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Abstract: Background: Vitamin D (VD) and resveratrol (RSV) are two nutritional molecules that have 
reported neuroprotective effects, and findings from cellular models suggest that resveratrol could potenti-
ate vitamin D’s effects. The senescence-accelerated mouse-prone 8 (SAMP8) is a useful model of Alz-
heimer's disease (AD)-related memory impairment.  
Objective: We aimed to explore how the combination of vitamin D with resveratrol would affect memory 
impairments shown by SAMP8 mice, as well as the potential mechanisms.  
Method: SAMP8 mice and their control senescence-accelerated mouse resistant 1 (SAMR1) mice (10 
weeks old) were divided into 5 groups, i.e. SAMR1 group, SAMP8 group, SAMP8 mice supplemented 
with VD group, SAMP8 mice supplemented with RSV group and SAMP8 mice supplemented with both 
VD and RSV group. At the end of the intervention, Morris water maze (MWM) test was used to assess 
cognitive function. Hippocampus and parietal cortex were dissected for further analysis.  
Results: The combination of VD and RSV significantly increased time spent in target quadrant and the 
number of crossing via MWM test. In hippocampus, the combined intervention significantly reduced 
soluble Aβ42 level and BACE1 protein expression. In cortex, the combined treatment significantly re-
duced phosphorylation of tau at serine404 and p-p53, as well as enhanced p-CREB protein expression. 
The combination also significantly reduced GFAP and p-NFκB p65 in both hippocampus and cortex.  
Conclusion: The combined intervention might exert greater neuroprotective effects in SAMP8 mice, this 
might be associated with the fact that the combined intervention could positively affect amyloidogenic 
pathways, neuroinflammation, tau phosphorylation and probably apoptosis markers. 

Keywords: Vitamin D, resveratrol, Alzheimer's disease, amyloid β, tau phosphorylation, neuroinflammation, cognitive func-
tion, endoplasmic reticulum stress. 

INTRODUCTION 

Alzheimer's disease (AD) is a progressive neurodegen-
erative disease and the most prevalent cause of progressive 
dementia in the elderly [1]. Over the past two decades, scien-
tists have studied both pharmacological and lifestyle inter-
ventions in the prevention and treatment of AD, however the 
overall findings have been disappointing [2]. Therefore, it is 
urgent to explore effective strategies for the prevention and 
treatment of AD. 

Vitamin D (VD) has been recognized as a neurosteroid 
hormone which exerts anti-neurodegenerative properties via  
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the regulation of neurotrophic factor production, oxidative 
stress and calcium homeostasis [3-4]. Resveratrol (RSV) is a 
naturally occurring polyphenolic compound mainly found in 
grape skins, berries and peanuts [5]. RSV is capable of cross-
ing the blood-brain barrier and is water soluble, conse-
quently eliciting neuroprotective effects in the brain [6]. It 
has been reported that RSV could affect the pathogenesis of 
AD via multiple mechanisms such as Aβ plaque disruption, 
tauopathies, inflammation and oxidative stress [7]. Espe-
cially, recently Witte et al. [8] reported that supplementary 
resveratrol could improve memory performance in healthy 
older subjects. While both VD and RSV's individual biologi-
cal mechanisms in the prevention and/or treatment of AD are 
being intensively investigated, neither studies have explored 
the combined effects of vitamin D and resveratrol on the 
pathogenesis of AD. Hayes proposed that some of the bio-
logical processes and mechanisms are common to both res-
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veratrol and vitamin D; meanwhile they also have important 
mutual processes and interactions [9], suggesting that neuro-
protective actions of VD and RSV might be affected if they 
were intervened together. Thus, it is of importance to explore 
how combination of VD with RSV would affect AD pathol-
ogy. 

The characteristic neuropathological alterations of AD 
include senile plaques, neurofibrillary tangles (NFTs), neu-
roinflammation, synaptic dysfunction and neuronal loss in 
the brain [10-13]. Senile plaques are extracellular aggregates 
consisting of Aβ peptides [10]. Aβ is produced by sequential 
proteolytic cleavage of amyloid precursor protein (APP) by 
β- and γ-secretases [14]. β - secretases are the rate-limiting 
enzyme in Aβ genesis, which include, among others, the β -
site APP cleaving enzyme 1 (BACE1) and cathepsin B [15], 
thus they both are emerged as potential drug targets for the 
treatment of AD [16-17]. NFTs are composed of hyperphos-
phorylated tau protein [11]. Various proline-directed serine-
threonine protein kinases including glycogen synthase 
kinase-3β (GSK-3β) and cyclin-dependent kinases 5 (CDK5) 
are implicated in hyperphosphorylating tau [18]. Neuroin-
flammation plays a critical step in the progression of AD 
[12]. Synaptophysin, brain derived neurotrophic factor 
(BDNF) and post-synaptic density protein 95 (PSD-95) are 
synaptic plasticity-related proteins and thus play important 
roles for maintaining synaptic function, as well as cognitive 
function [13]. Consequently, strategies that could positively 
affect tau pathology, neuroinflammation and synaptic plas-
ticity have also been the focus of AD therapy. 

