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A B S T R A C T

Endoplasmic reticulum (ER) stress is involved in neurodegenerative diseases, including Alzheimer’s

disease and Parkinson’s disease. Therefore, interventions that attenuate ER stress may contribute to

induction in apoptotic cell death. This study aimed to evaluate the potential involvement of O-

demethyldemethoxycurcumin, an analog of curcuminoids, on thapsigargin-induced apoptosis in

cultured neuroblastoma (SK-N-SH) cells through the ER stress signaling pathway. The results showed

that O-demethyldemethoxycurcumin reduced thapsigargin induced cell death in SK-N-SH cells and the

release of lactate dehydrogenase (LDH) by decreasing the apoptotic cell death induced by thapsigargin.

Consistent with these findings, O-demethyldemethoxycurcumin inhibited the thapsigargin-induced

activation of cleavagecaspase-12. Moreover, O-demethyldemethoxycurcumin attenuated the intracel-

lular Ca2+ level and the expression of the calpain protein. O-demethyldemethoxycurcumin also

downregulated the expression of ER stress signaling proteins, including the phosphorylation of PKR-like

endoplasmic reticulum kinase (p-PERK), the phosphorylation of inositol-requiring enzyme 1 (p-IRE1),

activating transcription factor 6 (ATF6), binding immunoglobulin protein (BiP) and C/EBP homologous

protein (CHOP). Our findings suggest that O-demethyldemethoxycurcumin could protect against

thapsigargin-induced ER stress in SK-N-SH cells.

� 2015 Elsevier Inc. All rights reserved.
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1. Introduction

Neurodegenerative diseases, such as Alzheimer’s disease (AD),
Parkinson’s disease (PD) and Huntington’s disease (HD), account
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reticulum; FBS, fetal bovine serum; H2O2, hydrogen peroxide; HD, Huntington’s

disease; IRE1, inositol-requiring protein-1; LDH, lactate dehydrogenase; MEM,

minimal essential medium; MTT, A-3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide; PD, Parkinson’s disease; PERK, PKR-like ER kinase; PI,
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis; SERCA, sarcoplasmic/
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for a significant and increasing proportion of morbidity and
mortality worldwide (Mercado et al., 2013; Alzheimer’s Associa-
tion, 2014; Tanner et al., 2014). Several lines of evidence suggest
that endoplasmic reticulum (ER) stress plays a critical role in the
development or pathology of many neurodegenerative diseases
(Emerit et al., 2004; Costa et al., 2010; Hetz, 2012; Nagai, 2012).
These diseases share a common pathogenetic mechanism the
aggregation and deposition of unfolded proteins that leads to
progressive central nervous system (CNS) degeneration (Emerit et
al., 2004; Brown and Naidoo, 2012; Hugo and Hetz, 2013; Halliday
and Mallucci, 2014). The ER is a main organelle that regulates
protein folding and calcium signaling (Hamman et al., 1998;
Kleizen and Braakman, 2004). When the ER is disturbed, unfolded
proteins accumulate in the ER lumen and Ca2+ is released from the
ER to the cytoplasm, leading to ER stress on the cells (Kass and
Orrenius, 1999). Several stimuli, such as glucose deprivation,
interference with N-linked protein glycosylation, viral infection
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and depletion of Ca2+ in the ER, lead to an accumulation of
unfolded proteins in the ER that triggers the unfolded protein
response (UPR) (Oyadomari and Mori, 2004; Bernales et al., 2012).
The UPR is mediated through ER transmembrane receptors,
including double-stranded RNA-activated protein kinase (PKR),
the PKR-like ER kinase (PERK), inositol-requiring protein-1 (IRE1)
and activating transcription factor 6 (ATF6). Excessive and
prolonged stresses ultimately lead to apoptosis by inducing
expression of the C/EBP homologous protein (CHOP), a Bcl-2
inhibitor (Harding et al., 2003; Xu et al., 2005; Hetz et al., 2006; Lai
et al., 2007). Therefore, interventions that attenuate ER stress may
contribute to reduced apoptosis (Nagai, 2012; Bernales et al.,
2012; Costa et al., 2013).

