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis, and transferred to 
polyvinylidene difluoride membranes. Incubated the protein 
of interest and probe with the corresponding antibody 
overnight. After reaction with a secondary antibody, 
the target protein was visualized using an enhanced 
chemiluminescence reagent. Gray values of the Western 
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blot were quantified using ImageJ software V3.0 from the 
National Institutes of Health (Bethesda, MD, USA).

Enzyme-linked immunosorbent assay 

The supernatant was prepared as described above. Levels 
of TNF-α and IL-6 were determined by enzyme-linked 
immunosorbent assay (Westang Biotechnology, Shanghai, 
China), according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using SPSS software 
version 25.0 (IBM, Armonk, NY, USA). Data were 
expressed as mean ± SD using GraphPad 7 software 
(GraphPad, San Diego, CA, USA). Data were analyzed by 
one-way analysis of variance (ANOVA) followed by least 
significant difference test (LSD-t) multiple comparison tests 
as a post-hoc comparison.

Results

Flurbiprofen axetil relieves inflammatory pain induced by 
formalin injection

Injection of 5% formalin into the left hind paw produced 
biphasic flinching and licking of the injected paw, with 
the first phase lasting for 10 min and the second phase 
lasting 15–60 min (Figure 1A). There were no significant 

differences between the F/S and F/F groups in the first 
phase after comparing the cumulative pain score (one-
way ANOVA, P>0.05) (Figure 1B). In the second phase, 
there were significant differences in cumulative pain scores 
among the rats in each group (one-way ANOVA, P<0.05)  
(Figure 1B).  Pretreatment with flurbiprofen axetil 
significantly affected the second phase, but not the first 
phase, of flinching and licking, calculated based on the 
cumulative pain score.

Flurbiprofen axetil alleviates the effect of formalin-induced 
inflammatory pain on the cognitive function of rats with 
MCI

To evaluate the effect of flurbiprofen axetil on cognitive 
function, rats were trained and assessed using the MWM 
test; the latency of rats was shortened with prolonged 
training time. As shown in Figure 2A, the escape latency of 
the F/S group was longer than that of the other 2 groups 
(one-way ANOVA, P<0.05). The trend of the F/S group 
was different from that of the other 2 groups. After 5 days 
of training, the platform was removed from the water 
tank to assess spatial memory. As shown in Figure 2B, 
the number of times the rats crossed the platform in the  
F/S group was different from that in the other 2 groups 
(one-way ANOVA, P<0.05). These results suggested that 
formalin-induced inflammatory pain leads to impairments 
in cognitive function of rats with MCI, while pretreatment 
with flurbiprofen axetil restores these impairments.
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Figure 1 Flurbiprofen axetil relieved inflammatory pain induced by formalin injection. Behavior was scored and recorded every 5 min for 
60 min after 5% formalin injection in the different groups (A). Cumulative pain score for different groups was calculated for the first and 
second phases (B). n=12 rats in each group. *, P<0.05, significant difference when compared with the sham group; #, P<0.05, significant 
difference when compared with the F/S group. F/F, formalin/flurbiprofen; F/S, formalin/saline.
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Flurbiprofen axetil reduces the effect of formalin-induced 
inflammatory pain on neuronal damage

As shown in Figure 3, hippocampal CA1 neurons were 
almost normal in the sham group, as evidenced by a 
clear and tight order of pyramidal cell layers with large 
and regular nuclei, which was similar to that of ordinary 
Sprague-Dawley rats. Formalin-induced inflammatory pain 

has an effect on the neuronal structure of hippocampal CA1 
neurons, and hippocampal CA1 neurons are selectively 
and extensively damaged, as evidenced by the pyramidal 
neuronal shrinkage and chromatin condensation of nuclei, 
as well as reactive gliosis. The changes in neurons in the  
F/S group were more significant than those in the F/F 
group, suggesting that intervention with flurbiprofen axetil 
was effective.

