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Suppression of inflammatory response by flurbiprofen 
following focal cerebral ischemia involves the NF-κB  
signaling pathway 
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Abstract: Some studies of animal models of middle cerebral artery occlusion indicate that inflammation plays a key 
role in the pathogenesis of cerebral ischemia and secondary damage. Flurbiprofen has been suggested to allevi-
ate cerebral ischemia/reperfusion injury in both focal and global cerebral ischemia models, but the mechanisms 
underlying the protective action are still incompletely understood. In this study we want to investigate the protective 
effect of flurbiprofen after transient middle cerebral artery occlusion (MCAO) in rats and the role of the NF-κB sig-
naling pathway on this neuroprotective effect. Male Wistar rats were subjected to transient middle cerebral artery 
occlusion for 2 h, followed by 24 h reperfusion. Flurbiprofen was administrated via tail-vein injection at the onset 
of reperfusion. HE staining and Immunohistochemistry were carried out to detect the morphological changes in 
ischemic penumbra cortex. The expression of inflammatory cytokines genes (IL-1β, IL-6 and TNF-α) and the levels of 
p-NF-κB (p65) in ischemic penumbra cortex were measured by RT-PCR and western blot. Administration of flurbipro-
fen at the doses of 5 mg/kg and 10 mg/kg significantly attenuated cerebral ischemia/reperfusion injury, as shown 
by a reduction in the morphological changes and inhibition of pro-inflammatory cytokine expression in ischemic 
penumbra cortex. Moreover, our findings further demonstrated that the inhibition of NF-κB activity was involved in 
the neuroprotective effect of flurbiprofen on inflammatory responses. Flurbiprofen protects against cerebral injury 
by reducing expression of inflammatory cytokines genes and this effect may be partly due to the inhibition of NF-κB 
signaling pathway. 
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Introduction 

A growing number of recent experiments have 
showed that excessive inflammatory response 
plays a key role in the pathogenesis of cerebral 
ischemia and secondary damage [1, 4]. 
Especially, some studies revealed that focal 
cerebral ischemia triggers inflammation 
response around the ischemic area and subse-
quent reperfusion can exacerbates it. Following 
permanent as well as transient middle cerebral 
artery occlusion (MCAO) in rodents, acute 
inflammatory reactions that start within hours 
and persist for days after the insult are current-
ly being thought to contribute to the neuronal 
death. In various animal models of MCAO, 
increased neutrophil accumulation has been 
founded in the microvessels and ischemic cere-

bral cortex [5, 7]. It has been reported that 
adhesion molecules, cytokines (IL-6, IL-1, TNF-
α, and TGF-β), and chemokines, which are pro-
duced immediately after the onset of cerebral 
ischemia contribute to irreversible brain injuries 
[7, 8]. Inhibition of neutrophil adhesion and 
neutrophil function in experimental models of 
stroke have all been shown to have reductions 
in infarct volumes and improved outcomes [7]. 
Moreover, several studies have suggested that 
TNF-α null mice [8], iNOS knock-out mice [9] or 
COX-2 deficient mice [10, 11] have alleviated 
brain damage and were more resistant to cere-
bral ischemia.

Nuclear factor-κB (NF-κB) is one of the most 
important transcription factors activated after 
cerebral ischemia. NF-κB is involved in inflam-
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matory responses that potentiate ischemic 
injury [12] activating many genes involved in 
the pathogenesis of cerebral ischemia, such as 
iNOS, IL-1β, TNF-α, ICAM-1, COX-2, and IL-6. 
Recent studies in cerebral ischemia models 
indicate that NF-κB’s actions are largely detri-
mental and animals treated with pharmacologi-
cal NF-κB inhibition would experience anti-
inflammatory effects [13]. Many studies also 
suggested that inhibiting NF-κB activation or 
knocking out p50 subunit of NF-κB is protection 
and develops smaller infarct volume [14].

Many studies demonstrate that NSAIDS may 
provide neuroprotective effect in cerebral isch-
emic conditions [15, 16]. Flurbiprofen axetil 
(FA) which dissolved in lipid microsphere may 
promote aggregation of flurbiprofen granular at 
inflammatory lesion sites and absorption in a 
short time, both factors which help to effective-
ly target therapy. Flurbiprofen has been found 
to be highly efficacious in neuroprotection in 
neuro-degeneration [17] from both histological 
and behavioral standpoints, and it significantly 
improved neurologic deficit score and mean 
brain infarct volume percentage under cerebral 
ischemic conditions, but the underlying molec-
ular mechanisms remain poorly understood. 
Our previous study demonstrated that 
flurbiprofen inhibites apoptosis in the ischemic 
cerebral parenchyma in rats through the activa-
tion of Akt/GSK-3β pathway [18]. 