Curcumin is a major chemical component of curcuminoids,
which is isolated from turmeric (Curcuma longa L). Curcumin and
its analogs have been reported to have pharmacological potential
as antimutagenic, anticancer, antioxidant, antibacterial and
neuroprotective agents (Mazumder et al., 1995; Jiang et al.,
2007; Parvathy et al., 2009; Zhao et al., 2011; Fang et al., 2013; Kou
et al., 2013; Bhullar et al., 2013; Son et al., 2013; Yang et al., 2014;
Yoon et al., 2014). Our study reported that the analogs of curcumin
exhibited higher physiological and pharmacological activities than
the parent curcumin itself by inhibiting nitric oxide and proin-
flammatory cytokines production. Among them, O-demethylde-
methoxycurcumin was a more potent anti-inflammatory than its
parent compounds (Tocharus et al., 2012). It is therefore of interest
to investigate whether chemical modification of the curcuminoids
would improve their neuroprotective property. In this study, we
evaluated whether O-demethyldemethoxycurcumin, the demethy-
lated analog of the natural demethoxycurcumin, protects SK-N-SH
cells from thapsigargin-induced cell death mediated by ER stress.
Using this model, we determined the effects of O-demethylde-
methoxycurcuminon on expression of proteins involved in ER
stress-induced cell death.

2. Materials and methods

2.1. Cell culture

SK-N-SH cells, human neuroblastoma cells, were obtained from
American Type Culture Collection (ATCC, Manassas, VA, USA). SK-
N-SH cells were cultured in Minimum Essential Media (MEM)
(Gibco, Gaithersburg, MD, USA) containing 10% FBS, penicillin and
streptomycin maintained in a humidified atmosphere of 5% CO2

and 95% air at 37 8C.

2.2. Chemicals

Thapsigargin was purchased from Sigma (St. Louis, MO, USA),
and minimal essential medium (MEM), fetal bovine serum (FBS),
penicillin, and streptomycin were sourced from GIBCO-BRL
(Gaitherburg, MD, USA). The 5 Fluo-4 NW calcium assay kit
was purchased from Molecular Probe (Molecular ProbeTM). The
western blot analysis used the following antibodies: anti-p-PERK,
anti-PERK, anti-CHOP, anti-calpain, anti-BiP, anti-actin (Cell
Signaling Technology, MA, USA), anti-p-IRE1, anti-IRE1, anti-
ATF6, anti-cleavage caspase-12 (Santa Cruz Biotechnology, CA,
USA), anti-mouse IgG peroxidase-conjugated secondary antibody
and anti-rabbit IgG peroxidase-conjugated secondary antibody
(Millipore, Bedford, MA, USA).

2.3. Preparation of O-demethyldemethoxycurcumin

Demethoxycurcumin (300 mg, 0.89 mmol), obtained from
Curcuma longa as described previously (Changtam et al., 2010),
was dissolved in dry CH2Cl2 (50 ml). The mixture was stirred at
0–5 8C for 5 min and then BBr3 (1 ml) was slowly added. The
reaction mixture was kept stirring at 0–5 8C for 1 h; water (100 ml)
was added and the mixture was extracted with EtOAc. The
combined organic phase was washed with water, dried over
anhydrous Na2SO4 and the solvent was removed under vacuum.
The crude product was purified by column chromatography using
CH2Cl2–MeOH (10:1) as eluting solvent to yield O-demethylde-
methoxycurcumin (180 mg, 62%). The spectroscopic (1H NMR and
mass spectra) data were consistent with the reported values
(Venkateswarlu et al., 2005).

2.4. Measurement of cell viability using MTT assays

A-3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) assay was used to assess cell viability. SK-N-SH cells
were cultured in a 96-well plate at a density of 5 � 105 cells/ml for
24 h at 37 8C in a CO2 incubator. The cells were pretreated with 1,
2 or 4 mM O-demethyldemethoxycurcumin for 2 h and then
treated in the presence or absence of 1 mM thapsigargin for 24 h.
After that 100 ml of MTT solution (10 mg/ml) was added to each
well and incubated at 37 8C for 2 h. The medium was aspirated
and 100 ml dimethyl sulfoxide (DMSO) was then added to
dissolve the formazan crystals. The absorbance was measured
at 570 nm using a microplate reader (Bio-Tek, Instruments,
Winooaski, VT, USA).

