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As one of the most important hallmarks of Alzheimer’s disease (AD), B-amyloid (AB) plays important roles
in inducing reactive oxygen species (ROS) generation, mitochondrial dysfunction and apoptotic cell death
in neurons. Curcumin extracted from the yellow pigments spice plant turmeric shows multiplied
bioactivities such as antioxidant and anti-apoptosis properties in vitro and in vivo. In the present study,

KeyWOfd'Si the neuroprotective effect of curcumin against AB,s_ss-induced cell death in cultured cortical neurons
gu/:wr;"pd was investigated. We found that pretreatment of curcumin prevented the cultured cortical neurons from
-Amyloi

. ABys_3s-induced cell toxicity. In addition, curcumin improved mitochondrial membrane potential
Cultured cortical neurons . . . .
SIRT1 (A¥m), decreased ROS generation and inhibited apoptotic cell death in AB,s_35 treated neurons. Further-
more, we found that application of curcumin activated the expression of SIRT1 and subsequently
decreased the expression of Bax in the presence of AB,s_3s. The protective effect of curcumin was blocked
by SIRT1 siRNA. Taken together, our results suggest that activation of SIRT1 is involved in the neuropro-
tective action of curcumin.

Apoptosis

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Alzheimer’s disease (AD) is the most progressive neurodegener-
ative disorder in the elderly accompanied with eventual impair-
ment of the cognitive function. The pathological features of AD
include deposition of massive B-amyloid (AB) in senile plaques,
abnormal tau accumulation in neurofibrillary tangles and loss of
synapses and neurons [1]. AB is thought to play a critical role in
the development and progress of AD. Lots of evidences show that
AB-induced neurotoxicity is associated with reactive oxygen spe-
cies (ROS) generation, mitochondrial dysfunction and calcium
homeostasis [2-4].

Curcumin (Fig. 1A), a low molecular weight polyphenol (MW:
368.39) extracted from the yellow pigments spice plant turmeric,
has been implied multiply bioactivities [5]. Curcumin exerts anti-
oxidative properties by inhibiting pro-apoptotic factors such as

Abbreviations: AB, amyloid beta; AD, Alzheimer’s disease; Bax, Bcl-2-associated
X protein; A¥m, mitochondrial membrane potential; MTT, methyl thiazolyl
tetrazolium; ROS, reactive oxygen species; SIRT1, silent information regulator 1;
TMRM, tetramethylrhodaminemethylester.
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Bcl-2-associated X protein (Bax) and peroxisome proliferator-acti-
vated receptor-y (PPAR-y) [6,7]. Recently, a report suggests that
curcumin scavenges free radicals and inhibited the formation of
B-sheeted aggregation in cortical neurons [8]. Moreover, curcumin
prevents the formation of AR aggregates and improves cognitive
dysfunction in AD transgenic mice [9]. However, the underlying
mechanisms of curcumin against AB-induced neurotoxicity are still
not fully elucidated.

Silent information regulator 1 (SIRT1), a member of the sirtuin
family, is a nicotinamide adenine dinucleotide (NAD)-dependent
histone deacetylase. SIRT1 plays essential roles in regulating cellu-
lar functions and activities including stress responses, cell apoptosis
and axonal degeneration [10-12]. SIRT1 activation by pretreatment
of curcumin attenuates mitochondrial oxidative damage induced by
myocardial ischemia reperfusion injury [13]. Regulation of SIRT1 is
also involved in calorie restriction and aging [14,15]. A growing
numbers of evidences show that SIRT1 may regulate metabolic pro-
cess and apoptosis in AD, and loss of SIRT1 is closely associated with
the Ap accumulation in transgenic mice [16,17].

