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Background: Alzheimer’s disease (AD) is one of the common neurodegenerative diseases and is 
characterized by the accumulation of amyloid-β (Aβ). Orexin-A is a neuropeptide produced in the 
hypothalamus and thought to be involved in the pathogenesis of AD. However, its underlying mechanism 
and signaling pathway remains unclear. The aim of this work was to investigate the effect of Orexin-A on 
AD, and to explore its potential mechanism and signaling pathway.
Methods: SH-SY5Y cells that were stably transfected with the Swedish mutant amyloid precursor protein 
(APPswe), a cell model of AD with excessive Aβ production, were used in this study. Cells were treated with 
Orexin-A, and with or without SB203580, an inhibitor of the p38 mitogen-activated protein kinase (MAPK) 
pathway, one of the key MAPK pathways associated with cell death. Following treatment, cells were collected 
and analyzed by western blotting, ELISA, electron microscopy, real-time PCR, fluorescence microscopy, and 
other biochemical assays.
Results: Orexin-A increased the level of Aβ1–40 and Aβ1–42 in the cell medium, and activated the p38 MAPK 
pathway. As evidenced by the CCK-8 and ELISA BrdU assays, Orexin-A decreased cell viability and cell 
proliferation. Electron microscopic analysis used to observe the morphology of mitochondria, showed that 
Orexin-A increased the percentage of abnormal mitochondria. Further, decreased activity of cytochrome c 
oxidase (CCO), level of ATP, and mitochondrial DNA (mtDNA) copy number following Orexin-A treatment 
showed that Orexin-A exacerbated mitochondrial dysfunction. The level of intracellular reactive oxygen 
species (ROS), which is mainly generated in mitochondria and reflects mitochondrial dysfunction, was also 
increased by Orexin-A. SB203580 blocked the cytotoxicity and mitochondrial impairment aggravated by 
Orexin-A.
Conclusions: These findings demonstrate that Orexin-A aggravates cytotoxicity and mitochondrial 
impairment in SH-SY5Y cells transfected with APPswe through the p38 MAPK pathway, and suggest that 
Orexin-A participates in the pathogenesis of AD, which may provide a new treatment target in the future.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disease. The prevalence of AD is growing at a fast rate 
with the increase in life expectancy (1). Extracellular 
amyloid plaques (deposits of Aβ peptide) and intracellular 
neurofibrillary tangles (accumulation of hyperphosphorylated 
tau protein) are the main pathological hallmarks of  
AD (2). Many studies have focused on the neurotoxicity of Aβ 
(3,4). Aβ, including Aβ1–40 and Aβ1–42, derives from amyloid 
precursor protein (APP) through amyloidogenic and non-
amyloidogenic pathways (5).

Orexin, also known as hypocretin, is produced in the 
hypothalamus and includes Orexin-A and Orexin-B (6). 
The orexinergic neurons project into several brain areas (7). 
By activating its receptor, Orexin-A participates in many 
physiological processes, such as sleep/wake regulation, 
modulation of energy metabolism, feeding, learning, and 
memory (8-11). Many researchers believe that Orexin-A 
is involved in the pathogenesis of AD (12,13). The 
overexpression of Orexinergic signaling alters the sleep-
wake cycle, and induces the accumulation of Aβ and 
neurodegeneration mediated by tau protein (12). A higher 
concentration of Orexin-A was found in moderate to severe 
AD patients than in controls (14). Furthermore, the level 
of Orexin-A in cerebral spinal fluid (CSF) increased in mild 
cognitive impairment (MCI) patients due to AD compared 
with controls (15).

