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injury via MAPK signaling pathway
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Abstract: Background: Nobiletin (NOB), isolated from Citrus nobilis, has been reported to inhibit cerebral ischemia/
reperfusion (I/R) induced cell apoptosis in the brain. The mechanisms and the protective ability of NOB on cerebral 
I/R rats are unclear. Methods: A middle cerebral artery occlusion (MCAO) rat model was established and treated 
with different doses of NOB. The neurological deficits, brain water content and brain index were explored after re-
perfusion, and TTC staining was applied to assess the infarct area. The production of reactive oxygen species (ROS) 
related enzymes in the ischemic cortex samples from each group was measured. TUNEL staining was performed 
to evaluate neuronal cell apoptosis in brain tissues. The expression of cell apoptosis related proteins, p-p38 and 
MAPKAP-2 and the levels of inflammatory factors were examined by western blotting assay and ELISA. Results: NOB 
treatment notably improved the neurological deficits, brain water content and brain index in an MCAO model, ac-
companied by decreased infarct area in the brain tissue. Apoptosis induced by cerebral I/R was also decreased by 
NOB administration via upregulating Bcl-2 and downregulating Bax and caspase3. The levels of pro-inflammatory 
mediators TNF-α, IL-6 were reduced and anti-inflammatory cytokine IL-10 was increased by NOB treatment in MCAO 
rats. Further, we found that the expression of p-p38 and MAPKAP-2 was reduced by NOB treatment in MCAO rats. 
Conclusion: The present results suggest that NOB serves a protective role in I/R-induced cerebral-neuron injury. The 
mechanisms underlying these effects may be associated with the MAPK signaling pathway.
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Introduction

Cerebral ischemia, also known as stroke, is an 
acute disease with severe complications and 
high mortality caused by insufficient blood su- 
pply to the brain [1, 2]. Stroke is the leading 
cause of adult disability and the fifth account  
of death worldwide [3]. Neuroprotection and 
reperfusion are the major therapeutic strate-
gies for the treatment of ischemic stroke [4, 5]. 
However, reperfusion may aggravate the injury 
initially caused by ischemia [6]. During I/R pro-
cess, excessive production of ROS by the mito-
chondria suppressed the endogenous anti-oxi-
dative defense system, caused neuronal apop-
tosis and interfered with energy metabolism [7, 
8]. Studies had showed that I/R injury could 
affect apoptosis, oxidative stress, mitochon- 
drial homeostasis, and energy metabolism [9, 
10]. The pathogenesis of cerebral I/R injury in- 
cluding neuronal survival and apoptosis, ROS 
production followed by oxidative stress and in- 
flammation [11-13]. I/R injury could aggravate 

cerebral damage through a series of inflamma-
tory cascades [14]. Thus, it will bring significant 
societal and health impacts by preventing cere-
bral ischemia-reperfusion injury.

NOB is a ubiquitous polyphenolic ingredient 
and bioflavonoid extracted from Citrus nobilis 
Lour, C. aurantium L and C. reticulata Blanco 
(Figure 1). It has been emphasized that NOB 
exerts pleiotropic biological activities, including 
the anti-agglutination, anti-thrombosis, anti-in- 
flammation, anti-tumor and cardiovascular-pro-
tections [15-18]. Yang G, et al. found that NOB 
reduced the inflammation of the proximal aorta 
in Sprague-Dawley rats in vivo and trimethyl-
amine oxide-induced vascular inflammation via 
inhibiting the NF-κB/MAPK pathways in vitro 
[19]. Recently, it has been reported that pro- 
tective effects of NOB against I/R injury after 
liver transplantation are mainly manifested as 
the reduction of inflammation [20]. It had been 
demonstrated that NOB improved brain isch-
emia-induced learning and memory deficits and 
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protected against cerebral ischemia/reperfu-
sion injury in many animal studies [21-23]. 
Previous study revealed that the anti-apop- 
totic effect was considered as a neuroprotec-
tive mechanism of NOB in rats with transient 
MCAO [22]. The protective roles of NOB for I/R 
injury had raised attention. Several research- 
es had shown NOB owned the anticancer ef- 
fects through the p38 mitogen activated pro-
tein kinase (MAPK) pathway [24-26]. However, 
the mechanism of the neuroprotective effect  
of NOB on cerebral I/R injury remains to be 
characterized.