Based on above, we hypothesized that activation of SIRT1 par-
ticipated the protection of curcumin against AP neurotoxicity.
Here, we investigated the protective effects of curcumin against
AB2s_35 toxicity in rat cortical neurons to elucidate the underlying
mechanisms via activating SIRT1.
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Fig. 1. Protective effects of curcumin against AB,s_3s-induced cell death in cortical neurons. (A) Chemical structure of curcumin. (B) Neurons were treated with different
concentrations (1, 5, 10, 25 and 50 pM) of curcumin for 24 h (*P < 0.01 vs Control). (C) Neurons were treated with different concentrations (1, 5, 10, 25, 50 pM) of AB5_35 for
24 h (*P < 0.01 vs Control). (D) Neurons were pretreated with different concentrations of curcumin (5-50 puM) for 2 h and then incubated in the presence/absence of ABys_3s

(25 puM) for 24 h (¥P < 0.01 vs Control, *P < 0.01 vs ABys_35). n=6.
2. Materials and methods
2.1. Materials

Curcumin (purity > 99%), ABas-35, phenylmethanesulfonyl fluo-
ride (PMSF), methyl thiazolyl tetrazolium (MTT), dimethylsulfox-
ide (DMSO) and poly-p-lysine were purchased from Sigma (USA).
Dulbecco’s modified Eagle’s medium (DMEM), phosphatase inhib-
itor cocktail, Neurobasal A medium, B27 supplement and SIRT1
siRNA were obtained from Invitrogen (USA). Rabbit polyclonal pri-
mary antibodies cleaved caspase-3 and SIRT1 were purchased from
Cell Signaling Technology (USA). Mouse anti-SIRT1 monoclonal
antibody, rabbit anti-Bax polyclonal antibody and rabbit anti-p-
actin monoclonal antibody were purchased from Santa Cruz Bio-
technology (USA).

2.2. Primary cortical neurons cultures

Sprague-Dawley rats were supplied by the Experimental Animal
Center of Xi'an Jiaotong University and approved by the Animal
Care and Use Committee of Xi’an Jiaotong University. Cortices were
dissected from Day O to 1 pups of Sprague-Dawley rat, dissociated
with 0.05% trypsin, and triturated in ice-cold Neurobasal A med-
ium. Cells were then centrifuged at 200xg for 5 min to remove
debris. The resulting pellets were resuspended in culture medium
(Neurobasal A medium with 2% B27 supplement, 0.5 mM L-gluta-
mine, 100 U/mL penicillin and 100 pg/mL streptomycin) and pla-
ted onto poly-i-lysine coated culture plates with an appropriate
density. Cultures were maintained at 37 °C in humidified air con-
taining 5% CO,. ABys_35 or curcumin was added to the cultured
medium of day 7 cultured neurons.

2.3. Cell treatments

AB2s_35 was dissolved in sterile deionized water to obtain a
stock solution of 1 mM, kept at 37 °C for 72 h and then stored at

4 °C. Curcumin was dissolved in DMSO and the concentration of
DMSO did not exceed 0.1%. Cultured neurons were pretreated with
curcumin in different dose for 2 h. The groups were divided into
Control group (non-treatment), ABys_3s group (ABs_3s treatment)
and curcumin group (pretreatment of curcumin with ABys_3s).
SIRT1-specific siRNA, and control siRNA were silencer select prede-
signed siRNAs from Life Technologies (Invitrogen) and experiments
were performed according to manufacturer’s instructions. Briefly,
mouse primary cortical neurons were treated with 25 nm of either
SIRT1 specific siRNA or control siRNA using lipofectamine RNA
iMAX transfection reagent. 24 h later, the cells were treated with
ABys_35 for 24 h with or without pretreatment of curcumin and
next experiments were performed after transfection.

2.4. MTT assay

After various treatments, cortical neurons viability was deter-
mined by MTT assay. 20 uL MTT solution in PBS (5 mg/mL stock
solution) was added to each well at a final concentration of
0.5 mg/mL and the plates were incubated for an additional 4 h at
37 °C. Subsequently, the reaction was stopped by 150 pL DMSO/
per well. Absorbance at 540 nm was measured using a Bio-Rad
microplate reader. The results were presented as a percentage of
control.