Mitochondria are responsible for energy production in 
cells and are vital for cell survival. Mitochondrial dysfunction 
is a critical mechanism for the progression of AD, which 
occurs in the early phase of AD and worsens with its severity 
(16,17). Orexin-A has been shown to regulate mitochondrial 
function and dynamics (18). Therefore, it is very important to 
investigate the change of mitochondria induced by Orexin-A 
in AD. The p38 MAPK pathway is widely expressed in the 
central nervous system and activated in AD (19,20), which 
promotes the phosphorylation of tau protein and plays a 
crucial role in cell death and apoptosis (21-23). Orexin-A 
was reported to activate the p38 MAPK pathway and induce 
cell death via the p38 MAPK pathway (24). Therefore, we 
sought to explore whether the effect of Orexin-A on AD was 
mediated through the p38 MAPK pathway.

In this study, we used SH-SY5Y cells that were stably 
transfected with Swedish mutant amyloid precursor protein 
(APPswe), a cell model of AD that has been extensively used 
by researchers (25-28). We sought to investigate the effect 
of Orexin-A on APPswe cells, and discover the underlying 
mechanism and signaling pathway.

Methods

Materials and cell culture

Orexin-A and the p38 MAPK inhibitor SB203580 were 
purchased from Sigma-Aldrich (Missouri, USA). Human 
neuroblastoma SH-SY5Y cells stably transfected with empty 
vector (empty vector cells) or vector carrying APPswe 
(APPswe cells) were generated using Lipofectamine 2000 
(Invitrogen, California, USA). The transfected cells were 
selected using puromycin, and cultured in DMEM culture 
medium with 10% fetal bovine serum and 1% streptomycin-
penicillin in an incubator with 5% CO2 at 37 ℃.

Western blotting

Cell were homogenized in RIPA lysis buffer containing 1% 
protease inhibitors. The homogenates were centrifuged at 
12,000 rpm for 15 min at 4 ℃, and the supernatants were 
used. After measuring the protein concentration using the 
BCA assay kit (Thermo Scientific, Massachusetts, USA), 
protein samples were added with loading buffer, and boiled 
for 5 min at 95 ℃ to denature proteins. Equal amounts of 
protein samples were separated by 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to PVDF membrane. The membrane was 
blocked using a blocking buffer and incubated with primary 
antibody against APP (Abcam, 1:20,000), total p38 (t-
p38) (CST, 1:1,000), phospho-p38 (p-p38) (CST, 1:1,000) 
or β-actin (CST, 1:1,000) overnight at 4 ℃, followed by 
incubation with goat anti-rabbit IgG secondary antibody 
(Proteintech, 1:5,000) for 1 h at room temperature. After 
visualized by an ECL chemiluminescence kit (Millipore, 
Massachusetts, USA) and a chemiluminescence imaging 
system (Bio-Rad, California, USA), bands were quantified 
using Image J software.

Measurement of Aβ1–40 and Aβ1–42

Cell medium was collected and centrifuged at 12,000 rpm  
for 15 min at 4 ℃. The supernatants were collected to 
measure the amount of Aβ1–40 and Aβ1–42 by an ELISA 
assay kit (Invitrogen, California, USA) following the 
manufacturer’s instructions.

Cell viability assay

According to the protocol described in the CCK-8 assay 
kit (Dojindo, Kumamoto, Japan), cells were planted in 96-
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well plates. Following various treatments, cells were added 
with CCK-8 and were incubated at 37 ℃ for 4 h. The 
absorbance was read at 450 nm with a microplate reader 
(Biotek, Vermont, USA).

Measurement of cell proliferation

Cells were seeded in 96-well plates and serum-deprived 
for 24 h. BrdU was added and cells were incubated for  
4 h. The BrdU incorporation into the DNA of dividing 
cells was measured using the ELISA BrdU assay kit (Abcam, 
Cambridge, UK).

Electron microscopy

Cells were fixed in 2.5% glutaraldehyde overnight, followed 
by fixation with osmium for 1 h. Subsequently, cells were 
embedded in epoxy resin. Samples were cut using an 
ultramicrotome (Leica, Wetzlar, Germany), and stained 
with uranyl acetate and lead citrate. Electron microscopy 
(Hitachi, Tokyo, Japan) was used to capture images of 
mitochondria.