In this study we want to investigate whether the 
neuroprotective effect of flurbiprofen was asso-
ciated with inhibition of inflammatory respons-
es and NF-κB signaling pathway. 

Materials and methods

Experimental animals

Transient middle cerebral artery occlusion 
(MCAO) was induced in male Wistar rats (240-
300 g) provided by the Institute of Medical 
Experimental Animals, Shandong University. 
Animals were housed in a room at a controlled 
temperature of 25 ± 2°C and a relative humid-
ity of 50 ± 10% with alternating 12 h light and 
dark cycles and free access to food and water. 
All rats were acclimatized in our animal facility 
for at least 1 week prior to experiments. 
Stressful stimuli were avoided. All surgical pro-
cedures were performed following institutional 

approval in accordance with Shandong 
University Guide for the Care and Use of 
Laboratory Animals. Rats were randomly divid-
ed into five groups: sham group, ischemia/
reperfusion (I/R) group, I/R + 5 mg/kg, I/R + 10 
mg/kg dose of flurbiprofen axetil groups (the 
dosages were used in the previous study by 
Salzberg-Brenhouse [19]) and 1 mL/kg vehicle 
group (lipo-microballoons in which flurbiprofen 
was dissolved). Flurbiprofen axetil and vehicle 
were administered via tail-vein injection at the 
onset of reperfusion.

Focal cerebral ischemia

Transient focal cerebral ischemia was pro-
duced by the MCAO procedure as described 
previously [20]. After 120 minutes of MCAO, 
reperfusion was initiated by careful withdraw-
ing the suture. The sham-operated rats received 
all surgical procedures but without the suture 
inserted. During and after the surgery, rectal 
temperature was controlled with a homeother-
mic blanket and kept at 37 ± 0.5°C. After 24 h 
of reperfusion, the rats were anesthetized and 
then decapitated. The brains were immediately 
frozen in liquid nitrogen for the following 
studies.

Histopathology and immunohistochemistry

The brain was fixed by transcardial perfusion 
with a buffered 4% paraformaldehyde solution 
and paraffin-embedded. The ischemic penum-
bra cortex was sectioned at a thickness of 4 
μm. Regular HE staining was performed for 
morphological observation.

Immunohistochemistry was performed using 
the Histostain-plus bulk kit (Zymed laborato-
ries, CA, USA). Briefly, ischemic penumbra sec-
tions were incubated in 3% hydrogen dioxide 
solution for 20 minutes, rinsed twice with PBS 
and the Antigen was retrieved with microwave 
irradiation, then the sections were incubated 
with the appropriate primary antibody overnight 
at 4°C. On the following day, ischemic cerebral 
penumbra sections were rinsed 3 times with 
PBS, incubated with anti-rabbit immunoglobu-
lin G secondary antibody coupled with HRP. The 
bound antiserum was visualized by incubating 
with DAB kit (Zymed laboratories, CA, USA). 
Immunostained cells were analyzed under 
bright-field microscopy.
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Figure 1. Representative image of histological assay of the ischemic penumbra tissues of rats. Ischemic penumbra 
sections obtained from injured cerebral hemispheres were stained with haematoxylin and eosin, observed using 
Leica microscope. In ischemia/reperfusion and vehicle groups, the ischemic penumbra tissues were damaged seri-
ously. Neurons were degenerated and necrotic, and their arrangement was disordered. However, flurbiprofen can 
obviously decrease the extent of damage induced by ischemia/reperfusion insult. Magnification, 400×.

Figure 2. Representative image of immunohistological assay for NF-κB (p65) in the ischemic penumbra tissues of 
rats. Flurbiprofen inhibits translocation of NF-κB into the nucleus induced by ischemia/reperfusion. In ischemia/
reperfusion and vehicle groups, the expression of NF-κB (p65) (brown staining) in ischemic penumbra was detected 
by immunohistological assay after 24 hours of reperfusion. NF-κB (p65) predominantly located in the nucleus, 
whereas flurbiprofen can significantly inhibit its translocation from cytoplasm into the nucleus. Magnification, 400×.

Cerebral myeloperoxidase assay

Myeloperoxidase (MPO) is one of the distinct 
indicators for the tissue infiltration of neutro-

philic granulocytes following cerebral ischemia. 
10% ischemic penumbra tissue homogenate 
was prepared to analyze MPO activity by spec-
trophotometry with O-dianisidine dihydrochlo-
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ride and hydrogen peroxide at 460 nm [21]. The 
procedures were according to the description 
of the kit.