Recent evidence suggests that endoplasmic reticulum 
(ER) stress is also involved in the pathogenesis of AD. For 
example, there is elevated protein expression of ER stress 
markers such as glucose-regulated protein 78 (GRP78/BiP), 
protein disulfide isomerase (PDI), protein kinase-like ER 
kinase (PERK) and phosphorylation of eukaryotic initiation 
factor 2α (p-eIF2α) in AD postmortem brain [19-20]. 
Mechanistically, evidence suggests that ER stress is crucial 
in both intraneuronal accumulation of Aβ [21], and intracel-
lular NFTs of hyperphosphorylated tau [20]. Consequently, 
the modulation of ER stress could be another suitable thera-
peutic strategy to delay or stop neuronal degeneration. 

The senescence-accelerated mouse-prone 8 (SAMP8) has 
been recognized as a suitable model of age-related AD [22]. 
The mice exhibit not only age-related cognitive impairment, 
but also AD-related pathology such as abnormal APP proc-
essing by secretases and altered Aβ proteins [23], elevated 
phosphorylation of tau [24], as well as synaptic and dendritic 
alterations [25] with aging.  

With the above points in mind, the aim of the present 
study was to explore how the combination of vitamin D with 
resveratrol will affect the memory impairments shown by 
SAMP8 mice. In particular, in the present study, it has been 
checked the effects of vitamin D and RSV on SAMP8 mice 
regarding cognitive status via Morris water maze test; Aβ  
genesis (APP, BACE1 and cathepsin B); hyperphosphoryla-
tion of tau, ER stress and apoptosis markers, synaptic mark-
ers (PSD95, synaptophysin and BDNF) in both hippocampus 
and cortex from SAMP8 mice. 

 

MATERIALS AND METHODS 

Materials 

Reagents for SDS-PAGE were from Beyotime Institute 
of Technology (Jiangsu, China). Molecular weight marker 
and nitrocellulose membranes for SDS-PAGE were from 
Bio-Rad (CA, USA). Immobilon western chemiluminescent 
HRP substrate (cat#WBKLS0100) was purchased from Mil-
lipore (MA, USA). Antibodies against APP(cat#2450), 
BACE1 (cat# 5606), tau (cat#4019), p-CREB (cat#9198), p-
STAT3 at tyrosine 705 (cat#9145), synaptophysin (cat# 
5461), p-NF-κBp65 at serine536(cat#3033), glial fibrillary 
acidic protein (GFAP) (cat#3670), p-glycogen synthase 
kinase 3β (GSK3β) at serine 9 (cat#5558), p-
AMPK(cat#2535), p-p53(cat#9284), PP2A (cat#2041), 
eIF2α (cat#9722) and beta-Actin (cat#4970) were purchased 
from Cell Signaling (MA, USA). PSD95 (cat# AJ1661a) was 
from Abgent (SD, USA). An antibody against BDNF 
(cat#ab108383) was from alomone labs  (Jerusalem, Israel). 
Antibodies against p-Tau serine396 (cat#YP0263), p-Tau 
serine404 (cat#YP0264), GRP78(cat#YT2245), p-eIF-
2α(cat#YP0093), p-PERK(T981) (cat#YP1055), PERK 
(cat#YM0517) were from ImmunoWay Biotechnology 
Company (DE, USA). Horseradish peroxidase-conjugated 
donkey anti-rabbit and goat anti-mouse IgG secondary anti-
bodies were purchased from Jackson Immuno-Research 
Laboratories (PA, USA). Trans-resveratrol (cat#70675) was 
obtained from Cayman Chemicals with a purity of ≥ 98% 
(KS, USA). Vitamin D3 injection was obtained from Shang-
hai general pharmaceutical Company (Shanghai, China).  