2.5. Measurement of lactate dehydrogenase (LDH) release

To determined neurotoxicity of thapsigargin, LDH assay was
performed by the LDH cytotoxicity assay kit according to the
manufacturer’s instruction. SK-N-SH cells were cultured in a 96-
well plate at a density of 5 � 105 cells/ml for 24 h at 37 8C in a CO2

incubator. The cells were pretreated with 1, 2 or 4 mM O-
demethyldemethoxycurcumin for 2 h and then treated in the
presence or absence of 1 mM thapsigargin for 24 h. The culture
medium was collected and transferred to a 96-well plate. The level
of LDH was assessed by adding 100 ml LDH reaction mix and
incubated at 37 8C for 30 min. The absorbance was measured at
450 nm using a microplate reader (Bio-Tek, Instruments, Winooaski,
VT, USA).

2.6. Measurement of intracellular calcium level

SK-N-SH cells were plated at a density of 1 � 104 cells/well into
a 96-well plate for 24 h. Cells were pretreated with 1, 2 or 4 mM O-
demethyldemethoxycurcuminfor 2 h, followed by treatment with
1 mM thapsigargin for 24 h. Cells were loaded with Tyrode-HEPES
(in mM: 145 NaCl, 2.7 KCl, 1 MgCl2, 1.8 CaCl2, 10 D-glucose, 10
HEPES, pH 7.4) containing 0.02% pluronic acid, 10 mM fluo-4 AM
and 1 mM probenecid in the dark for 45 min at 37 8C. Cells were
washed with Tyrode-HEPES in the dark for 30 min at room
temperature. Changes in fluorescence were measured at an
excitation wavelength of 494 nm and emission wavelength of
516 nm by using a fluorescent plate reader (DTX800, Beck-man
Coulter, Austria).

2.7. Assessment of apoptosis using flow cytometry

To determine the number of cell apoptosis, SK-N-SH cells were
plated at a density of 1 � 105 cells/ml into a 96-well plate for 24 h.
Cells were pretreated with 1, 2 or 4 mM O-demethyldemethox-
ycurcumin for 2 h, followed by treatment with 1 mM thapsigargin
for 24 h; then cells were collected and resuspended in 1� binding
buffer and incubated with annexinV-FITC and propidium iodide
(PI) for 15 min. Cells were analyzed with the MuseTM Cell Analyzer
(Millipore, Bedford, MA, USA).
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2.8. Western blot analysis

SK-N-SH cells were plated at a density of 5 � 105 cells/ml at
37 8C. The cells were then pretreated with O-demethyldemethox-
ycurcumin at concentrations of 1, 2 or 4 mM for 2 h, followed by
treatment in the presence or absence of 1 mM thapsigargin for 9 h for
detecting the expression of p-PERK, PERK, and CHOP or 24 h for
detecting the expression of p-IRE1, IRE1, ATF6, BiP, calpain and
cleavage caspase-12. After treatment, SK-N-SH cells were washed
with cold phosphate-buffered saline (PBS; pH 7.4). SK-N-SH cells at a
density of 5 � 105 cells/well were lysed in lysis buffer supplemented
with protease inhibitor cocktail. The cell lysates were centrifuged at
11,000 � g for 15 min at 4 8C. The supernatant was collected and
assayed for determination of total protein concentrations using the
Bradford assay with bovine serum albumin (BSA) as the standard.
Extracted protein (50 mg) in each sample was separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on
10–15% polyacrylamide gel. Separated proteins were transferred to
polyvinylidenenedifluoride (PVDF) membrane and were incubated
overnight in blocking solution containing 5% non-fat dry milk. Then,
they were incubated overnight with primary antibodies (anti p-
PERK, anti-PERK, anti-p-IRE1, anti-IRE1, anti-ATF6, anti-BiP, anti-
calpain, anti-cleavage caspase-12, anti-CHOP, and anti-actin) at 4 8C.
The blots were then incubated for 1 h with horseradish peroxidase-
conjugated secondary antibodies (Millipore, MA, USA). The signal
was visualized blots using enhanced chemiluminescence. Densito-
metric analysis was performed using a scanning densitometer of
X-ray films and the results were normalized using b-actin by using
Image J1 software.

2.9. Statistical analysis

All data were calculated as mean � SD of three independent
experiments and the comparison between groups were performed by
One-Way Analysis of Variance (ANOVA), followed by Post Hoc
Dunnett’s test. The level of significance was taken as p < 0.05.