Figure 2 Flurbiprofen axetil alleviated the effect of formalin-induced inflammatory pain on the cognitive function of rats with mild cognitive 
impairment. (A) Escape latent period of the F/S group was longer than that of the other 2 groups. (B) Number of times the rats crossed 
the platform in the F/S group was different from that in the other 2 groups. n=12 rats in each group. *, P<0.05, significant difference when 
compared with the sham group. F/F, formalin/flurbiprofen; F/S, formalin/saline. 
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Figure 3 Treatment with flurbiprofen axetil reduces neuronal damage. (A-C) HE-stained sections of hippocampal CA1 regions (×100). (D-F) 
HE-stained sections of hippocampal CA1 regions (×400). F/F, formalin/flurbiprofen; F/S, formalin/saline; HE, hematoxylin-eosin.
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Flurbiprofen axetil decreases levels of formalin-induced 
inflammatory cytokines in the hippocampus

To assess the neuroinflammation induced by inflammatory 
pain, we analyzed levels of inflammatory cytokines, 
including TNF-α and IL-6, in hippocampal tissues. As 
shown in Figure 4, we discovered that the levels of TNF-α 
and IL-6 were significantly higher in the F/S group than 
in the sham group (one-way ANOVA, P<0.05), whereas 
they were decreased in the F/F group (one-way ANOVA, 
P<0.05).

Effects of flurbiprofen axetil on AMPKα and NF-κB p65 
expression

AMPKα is a key molecule in the regulation of biological 
energy metabolism. To investigate the underlying molecular 
mechanisms of flurbiprofen axetil, we used Western blotting 
to analyze the expression of AMPKα and NF-κB p65. As 
shown in Figure 5, formalin-induced inflammatory pain 
administration induced significant activation of NF-κB p65, 
while flurbiprofen axetil treatment strongly inhibited this 
response by activating AMPKα.
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Figure 4 Flurbiprofen axetil decreased inflammatory cytokines in the hippocampus. Expression levels of TNF-α (A) and IL-6 (B) were 
measured by enzyme-linked immunosorbent assay. All data are presented as the mean ± standard deviation. n=6 rats in each group. *, 
P<0.05, significant difference when compared with the sham group; #, P<0.05, significant difference when compared with the F/S group. F/F, 
formalin/flurbiprofen; F/S, formalin/saline; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.
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Discussion

Our previous work confirmed that continuous injection 
of 1,000 mg/kg/d D-gal into the neck and back of rats for  
7 days caused slight oxidative damage, decreased antioxidant 
capacity in the rat brain, produced mild neuropathological 
changes, decreased cholinergic system function in the 
hippocampus, and led to slight impairment of spatial 
learning and memory ability, but no significant changes 
in locomotion and foraging behavior. This finding is 
in line with the pathological changes and characteristic 
requirements of MCI (5).

To explore the effect of flurbiprofen axetil on the 
cognitive function of MCI rats after induction of a formalin 
inflammatory pain model, the model was established 
without other surgical operations to reduce other risk 
factors that might affect cognitive function as much as 
possible. This method is convenient and feasible, with 
relatively few complications after operation, and it does 
not affect the behavioral ability of rats, so will not interfere 
with follow-up behavioral experiments. In the present 
study, formalin was injected into the plantar skin of rats 
to cause plantar skin swelling and pain. The rats showed 
pain-related behaviors, such as claudication and licking. 
There was a significant difference in the pain score (10), 
indicating that the pain model was established successfully. 
At the same time, it was observed that the second-phase 
pain score of the F/F group was higher than that of the F/S 
group, indicating that the second-phase inflammatory pain 
in rats could be effectively relieved by flurbiprofen axetil. 
In the pain score of the first phase, there was no significant 
difference between the 2 experimental groups, so it cannot 
be concluded that it has a good analgesic effect on the first 
phase of pain.

At present, in the study of animal cognition, the MWM 
test is a classic experimental method. By observing the 
changes in rats’ escape latency and the number of platform 
crossings, we can objectively observe the process of spatial 
cognition of experimental animals as a reflection of their 
cognitive level (18). A comparison of the data of rats in 
each group revealed that there was no significant difference 
in body weight or swimming speed among the 3 groups. 
Compared with the sham group, the water maze trajectory 
map showed that the route of the rats in the F/S and F/F 
groups was significantly more complex, the escape latency 
was significantly prolonged, and the number of platform 
crossings was reduced. These findings indicate that 
formalin-mediated inflammatory pain has different effects 

on the cognitive function of MCI rats.
Flurbiprofen is a non-selective COX inhibitor that is 