Measurement of ATP

ATP level was determined using the ATP bioluminescence 
assay kit  (Roche,  Basal ,  Switzerland).  Cells  were 
homogenized in lysis buffer on ice and centrifuged at 
12,000 rpm for 15 min at 4 ℃. ATP level in supernatants 
was measured using a luminescence plate reader (Biotek, 
Vermont, USA).

Detection of mitochondrial DNA (mtDNA) copy number

The mtDNA copy number, measured by the number of 
mitochondrial genome per nuclear genome, is a useful 
marker of mitochondrial dysfunction (29). The mtDNA 
copy number was measured using real-time PCR. The 
total intracellular DNA was extracted from cells using 
the QIAamp DNA mini kit (Qiagen, California, USA) 
according to manufacturer’s instructions. Each real-
time PCR reaction consisted of 1 μL each of the forward 
and reverse primers, 10 μL of 2× SYBR green real-
time PCR master (Applied Biosystems, Massachusetts, 
USA), 3 μL of template DNA, and 5 μL of ultrapure 
water. The primers for human electron transport chain, 
which were used for mtDNA amplification, were as 
follows: forward, 5'-CAAACCTACGCCAAAATCCA-3' 

and reverse, 5'-GAAATGAATGAGCCTACAGA-3'. 
The premiers for human nuclear 18s (18s RNA), which 
were used for standardization, were as follows: forward, 
5'-ACGGACCAGAGCGAAAGCA-3', and reverse, 
5'-GACATCTAAGGGCATCACAGAC-3'. The mtDNA 
copy number was calculated using the 2−ΔΔCt method (30).

Isolation of mitochondria

Cells were washed with PBS, harvested, and pooled. 
Cells were homogenized in lysis buffer for 15 min at  
4 ℃. The homogenates were spun at 800 g for 5 min, and 
supernatants were centrifuged at 15,000 g for 10 min at  
4 ℃ to obtain mitochondrial pellets. The pellets were then 
resuspended in lysis buffer.

Measurement of cytochrome C oxidase (CCO)

The activity of CCO was measured using the CCO assay 
kit (Sigma Aldrich, Missouri, USA). The mitochondrial 
fractions were added to the enzyme dilution buffer. The 
reaction was started by addition of the ferrocytochrome c 
substrate solution. The change in absorbance at 550 nm was 
recorded with a 5 s delay and 10 s interval for 6 readings on 
a microplate reader (Biotek, Vermont, USA).

Measurement of reactive oxygen species (ROS)

According to the protocol of the ROS assay kit (Sigma 
Aldrich, Missouri, USA), the intracellular level of ROS was 
measured using the fluorescence dye 2’,7’-dichlorodihydrof
luorescein diacetate (H2DCFDA). Cells were seeded in 24-
well plates, and incubated with H2DCFDA for 20 min at  
37 ℃. The fluorescence image was captured (Ex =485 nm,  
Em =525 nm) using fluorescence microscope (Olympus, 
Tokyo, Japan), and the level of ROS, which was proportional 
to the fluorescence intensity of H2DCFDA, was quantified 
using Image J software.

Statistical analysis

SPSS 17.0 was used to perform statistical analysis. Each 
experiment was repeated in triplicates. Data were expressed 
as mean ± standard error of the mean (SEM). Difference 
between groups was determined by one-way or two-way 
analysis of variance (ANOVA), followed by post hoc Tukey’s 
multiple comparison. Chi-squared test with Bonfferoni’s 
correction was used to analyze mitochondria in electron 
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microscopy images. Statistical significance was set at P<0.05.

Results

APP level increased in APPswe cells

Firstly, we analyzed the expression of APP using western 
blotting assay. As shown in Figure 1, there was higher 
expression of APP in APPswe cells compared with empty 
vector cells (P<0.01).