2.5. Cellular apoptosis analysis

Neurons were fixed in fresh 4% paraformaldehyde, 4% sucrose in
PBS for 20 min at room temperature and permeabilized in 0.1%
Triton X-100, 0.1% sodium citrate in PBS for 2 min on ice. Terminal
deoxynucleotidyl transferase-biotin dUTP nick-end labeling
(TUNEL) staining was performed using the in situ cell death detec-
tion kit I as described by the manufacturer (Roche). The coverslips
were then washed once in distilled water for 5 min and mounted
on glass slides to be observed under a fluorescence microscope.
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2.6. Cellular ROS generation

To determine the levels of ROS in neurons, Amplex® Red reagent
(Invitrogen) assay was employed according to the instruction.
Hydrogen peroxide can be reacted with chemical substance,
10-acetyl-3, 7-dihydroxyphenoxazine, present in the Amplex®
Red reagent along with horseradish perxidase (HRP) to produce a
fluorescent oxidation product. The fluorescence signals were mea-
sured by fluorometer (Bio-rad).

2.7. Measurement of mitochondrial membrane potential (A¥m) by
TMRM assay

Cortical neurons were cultured in 8 well chamber slices. After
various treatments, the medium was removed from plates, and
200 nm TMRM (Invitrogen) in phenol red-free medium was added.
Plates were incubated for 30 min at 37 °C and gently washed
3 times with PBS. Fluorescent signals were captured using a fluo-
rescence microscope (Olympus). The intensity of TMRM was ana-
lyzed with Image ] software (NIH).

2.8. Western blot

Neurons after treatment were washed with cold PBS for 3 times
and lysed in ice-cold cell lysis buffer (50 mM Tris-HCIl, 150 mM
Nacl, 1% Triton X-100, 100 pg/mL PMSF, pH 8.0) with phosphatase
inhibitor cocktail. The mixture was then centrifuged at 12,000xg
for 10 min at 4 °C and the supernatant was collected. The superna-
tant was treated with sample loading buffer and then by boiling for
5 min. Samples were separated on 8% or 12% Tris-glycine poly-
acrylamide gels and transferred to polyvinylidene difluoride
(PVDF) membranes (Bio-rad, USA). The membranes were blocked
with 5% non-fat milk in TBST (TBS containing 0.1% Tween-20) at
RT for 1 h. The blots were incubated with primary antibody in
blocking buffer at 4 °C overnight (anti-Bax, 1:500; anti-p-Actin,
1:1000; anti-SIRT1, 1:1000; anti-cleaved caspase-3, 1:1000). Mem-
branes were washed 3 times with TBST and then incubated with
the secondary antibody: peroxidase-conjugated anti-rabbit IgG or
anti-mouse IgG (1:5000, Invitrogen) for 1 h at RT. Membranes were
washed 3 times again and then developed with Enhanced Chemilu-
minescence (ECL) (Pierce, USA) followed by apposition of the mem-
brane to autoradiographic films (Kodda, Japan). The immunoblots
were quantified by densitometric analysis.

2.9. Statistical analysis

All data obtained were expressed as means + standard error (SE)
from at least 3 independent experiments. Statistical significance
was determined using one-way analysis of variance (ANOVA) fol-
lowed by the Turkey-Kramer test for multiple comparisons when
appropriate. A value P<0.05 was considered statistically
significant.

3. Results

3.1. Curcumin attenuated ApB»s_35 -induced cell death in cortical
neurons

After 7 days, cultured neurons were treated with curcumin at
various doses for 24 h. The MTT assay showed that treatment of
curcumin at 1, 5, 10 and 25 pM didn’t affect cell viability, but treat-
ment of 50 pM curcumin accessed about 15.4% reduction of cell
viability compared with the control group (Fig. 1B, P<0.01). To
determine the toxicity of AB,s_3s, cultured neurons were treated
with AB,s_35 at various doses (1-50 uM) for 24 h. The MTT assay

showed that AB,s_3s5 induced cortical neurons death in a dose-
dependent manner. The cortical neurons treated with 25 pM
ABas_35 showed about 52.4% reduction of cell viability and cells
were strongly insulted by 50 pM ABas_3s with severe cell loss
(Fig. 1C, P< 0.01). In hence, AB5_35 at 25 pM was selected to estab-
lish AD cell model in next experiments. Pretreatment of 10 uM or
25 puM curcumin significantly increased cell viability compared
with that in the ABys_35 group (Fig. 1D, P<0.01). Low dose of cur-
cumin (5 pM) group or high dose of curcumin (50 pM) didn’t show
significant difference compared with Ap,s_35 treatment alone.