clinically used as an NSAID (19). It is mainly used for 
its anti-inflammatory, antipyretic, and analgesic effects. 
These effects play a role by inhibiting the activity of 
COX associated with prostaglandin synthesis. After 
intravenous administration of flurbiprofen axetil, the plasma 
concentration at 5–10 min was the highest, and at 15 min, 
it had an anti-inflammatory and analgesic effect. It also 
has been shown to relieve neuronal damage at the dose of 
10 mg/kg (20). Therefore, pretreatment with flurbiprofen 
axetil can effectively interfere with further effects of 
formalin-induced inflammatory pain on the cognitive 
function of MCI rats. In this experiment, by measuring the 
concentrations of IL-6 and TNF-α in the homogenate of 
the rat hippocampus, it was found that the concentrations 
of these inflammatory cytokines in brain tissue increased 
compared with the sham group, which was consistent with 
the results described by Chen et al. (21). There were also 
differences between the F/S group and the F/F group. 
Flurbiprofen axetil can play a role in alleviating the changes 
in formalin-induced inflammatory pain on the cognitive 
function of MCI rats by reducing the expression level of 
inflammatory factors in brain tissue.

Inflammation is an important mechanism of AD and 
cognitive impairment. Microglia and astrocytes are key to 
the inflammatory response of the CNS and are equivalent 
to macrophages in other tissues. These glial cells are highly 
reactive and can rapidly change their morphology and cell 
surface antigens in response to changes in the internal 
environment, and can secrete cytokines. Microglia, known 
as CNS phagocytes, play an important role in immune 
surveillance (22). When stimulated abnormally, microglia 
activate the M1 state (23,24), and release a large number 
of pro-inflammatory cytokines, such as interleukin-1 and 
IL-6, resulting in inflammatory infiltration of neurons. At 
the same time, the released inflammatory factors can also 
continuously stimulate the activation of microglia, which 
can further aggravate the neuroinflammatory response 
and eventually lead to neuronal damage and cognitive 
dysfunction, eventually leading to an exaggerated and out-
of-control inflammatory response.

In recent years, it has been shown that the use of NSAID 
to reduce or prevent inflammation can reduce the occurrence 
of AD (25). NSAIDs have anti-inflammatory and analgesic 
effects by inhibiting COX, but they can also affect cognitive 
function by inhibiting the release of neurotransmitters, 
changing synaptic plasticity, and modifying β-amyloid protein 
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to achieve a certain neuroprotective effect (26). AMPKα is 
an AMP-dependent serine/threonine protein kinase that is 
expressed only in mammalian cells. It is highly conserved 
and is a key molecule in the regulation of biological 
energy metabolism. A previous study has confirmed that 
NSAIDs can activate the AMPKα pathway through a 
COX-independent mechanism (15). Therefore, NSAIDs 
affect the expression of the NF-κB pathway to different  
degrees (16). AMPKα was also expressed to different degrees 
in the sham group. We speculate that because AMPKα is 
mainly considered to be a survival-friendly kinase and is 
located upstream of many pathways related to life activities, 
when the MCI model is successfully modeled, its expression 
will inevitably change due to changes in metabolic levels 
or other influencing factors. The relative content trend of 
the NF-κB p65 target protein was approximately the same 
as that of inflammatory factors in rat brain tissue, and the 
content in the F/S group was much higher than that in the 
other 2 groups. NF-κB p65 triggers a cascade reaction by 
inducing microglia and astrocytes, along with the activation 
and migration of microglia. NF-κB activation stimulates 
cells to produce cellular inflammatory factors, which induce 
neuronal injury and apoptosis. This confirms our previous 
view that flurbiprofen axetil inhibits the transcriptional 
activation of TNF-α mediated by the activation of the 
upstream factors in the AMPKα-NF-κB pathway. 

Of course, this experiment has many shortcomings. 
Obviously, there are many pathways involved in this 
process, Yang’s experiments showed that flurbiprofen 
axetil protects brain cells via regulating miR-30c-5p and  
SOX9 (27). There are many detection methods for 
cell apoptosis and inflammation, such as mitochondrial 
membrane potential assay and Annexin V-Ab Fluor488/
propidium iodide (PI) assay. We are also considering to 
conduct research on inhibitor or agonist of signaling 
pathway in later experiments to make the results more 
convincing. And studying targeted genes is also a good 
option. These mechanisms play a role in reducing central 
inflammation, neuronal apoptosis, and necrosis, and 
delaying the decline in cognitive function in MCI rats.
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