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Abstract: In the present study, we aim to define the cytoprotective mechanism of ()schisandrin B [()Sch B] in 

comparison with other phytochemicals in SH-SY5Y cells. The effects of ()Sch B and curcumin (Cur), resveratrol (Rev) 

and epigallocatechin gallate (EGCG) on -amyloid (A)-induced apoptosis were investigated in SH-SY5Y cells. Cellular 

reduced glutathione (GSH) levels and peroxide-induced GSH depletion were measured. Activities of glutathione 

reductase (GR) and glucose-6-phosphate dehydrogenase (G6DPH) in Aβ-challenged cells were also examined. All tested 

phytochemicals were investigated for the activation of nuclear factor erythroid-2 related factor 2 (Nrf2) in SH-SY5Y cells, 

using a luciferase-based assay. Finally, they were examined for the effect on the extent of phosphorylation of Tau in A-

challenged cells. The results showed that only ()Sch B and EGCG protected against Aβ-induced apoptosis in SH-SY5Y 

cells. The cytoprotection afforded by ()Sch B and EGCG were associated with an increase in cellular GSH levels in Aβ-

challenged cells and a reduction in peroxide-induced GSH depletion. However, only ()Sch B, but not EGCG, increased 

G6DPH and GR activities in Aβ-challenged cells and caused the activation of Nrf2 in unchallenged cells. Both ()Sch B 

and EGCG reduced the extent of Tau phosphorylayion in Aβ-challenged cells. In conclusion, ()Sch B may enhance 

cellular glutathione redox cycling, presumably by increasing G6PDH and GR activities, via activation of the Nrf2 

signaling pathway, whereas EGCG likely acts as a radical scavenger. Both ()Sch B and EGCG suppressed the 

phosphorylation of Tau in Aβ-challenged cells, suggesting their potential in ameliorating the pathological condition of 

Alzheimer’s disease. 
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INTRODUCTION 

 Alzheimer’s disease is the most common form of age-
related progressive neurologic disorder that results in 
memory loss, cognitive impairment and even death [1].

 

While Alzheimer’s disease is reaching epidemic proportions 
in an increasing by aged population world-wide, effective 
therapeutic interventions are currently unavailable for its 
treatment [2]. Although the pathological mechanism(s) 
underlying the development of Alzheimer’s disease 
remain(s) relatively unclear, a large body of evidence has 
suggested the involvement of oxidative stress in its 
pathogenesis [3]. In this connection, a wide array of 
phytochemicals (such as polyphenolics isolated from plants) 
that possess antioxidant properties have been investigated as 
potential candidates for preventing or at least retarding the 
progression of Alzheimer’s disease [4]. Schisandrin B (Sch 
B), which is the most abundant active dibenzocyclooctadiene 
lignan (i.e. a class of non-flavonoid polyphenolics) in the 
fruit of Schisandra chinensis, was found to produce non-
specific protection against tissue oxidant injury in various  
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organs of rodents, presumably by up-regulating the 
glutathione redox cycling [5-7]. Previous studies have also 
demonstrated that ()Sch B, a potent stereoisomer of Sch B 
that amounts to 80% of the stereoisomers [8], increases the 
resistance of neuronal cells to paraquat- and 3-nitroponoic 
acid-induced oxidative stress through reducing the extent of 
oxidant-induced reduced glutathione (GSH) depletion, 
indicative of enhanced glutathione redox cycling [9, 10]. It is 
therefore of pharmacological interest to examine whether 
()Sch B can counteract oxidative stress-induced neuronal 
cell apoptosis, which has been implicated in the development 
of Alzheimer’s disease. To further explore the role of 
antioxidant status in determining the cytoprotective action of 
()Sch B, its effects were compared to those of three 
phytochemicals isolated from other herbs/plants as 
subclasses of polyphenols, namely, curcumin (Cur, a non-
flavonoid polyphenol), resveratrol (Rev, a stilbene) and 
epigallocatechin gallate (EGCG, a flavanol), all of which 
have been shown to possess antioxidant properties [11].  