3. Results

3.1. Effects of O-demethyldemethoxycurcumin on cell viability and

apoptotic cell death induced by thapsigargin in SK-N-SH cells

We first investigated the effect of O-demethyldemethoxycurcu-
min on ER stress-induced cell death in SK-N-SH cells. In the
preliminary experiment, we determined the viability of cells treated
with thapsigargin at concentrations of 0.001, 0.01, 0.1, 1 or 2 mM
were 92.8 � 2.0, 80.3 � 6.0, 75.3 � 2.5, 49.6 � 2.5 and 44.0 � 1.2%,
respectively (Fig. 1A). Based on these results, thapsigargin of 1 mM, at
which thapsigargin significantly induced cell death in approximately
50% of the cells (p < 0.001) compared to the control group, was selected
for use in subsequent studies to examine the protective effect of O-
demethyldemethoxycurcumin. Cells were preincubated with 1, 2 or
4 mM of O-demethyldemethoxycurcumin for 2 h before being treated
with 1 mM thapsigargin for an additional 24 h, a statistical increase in
cell viability was observed when cells were exposed in a concentration-
dependent manner. The cell viability values were 60.1 � 1.6, 76.1 � 3.7
and 85.9 � 1.9% when the cells were pretreated with 1, 2 or 4 mM of O-
demethyldemethoxycurcumin, respectively (Fig. 1B). The cytoprotec-
tive effect of O-demethyldemethoxycurcumin was also confirmed by
LDH release assay (Fig. 1C). The results showed that thapsigargin
induced releasing LDH at approximately 128 � 6.51% of cell
compared with the control group. The level of LDH following
pretreatment with 1, 2 or 4 mM O-demethyldemethoxycurcumin for
2 h and then treatment with 1 mM thapsigargin were 125 � 4.71,
119 � 4.31 and 107 � 5.50%, respectively (Fig. 1C). To determine
whether the observed inhibitory effect of thapsigargin on cell
viability was caused by inducing apoptosis, we measured the
number of apoptotic cells using a flow cytometer. Flow cytometric
analysis (with FITC annexin-V and propidium iodide) revealed the
increased number of apoptotic cells by thapsigargin were 37.82%
(Fig. 1D–F). The numbers of apoptotic cells following pretreatment
with 1, 2 or 4 mM O-demethyldemethoxycurcumin for 2 h and then
treatment with 1 mM thapsigargin were 19.53%, 17.10% and 12.11%,
respectively (Fig. 1F). O-demethyldemethoxycurcumin alone did not
affect the number of apoptotic cells. Taken together, these results
showed that O-demethyldemethoxycurcumin protected SK-N-SH
cells against ER stress-induced apoptotic death.

3.2. Effects of O-demethyldemethoxycurcumin on intracellular

calcium level induced by thapsigargin in SH-N-SH cells

Pretreatment of cells with O-demethyldemethoxycurcumin at
concentrations of 1, 2 or 4 mM for 2 h, followed by 1 mM
thapsigargin for 24 h, significantly decreased intracellular calcium
accumulation by thapsigargin, the levels of intracellular calcium
were 151.83 � 14.80, 141.87 � 11.45 and 127.92 � 19.15% com-
pared to the group treated with thapsigargin alone (187.11%),
respectively (Fig. 2). However, treatment with 4 mM of O-demethyl-
demethoxycurcumin alone did not affect the level of intracellular
calcium compared to the control group.