Therefore, the aim of the present study is to 
detect the influences of NOB on focal cerebral 
I/R injury using through a MCAO-reperfusion 
model, and investigate the potential mecha-
nisms underlying its protective effects.

Methods

Experimental animals and MCAO model

Adult male Wistar rats (body weight, 270-330 
g) were maintained under standard conditions 
(25±1°C, with 12 h light/12 h dark cycle of 
housing, food and water available), which were 
obtained from Laboratory animal center of 
Wuxi People’s Hospital. All animal experiment 
protocols were approved by the Institutional 
Animal Care Committee of Wuxi People’s Hos- 
pital, and were performed in strict consisten- 
ce with its guidelines. 

After a week of adjustable feeding, the rats 
were subjected to MCAO surgery as the previ-
ous described [27, 28]. Briefly, following anes-
thetization with 3% isoflurane, rats were pla- 
ced in a prone position and treated with left 

MCAO. During surgery, body temperature was 
maintained at 36.5-37.0°C using a heating pad 
on the surgical table. The incision region was 
disinfected with povidone-iodine solution. The 
external carotid artery (ECA) was separated 
and ligatured. A nylon suture with a blunted 
coated tip (0.35 mm diameter) was drawn into 
the ECA and then into internal carotid artery 
(ICA) until resistance was felt. The middle cere-
bral artery was occluded by the suture 18 mm 
distal from the carotid bifurcation. Ischemia 
reperfusion injury was executed by removing 
the filament after 2 h of occlusion. After infil-
trated with 1% lidocaine, the neck wound was 
closed with sutures. Following disinfection of 
the surgical region, the rats were returned to 
cages with food and water available. The sham 
operated rats were subjected to the same pro-
cedures except the insertion of filament. The 
major limitation associated with this model is 
subarachnoid hemorrhage due to vessel rup-
turing and hyperthermia.

Treatment and grouping

Different dosages of NOB were administrated 
intravenously at the start of reperfusion to rats 
undergoing MCAO. The same volumes of saline 
were administered in the same manner to rats 
of the sham and MCAO groups, and the same 
volumes of nimodipine were administered in 
the same manner to rats of positive group. 
Then, the rats were randomly divided into 6 
groups (each group containing 10 rats): Sham 
group, sham operated control; MCAO group, 
rats undergoing MCAO surgery and saline was 
i.p. injected at the start of reperfusion; NOB 
groups, 5, 10 and 20 mg/kg of NOB was i.p. 
injected at the start of reperfusion to rats 
undergoing MCAO; Positive group, nimodipine 
(20 mg/kg) was i.p. injected at the start of 
reperfusion to rats undergoing MCAO. 

Assessment of neurological deficit scores

After 24 h of reperfusion, neurologic deficit 
scores was performed blindly 24 h after re- 
perfusion, according to Bederson method [29]. 
The scoring system was as follows: Grade 0,  
no neurological deficits; Grade 1, unable to en- 
tirely extend contralateral forelimb; Grade 2, 
falling to the contralateral side; Grade 3, rat 
circle to the right side and listlessness. The 
score was performed by an observer blinded to 
group assignment. 

Figure 1. The chemical structure of nobiletin.
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Assessment of brain water content and brain 
index

After neurological deficit scores and body wei- 
ght, rats were sacrificed by cervical dislocat- 
ion. The brains were then rapidly removed and 
weighed to obtain the wet weight. After 24 h of 
drying in an oven at 120°C until the weight was 
invariable, the brains were weighed again to 
obtain the dry weight. Brain water content and 
brain index can reflect cerebral edema to some 
extent. Brain water content was calculated as 
follows: (wet weight-dried weight)/wet weight × 
100%. Brain index was calculated as follows: 
(wet weight/rat weight) × 100%.