 It has been suggested that the long-term increase in 
oxidative stress caused by the progressive accumulation of 
aggregated A peptides in the brain of Alzheimer’s disease 
patients during the course of the disease may result in 
neurodegeneration [12]. In this regard, A, which 

contains a functional domain of the full length Aβ and is 
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required for both neurotrophic and neurotoxic effects, has 
been widely used as a pharmacological tool for establishing 
experimental models of Alzheimer’s disease [13, 14]. In the 
present study, an in vitro human neuroblastoma SH-SY5Y 
cell model was utilized to investigate the effects of ()Sch B 
and three other phytochemicals on A-induced apoptotic 
cell death. ()Sch B and other phytochemical-induced 
changes in cellular GSH levels and in the activities of 
glucose-6-phosphate dehydrogenase (G6PDH) and 
glutathione reductase (GR), two enzymes critically involved 
in glutathione redox cycling, were investigated in SH-SY5Y 
cells under both control and A-challenged conditions. To 
investigate the involvement of enhancement in glutathione 
redox cycling, the effects of ()Sch B and the other 
phytochemicals on tert-butyhydroperoxide (t-BHP)-induced 
GSH depletion were studied. t-BHP, but not hydrogen 
peroxide, was found to produce an oxidative stress in a 
consistent manner by depleting cellular GSH, as well as 
inhibiting related antioxidant components in HepG2 
hepatocytes [15]. The ability of t-BHP to deplete cellular 
GSH levels was also observed in cultured cardiomyocytes, 
hepatocytes and neuronal cells [16]. ()Sch B and other 
phytochemicals were examined for their ability to activate 
nuclear factor erythroid-2 related factor 2 (Nrf2), a redox-
sensitive transcription activator of antioxidant genes using a 
luciferase-based assay. Finally, their effects on A-induced 
phosphorylation of Tau protein, a pathological hallmark of 
Alzheimer’s disease, were assessed by Western blot analysis. 

MATERIALS AND METHODS  

Chemicals and Cell Culture Materials  

 All chemicals were purchased from Sigma Chemical Co. 
(St Louis, MO, USA) unless otherwise specified. Dulbecco’s 
modified eagle cell culture medium (DMEM), fetal bovine 
serum and Lipofectamine 2000 were purchased from 
Invitrogen (Grand Island, NY, USA). The fruit of 
Schisandra chinensis was imported from China, and it was 
authenticated and supplied by a commercial dealer Lee 
Hoong Kee Ltd. (Hong Kong SAR, China). ()Sch B was 
purified from a petroleum ether extract of the fruit of 
Schisandra chinensis by silica gel chromatography, followed 
by preparative C18 HPLC, as previously described [17]. The 
purity of ()Sch B was >90%, as determined by HPLC 
analysis [17]. All other chemicals were of analytical grade. 

Cell Culture, Phytochemical Pre-incubation and A 
challenge 

 A human neuroblastoma clonal SH-SY5Y cell line was 

purchased from American Type Culture Collection 

(Manassas, VA, USA) and maintained in DMEM 

supplemented with 10% fetal bovine serum. Cells used for 

experimentation were seeded at a density of 5 x 10
5
 

cells/well on a 6-well cell culture dish or 2 x 10
5
 cells/well 

on a 24-well cell culture dish when transfection with Nrf2-

luciferase plasmid was performed. Awas purchased from 

Sigma Chemical Co (St Louis, MO). and dissolved in sterile 

deionized water, and stored at −20 
o
C prior to use. To obtain 

the neurotoxic form of A, solution of the peptide was 

placed in an incubator at 37 
o
C for 7 days prior to performing 

the experiments [5]. Cells were incubated with various 

concentrations of phytochemical [5 or 15 M for ()Sch B, 

Res or EGCG; 1 or 2.5 M for Cur] for 6h. The 

phytochemical-containing medium was then replaced with 

normal medium, and the cultured cells were incubated for an 

additional 16 h prior to A (40  challenge which 

involved an incubation for 48 h. According to a preliminary 

study, the 16-h incubation post-()Sch B exposure results in 

a maximal increase in cellular GSH levels in SH-SY5Y cells. 

Cell lysates were then prepared and subjected to biochemical 

analyses. 

Preparation of Cell Lysates 

 SH-SY5Y cells were harvested by trypsinization and the 

cells were then resuspended in lysis buffer [20 mM TrisHCl, 

2 mM ethylenediaminetetraacetic acid (EDTA), 3 mM 

ethylene glycol tetraacetic acid (EGTA), 1% (v/v) Triton X-

100, 10% (v/v) glycerol, 2 mM dithiothreitol, pH 7.5] and 

incubated on ice for 5 min. The cells were then centrifuged 

at 14,000 ×g for 10 min at 4 
o
C, and the resultant supernatant 

was subjected to biochemical and Western blot analysis.  