3.2. Curcumin inhibited AB»s_35 -induced neuronal apoptosis

By employing TUNEL assay, the AB;s_35 group showed obviously
higher apoptotic cells numbers. However, the numbers of apopto-
tic cells was decreased in the curcumin pretreatment group com-
pared with the AB,5_35 group (P < 0.01). Few apoptotic cells were
detected in the control group (Fig. 2A). To further confirm above
results, we evaluated the expression of cleaved caspase-3 by Wes-
tern blot (Fig. 2B). When exposed to 25 uM AB;s_3s, the expression
of cleaved caspase-3 was significantly increased in cortical neurons
compared with the control group (P < 0.01). Pretreatment of curcu-
min at 10 pM or 25 uM reduced the expression of cleaved caspase-
3 compared with that in the ABys_35 group (P <0.01) (Fig. 2C).

3.3. Curcumin protected cortical neurons against Apas_3s induced ROS
generation and mitochondrial membrane potential (A¥m) collapse

To further investigate the possible mechanism of curcumin
against AB toxicity, we examined ROS generation. Relative ROS lev-
els were measured in the control group, AB group and curcumin
group (Fig. 2D). ABas_3s treated neurons showed remarkably
increased ROS level, whereas pretreatment of curcumin at 10 pM
or 25 pM dramatically decreased ROS level (P < 0.01). To determine
the effect of curcumin on mitochondrial function, we measured
mitochondrial membrane potential (A¥m) by using TMRM stain-
ing. Upon AB,s_35 exposure, cortical neurons showed a statistically
significant decreased A¥Ym compared with cells in the control
group (P <0.01). However, pretreatment of curcumin at 10 uM or
25 uM showed significantly increased A¥m compared with neu-
rons treated with AB,s_3s alone (Fig. 2F, P<0.01).

3.4. Curcumin increased the expression of SIRT1 and decreased the
expression of Bax in Afs_3s rich milieu

In addition, we examined the expression of SIRT1 and Bax by
using Western blot. As shown in Fig. 3A and B, compared with
the control group, ABys_35s group showed significantly decreased
expression of SIRT1 which attenuated by pretreatment of curcumin
at 10 uM or 25 uM (P < 0.01). The expression of Bax was markedly
increased by AB,s_3s compared with the control group, while such
increase was obviously attenuated by pretreatment of curcumin at
10 uM or 25 pM (Fig. 3C and D, P<0.01).

3.5. SIRT1 siRNA blocked the neuroprotection of curcumin in the
presence of ABas_35

Based on the changes of SIRT1 expression in neurons, we inves-
tigated the role of SIRT1 in the neuroprotection of curcumin by
transfecting SIRT1 siRNA. Firstly, to confirm the effect of SIRT1 siR-
NA, we examined the expression of SIRT1 in neurons pretreated of
curcumin followed by addition of AB,s_3s. The results showed that
SIRT1 siRNA blocked curcumin enhanced SIRT1 expression (Fig. 4A
and B, P<0.01). Secondly, the MTT assay results showed that
although neurons loss in the Ap,s_35 group was significantly
attenuated by pretreatment of curcumin, such protective effect of
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Fig. 2. Curcumin attenuated AB,s_3s-induced apoptotic cell death, ROS generation and