RNA extraction and RT-PCR analysis

Total cellular RNA was extracted with Trizol 
reagent (Invitrogen Corporation, Carlsland, CA) 
according to the manufacturer’s recommended 
procedures. Briefly, first-strand DNA was syn-
thesized from 1 μg of total RNA using a Reaction 
Ready TM first strand cDNA synthesis kit 
(SABioscience Corporation, Frederick, MD). 

After incubation at 70°C for 3 min and cooling 
down to 37°C for 10 min, RT cocktail was added 
to the annealing mixture and further incubated 
at 37°C for 60 min. Two milliliter of 1:2 diluted 
cDNA was subjected to real-time quantitative 
PCR using Bio-Rad iCycler iQ Multicolor Real-
Time PCR Detection System (Bio-Rad Life 
Science Research, Hercules, CA). PCR was per-
formed in a 25 mL volume using SYBR Green 
ER qPCR Super Mix for iCycler (Invitrogen 
Corporation, Carlsland, CA). All primers were 
purchased from Sangon Biotech (Shanghai) 

Figure 3. Effect of flurbiprofen on the mRNA expression of TNF-α, IL-6 and IL-1β in the ischemic penumbra of rats. 
Flurbiprofen was administered at the beginning of reperfusion at the dose of 5 mg/kg and 10 mg/kg. In ischemia/
reperfusion and vehicle groups, the mRNA expression of these cytokines was significantly enhanced compared with 
sham group. Whereas, flurbiprofen can significantly reduce the mRNA expression of these cytokines induced by 
ischemia/reperfusion insult. The mRNA expression was determined by RT-PCR analysis and bands were quantified 
by densitometry, normalized to GAPDH levels (A-C). (D) Ischemic penumbra tissue homogenates were prepared to 
analyze MPO activity by spectrophotometry. Treatment with flurbiprofen at doses of 5 mg/kg and 10 mg/kg signifi-
cantly relieved the increase of MPO activity induced by ischemia/reperfusion insult. All data were represented as 
means ± S.D. For each independent experiment, n = 5. #P < 0.05 vs. sham group, *P < 0.05 vs. ischemia/reperfu-
sion and vehicle group, **P < 0.05 vs. FA-L group.
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respectively. After washing 
three times with TBS-T for 5 
min, the blot was incubated 
with horseradish peroxi-
dase-labeled second anti-
bodies of anti-mouse IgG or 
anti-rabbit IgG (1: 6000 dilu-
tion, Protein Tech Group, 
Chicago, IL, USA), respec-
tively. The blot was again 
washed three times with 
TBS-T before being exposed 
to the Super Signal West 
Dura Extended Duration 
substrate (Pierce Bio tech-
nology, Rockford, IL). An 
enhanced chemilumines-
cent (ECL) detection system 
was used according to the 
manufacturer’s protocol, 
and immunoblots were 
exposed to autoradiography 
film (Hyperfilm-ECL, Amer- 
sham Pharmacia Biotech). 
To document the loading 
controls, the membrane 

Figure 4. Effect of flurbiprofen on the level of p-NF-κB (p65) in the ischemic pen-
umbra of rats. Western blot showed that the level of p-NF-κB (p65) in nuclear 
extract of ischemia/reperfusion and vehicle groups was markedly higher com-
pared with sham and flurbiprofen groups. Flurbiprofen can obviously reduce the 
level of p-NF-κB (p65) in nuclear extract. All data were represented as means ± 
S.D. For each independent experiment, n = 5. #P < 0.05 vs. sham group, *P < 
0.05 vs. ischemia/reperfusion and vehicle group.

Corporation. All PCR assays were performed in 
triplicate. The following primer pairs were used: 
for TNF-α: CTCTTCAAGGGACAAGGCTG (for-
ward) and TCACAGAGCAATGACTCCAAAG (rever- 
se); IL-1β: ATTACCACTTGTTGGCTTA (forward) 
and TGTGATGTTCCCATTAGAC (reverse); IL-6: 
GAGAGCATTGGAAGTTGGGG (forward) and CT- 
TCCAGCCAGTTGCCTTCT (reverse).