Biochemical Analysis  

 A-induced apoptotic cell death was assessed by the 

fluorometric measurement of caspase activation using a 

commercially available assay kit (PerkinElmer, Boston, MA, 

USA). GSH levels in cell lysates were measured using the 

enzymatic method described by Griffith [18]. The degree of 

GSH depletion induced by t-BHP challenge was estimated 

by comparing the GSH level at 1 min post-t-BHP challenge 

with the basal value (i.e., at 0 min) and expressed as % 

depletion. GR and G6DPH activities were measured as 

described by Seelig and Meister [19] and Ip et al., [20] 

respectively. 

Nrf2-luciferase Reporter Assay 

 Nrf2-luciferase reporter, which consists of a Nrf2-

responsive firefly luciferase construct and a constitutively 

expressing Renilla luciferase construct at a ratio of 40:1, was 

purchased from SABiosciences (Frederick, MD, USA). In 

brief, SH-SY5Y cells were grown to 70–80% confluence in a 

24-well cell culture dish and transfected with Nrf2-luciferase 

reporter (0.5 μg/well) using Lipofectamine 2000 according 

to the manufacturer’s protocol. Twenty-four hours later, the 

transfection mixture was replaced by fresh medium, and the 

transfected cells were incubated with different 

concentrations of phytochemicals (15 M for ()Sch B, Res 

or EGCG; 2.5 M for Cur) or vehicle for 6 h. The 

phytochemical- or vehicle-containing medium was replaced 

by normal medium, and the cultured cells were further 

incubated for 16 h. The phytochemical-pre-incubated cells 

were washed with phosphate-buffered saline and then with 

the lysis buffer provided by the dual-luciferase reporter assay 

kit [Promega (Madison, WI, USA)]. Luciferase activities in 

the cell lysates were then measured. The luminescence of 

samples was measured using a Victor 3 Multi-label Counter 

(Perkin Elmer, Turku, Finland). Renilla luciferase expression 
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was used to normalize the varying transfection in the 

samples.  

Western Blot Analysis 

SH-SY5Y cell lysate (50 g) was mixed with Laemmli’s 

loading buffer, boiled for 5 min, and separated by 

electrophoresis (SDS-PAGE) on a 10% sodium dodecyl 

sulfate-polyacrylamide gel at 140 V followed by 

electroblotting to nitrocellulose membranes [purchased from 

Bio-Rad, (Hercules, CA, USA)] for 2 h at 100 V. 

Membranes were blocked for 1 h with 5% non-fat milk in 

Tris-buffered saline with Tween-20 (TBS-T, 50 mM Tris, 

150 mM NaCl, 0.05% Tween-20) at room temperature and 

subsequently probed overnight with anti-phosphorylated Tau 

[1:2000, purchased from Santa Cruz Biotechnology Inc. 

(Santa Cruz CA, USA)] or anti-Tau [1:2000, purchased from 

BD Pharmingen (San Diego, CA, USA)]. The membranes 

were rinsed with TBS-T and incubated with a horseradish 

peroxidase-conjugated secondary antibody (1:5000, 

purchased from Santa Cruz). Following the incubation, the 

membranes were rinsed with TBS-T, and bound antibodies 

were detected by using enhanced chemiluminescence 

following the manufacturer’s instructions (Cell Signaling 

Technology Inc., Danvers, MA, USA). Individual 

membranes were stripped and probed for anti--actin 

(1:5000, Sigma) used as loading control. Individual band 

densities were quantified by ImageJ software (NIH, USA). 

Protein Assay 

 Protein concentrations of cell lysates were determined 
using a Bio-Rad protein assay kit (catalog number: 500-
0006), which is a colorimetric assay using the Bradford dye-
binding method. The absorbance of samples was then 
measured at 600 nm. Bovine serum albumin was used as 
standard. 

Statistical Analysis  

 Data were analyzed by one-way analysis of variance and 
intergroup differences were detected by the Scheffe method 
(single-step multiple comparison), with a value of p < 0.05. 
Data from at least three independent experiments were 
expressed as means ± S.D. 

RESULTS 

()Sch B and EGCG protect against A-induced 
apoptosis 

 A challenge caused apoptotic cell death in SH-SY5Y 

cells, as evidenced by a significant increase (2.4 fold) in the 

activity of caspase-3, when compared with the unchallenged 

 

Fig. (1). Effects of ()Sch B, curcumin, resveratrol and EGCG on A-induced apoptosis in SH-SY5Y cells. Cells were pre-incubated with 

different concentrations of phytochemical (5 or 15 M for ()Sch B, resveratrol or EGCG; 1 or 2.5 M for curcumin) prior to A challenge. 