Orexin-A increased the level of Aβ1–40 and Aβ1–42 in 
APPswe cells

Next, we tested the level of Aβ1–40 and Aβ1–42 in the cell 
medium using an ELISA kit. Cells were treated with  
100 nM Orexin-A for 24 h. As shown in Figure 2, the level 
of Aβ1–40 and Aβ1–42 were significantly higher in APPswe cells 
compared with empty vector cells (P<0.01; P<0.01). When 
APPswe cells were treated with Orexin-A, the level of Aβ1–40 

and Aβ1–42 increased (P<0.01; P<0.01). However, Orexin-A 
did not increase the expression of Aβ1–40 and Aβ1–42 in empty 
vector cells (P=0.9975; P=0.9838).

Orexin-A decreased cell viability and cell proliferation in 
APPswe cells

Cells were treated with 100 nM Orexin-A for 24 h, and cell 
viability and cell proliferation were analyzed. The result of 
the CCK-8 assay showed that cell viability of APPswe cells 
was lower than that of empty vector cells (P<0.01). Following 
treatment with Orexin-A, the cell viability of APPswe cells 
decreased even further (P<0.05). However, the cell viability 
of empty vector cells did not change after treatment with 
Orexin-A (P=0.9950) (Figure 3A). Cell proliferation was 

analyzed using the ELISA BrdU assay. APPswe cells showed 
reduced cell proliferation compared with empty vector cells 
(P<0.01). While the addition of Orexin-A had no significant 
effect on empty vector cells (P=0.9960), it reduced cell 
proliferation in APPswe cells further (P<0.01) (Figure 3B).

Orexin-A activated p38 MAPK pathway in APPswe cells

Next, we sought to identify the downstream pathways that 
mediate these changes. The p38 MAPK pathway is one of 
the MAPK pathways that has been reported to be activated 
by Orexin-A and related to cell death (24). Therefore, we 
want to determine whether Orexin-A could activate p38 
MAPK pathway in APPswe cells. Cells were treated with 
Orexin-A for 3 h. The activation of p38 MAPK pathway 
was assessed by measuring the phosphorylation of p38 
(expression ratio of p-p38 to t-p38). Phosphorylation of 
p38 increased in APPswe cells compared with empty vector 
cells (P<0.01). Following treatment with Orexin-A, the 
phosphorylation of p38 increased in APPswe cells (P<0.01), 
but not in empty vector cells (P=0.9935) (Figure 4).

Orexin-A decreased cell viability and cell proliferation via 
p38 MAPK pathway in APPswe cells

Given that the p38 MAPK pathway is activated by 
Orexin-A treatment and associated with cell death, we 
sought to determine whether the deleterious effect of 
Orexin-A on APPswe cells was mediated via the p38 MAPK 
pathway. Cells were pretreated with or without the p38 
MAPK inhibitor SB203580 (10 μM) for 30 min, followed 
by treatment with 100 nM Orexin-A for 24 h. Orexin-A 
decreased the cell viability of APPswe cells as proved by 
the CCK-8 test (P<0.01), which was reversed by treatment 

Figure 1 Expression of APP in APPswe cells. (A) APP expression was analyzed by western blotting; (B) densitometric quantification of APP. 
Values are presented as mean ± SEM (n=3). **, P<0.01 versus empty vector cells.
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Figure 2 Orexin-A increased the level of Aβ1–40 and Aβ1–42 in APPswe cells. Cells were treated with 100 nM Orexin-A for 24 h. (A) Aβ1–40 and 
(B) Aβ1–42 level in cell medium was detected by ELISA. Values are presented as mean ± SEM (n=3). **, P<0.01 versus empty vector cells; ##, 
P<0.01 vs. APPswe cells.

Figure 3 Orexin-A decreased cell viability and cell proliferation in APPswe cells. Cells were treated with 100 nM Orexin-A for 24 h. (A) 
Cell viability and (B) cell proliferation was tested. Values are presented as mean ± SEM (n=3). **, P<0.01 versus empty vector cells; #, P<0.05 
and ##, P<0.01 versus APPswe cells.