curcumin+AP2s.35

recovered mitochondrial membrane potential (A¥m). (A) TUNEL assay showed that

25 UM AB,s_35 increased apoptosis compare with Control group (P < 0.01 vs Control). Pretreatment of 10 or 25 M curcumin significantly attenuated 25 1M AB,5_ss-induced
apoptosis (*P < 0.01 vs ABys_3s). (B and C) 25 pM AB,s_35 increased the expression of cleaved caspase-3 compared with Control (*P < 0.01 vs Control). Pretreatment of 10 or
25 uM curcumin significantly decreased cleaved caspase-3 expression compared with ABys_35 group (“P < 0.01 vs ABzs_35). (D) Cellular ROS level. 25 uM AB,s_35 increased ROS
generation compared with Control (*P < 0.01 vs Control). Pretreatment of 10 or 25 pM curcumin significantly attenuated 25 UM Ap,s_3s-induced ROS (*P < 0.01 vs ABys_3s). (E)
Mitochondrial membrane potential (A¥m). 25 UM Ap,s_35 decreased A¥m compared with Control (*P < 0.01 vs Control). Pretreatment of 10 or 25 pM curcumin significantly

reversed A¥Ym (*P<0.01 vs ABs_35). n=3.
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Fig. 3. SIRT1 and Bax expressions were determined by Western blot. (A and B) 25 pM A,s_35 treatment significantly decreased expression of SIRT1 but markedly recovered

by application of curcumin at 10 or 25 uM curcumin pretreatment. (C and D) Bax ex
curcumin pretreatment. *P < 0.01 vs Control, *P < 0.01 vs ABys_35, 1 = 3.

curcumin was blocked by the addition of SIRT1 siRNA (Fig. 4C,
P <0.01). Thirdly, TUNEL assay results showed that transfecting
with SIRT1 siRNA weakened curcumin’s protection against ABys_
3s-induced apoptotic cells numbers (Fig. 4D, P < 0.01). In addition,
in the presence of AP,s_3s, neurons pretreated with curcumin

pression was increased in AB,s_35 treated neurons but attenuated with 10 or 25 uM

showed significantly increased expression of cleaved caspase-3 in
the SIRT1 siRNA group compared with the control siRNA group
(Fig. 4E and F, P<0.01). Compared with the control group, control
siRNA had no effect on the cell viability as well as apoptotic cell
death (data not shown).
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detected by Western blot. SIRT1 siRNA blocked curcumin decreased cleaved caspase-3 expression in the presence of ABs_3s (*P <0.01 vs ABas_35, 1 =3).

4. Discussion

The present study showed that curcumin significantly inhibited
AB2s_35-induced neuronal loss and apoptosis in cultured rat corti-
cal neurons. Pretreatment of curcumin decreased the generation
of ROS and increased mitochondrial membrane potential (A¥'m)
in AP rich milieu. Furthermore, the application of curcumin was
able to attenuate the AB,s_3s-induced down-regulation of SIRT1,
which was blocked by SIRT1 siRNA. In addition, pretreatment of
curcumin decreased the expression Bax enhanced by ABys_ss,
which was blocked by SIRT1 siRNA either. Here, we reported for
the first time that activation of SIRT1 is involved in the neuropro-
tective effects of curcumin against AB,s_35 toxicity.

AB has been implicated as one of the most important patho-
genic hallmarks of Alzheimer’s disease (AD). Lots of studies dem-
onstrated that AB induced neurons loss in vivo and in vitro [18].
Curcumin possesses a variety of pharmacological and biological
properties and potentially mediates neuronal protection [19]. Sev-
eral studies indicate that application of curcumin protects neurons
from AB-induced toxicity [20,21]. In the present study, application
of ABys_35 at various concentrations caused neuronal death with
dose-dependent. Pretreatment of 10 or 25 uM curcumin signifi-
cantly inhibited neuronal loss and apoptosis in rat cortical neurons
treated with AB,s_3s. In addition, we found that pretreatment of 10
or 25 pM curcumin reserved accumulation of ROS. Moreover, the
decreased mitochondrial membrane potential (A% m) was rescued

by curcumin in Ap rich environment. These results imply that the
neuronal protective role of curcumin in neurons injury induced
by AB»s_35 may be associated with regulating cell energy metabo-
lism and redox status.