The extent of apoptosis was assessed by caspase-3 activation as described in methods and materials. Values given are means ± SD, with n ≥ 

3. * Significantly different from the unchallenged control group (P<0.05); # significantly different from the A challenged control group 

(P<0.05). 
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control. Pre-incubation with ()Sch B (5 or 15 M) dose-

dependently reduced the A-induced increase in the extent 

of apoptosis (by 20 and 35%, respectively) (Fig. 1A). EGCG 

(15 M) also significantly reduced A-induced apoptotic 

cell death by 9.3% (Fig. 1D). While Cur (1 M) did not 

affect the degree of apoptosis in A challenged SH-SY5Y 

cells, Cur (2.5 M) and Rev (5 M) significantly 

exacerbated the degree of apoptotic cell death (by 15% and 

16%, respectively), when compared with the A-challenged 

controls (Fig. 1B, 1C).  

()Sch B and EGCG suppress the A- and t-BHP-
induced cellular GSH depletion 

 Whereas pre-incubation with phytochemicals did not 
alter cellular GSH levels in unchallenged SH-SY5Y cells, 
A challenge caused a significant reduction in cellular GSH 
content (by 38%), when compared with the unchallenged 
controls (Fig. 2). ()Sch B (15 µM) and EGCG (15 M) 
significantly suppressed the A-induced depletion of cellular 
GSH (by 13 and 8%, respectively) (Fig. 2A and 2D). Cur 

and Rev did not produce any effect on cellular GSH levels in 
A-challenged cells (Fig. 2B and 2C).  

 t-BHP induced a marked GSH depletion (40%) in the 
first minute post-challenge in control cells which were not 
pre-incubated with the phytochemicals. While ()Sch B and 
EGCG pre-incubation significantly reduced the degree of 
GSH depletion (by 72.5 and 25%, respectively), Cur and Rev 
pre-incubation did not affect the extent of t-BHP-induced 
GSH depletion (Fig. 3).  

()Sch B increases G6PDH and GR activities in A-
challenged cells 

 Although pre-incubation with phytochemicals did not 
alter G6DPH and GR activities in unchallenged cells, A 
challenge significantly decreased G6PDH (37%) and GR 
(55%) activities in SH-SY5Y cells, when compared with 
unchallenged controls (Fig. 4). Among the tested 
phytochemicals, only ()Sch B was able to attenuate the A 
challenge-induced decreases in G6PDH and GR activities 
(by 15 and 11%, respectively) (Fig. 4). 

 

Fig. (2). Effects of ()Sch B, curcumin, resveratrol and EGCG on cellular GSH levels in A-challenged SH-SY5Y cells. Cells were pre-

incubated with different concentrations of phytochemical (5 or 15 M for ()Sch B, resveratrol or EGCG; 1 or 2.5 M for curcumin) prior to 

A challenge. Cellular GSH levels were measured as described in methods and materials. Data are expressed as percent control with respect 

to the unchallenged control value (18.9 nmol / mg protein ± 1.74). Values given are means ± SD, with n ≥ 3. * Significantly different from 

the unchallenged control group (P<0.05); # significantly different from the A-challenged control group (P<0.05). 
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()Sch B triggers the activation of Nrf2 

 Incubation with ()Sch B (15 M) or Rev (15 M) led to 
significant activation of Nrf2 (by 32 and 50%, respectively), 
whereas Cur (2.5 M) and EGCG (15 M) did not trigger 
the activation of Nrf2, as assessed by the luciferase assay 
(Fig. 5). 

()Sch B suppresses A-induced Tau phosphorylation 

 Although pre-incubation with the experimental 
phytochemicals did not cause any detectable change in the 
extent of Tau phosphorylation in unchallenged cells, A 
challenge caused a significant increase (63%) in Tau 
phosphorylation, as assessed by Western blot analysis, when 
compared with unchallenged control cells. ()Sch B and 
EGCG reduced the extent of Tau phosphorylation (by 64 and 

68%, respectively) (Fig. 6). In contrast, Cur and Rev caused 
only a slight increase in the degree of Tau phosphorylation in 
A-challenged cells (Fig. 6).  