Assessment of cerebral infarction area

Rats were sacrificed by cervical dislocation and 
the brains were rapidly stored at 20°C for 20 
min. The uniform of 2 mm-thick coronal slices 
were cut with the aid of a brain slicer matrix, 
and six coronal slices were obtained and then 
stained with 2% 2,3,5-triphenyltetrazolium ch- 
loride (TTC, Sigma, USA) at 37°C for 15 min in 
the dark. Pale unstained sections were consid-
ered to be indicative of infarct regions, whereas 
red-stained sections were indicative of normal 
tissue. Then he coronal sections were fixed in 
4% paraformaldehyde and filter paper absorb 
the liquid for photography. The infarct area ratio 
(%) was then measured by utilizing Image J (ver-
sion 1.8.0), computer based program. The in- 
farcted regions and the areas of both hemi-
spheres were calculated for each brain slice. 
The average infarct volume (%) was expressed 
as: [left hemisphere area-(right hemisphere 
area-infarct area)]*2. 

Measurement of SOD, MDA and LDH and in-
flammatory mediators

Rats were sacrificed by cervical dislocation at 
24 h after reperfusion and the brains were 
removed. infarction size were homogenized on 
ice in PBS buffer to prepare a 10% homoge-
nate. The homogenate samples were transferr- 
ed to sterile tubes and centrifuged at 10000 
rmp at 4°C. Then the supernatant was collect-
ed for the determination of levels of tumor 
necrosis factor-alpha (TNF-α), interleukin-6 (IL-
6) and interleukin-10 (IL-10). Meanwhile, the 
content of superoxide dismutase (SOD), malo-
ndialdehyde (MDA) and lactate dehydrogenase 

(LDH) were measured by ELISA kits method 
according to the manufacturer’s instructions 
(Sigma, USA).

Terminal transferase-mediated dUTP nick-end 
labeling (TUNEL) staining

TUNEL staining was performed using a situ 
TUNEL apoptosis detection kit (#G002-1, Nan- 
jing Jiancheng Bioengineering Institute, Jiang- 
su, China) according to the manufacturer’s in- 
structions. Briefly, paraffin-embedded sections 
were deparaffinized and rehydrated, and then 
dealed with proteinase K (10 μg/ml) at 37°C for 
30 minutes. The sections were washed in PBS 
for 3 times and then incubated in the 50 μl 
TUNEL reaction buffer including the enzyme at 
37°C for 30 minutes away from light. Finally, 
the samples were counterstained with 4’, 6-dia- 
midino-2-phenylindole (DAPI) (Sigma) to visual-
ize cell nuclei and photographed using a fluo-
rescence microscope (Leica, Biosystems, Ger- 
many). Count positive and total cells in three 
fields at 200 magnification by blinded techni- 
cians.

Protein extraction and Western blot analysis

Total protein was isolated from each group 
brain tissue using RIPA buffer. Protein con- 
centrations were determined with a Pierce  
BCA Protein Assay Kit (Pierce Biotechnology, 
Rockford, IL). Equal amount of protein (30 μg 
per sample) were electrophoresed using 8%- 
12% SDS-PAGE gels and transferred to polyvi-
nylidene difluoride (PVDF) membrane (Beyotime 
Institute of Biotechnology). Following transfer, 
membranes were blocked with 10% skimm- 
ed milk at 37°C for 2 hours. And then, incubate 
the membranes using the listed primary anti-
body: rabbit anti-Cleaved-caspase3 (ab49822, 
1:500, Abcam), rabbit anti-caspase3 (ab138- 
47, 1:500, Abcam), rabbit anti-Bax (ab53154, 
1:500, Abcam), rabbit anti-Bcl-2 (ab59348, 
1:1000, Abcam), rabbit anti-MAPKAP-2 (#3042, 
1:1000, Cell Signaling Technology, Inc.), rabbit 
anti-p38 (ab170099, 1:1000, Abcam), rabbit 
anti-p-p38 (ab47363, 1:1000, Abcam) and rab-
bit anti-GAPDH (ab37168, 1:1000, Abcam) at 
4°C overnight. Then, the membranes were in- 
cubated with goat anti rabbit secondary anti-
body HRP-conjugated IgG (ab97051, 1:5000, 
Abcam). The protein bands were detected us- 
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ing an enhanced chemiluminescence detect- 
ion kit (Beyotime Institute of Biotechnology) 
using a BioRad imaging system according to 
the manufacturer’s introduction. 