SIRT1 is a member of the class IlI group of histone deacetylases.
The deacetylase activity of SIRT1 is dependent on the ratio of NAD+
to NADH in the cell. In myocardial ischemia-reperfusion injury, the
deacetylase activity of SIRT1 plays a key role in cardioprotection
[22]. Many studies demonstrate that the activation of SIRT1 path-
way is important for energy metabolism and neuronal survival
[23]. Resveratrol, a SIRT1 activator, inhibits hypoxia-induced apop-
tosis via the SIRT1-FOXO1 pathway in H9c2 embryonic rat heart-
derived cells [24]. In addition, a number of studies suggested that
overexpression of SIRT1 is closely associated with preventing aging
and AB accumulation [25,26]. A current report also suggests the
expression of SIRT1 is lower in AD patients [27]. In this study, we
found that the application of curcumin was able to attenuate the
AB,s_3s-induced down-regulation of SIRT1. Moreover, several evi-
dences suggest that SIRT1 inhibits apoptotic cell death by deacet-
ylating the DNA repair factor Ku70, which can sequester Bax
away from mitochondria [28,29]. In the present study, we found
that pretreatment of curcumin decreased the expression of Bax
in APys_3s-treated neurons. Therefore, down-regulation of SIRT1
and up-regulation of Bax might contribute to the onset of AD. To
further confirm the effects of curcumin against AB toxicity are
mediated by the SIRT1 pathway, we transfected neurons with
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SIRT1 siRNA prior to curcumin and AB,s_3s treatment and then
examined the cell viability and apoptosis. Our results showed that
transfected SIRT1 siRNA blocked curcumin increased cell viability
in the presence of AB,s_3s. The curcumin decreased apoptosis
was inhibited by SIRT1 siRNA. These results suggest that the SIRT1
pathway plays an important role in the neuroprotective properties
of curcumin against Af toxicity in cultured cortical neurons.

In summary, curcumin protected cortical neurons from AB-
induced neurotoxicity and cell apoptosis. It prevented the ROS gen-
eration and maintained the mitochondrial membrane potential.
Particularly, AB,s_35 suppressed SIRT1 expression was significantly
recovered by curcumin. Our data further demonstrated that the
neuroprotective action of curcumin was attributed by activation
of SIRT1. The present study provided new insights into the mech-
anism of the neuroprotective effects of curcumin.

References

[1] J.F. Dartigues, Alzheimer’s disease: a global challenge for the 21st century,
Lancet Neurol. 8 (2009) 1082-1083.

[2] A. Scaloni, L. Zolla, Redox proteomics, ]. Proteomics 74 (2011) 2223-2227.

[3] KE. Muirhead, E. Borger, L. Aitken, S.J. Conway, FJ. Gunn-Moore, The
consequences of mitochondrial amyloid beta-peptide in Alzheimer’s disease,
Biochem. J. 426 (2010) 255-270.

[4] C. Corona, A. Pensalfini, V. Frazzini, S.L. Sensi, New therapeutic targets in
Alzheimer’s disease: brain deregulation of calcium and zinc, Cell Death Dis. 2
(2011) e176.

[5] A.S. Darvesh, R.T. Carroll, A. Bishayee, N.A. Novotny, W.]. Geldenhuys, C.J. Van
der Schyf, Curcumin and neurodegenerative diseases: a perspective, Expert
Opin. Invest. Drugs 21 (2012) 1123-1140.

[6] W. Liu, Z. Fan, Y. Han, S. Lu, D. Zhang, X. Bai, W. Xu, J. Li, H. Wang, Curcumin
attenuates peroxynitrite-induced neurotoxicity in spiral ganglion neurons,
Neurotoxicology 32 (2011) 150-157.