3.3. Effects of O-demethyldemethoxycurcumin on thapsigargin

induced ER stress signaling pathway in SH-N-SH cells

To determine the protective effect of O-demethyldemethox-
ycurcumin on thapsigargin-induced apoptosis via the ER stress
pathway, we first used western blot analysis to investigate the effect
of thapsigargin on the expression of ER stress proteins, including p-
PERK, PERK, p-IRE1, IRE1, ATF6, BiP, calpain, cleavage caspase-12 and
CHOP expression proteins in SH-N-SH cells over various time
periods. SK-N-SH cells were treated with 1 mM thapsigargin for 0, 3,
6, 9, 18 or 24 h. The results showed a significant increase in the
relative expression of the p-PERK normalized to PERK protein at 9 h,
together with the expression of CHOP normalized actin protein
(Fig. 3A). The thapsigargin treatment resulted in a significantly
increased expression of p-IRE1, ATF6, BiP, calpain and cleavage
caspase-12 proteins in a time-dependent manner (Fig. 3A-C). These
results suggested that the expression of ER stress proteins increased
in a time-dependent manner from 3 to 24 h, with the maximum
level at 24 h. The expression of p-PERK and CHOP proteins was
observed from 9 to 24 h in SK-N-SH cells treated with 1 mM
thapsigargin, with the maximum level at 9 h. Therefore, the
expression of p-PERK and CHOP proteins at 9 h and the expression
of p-IRE1, ATF6, BiP, calpain and cleavage caspase-12 at 24 h were
chosen for subsequent studies. Pretreatment with 1, 2 or 4 mM
O-demethyldemethoxycurcumin for 2 h before treatment with
1 mM thapsigargin for an additional 9 significantly attenuated
the expression of p-PERK, PERK, and CHOP proteins in a concentra-
tion-dependent manner (Fig. 4A and E). Moreover, pretreatment
with O-demethyldemethoxycurcumin prior to thapsigargin activa-
tion for 24 h significantly reduced the expression of p-IRE1, IRE1,
ATF6, BiP, calpain and cleavage caspase-12 in a concentration-
dependent manner (Fig. 4B–D). However, O-demethyldemethox-
ycurcumin alone did not affect the expression of these proteins.
These findings indicated that O-demethyldemethoxycurcumin
protected neuronal cells against thapsigargin-induced apoptosis
by attenuating ER stress activating pathways.

4. Discussion

The present study demonstrated that O-demethyldemethox-
ycurcumin reduced thapsigargin induced cell death accompanied



Fig. 1. The effect of O-demethyldemethoxycurcumin on thapsigargin-induced cell death in SK-N-SH cells. (A) Cells were pretreated with 1, 2 or 4 mM O-

demethyldemethoxycurcumin for 2 h and then exposed with 1 mM thapsigargin for 24 h. Cell viability was measured by MTT assay and LDH release assay (B, C). The

representative of FITC annexin-V and propidium iodide binding assay in flow cytometry (D). The comparative results of the percentage of viable cells and apoptotic cells by

flow cytometry (E, F). The data are expressed as the mean � SD of 3 independent experiments. Means were significantly different: **p < 0.01, and ***p < 0.001 compared with

the control group; ##p < 0.01, and ###p < 0.001 compared with the 1 mM thapsigargin-treated group.
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Fig. 2. Protective effect of O-demethyldemethoxycurcumin on thapsigargin-induced intracellular calcium level on SK-N-SH cells. Cells were pretreated with various

concentrations of O-demethyldemethoxycurcumin (1, 2 or 4 mM) for 2 h before treating with 1 mM thapsigargin for 24 h. The level of intracellular Ca2+ was determined by

the fluorescent intensity of fluo-4 AM. (A). The representative western blot analysis showing the expression and quantitative analysis of calpain and cleavage caspase-12

normalized to the actin. (B, C). The data show mean � SD of 3 independent experiments. Means were significantly different: ***p < 0.001 compared with control group; #p < 0.05,
##p < 0.01, and ###p < 0.001 compared with 1 mM thapsigargin-treated group.

A. Janyou et al. / NeuroToxicology 50 (2015) 92–10096



Fig. 3. The time course of the thapsigargin-induced expression of p-PERK, PERK, p-IRE1, IRE1, CHOP. (A) The quantitative analysis of ATF6 and BiP was normalized to the actin.

(B) The quantitative analysis of calpain and cleavage caspase-12 was normalized to the actin. (C) in SK-N-SH cells. The cells were treated with 1 mM thapsigargin for 0, 3, 6, 9,

18 or 24 h and then harvested; the proteins were extracted to determine the expression of indicated proteins by using western blot analysis. The data show mean � SD of

3 independent experiments. Means were significantly different: *p < 0.05, **p < 0.01, and ***p < 0.001 compared with control group.
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by reducing LDH release in SK-N-SH cells. Based on our findings,
we proposed that O-demethyldemethoxycurcumin has a neuro-
protective effect against ER stress-induced cell death. Previous
studies suggested cell death following exposure to amyloid b,
hydrogen peroxide (H2O2), tunicamycin or thapsigargin are useful
as models of neurodegenerative diseases (Yan Qin et al., 2010;
Saito et al., 2007). Thapsigargin is a specific inhibitor of the ER
calcium ATPase, causing an increase in cytoplasmic Ca2+