Statistical analysis  

All data were expressed as the mean ± stan-
dard deviation and analyzed by student’s t- 
tests and one-way ANOVA followed by Dunnett 
test. All the statistics analyses were performed 
using SPSS software (v.18; SPSS, Inc., Chicago, 
IL, USA) and GraphPad Prism 5.0 software. 
P<0.05 was considered to indicate a statisti-
cally significant difference.

Results 

NOB improved nerve function deficit of MCAO 
rats 

Neurological deficit scores were evaluated af- 
ter 24 h of reperfusion according to the Beder- 
son method. No neurological deficit observed 
in sham rats, whereas MCAO rats suffered from 
I/R injury, showed all the characteristics of neu-
ron damage and had relatively high neurologi-
cal deficit scores (2.51±0.64; Table 1). The po- 
sitive nimodipine drug (20 mg/kg) treatment 
showed markedly reduced the neurological de- 
ficit scores (1.11±0.84, Table 1). In addition, 
the results also displayed that NOB treatment 
(5, 10 and 20 mg/kg) reduced the neurologi- 
cal deficit scores of MCAO rats, presenting 
dose dependence with the scores 2.32±0.39, 
1.95±0.57 and 0.98±0.25, respectively (Table 
1). These results indicated NOB treatment 
could effectively improve nerve function deficit 
in MCAO rats.

NOB reduced brain water content and cerebral 
index in MCAO rats

The effects of NOB on brain water content and 
cerebral index have been measure and calcu-
lated (Table 2). The results showed that the 
brain water content (85.08±0.61) and cerebral 
index (0.75±0.03) were significantly increased 
in the MCAO group compared with the sham 
group (82.44±0.49 and 0.60±0.01). The posi-
tive nimodipine drug (20 mg/kg) treatment 
remarkably reduced the brain water content 
(82.88±0.41) and cerebral index (0.61±0.02) 
of MCAO rats. Additionally, NOB treatment im- 
proved the brain water content and cerebral 
index of MCAO rats in a dose-dependent man-
ner, and 10 mg/kg and 20 mg/kg NOB sig- 
nificantly decreased the brain water content 
(83.33±0.35 and 83.08±0.48) and brain in- 
dex (0.64±0.02 and 0.62±0.01) of MCAO rats, 
but 5 mg/kg NOB treatment had no signifi- 
cant effect. These results indicated that NOB 
reduced brain water content and brain index in 
MCAO rats.

NOB reduced cerebral infarction area in brain 
tissue of MCAO rats

Infarct area of brain tissues from MCAO rats 
were measured 24 h after I/R injury by TTC 
staining. As shown in Figure 2, no infarct area 
was observed in sham rats, whereas the in- 
farct area of MCAO rats reached about 35%  
the whole brain (Figure 2B, P<0.001). The posi-
tive nimodipine drug (20 mg/kg) treatment re- 
markably reduced the cerebral infarction area 
of MCAO rats (Figure 2B, P<0.001). Similarly, 
NOB (20 mg/kg) significantly decreased cere-
bral infarction area of MCAO rats (Figure 2B, 
P<0.001). The cerebral infarction area when 
treatment of 5 and 10 mg/kg NOB tended to  
be smaller than that in MCAO group (Figure  
2B, P<0.05). Representative sections of each 
group are presented in Figure 2A. These results 
indicated that NOB effectively improved cere-
bral infarction area in MCAO rats. 

NOB suppressed production of reactive oxygen 
species (ROS) and ROS-induced cell apoptosis 
in brain tissue of MCAO rats

As shown in Figure 3, the results showed that 
the level of SOD was significantly decreased 
(Figure 3A, P<0.001), and MDA (Figure 3B, P< 
0.001) and LDH (Figure 3C, P<0.001) were 
increased in the brain tissue after I/R injury. 