[7] J. Lin, Y. Tang, Q. Kang, Y. Feng, A. Chen, Curcumin inhibits gene expression of
receptor for advanced glycation end-products (RAGE) in hepatic stellate cells
in vitro by elevating PPARgamma activity and attenuating oxidative stress, Br.
J. Pharmacol. 166 (2012) 2212-2227.

[8] H.C. Huang, P. Chang, X.L. Dai, ZF. Jiang, Protective effects of curcumin on
amyloid-beta-induced neuronal oxidative damage, Neurochem. Res. 37 (2012)
1584-1597.

[9] C. Zhang, A. Browne, D. Child, R.E. Tanzi, Curcumin decreases amyloid-beta
peptide levels by attenuating the maturation of amyloid-beta precursor
protein, J. Biol. Chem. 285 (2010) 28472-28480.

[10] R. Nogueiras, K.M. Habegger, N. Chaudhary, B. Finan, A.S. Banks, M.O. Dietrich,
T.L. Horvath, D.A. Sinclair, P.T. Pfluger, M.H. Tschop, Sirtuin 1 and sirtuin 3:
physiological modulators of metabolism, Physiol. Rev. 92 (2012) 1479-1514.

[11] Z.Z. Chong, Y.C. Shang, S. Wang, K. Maiese, SIRT1: new avenues of discovery for
disorders of oxidative stress, Expert Opin. Ther. Targets 16 (2012) 167-178.

[12] F. Zhang, S. Wang, L. Gan, P.S. Vosler, Y. Gao, M.J. Zigmond, ]. Chen, Protective
effects and mechanisms of sirtuins in the nervous system, Prog. Neurobiol. 95
(2011) 373-395.

[13] Y. Yang, W. Duan, Y. Lin, W. Yi, Z. Liang, J. Yan, N. Wang, C. Deng, S. Zhang, Y. Li,
W. Chen, S. Yu, D. Yi, Z. Jin, SIRT1 activation by curcumin pretreatment
attenuates mitochondrial oxidative damage induced by myocardial ischemia
reperfusion injury, Free Radic. Biol. Med. 65 (2013) 667-679.

[14] M. Kitada, S. Kume, A. Takeda-Watanabe, S. Tsuda, K. Kanasaki, D. Koya, Calorie
restriction in overweight males ameliorates obesity-related metabolic
alterations and cellular adaptations through anti-aging effects, possibly
including AMPK and SIRT1 activation, Biochim. Biophys. Acta 2013 (1830)
4820-4827.

[15] S.J. Park, F. Ahmad, A. Philp, K. Baar, T. Williams, H. Luo, H. Ke, H. Rehmann, R.
Taussig, A.L. Brown, M.K. Kim, M.A. Beaven, A.B. Burgin, V. Manganiello, J.H.
Chung, Resveratrol ameliorates aging-related metabolic phenotypes by
inhibiting cAMP phosphodiesterases, Cell 148 (2012) 421-433.

[16] G. Donmez, D. Wang, D.E. Cohen, L. Guarente, SIRT1 suppresses beta-amyloid
production by activating the alpha-secretase gene ADAM10, Cell 142 (2010)
320-332.

[17] J. Wang, H. Fivecoat, L. Ho, Y. Pan, E. Ling, G.M. Pasinetti, The role of Sirt1: at
the crossroad between promotion of longevity and protection against
Alzheimer’s disease neuropathology, Biochim. Biophys. Acta 2010 (1804)
1690-1694.

[18] J.K. Knowles, J. Rajadas, T.V. Nguyen, T. Yang, M.C. LeMieux, L. Vander Griend,
C. Ishikawa, S.M. Massa, T. Wyss-Coray, F.M. Longo, The p75 neurotrophin
receptor promotes amyloid-beta(1-42)-induced neuritic dystrophy in vitro
and in vivo, J. Neurosci. 29 (2009) 10627-10637.

[19] R.B. Mythri, M.M. Bharath, Curcumin: a potential neuroprotective agent in
Parkinson’s disease, Curr. Pharm. Des. 18 (2012) 91-99.