DISCUSSION 

 Oxidative stress has been recognized as a determining 
factor in causing neuronal cell death in Alzheimer’s disease 
[10, 21]. ()Sch B, a dibenzocyclooctadiene derivative 
isolated from the fruit of Schisandra chinensis, has been 
shown to induce an antioxidant response in various organs of 
rodents and in cultured cell lines, including neuronal cells [5, 
16, 22]. In the present study, the ability of ()Sch B to 
protect against A-induced apoptosis in human 
neuroblastoma SH-SY5Y cells was investigated and 
compared with Cur, Rev, and EGCG, which have also been 
shown to increase cellular antioxidant capacity. A is a 
hydrophobic, non-glycosylated peptide containing 39-43 
amino acids, which forms a -pleated sheet structure [13]. 
The aggregated insoluble fragments of A constitute the core 
substance of senile plaques, a hallmark in the post-mortem 
diagnosis of Alzheimer’s disease. In vivo and in vitro studies 
have shown that is cytotoxic [14, 23-25], so that the 

Fig. (3). Effects of ()Sch B, curcumin, resveratrol, EGCG on 

peroxide-induced GSH depletion in SH-SY5Y cells. Cells were 

pre-incubated with different concentrations of phytochemical (15 

M for ()Sch B, resveratrol or EGCG; 2.5 M for curcumin) prior 

to t-BHP (1 mM) challenge. Control cells were treated with DMSO 

only. The t-BHP-induced depletion of GSH was estimated as 

described in Materials and methods. Values given are means ± SD, 

with n ≥ 3. * Significantly different from the control group 

(P<0.05). 

Fig. (4). Effects of ()Sch B, curcumin, resveratrol and EGCG on 

G6PDH and GR activities in SH-SY5Y cells. Cells were pre-

incubated with different concentrations of phytochemical (15 M 

for ()Sch B, resveratrol or EGCG; 2.5 M for curcumin) and 

subjected to A challenge. The activity of (A) glucose-6-phosphate 

dehydrogenase (G6PDH) and (B) glutathione reductase (GR) were 

measured as described in Materials and methods. Values given are 

means SD, with n ≥ 3. * Significantly different from the 

unchallenged control group (P<0.05); # significantly different from 

the A challenged control group (P<0.05). 
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aggregation of produces a chronic oxidative stress in 
neuronal cells and eventually induces apoptotic neuronal cell 
death [26, 27]. Among the four tested phytochemicals, only 
()Sch B and EGCG were found to protect against A-
induced apoptosis in SH-SY5Y cells. However, other reports 
have demonstrated that Cur and Rev can protect against -
induced toxicity in primary neurons and neuroblastoma cells 
[28, 29]. The discrepancy between the present study and 
earlier studies by other laboratories may be related to 
differences in drug treatment protocols. In previous studies, 
exposure to Cur or Rev was immediately followed by 
challenge [28, 29], whereas in the present study, 
phytochemical-pre-incubated cells were further incubated 
with fresh medium without phytochemicals for 16 h before 
being subjected to  challenge. The glutathione antioxidant 
response, if it occurs, is elicited during the post-drug 
exposure incubation period. It is also worth noting that Cur 
produced significant cytotoxicity in unchallenged cells 
at the highest concentrations tested (i.e., 5 and 15 M). 
Therefore, lower concentrations of Cur (i.e., 1 and 2.5 M) 
were used in later experiments. The cytotoxicity produced by 
Cur in neuroblastoma cells may be related to its ability to 
induce apoptosis via the inhibition of the nuclear factor 
kappa B pathway [30]. 

 Since oxidative stress is presumed to play a pivotal role 
in the pathogenesis of Alzheimer’s disease, it is of 
pharmacological interest to investigate whether or not the 
cytoprotective actions afforded by ()Sch B and EGCG are 
paralleled by an antioxidant response involving the 
activation of the Nrf2 signaling pathway. Under the 
experimental conditions used in the present study, ()Sch B 
but not EGCG was found to trigger the activation of Nrf2, 
although cytoprotection was observed in both ()Sch B and 
EGCG pre-incubated cells. This observation suggested that 
different cytoprotective mechanisms may exist for ()Sch B 
and EGCG. While ()Sch B might exert its cytoprotective 

action by eliciting an antioxidant response involving Nrf2 
activation, the cytoprotection by EGCG against oxidant 
injury was likely mediated by its free radical scavenging 
action. However, Rev, which did not protect against A 
challenge, could also produce activation of Nrf2 in SH-
SY5Y cells. Conceivably, Rev, which can merely cause the 
dissociation of Nrf2 and Keap1 [31], did not trigger an 
antioxidant response leading to the protection of SH-SY5Y 
cells against A challenge under the present experimental 
conditions. Clearly, the mechanism underlying the action of 
Rev remains to be elucidated. 