Table 1. Effects of nobiletin on neurological defi-
cit scores of MCAO rats 24 h after reperfusion

Group Dosage/
(mg·kg-1)

Neurological deficit 
scores (0~3)

Sham - 0.00±0.00
MCAO - 2.51±0.64***

Nimodipine (20 mg/kg) 20 1.11±0.84###

NOB (20 mg/kg) 20 0.98±0.25###

NOB (10 mg/kg) 10 1.95±0.57##

NOB (5 mg/kg) 5 2.32±0.39
Data are represented as mean ± S.D. of 10 rats of each group 
(n = 10). ***P<0.001 vs. Sham; ##P<0.01, ###P<0.001 vs. 
MCAO. NOB, nobiletin.
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Compared with the MCAO group, treatment 
with nimodipine drug (20 mg/kg) and different 
dosages of NOB improved oxidative damage. 
Briefly, the level of SOD significantly increased, 
and MDA and LDH levels observed reduced 
among the positive group and NOB groups 
when compared with the MCAO group. More- 
over, the high dose group of NOB (20 mg/kg) 
and the positive nimodipine drug (20 mg/kg) 
had no significant. These results indicated that 
NOB reduced production of ROS in MCAO rats.

Meanwhile, cell apoptosis in brain tissue was 
measured by TUNEL staining. Compared with 

bly decreased after nimodipine treatment com-
pared with MCAO group. There was no signifi-
cant change in caspase3 expression in each 
group. Moreover, NOB (20 mg/kg) group and 
the positive nimodipine drug (20 mg/kg) group 
had no significant. These results indicated that 
NOB inhibited the cell apoptosis in MCAO ani- 
mals.

Effects of NOB on inflammatory factors in 
brain tissue

As shown in Figure 4, high levels of pro-inflam-
matory mediators TNF-α, IL-6 (Figure 4D and 

Table 2. Effects of nobiletin on brain water content and cerebral 
index of MCAO rats 24 h after reperfusion

Group Dosage/
(mg·kg-1)

Cerebral 
index/%

Brain water 
content/%

Sham - 0.60±0.01 82.44±0.49
MCAO - 0.75±0.03** 85.08±0.61***

Nimodipine (20 mg/kg) 20 0.61±0.02## 82.88±0.41###

NOB (20 mg/kg) 20 0.62±0.01## 83.08±0.48###

NOB (10 mg/kg) 10 0.64±0.02# 83.33±0.35##

NOB (5 mg/kg) 5 0.69±0.02 83.51±0.81
Data are represented as mean ± S.D. of 10 rats of each group (n = 10). **P<0.01 
and ***P<0.001 vs. Sham; #P<0.05, ##P<0.01 and ###P<0.001 vs. MCAO. NOB, 
nobiletin. 

Figure 2. Effects of nobiletin on brain 
infarction. Brain coronal sections 
were stained with TTC, which distin-
guishes between ischemic and non-
ischemic areas. A. Representative 
coronal sections of each group. B. 
Infarct volume of each group. Data 
are represented as mean ± S.D. 
of 10 rats of each group (n = 10). 
***P<0.001 vs. Sham; ###P<0.001 
vs. MCAO. NOB, nobiletin.

sham group, a significant nu- 
mber of TUNEL-positive cells 
was observed in the infarct- 
ed area of the cortex re- 
gion of MCAO rats (Figure  
3D) after I/R injury. The in- 
farcted area was accompa-
nied with fragmented apop-
totic bodies, a phenomenon 
that could be significantly de- 
creased by NOB and nimo- 
dipine drug treatment with 
dose dependent effect. The- 
se results showed the neuro-
protective role of NOB on cell 
apoptosis in MCAO rats. 

