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Abstract
25-35-

induced toxicity by decreasing oxidative stress and attenuating apoptosis mediated by both the mitochondrial apoptotic pathway and the 
ER stress pathway. To further elucidate the molecular mechanisms underlying the neuroprotective effects of cyanidin, we investigated 

25-35-treated human neuroblastoma cell line 
25-35

Furthermore, pretreatment with cyanidin greatly promoted the translocation of the Nrf2 protein from the cytoplasm to the nucleus; 

25-35
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Introduction
Neuroinflammation is a key process in Alzheimer’s disease 

-
-

tion, both neurons and glial cells produce pro-inflammatory 
molecules including cytokines and chemokines[1-2]

-

and production of pro-inflammatory cytokines and/or anti-
inflammatory cytokines[3-6] -

transcription factors and the PI3K/Akt pathway[3,6-9]

[10-12]
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[8-9]

[14-16]

the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling 

through its upregulation of antioxidants[17]

conditions, Nrf2 dissociates from Keap1 and translocates to 
the nucleus, where it binds to antioxidant response elements 

stress[17-18] -

inducing cell stress, before leading to cellular dysfunction and 

characteristic red to purple color and confers a wide range of 
pharmacological benefits, including as a potent antioxidant 

-
[19-21] -

25-35

stress and attenuating apoptosis mediated by both the mito-
[22-23]

25-35

Materials

25-35, cyanidin-3-glucoside (cyanidin) and N-acetylcysteine 
-

2

used for the Western blot analysis: anti-p65, anti-mouse IgG 

-

superoxide dismutase assay kit was purchased from Cayman 

Cell culture and treatment

plates (Nunc, Denmark) with minimum essential medium 

-

2 

-

study[24-25] -

25-35 25-35 plus cyanidin 
25-35

25-35, 
25-35 and cyanidin 

Western blot analysis

were cultured at a density of 5×105 -

25-35

25-35
[23]

-

-
mic proteins were prepared as follows: cells were added into 

-

 

resuspended in ice-cold hypotonic extraction buffer containing 

-
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blots were blocked for 3 h at room temperature in fresh block-

by using the software ImageJ (National Institutes of Health, 

Measurement of nitric oxide (NO)

2-, which 
-

in vitro
a density of 2×104 -

 
25-35 

After the treatment, the cells were added to the Griess reagent 

Measurement of superoxide dismutase (SOD) activity

a density of 5×105

25-35

treatment, the cells were lysed and the supernatant was col-

Measurement of reactive oxygen species (ROS)
Nonpolar H2 -
brane, and it was de-esterified by intracellular esterase to 

4 cells/well 

25-35

2

-

cence was measured using a fluorescence microplate reader 
-

Statistical analysis

 post hoc Dunnett’s test to compare the 

P P < -

production
-

-
-
-

ing the expressions of the total p65, cytosolic p65, nuclear p65, 

25-35 -
tein expression of p65 and increased the translocation of p65 

-
25-35

25-35

25-35 resulted 

25-35 treat-

significantly compared with that of the group treated with 
25-35

-
-

-

-

pathway, including total Nrf2, cytosolic Nrf2, nuclear Nrf2, 

25-35-treated 
group showed decreased total protein expression of Nrf2 and 
decreased Nrf2 translocation from the cytosol into the nucleus 
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  We further examined the expression of antioxi-

25-35 significantly decreased the pro-

25-35, the 

25-35

25-35 was found to result in a 

25-35

of the Nrf2 signaling pathway, we applied the Nrf2 inhibitor 
-

-
25-35

25-35

-

25-35 increased the expression of 

pretreatment with cyanidin was found to decrease the expres-
25-35 treatment 

-
25-35 regarding the expression of p-Akt through 

-

25-35 produced similar effects to cyanidin on the expres-

25-35 for 24 h.  The expression levels of proteins related to the NF-

n=3).  **P<0.01 vs the control.   ##P<0.01 vs the 

25-35-treated group.
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-

-

-induced 
inflammation to determine whether it was mediated by the 

  
25-35

25-35 for 24 h.  The expression levels of proteins related to 
the Nrf2 pathway were analyzed by Western blot.  Western blotting analysis was performed to measure the total, cytosolic, and nuclear protein levels of 