concentration (Thastrup et al., 1990; Lytton et al., 1991; Lervick
et al., 1995; Nath et al., 1997). Dysfunction of calcium
homeostasis can cause ER stress and cell death (Bernales et al.,
2012). There is crosstalk between the ER and mitochondria; ER
stress induces mitochondrial dysfunction and caspase activation.
ER-induced apoptosis is associated with early calpain-dependent
activation of cleavage caspase-12, which can lead to caspase-3
cleavage. Finally, caspase-3 induces cell death via apoptosis
(Nakagawa et al., 2000; Morishima et al., 2002). Calpain, a Ca2+-
responsive cytosolic cysteine protease that is an important early
mediator of ER-dependent cell death, is activated during ER stress.
In the present study with SK-N-SH cells, we successfully produced
the thapsigargin-induced ER stresses with increased Ca2+ con-
centrations, and increased expressions of calpain and cleavage



Fig. 4. The protective effect of O-demethyldemethoxycurcumin on the thapsigargin-induced ER stress in SK-N-SH cells. The representative western blot analysis showing the

expression of p-PERK, PERK, p-IRE1, IRE1, BiP, ATF6, and CHOP proteins in SK-N-SH cells. The cells were pretreated with O-demethyldemethoxycurcumin (1, 2 or 4 mM) for 2 h

and then treated with 1 mM thapsigargin for 9 h or 24 h. (A) The quantitative analysis of p-PERK was normalized to the PERK. (B) The quantitative analysis of p-IRE1 was

normalized to the IRE.1 (C–E). The quantitative analysis of ATF6, BiP and CHOP were normalized to the actin. The data show mean � SD of 3 independent experiments. Means

were significantly different:*p < 0.05, **p < 0.01 and ***p < 0.001 compared with control group; #p < 0.05, ##p < 0.01 and ###p < 0.001 compared with 1 mM thapsigargin-treated

group.
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caspase-12. However, we found a significant decreased in
cytosolic Ca2+ levels in O-demethyldemethoxycurcumin-treated
neuronal cells and decreased expression of calpain and cleavage
caspase-12. In addition, we observed by flow cytometer that O-
demethyldemethoxycurcumin protected SK-N-SH cells from
apoptosis that related to increased cell viability from the MTT
assay and LDH assay. These findings suggest that O-demethylde-
methoxycurcumin prevented ER stress-induced apoptosis via the
blockage the loss of Ca2+ homeostasis trigger apoptosis by
decreasing calpain and cleavage caspase-12.

ER stress is associated with increased transcription of ER resident
chaperon BiP and nuclear protein CHOP. BiP is a regulator of UPR and
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widely used as an ER stress marker. In prolonged ER stress, unfolded
proteins accumulate within the ER, BiP releases from three sensors
for ER signaling in the transmembrane of the ER (PERK, IRE1 and
ATF6) and bind misfolded proteins, thereby activating PERK, IRE1
and ATF6 (Halliday and Mallucci, 2014). In this study, we showed
that O-demethyldemethoxycurcumin downregulated expression of
BiP and all three arms of UPRs, including the phosphorylation of
eIF2a and IRE1 a and the cleavage of ATF6 in thapsigargin-treated
cells. Sustained and excessive ER stress leads to ER stress-induced
apoptosis that is facilitated by an increase in CHOP expression. CHOP
is expressed at low levels under normal conditions. Overexpression
of CHOP correlates well with the onset of ER stress-associated
apoptosis, while CHOP deficiency can protect cells from ER stress-
induced apoptosis. Moreover, elevated expression of CHOP has been
found in various neurodegenerative diseases in animal models, such
as Parkinson’s disease and Alzheimer’s disease (Milhavet et al., 2002;
Chen et al., 2004). Therefore, CHOP is a molecular targeting of
candidates for neuroprotective agents in ER stress-related neuro-
degenerative diseases. Our results showed that O-demethylde-
methoxycurcumin protected neuronal cells during ER stress at least
in part, through the suppression of CHOP expression by inhibiting
PERK, IRE1 and ATF6 pathways.

Thus, O-demethyldemethoxycurcumin, a demethylated analog
of demethoxycurcumin, reduces thapsigargin toxicity by decreas-
ing the expression of ER stress, which attenuates the progression of
neuronal cell degeneration.

5. Conclusion

In summary, our study provides evidence that O-demethylde-
methoxycurcumin effectively inhibits thapsigargin-induced apo-
ptosis associated with ER stress in neuronal cells.
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