Effects of NOB on apoptosis 
related proteins in brain tis-
sue

Our results showed that Bcl2 
protein level was significant- 
ly decreased in MCAO group 
as compared to sham group 
(Figure 4A, P<0.001), while 
the expression changes could 
be reversed by NOB treat-
ment in brain tissue in a do- 
se-dependent manner. Mean- 
while, the expression of Bax 
and cleaved-caspase-3 were 
markedly increased in MCAO 
group, while the expression 
changes could be reversed by 
NOB treatment with dose-
dependence (Figure 4B and 
4C, P<0.001). Furthermore, 
the level of Bcl2 was increas- 
ed and the levels of Bax, 
cleaved-caspase3 were nota-
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4E, P<0.001) and low level of the anti-inflam-
matory cytokine IL-10 (Figure 4F, P<0.001) 
were identified in MCAO group compared with 
sham group. These results confirmed that in- 
flammatory damage occurred in ischemic brain 
injury. Treatment with NOB (5, 10 and 20 mg/
kg) or positive nimodipine drug (20 mg/kg) 
reduced TNF-α and IL-6 levels and increased 
IL-10 level. These results indicated that NOB 
decreased the inflammatory factors in MCAO 
rats.

Effects of NOB on p38, p-p38 and MAPKAP-2 
protein expression

As shown in Figure 5, the expression of p-p38 
(Figure 5A, P<0.001) and MAPKAP-2 (Figure 

5B, P<0.001) were significantly increased in 
MCAO group compared with sham group. Fur- 
thermore, the protein expression of p-p38 and 
MAPKAP-2 was reduced after treatment with 
nimodipine (20 mg/kg) or NOB group as the 
concentration increase when compared with 
MCAO group. However, p38 expression had no 
changed in each group (Figure 5A). These re- 
sults showed that NOB could protect cerebral 
ischemic-reperfusion injury via p38/MAPKAP-2 
signaling pathway.

Discussion

Natural products can be used to regulate cyto-
kine-activity in the treatment of diseases [6]. 
NOB had been emphasized that NOB exerts 

Figure 3. Effects of nobiletin on oxidant enzymes activities in brain tissues. A-C. The SOD, MDA and LDH levels of 
each group. D. TUNEL staining with representative photos showed apoptotic cells (scale bar = 40 μm). Images are 
representative of experiments performed three times. MCAO causes significant cell apoptosis; while treatment with 
NOB attenuated apoptotic damage. *P<0.05, **P<0.01, ***P<0.001 vs. Sham; ##P<0.01, ###P<0.001 vs. MCAO. NOB, 
nobiletin.
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pleiotropic biological activities, including the 
anti-agglutination, anti-thrombosis, anti-inflam-
mation, anti-tumor and cardiovascular-protec-
tions. Due to a serious hypoxia of brain tissue 
of MCAO rats, microcirculation blood flow barri-
ers, eventually leading to blood brain edema, 
namely the brain water content increased, thus 
increase the brain index. Here, NOB administra-
tion can dramatically reduce the brain index 
and brain edema. Additionally, NOB improved 
the neurological function and decreased cere-
bral infarction area in brain tissues of MCAO 

rats. These data prompted that NOB may have 
a neuroprotective effect against I/R injury dur-
ing stroke therapy. 

Currently, tissue plasminogen activator (tPA), a 
thrombolytic agent, was used to the treatment 
of ischemic stroke to restore cerebral blood 
flow and promote the production of ROS [30, 
31]. We found that the level of MDA was signifi-
cantly increased in the NOB group compared 
with the MCAO group (Figure 3). Furthermore, 
the significantly decreased levels of SOD, LDH 

Figure 4. Effects of nobiletin on the expression of Bcl2, Bax, cleaved-caspase3 and caspase3, and inflammatory 
cytokines in brain tissue. Western blot analysis of Bcl2 (A), Bax (B), cleaved-caspase3 and caspase3 (C) from each 
group (n = 10 rats per group). ELISA analysis of TNF-α (D), IL-6 (E) and IL-10 (F) levels of each group. Data are rep-
resented as mean ± S.D. of 10 rats of each group. *P<0.05, **P<0.01, ***P<0.001 vs. Sham; #P<0.05, ##P<0.01, 
###P<0.001 vs. MCAO. NOB, nobiletin.
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were observed in the NOB group compared 
with MCAO group with dose dependent effect. 
These results indicated that NOB reduced pro-
duction of ROS in MCAO rats. Overproduction of 
ROS induces oxidative stress, which then acti-
vates the nuclear factor kappa-beta (NF-κB) 
signaling pathway to synthesize pro-inflamma-
tory cytokines such the TNF-α and IL-6, which 
promotes neuronal inflammation. Inflammation 
in the brain causes ischemic stroke, which oc- 
curs in ~80% patients with stroke and causes 
the release of free radicals, leading to oxidative 
damage of brain tissue [32, 33]. In this study, 
the levels of pro-inflammatory mediators TNF-
α, IL-6 were reduced and level of the anti-in- 
flammatory cytokine IL-10 was increased with 
NOB treatment compared with MCAO rats.