Figure 4 Orexin-A activated p38 MAPK pathway in APPswe cells. Cells were treated with 100 nM Orexin-A for 3 h. (A) Phosphorylation of 
p38 was analyzed by western blotting; (B) densitometric quantification of phosphorylation of p38. Values are presented as mean ± SEM (n=3). 
**, P<0.01 versus empty vector cells; ##, P<0.01 versus APPswe cells.
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with SB203580 (P<0.05) (Figure 5A). In the ELISA BrdU 
test, results demonstrated that Orexin-A decreased the 
cell proliferation of APPswe cells (P<0.01), which was also 
reversed by treatment with SB203580 (P<0.01) (Figure 5B).

Orexin-A aggravated the impairment of mitochondrial 
morphology in APPswe cells, which was mediated by p38 
MAPK pathway

To test whether Orexin-A had any deleterious effect on 
mitochondria, the mitochondrial morphology was observed 
by electron microscopy. Cells were pretreated with or 
without 10 μM SB203580 for 30 min, followed by treatment 
with 100 nM Orexin-A for 24 h. Representative electron 
microscopic images of mitochondria are shown in Figure 6A. 
In empty vector cells, most of mitochondria were normal, 
with or without Orexin-A treatment (Figure 6A, asterisk). 
In APPswe cells, however, abnormal mitochondria began 
to increase (Figure 6A, arrowhead), with vacuolar structure, 
severe swelling, or broken cristae. Following treatment 
with Orexin-A, most of mitochondria in APPswe cells 
were abnormal (Figure 6A, arrowhead). SB203580 blocked 
the impairment of mitochondrial morphology induced by 
Orexin-A in APPswe cells. The percentage of abnormal 
mitochondria was calculated and shown in Figure 6B.  
Compared with empty vector cells, the percentage of 
abnormal mitochondria was higher in APPswe cells (P<0.01). 
Orexin-A significantly increased the percentage of abnormal 
mitochondria in APPswe cells (P<0.01), while had no 
significant effect in empty vector cells (P=0.7383). Treatment 
with SB203580 reduced the percentage of abnormal 

mitochondria in Orexin-A treated APPswe cells (P<0.01).

Orexin-A aggravated mitochondrial dysfunction via p38 
MAPK pathway in APPswe cells

To investigate the effect of Orexin-A on mitochondrial 
function, we tested CCO activity, ATP level, and mtDNA 
copy number. Cells were pretreated with or without 10 
μM SB203580 for 30 min, followed by treatment with 
Orexin-A for 24 h. Mitochondrial respiratory function was 
assessed by measuring the activity of CCO, a key enzyme 
in mitochondrial respiratory chain. As shown in Figure 7A, 
compared with empty vector cells, APPswe cells showed 
decreased CCO activity (P<0.01). Orexin-A reduced CCO 
activity in APPswe cells (P<0.01), which was inhibited by 
treatment with SB203580 (P<0.05). Orexin-A did not have 
significant effect in empty vector cells (P=0.3511).

  The ATP level, which reflects mitochondrial bioenergy, 
was also decreased in APPswe cells compared with empty 
vector cells (P<0.01). The ATP level showed a significant 
decline after treatment with Orexin-A in APPswe cells 
(P<0.01), but did not change markedly in empty vector cells 
(P=0.5748). SB203580 increased ATP level in Orexin-A 
treated APPswe cells (P<0.01) (Figure 7B).

The mtDNA copy number was lower in APPswe cells 
than empty vector cells (P<0.01). Orexin-A treatment 
decreased the mtDNA copy number in APPswe cells 
(P<0.01), but had no significant effect on empty vector 
cells (P=0.9978). Treatment with SB203580 increased the 
mtDNA copy number in Orexin-A treated APPswe cells 
(P<0.01) (Figure 7C).