25-35 

n=3).  **P<0.01 vs the control.  #P<0.05, ##P<0.01 vs 25-35-treated group.
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-
-

25-35 -

25-35-induced -

25-35 

25-35 

n=3).  
**P<0.01 vs the control.  #P<0.05, ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 25-35-plus-inhibitor-treated group.



1445
www.chinaphar.com
Thummayot S et al

Acta Pharmacologica Sinica

25-35-induced 

In addition, the translocation of Nrf2 protein into the nucleus 

and the expression of proteins related to the Nrf2 pathway 

25-35

25-35 

n=3).  **P<0.01 vs the control.  ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 

25-35-plus-inhibitor-treated group.
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-

 stress in terms of whether it acts directly 
/

/

25-35

n=3).  **P<0.01 vs the control.  ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 25-35-plus-inhibitor-treated group.
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-

25-35

/

Discussion

neurons to produce pro-inflammatory cytokines such as 
[26-27]  

and degradation processes that enable the translocation of 

[26-29] -

 

25-35

25-35 

n=3).  *P<0.05, 
**P<0.01 vs the control.  ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 25-35-plus-cyanidin-treated group.
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of cyanidin-3-O

[30-31]

demonstrated that cyanidin decreased the expression of total 
p65 which indicated that p65 translocation from the cytosol 
into the nucleus, which is closely related to the degradation 

-

n=3).  
*P<0.05, **P<0.01 vs the control.  ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 25-35-plus-cyanidin-treated group.

25–35 

n=3).  **P<0.01 vs the control.  ##P<0.01 vs 25-35-treated group.  $$P<0.01 vs 25-35-plus-cyanidin-treated group.
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ity and expression through downregulation of the p65 protein, 
-

[17-18] -

in phase II detoxification and antioxidant defense including 
[17-18]

Nrf2 pathway, which plays an important role in the expres-
sion of antioxidant enzymes[32-34]

cyanidin increases the translocation of Nrf2 into the nucleus; 

antioxidant capacity of a cell because it is a transcription factor 
for many genes coding for antioxidant enzymes[17-18] -

-
[32-34]

[17-18]

pathway[35-37]

[38]

slices from Nrf2 knockout mice[39-40]

-
dylinositol 3,4-bisphosphate (PIP2) to phosphatidylinositol 
3,4,5-triphosphate (PIP3)[41]

[42-43]

are consistent with those of other studies as regards the 

identify the role of PI3K/Akt in transducing cell death signals 
-

pathway[44-45] -

expression, as well as suppress Nrf2 translocation, resulting 
[43-46]

-
way and that this did not occur through the PI3K/Akt path-

-
mal upregulation of the PI3K/Akt signaling pathway in AD, 

-
tance through feedback mechanisms[47]

associated with AD progression[48]

upregulate both tau and APP[48]

modulates autophagy and clearance of protein aggregates, 

of this multifaceted enzyme[49-51]

-
[43,52-54]

been established that this effect depends on the regulatory role 

factors and interaction with signaling pathways, including the 
[55-56]

[55-59]

-
tion factors[55-59] -

[4] -
 in vitro and in vivo

-
rons[4-5,10,60-61] -

murine microglia)[3,5,10,60]

-
[11,62]

25-35 induced the expression of 
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-

25-35

-

induced production of inflammatory factors, there exists the 

-

-
tion[63-64]

-
25-35

[63-66]