Western blot 

Western blotting was performed as described 
previously [22]. Tissues (n = 5, in each group) 
corresponding to the ischemic penumbra cor-
tex were minced into fragments, homogenized 
in lysis buffer (50 mmol/L Tris-HCL pH 6.8, 150 
mmol/L NaCl, 5 mmol/L EDTA, 0.5% sodium 
deoxycholate, 0.5% NP-40 and protease inhibi-
tor cocktail) and spun down (2000 g, 5 min, 
4°C). The protein concentrations were deter-
mined using a BCA Protein Assay reagent kit 
(Pierce, Rockford, IL). The lysates were sepa-
rated by 12% SDS-PAGE and then transferred 
to a nitrocellulose membrane (Bio-Rad, 
Hercules, CA). After blocking with solution of 
5% skim milk powder in 1×TBS for one hour, the 
membranes were incubated with primary anti-
bodies of p-NF-κB (p65), NF-κB (p65) (Cell 
Signaling, Beverly, MA, USA) overnight at 4°C, 

was reprobed with a primary antibody against 
housekeeping protein GAPDH.

Statistical analysis

All analyses were performed using SPSS v11.0 
(SPSS Inc, Chicago, IL). Data were expressed as 
means ± SEM. Student’s t-test and one-way 
analysis of variance test were used for statisti-
cal analyses of the data. Differences were con-
sidered statistically significant for values of P < 
0.05.

Results 

Histological observation of cerebral ischemic 
damage

HE staining was performed to observe the mor-
phological changes, as shown in Figure 1. In 
the sham group, the ischemic penumbra cortex 
tissues remain intact and normal cell organ-
elles, neurons kept arranged well and the nuclei 
were centered with clear staining and the cyto-
plasm was abundant. In contrast, in ischemia/
reperfusion and vehicle groups, the penumbra 
cortex tissues were damaged severely in the 
infarct region. Neurons were markedly degener-
ated and necrotic, and their arrangement was 
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disordered. However, after administration of 
flurbiprofen, the extent of damage was signifi-
cantly diminished, and the number of normal 
neurons was markedly increased as well.

Effects of flurbiprofen on neutrophils infiltra-
tion to ischemic penumbra cortex

As shown in Figure 3D, MPO activity was greatly 
increased in ischemia/reperfusion and vehicle 
groups compared with the sham group (P < 
0.05). However, treatment with flurbiprofen at 
doses of 5 mg/kg and 10 mg/kg significantly 
relieved the increase of MPO activity induced 
by MCAO.

Effects of flurbiprofen on inflammatory cyto-
kine gene expression

After 24 hours of reperfusion, the mRNA levels 
of the inflammatory cytokines TNF-α, IL-6 and 
IL-1β showed significantly increased expression 
in ischemia/reperfusion and vehicle groups 
compared with the sham group (P < 0.05). But 
the increase of the cytokines expression 
caused by MCAO was lower after administra-
tion of flurbiprofen at doses of 5 mg/kg and 10 
mg/kg (P < 0.05) (Figure 3A-C).

Effect of flurbiprofen on NF-κB (p65) phos-
phorylation in ischemic penumbra cortex

The expression of NF-κB (p65) in ischemic pen-
umbra cortex was detected by immunohisto-
chemistry assay and western blot assay. As 
shown in Figure 2 and Figure 4, NF-κB (p65) 
was predominantly located in the nucleus in 
ischemia/reperfusion and vehicle groups and 
flurbiprofen can significantly inhibit its translo-
cation from cytoplasm into the nucleus (P < 
0.05). Furthermore, through western blot assay 
of nuclear extract, the present study showed 
that the level of p-NF-κB (p65) in ischemia/
reperfusion and vehicle groups was markedly 
higher than that in the sham and flurbiprofen 
groups (P < 0.05). No significant differences in 
the level of p-NF-κB (p65) were found between 
5 mg/kg and 10 mg/kg groups (P > 0.05). 
Taken together, these findings suggested that 
NF-κB (p65) signaling pathway is most likely 
involved in the neuroprotective effect of flurbi-
profen against cerebral ischemic injury.

Discussion

Stroke is accompanied by a strong inflammatory 
response that exacerbates injury [23] and is 

known that postischemic inflammation plays a 
pivotal role in the delayed progression of brain 
damage [10]. Microglial activation is detected 2 
hours after the onset of ischemia and elevated 
numbers of neutrophils within brain parenchy-
ma are found by 6 hours of reperfusion [24]. 
Therapies that prevent the leukocyte infiltration 
during the acute phase [25] and anti-
inflammatory drugs like minocycline and indo-
methacin are known to induce neuroprotection 
after ischemia [26, 27]. It has been reported 
that flurbiprofen could provide neuroprotective 
effect in neuro-degeneration and cerebral isch-
emic conditions; however, the mechanisms still 
remain poorly elucidated. Our previous study 
demonstrated that flurbiprofen protected rat 
brains against cerebral ischemia/reperfusion 
injury through inhibition of apoptosis [18]. The 
major finding of the present study is that flurbi-
profen at doses of either 5 mg/kg or 10 mg/kg 
could inhibit the inflammatory response in the 
ischemic penumbra of rats exposed to cerebral 
ischemia/reperfusion by limiting the increase 
of MPO activity and cytokines gene expression 
(Figure 3D). Moreover, our findings further 
revealed that the inhibition of NF-κB was 
involved in the neuroprotective effect of flurbi-
profen against cerebral ischemia/reperfusion 
(Figure 4).