Figure 5 Orexin-A decreased cell viability and cell proliferation via p38 MAPK pathway in APPswe cells. Cells were pretreated with or 
without 10 μM SB203580 for 30 min, followed by treatment with 100 nM Orexin-A for 24 h. (A) Cell viability and (B) cell proliferation was 
measured. Values are presented as mean ± SEM (n = 3). **, P<0.01 versus empty vector cells; ##, P<0.01 versus APPswe cells; $, P<0.05 and $$, 
P<0.01 versus Orexin-A treated APPswe cells.
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Orexin-A increased ROS level in APPswe cells through 
p38 MAPK pathway

Cells were pretreated with or without 10 μM SB203580 
for 30 min, followed by treatment with Orexin-A for 24 h.  
Representative fluorescence images of ROS are shown in 
Figure 8A. APPswe cells showed increased level of ROS 
than empty vector cells (P<0.01), and Orexin-A treatment 
further increased the ROS level in APPswe cells (P<0.01), 
while had no significant effect in empty vector cells 

(P=0.9989). Treatment with SB203580 blocked the increase 
in ROS level induced by Orexin-A in APPswe cells (P<0.01) 
(Figure 8B).

Discussion

Orexin-A has been reported to participate in the 
pathogenesis of AD (12,13). In this study, we sought to 
determine the role of Orexin-A in AD. We report for 

Figure 6 Orexin-A aggravated the impairment of mitochondrial morphology in APPswe cells, which was mediated by p38 MAPK 
pathway. Cells were pretreated with or without 10 μM SB203580 for 30 min, followed by treatment with 100 nM Orexin-A for 24 h. (A) 
Representative electron microscopy images of mitochondria are shown. Asterisk indicates normal mitochondria, and arrowhead indicates 
abnormal mitochondria. (B) The percentage of abnormal mitochondria was calculated. Scale bar =0.5 μm. Values are presented as mean ± 
SEM (n=3). **, P<0.01 vs. empty vector cells; ##, P<0.01 vs. APPswe cells; $$, P<0.01 vs. Orexin-A treated APPswe cells.
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the first time that Orexin-A aggravates cell death and 
mitochondrial impairment in SH-SY5Y cells transfected 
with APPswe. We further demonstrated that the deleterious 
effect of Orexin-A is mediated through p38 MAPK pathway.

Aβ, one of the most notable pathological hallmark of 
AD, is derived from APP through amyloidogenic and non-
amyloidogenic pathways (5). APPswe cells showed increased 
level of APP, Aβ1–40, and Aβ1–42 compared with empty 
vector cells (Figures 1,2), indicating that it is a successful 
cell model of AD. Intracerebroventricular injection of 
Orexin-A increased the brain interstitial fluid (ISF) level of 
Aβ in APP/PS1 mice (31). When Orexin gene was knocked 
out in APP/PS1 mice, there was a marked decrease in the 
amount of Aβ pathology (32). In this study, we found that 
Orexin-A increased the level of Aβ1–40 and Aβ1–42 in APPswe 
cells (Figure 2), which is in line with previous studies 
and demonstrates the in vitro effect of Orexin-A. The 
aggravation of cell death and mitochondrial impairment 
caused by Orexin-A in APPswe cells may be due to the 
increase in Aβ level.

Cell death is one of the most common manifestations in 
AD (33-35). We found that APPswe cells showed reduced 
cell viability and cell proliferation. In previous studies, the 
role of Orexin-A in cell growth has been both positive and 
negative. Some studies have demonstrated a protective 
effect for Orexin-A (36,37), while others have shown its 
harmful effect (24,38,39) on cells. In this study, we found 
that Orexin-A decreased cell viability and cell proliferation 
in APPswe cells (Figure 3). The role of Orexin-A depends 
on the cell type and related disease, and its function may 
be complex and complicated. In our study, Orexin-A 

had a cytotoxic effect on APPswe cells, probably because 
Orexin-A is related to the pathogenesis of AD.