25-35

25-

35

25-35-induced oxidation through 

Nrf2, which, in turn, leads to inhibition of downstream tar-

-

25-

35

-

-

-

progression and delays transition from the early stage of AD 

-

-

on cellular, biochemical, and molecular mechanisms in vitro

effect of cyanidin in in vivo models and compare them with in 
vitro

25-35-induced neu-

may be a potential pharmacological or functional food therapy 

in vivo

-

-

-

-

-
-

against neuroinflammation and neurodegeneration in Abeta1-42-

2 K im H, Youn K , Ahn MR, K im OY, Jeong WS, Ho CT, et a l .   
Neuroprotective effect of loganin against Abeta25-35-induced injury 

et al.  Resveratrol mitigates lipopolysaccharide- and Abeta mediated 

et al.  Soybean  
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isoflavone alleviates beta-amyloid 1-42 induced inflammatory 
response to improve learning and memory ability by down regulation 

PA, et al .  Activation of innate immunity in the CNS triggers 

Proc Natl Acad Sci U S A 2003; 100: 8514–9.
et al.  Role of 

et al

et 
al
amyloid beta-peptide and the membrane lipid peroxidation product 
4-hydroxynonenal.  Exp Neurol 2008; 213: 114–21.

2+ responses, and neuron cell death 

24.

AY, et al
oxidase and AA release from cytosolic phospholipase A2 in cortical 

et al.  Chotosan 

1–42

M.  Nrf1 and Nrf2 play distinct roles in activation of antioxidant 

33.

and anti-carcinogenic properties of a novel anthocyanin-rich berry 

Tocharus J.  Neuroprotective effect of purple rice extract and its 
constituent against amyloid beta induced neuronal cell death in SK-N-
SH cells.  Neurotoxicology 2014; 45: 149–58.

in neurological disorders: mechanisms of action and therapeutic 

N-acetyl 

et al.  

oxidative stress, and decreases the production of nitric oxide and 

factor-alpha (TNFalpha)-dependent, and involves a TNFalpha receptor-

et al.  Association of neuroprotective effect of di-O-

25–35-induced neurotoxicity with suppression 

species in inflammation and tissue injury.  Antioxid Redox Signal 

32 Shih PH, Yeh CT, Yen GC.  Anthocyanins induce the activation of phase 

33 Cimino F, Speciale A, Anwar S, Canali R, Ricciardi E, Virgili F.  et al.  
Anthocyanins protect human endothelial cells from mild hyperoxia 
damage through modulation of Nrf2 pathway.  Genes Nutr 2013; 8: 
391–9.

34 Speciale A, Anwar S, Canali R, Chirafisi J, Saija A, Virgili F, et al.  
Cyanidin-3-O-glucoside counters the response to TNF-alpha of 
endothelial cells by activating Nrf2 pathway.  Mol Nutr Food Res 

Hoozemans J, et al.  Nrf2-induced antioxidant protection: A promising 
target to counteract ROS-mediated damage in neurodegenerative 

et al.  Expression of nrf2 in neurodegenerative disease.  J Neuropathol 

health and disease: The therapeutic potential of Nrf2 activation.  Mol 
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hippocampal cell death.  Mol Cell Neurosci 2008; 39: 125–32.

2004; 32: 350–4.

oxidative damage-induced neurotoxicity in PC12 cells by curcumin, the 

Cell 2009; 20: 1533–44.

modulation of autophagy and the clearance of protein aggregates in 

49 Jimenez S, Torres M, Vizuete M, Sanchez-Varo R, Sanchez-Mejias 
et al.  Age-dependent accumulation of soluble 

amyloid beta (Abeta) oligomers reverses the neuroprotective effect of 
soluble amyloid precursor protein-alpha (sAPP(alpha)) by modulating 

microglial migration, inflammation, and inflammation-induced 

et al.  Phospha-

of epigallocatechin gallate on oxidative stress-injured neuronal-

et al.  Role of 

et al

synergistic with glial iNOS expression in inducing neuronal death: 

 
et al

lipopolysaccharide-induced production of reactive oxygen species and 
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