 The cytoprotective effects of the tested phytochemicals 
on apoptosis were assessed by measuring the activation of 
caspase-3 activity. A study in our laboratory has shown that 
the caspase-3 activity correlates well with the extent of 
menadione-induced apoptosis in H9c2 and AML12 cells 
(unpublished data). The cytoprotection afforded by ()Sch B 
and EGCG was also associated with a decrease in the extent 
of A- and t-BHP-induced GSH depletion in SH-SY5Y 
cells, suggesting that ()Sch B can consistently restore GSH 
levels under different types of oxidative stress. The reduction 
in the extent of GSH depletion caused by ()Sch B was 
associated with an enhancement in G6PDH and GR activities, 
indicative of an enhanced glutathione redox cycling. GR is a 
ubiquitously expressed enzyme which requires NADPH 
synthesized by G6PDH to reactivate oxidized glutathione 
(GSSG) by reducing it back to GSH in a timely fashion [32]. 
In this regard, the ability of GR to regenerate GSH from 
GSSG and thereby maintain an appropriate thiol/disulfide 
homeostasis, particularly during the early exposure to 
oxidative stress, has been shown to be a crucial factor in 
determining cell survival under these conditions [33, 34]. 
Taken together, the present findings further strengthen the 
notion that Nrf2-regulated glutathione redox cycling is 
crucial for cell survival [35]. 

 

Fig. (5). Effects of ()Sch B, curcumin, resveratrol and EGCG on Nrf2 activation in SH-SY5Y cells. Cells were pre-incubated with different 

concentrations of phytochemical (15 M for ()Sch B, resveratrol or EGCG; 2.5 M for curcumin), and the activation of Nrf2 was assessed 

by a luciferase assay as described in Materials and methods. Values given are means ± SD, with n ≥ 3. * Significantly different from the 

unchallenged control group (P<0.05). 
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 The microtubule-associated protein Tau, which functions 
to stabilize microtubules, is expressed in brain tissue. Under 
normal conditions, Tau is minimally phosphorylated in adult 
brain tissue [36, 37]. However, Tau was found to become 
hyperphosphorylated in patients with Alzheimer’s disease, 
and the phosphorylated form of Tau has been recognized as a 
main component of paired helical filaments and thus 
neurofibrillary tangles (NFTs) [38, 39]. NFTs are one of the 
main pathological signatures of Alzheimer’s disease and 
their presence positively correlates with the severity of 
dementia in this condition [40]. Studies from various 
laboratories have shown that oxidative stress results in the 
hyperphosphorylation of Tau in both animal and cultured 
neuronal cell models [41-43]. It is noteworthy in this regard  
that the present study has indicated that both ()Sch B and 
EGCG can suppress the hyperphosphorylation of Tau 
through the reduction of cellular oxidative stress levels, as 
indicated by a reduction in GSH depletion under A-
challenged conditions. Whereas ()Sch B may enhance 
cellular glutathione redox cycling, as evidenced by increases 
in G6PDH and GR activities, the antioxidant effect of EGCG 
is likely due to its free radical scavenging activity. Taken 
together, the ability of ()Sch B and EGCG to reduce the 
extent of Tau phosphorylation under conditions of A 

challenge suggests their potential beneficial effect in 
ameliorating the pathological symptoms of Alzheimer’s 
disease. 

CONCLUSION 

 Despite the fact that a range of phytochemicals can 
produce an antioxidant response in cells, the mechanism of 
action characteristic of a given phytochemical limits its 
ability to protect against different types of oxidative stress 
and hence limits its application. Among the four 
phytochemicals tested, only ()Sch B and EGCG were able 
to protect against A challenge-induced apoptosis in SH-
SY5Y cells. While the ()Sch-B afforded cytoprotection is 
likely mediated by Nrf2-regulated enhancement of cellular 
glutathione redox cycling, EGCG may exert its 
cytoprotective action by virtue of its direct free radical 
scavenging properties. 
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Fig. (6). Effects of ()Sch B, curcumin, resveratrol and EGCG on Tau phosphorylation in Aβ-challenged SH-SY5Y cells. Cells were treated 

as described in Fig (4). Phosphorylated and total Tau as well as β-actin (loading control) levels in unchallenged and Aβ-challenged cells were 

examined by Western blot analysis. The quantification of phosphorylated Tau is expressed in % control with respect to the unchallenged 

control. Values given are means SD, with n ≥ 3. * Significantly different from the unchallenged control group (P<0.05); # significantly 

different from the A-challenged control group (P<0.05). 
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