Some studies suggest that NSAIDS may be 
neural protective in cerebral ischemic condi-
tions [15, 16]. As we all known, animal models 
over-expressing human COX-2 are more sus-
ceptible to injury mediated by cerebral isch-
emia [28], while COX-2 deficient mice are more 
resistant [10]. In animal models of stroke, ibu-
profen reduced neuronal injury and improved 
cerebral blood flow and neurological outcome 
in global ischemia [29] and decreased infarct 
size in focal ischemia [30]. The COX inhibitor 
flurbiprofen, which utilizes a lipid microsphere 
drug delivery system, may facilitate effective 
target therapy. In addition, the lipid micro-
sphere easily permeates cell membrane and 
greatly promotes the absorption of the drug 
and results in shortened onset time. Since it is 
widely recognized that neutrophil infiltration 
plays a central role in cerebral ischemia/reper-
fusion injury and inhibition of neutrophil 
infiltration and activation during cerebral isch-
emia/reperfusion phase has become a target 
of neuroprotection, we directly examined the 
neutrophil accumulation in the ischemic brain 
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using MPO staining analysis. The present study 
showed that flurbiprofen might prevent isch-
emia/reperfusion-induced brain injury and 
inflammation partially due to inhibition of the 
increased of MPO activity (Figure 3D).

Accumulating evidence indicates that inflam-
matory cytokines, TNF-α, IL-1β and IL-6, were 
found to obviously increase upon ischemia/
reperfusion insult. Administration of TNF-α dur-
ing ischemic brain insult has been shown to 
augment the injury, as evidenced by increased 
tissue damage and neurological deficits [25]. 
As we all known, NF-κB serves as a key tran-
scription factor for a variety of genes involved in 
stroke inflammatory responses, including TNF-
α, IL-1β and IL-8 [31]. NF-κB activation was 
associated with the phosphorylation of IkBα 
and the nuclear translocation of p65 [32, 33], 
thus animals exempted from NF-κB activation 
or deficient in NF-κB were less susceptible to 
brain ischemia/reperfusion injury [34]. Pho- 
sphorylation of p65 at the serine 536 in the 
transactivation domain enhances the tran-
scriptional activity of NF-κB [35]. Previous stud-
ies also suggested that following focal ischemia 
NF-kB activation in neurons mediates infiltration 
of neutrophils into the brain parenchyma, and 
therapeutic paradigms that prevent NF-κB acti-
vation induce neuroprotection [36]. In the pres-
ent study, the levels of mRNAs of TNF-α, IL-1β 
and IL-6 in the ischemic penumbra was signifi-
cantly increased in response to ischemic injury, 
which can be substantially inhibited by flurbi-
profen (Figure 3A-C). Furthermore, we found 
that NF-κB (p65) was predominantly located in 
the nucleus upon ischemia/reperfusion insult 
and flurbiprofen treatment can significantly 
inhibit its translocation from cytoplasm into the 
nucleus. On the other hand, our data also 
showed that the level of p-NF-κB (p65) in isch-
emia/reperfusion group was markedly higher 
than that in the sham and flurbiprofen groups 
by western blot assay of nuclear extract (Figure 
4). Taken together, these findings revealed that 
NF-κB (p65) is involved in the neuroprotection 
of flurbiprofen against ischemic injury.

Several studies have demonstrated that 
NSAIDs such as sulindac, sodium salicylate, 
ibuprofen, and flurbiprofen induce anti-
inflammatory and antiproliferative effects inde-
pendent of cyclooxygenase activity and prosta-
glandin synthesis inhibition and indicated that 
NSAIDs may modulate several signaling path-

ways including p38 kinase, ERK, and PKC [37, 
38]. Although detailed molecular mechanism(s) 
that account for flurbiprofen induced neuropro-
tection in cerebral ischemia injury requires fur-
ther studies, the current study suggests that 
flurbiprofen protected against cerebral isch-
emia-reperfusion injury by reducing infla- 
mmatory activity and this effect may be partly 
due to the inhibition of NF-κB signaling 
pathway.

In conclusions, our results demonstrate that 
flurbiprofen protects against cerebral injury by 
reducing expression of inflammatory cytokines 
genes and relieving the increase of MPO activi-
ty and these effects may be partly due to the 
inhibition of NF-κB signaling pathway.
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