[20] Z. Xiong, Z. Hongmei, S. Lu, L. Yu, Curcumin mediates presenilin-1 activity to
reduce beta-amyloid production in a model of Alzheimer’s disease, Pharmacol.
Rep. 63 (2011) 1101-1108.

[21] A. Thapa, B.C. Vernon, K. De la Pena, G. Soliz, H.A. Moreno, G.P. Lopez, E.Y. Chi,
Membrane-mediated neuroprotection by curcumin from amyloid-beta-
peptide-induced toxicity, Langmuir 29 (2013) 11713-11723.

[22] C.P. Hsu, P. Zhai, T. Yamamoto, Y. Maejima, S. Matsushima, N. Hariharan, D.
Shao, H. Takagi, S. Oka, J. Sadoshima, Silent information regulator 1 protects
the heart from ischemia/reperfusion, Circulation 122 (2010) 2170-2182.

[23] V. Carafa, A. Nebbioso, L. Altucci, Sirtuins and disease: the road ahead, Front.
Pharmacol. 3 (2012) 4.

[24] CJ. Chen, W. Yu, Y.C. Fu, X. Wang, J.L. Li, W. Wang, Resveratrol protects
cardiomyocytes from hypoxia-induced apoptosis through the SIRT1-FoxO1
pathway, Biochem. Biophys. Res. Commun. 378 (2009) 389-393.

[25] V. Theendakara, A. Patent, C.A. Peters Libeu, B. Philpot, S. Flores, O. Descamps,
K.S. Poksay, Q. Zhang, G. Cailing, M. Hart, V. John, R.\V. Rao, D.E. Bredesen,
Neuroprotective Sirtuin ratio reversed by ApoE4, Proc. Natl. Acad. Sci. U.S.A.
110 (2013) 18303-18308.

[26] W. Duan, Sirtuins: from metabolic regulation to brain aging, Front Aging
Neurosci. 5 (2013) 36.

[27] R. Kumar, P. Chaterjee, P.K. Sharma, A.K. Singh, A. Gupta, K. Gill, M. Tripathi,
A.B. Dey, S. Dey, Sirtuinl: a promising serum protein marker for early
detection of Alzheimer’s disease, PLoS One 8 (2013) e61560.

[28] H.Y. Cohen, C. Miller, KJ. Bitterman, N.R. Wall, B. Hekking, B. Kessler, K.T.
Howitz, M. Gorospe, R. de Cabo, D.A. Sinclair, Calorie restriction promotes
mammalian cell survival by inducing the SIRT1 deacetylase, Science 305
(2004) 390-392.

[29] AD. Amsel, M. Rathaus, N. Kronman, H.Y. Cohen, Regulation of the
proapoptotic factor Bax by Ku70-dependent deubiquitylation, Proc. Natl.
Acad. Sci. U.S.A. 105 (2008) 5117-5122.


http://refhub.elsevier.com/S0006-291X(14)00708-6/h0005
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0005
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0015
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0015
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0015
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0065
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0065
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0065
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0065
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0105
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0105
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0105
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0115
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0115
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0120
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0120
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0120
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0125
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0125
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0125
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0125
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0130
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0130
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0135
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0135
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0135
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0140
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0140
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0140
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0140
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0145
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0145
http://refhub.elsevier.com/S0006-291X(14)00708-6/h0145

	Activation of SIRT1 by curcumin blocks the neuro
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Primary cortical neurons cultures
	2.3 Cell treatments
	2.4 MTT assay
	2.5 Cellular apoptosis analysis
	2.6 Cellular ROS generation
	2.7 Measurement of mitochondrial membrane potent
	2.8 Western blot
	2.9 Statistical analysis

	3 Results
	3.1 Curcumin attenuated Aβ25–35 -induced cell de
	3.2 Curcumin inhibited Aβ25–35 -induced neuronal
	3.3 Curcumin protected cortical neurons against 
	3.4 Curcumin increased the expression of SIRT1 a
	3.5 SIRT1 siRNA blocked the neuroprotection of c

	4 Discussion
	References