Apoptosis is an essential mechanism for cell 
death following many types of chemotherapy. In 
the present study, cell apoptosis was deter-
mined by TUNEL staining. The results showed 
that following NOB treatment significantly inhib-
ited the cell apoptosis compared with the MCAO 
group. The mitochondrial (or intrinsic) apopto-
sis signaling pathways were mainly regulated by 
the interaction among the Bcl-2 protein family 
members [34]. The upregulation of Bax expres-

signaling participated in the occurrence of drug 
damage and tumor-related drug resistance 
[38]. Evidence demonstrated that p38 MAPK 
was a major downstream player in cerebral 
ischemic-reperfusion injury [39]. When extra-
cellular stimuli occurs, p38 can be phosphory-
lated, followed by p-p38 entering the nucleus, 
activating transcription factors and ultimately 
promoting apoptosis. Previous studies have 
showed that pretreatment with the p38 MAPK 
inhibitor (SB203580) obviously enhanced cell 
apoptosis through the Bax upregulation, Bcl-2 
downregulation, and caspase-3 activation [40-
42]. In the present study, we found that the 
expression of p-p38 and MAPKAP-2 were sig-
nificantly increased in MCAO group compared 
with sham group and reduced in the NOB group 
compared with MCAO group as the concentra-
tion increase. The expression of p38 was no 
changed in each group. These results indicated 
that NOB might protect cerebral ischemic-re- 
perfusion injury via p38/MAPKAP-2 signal pa- 
thway.

Conclusion

In summary, the present study demonstrated 
that NOB has a protective effect on cerebral 

Figure 5. Effects of nobiletin on the expression of p38, p-p38 and MAPKAP-2 
in brain tissue. Western blot analysis of p38 and p-p38 (A) and MAPKAP-2 
(B) from each group (n = 10 rats per group). Data are represented as mean 
± S.D. of 10 rats of each group. *P<0.05, **P<0.01, ***P<0.001 vs. Sham; 
##P<0.01, ###P<0.001 vs. MCAO. NOB, nobiletin.

sion could lead to an increase 
of mitochondrial outer mem-
brane permeability, thereby 
releasing cytochrome C from 
the mitochondria into the cy- 
toplasm, followed by the acti-
vation of caspases and apop-
totic complexes [35]. Next, we 
explored that the express- 
ion levels of apoptosis-rela- 
ted proteins. Furthermore, 
Bcl2 was increased, but Bax 
and cleaved-caspase3 were 
notably decreased in the NOB 
group compared with MCAO 
group in a dose-dependent 
manner. These results indi-
cated that NOB inhibited the 
cell apoptosis in MCAO rats.

I/R injury-induced oxidative 
stress and inflammation also 
triggers multiple-cell apoptot-
ic pathways responsible for 
cell death by necrosis or ap- 
optosis [36, 37]. The MAPK 
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neurons in I/R injury. NOB possessed potent 
anti-inflammation and anti-oxidant activities. 
Treatment of NOB effectively attenuated bra- 
in infarct region, improved neurological deficit 
function and reduced cell apoptosis. The mo- 
lecular mechanisms underlying these effects 
may be associated with the p38/MAPKAP-2 
signal pathways. These novel findings provide 
the pharmacological foundation for the further 
development of NOB for the treatment of isch-
emic stroke. Furthermore, NOB may be a prom-
ising neuroprotective candidate, and requires 
further laboratory and clinical investigation.
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