  Mitochondria provide energy for cells, which is 
indispensable for cellular function. Mitochondrial 
impairment is a critical mechanism that causes inflammation 
and cell death (40). Mitochondrial impairment is an early 
step in AD, and it is observed in AD transgenic mice and 
cell lines that stably express APP (41-43). The accumulation 
of Aβ in mitochondria is associated with reduction of 
respiratory control rate (RCR), CCO activity, ATP level, 
dysregulation of mitochondrial energy metabolism, 
decrease in mitochondrial membrane potential (MMP), and 
increase in ROS (44-47). The accumulation of Aβ can also 
lead to impaired mitochondrial transport and mitochondrial 
dynamics (48). As evidenced by electron microscopy, 
mtDNA copy number, CCO activity, and ATP level, we 
found mitochondrial impairment in APPswe cells. We also 
found that Orexin-A caused severe damage to mitochondria 
in APPswe cells (Figures 6,7), suggesting that mitochondrial 
impairment is an important mechanism for the cytotoxic 
effect of Orexin-A on APPswe cells. ROS are comprised of 
free and nonfree radical oxygen, which contain molecules 
such as hydrogen peroxide (H2O2), superoxide (O2·−) and 
hydroxyl radical (·OH) (49,50). Mitochondria are the 
major source of endogenous ROS, and the dysfunction of 
mitochondria play an important role in ROS production 
(50,51). Our results showed that Orexin-A increased ROS 
level in APPswe cells (Figure 8), which can also reflect that 
Orexin-A cause mitochondrial damage in AD.

We further investigated the regulation of signaling 
pathway following treatment with Orexin-A. Our results 

Figure 7 Orexin-A aggravated mitochondrial dysfunction via p38 MAPK pathway in APPswe cells. Cells were pretreated with or without 
10 μM SB203580 for 30 min, followed by treatment with 100 nM Orexin-A for 24 h. (A) CCO activity; (B) ATP level; and (C) mtDNA copy 
number was measured. Values are presented as mean ± SEM (n=3). **, P<0.01 versus empty vector cells; ##, P<0.01 versus APPswe cells; $, 
P<0.05 and $$, P<0.01 versus Orexin-A treated APPswe cells.
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showed that phosphorylation of p38 increased dramatically 
in APPswe cells compared with empty vector cells (Figure 4), 
suggesting that the p38 MAPK pathway correlates with the 
progression of AD. Because Orexin-A is reported to activate 
p38 MAPK pathway and induce cell death via p38 MAPK 
pathway (24), we hypothesized that Orexin-A aggravates 
the severity in APPswe cells by inducing p38 MAPK 
activation. Following treatment with Orexin-A, we found a 
further increase in the phosphorylation of p38 in APPswe 
cells (Figure 4). Orexin-A decreased cell viability and cell 

proliferation in APPswe cells, which was blocked by the 
p38 MAPK inhibitor SB203580 (Figure 5). These results 
indicate that Orexin-A modulates p38 MAPK pathway 
to produce cytotoxic effect in APPswe cells. SB203580 
could also reverse the mitochondrial impairment induced 
by Orexin-A in APPswe cells (Figures 6-8), indicating that 
the deleterious effect of Orexin-A on mitochondria is also 
mediated through p38 MAPK pathway. The p38 MAPK 
pathway may be an important modulator of the effect of 
Orexin-A on APPswe cells.

Figure 8 Orexin-A increased ROS level in APPswe cells through p38 MAPK pathway. Cells were pretreated with or without 10 μM 
SB203580 for 30 min, followed by treatment with 100 nM Orexin-A for 24 h. (A) Representative fluorescence images of ROS are shown; (B) 
the level of ROS was measured. Scale bar =50 μm. Values are presented as mean ± SEM (n=3). **, P<0.01 vs. empty vector cells; ##, P<0.01 vs. 
APPswe cells; $$, P<0.01 vs. Orexin-A treated APPswe cells.
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  In conclusion, we found that Orexin-A aggravated Aβ 
level, cytotoxicity, and mitochondrial impairment in SH-
SY5Y cells transfected with APPswe. We also found that 
Orexin-A activated the p38 MAPK pathway, which could 
modulate the deleterious effect of Orexin-A in SH-SY5Y 
cells transfected with APPswe. Further studies are needed 
to explore the antagonists of Orexin-A receptor that may be 
effective in alleviating AD.
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