Treatment of Animals 

Ten week old male senescence-accelerated mouse resis-
tant 1 (SAMR1) (N=10) and SAMP8 mice (N=40) were pur-
chased from Animal Service of Health Science Center, Pe-
king University (Beijing, China). All animals were treated in 
accordance with the Guidelines in the Care and Use of Ani-
mals and with the approval of the Animal Studies Committee 
of Soochow University, Suzhou, China. Mice were housed 
together in groups of two animals in standard plastic mouse 
cages (30×20×13 cm3) and were acclimated to the animal 
housing facility for 1 week prior to the start of intervention. 
The mice were allowed an AIN-93G diet and drinking water 
ad libitum during the whole period of experimentation (i.e. 
24 wks). The mice were randomly divided into 5 groups of 
10 animals each, i.e. SAMR1 group (R1), SAMP8 group 
(P8), SAMP8 mice supplemented with Vitamin D group 
(VD P8), SAMP8 mice supplemented with RSV group (RSV 
P8) and SAMP8 mice supplemented with both vitamin D 
and RSV group (VDRSV P8). For the vitamin D interven-
tion, the mice were administered a intramuscular injection of 
500 IU vitamin D3 once per week; for the RSV intervention, 
the mice were allowed a AIN-93G diet supplemented with 
0.03% RSV (i.e. 30mg RSV dissolved in 100g food), which 
is roughly equal to 43mg/kg/d if assuming a mice consumed 
40g food per week with a body weight of 40g. We chose 
these dosages of vitamin D and resveratrol are based on pub-
lished findings from other research groups [26-29] and pre-
liminary data from our laboratory. Body weight and food 
intake were determined every other week for the duration of 
the study.  
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Morris Water Maze (MWM) Test 

Two days post-the last bout of vitamin D and RSV inter-
vention, hippocampal dependent, long term spatial learning 
and memory retention were assessed in mice using a Morris 
water maze modified from Morris [30]. Behavioral tests 
were performed between 9:00 a.m. and 1:00 p.m.. In brief, 
the maze was a tank (120cm in diameter and 30 cm in 
height) filled with water at approximately 24±1°C. The tank 
was divided into 4 quadrants, one of which contained a cir-
cular escape platform (10 cm in diameter, 24 cm in height) 
placed at a fixed position, 1.0 cm below the surface of the 
water. There were visual cues around the water maze. Ori-
ented navigation trials were performed 4 times per day for a 
total of 4 days. In each trial, the animal was placed into the 
water in a different quadrant and given 60 sec to search for 
the platform. If the mouse escaped successfully onto the plat-
form within the given time, it was allowed to stay on the 
platform for 10 sec. If the mouse failed to find the platform 
within the given time, it was guided to the platform and al-
lowed to stay for 20 sec. After this, a new trial would begin. 
Behavior was recorded by a computerized video tracking 
system, and the time that a mouse took to reach the sub-
merged platform (escape latency) was recorded to assess 
spatial learning ability. On the fifth day, the platform was 
removed from the tank, and a spatial probe trial was per-
formed. Mice were placed in the tank in the quadrant oppo-
site to the quadrant that previously held the platform, and 
were allowed to swim freely for 60 sec. Two indexes were 
calculated to assess spatial memory ability: (1) the time 
spent by a mouse in the target quadrant in which the plat-
form was hidden; (2) the number of mice exactly crossing 
over the previous position of the platform. The target quad-
rant was defined as the quadrant that previously held the 
platform, whose radius was limited to 70 cm in this assess-
ment. Ethovision XT tracking software (VA, USA) was used 
for data collection 

Brain tissue Collection and Preservation 

Two days post-behavioral test, mice were sacrificed, and 
the brains were immediately removed and washed with ice-
cold PBS; the hippocampus and parietal cortex from the 
hemi-brains were dissected, snap frozen in liquid nitrogen 
and then stored at -80°C for further Western blot and ELISA 
analysis. The other hemispheres were fixed in 4% parafor-
maldehyde, and embedded in paraffin for immunohisto-
chemistry and TUNEL assay.  

Immunohistochemistry 

Paraffin sections were cut into 5 µm thickness and stored 
at room temperature until staining. In brief, endogenous per-
oxidase was first quenched with 0.3% H2O2 for 10min, and 
non-specific binding were blocked with normal goat serum 
for 1h. The sections were induced with mouse antibody p-tau 
at ser404 overnight at 4°C. Next, the sections were incubated 
with biotinalyted anti-mouse IgG for 1h, and followed by 
avidin-biotin-HRP complex for 1h. Immunohistochemical 
reaction was performed using 0.05% 3,3' diaminobenzidine 
(DAB) and 0.03% H2O2 as chromogen. Light microscopic 
images were taken. 

TUNEL Assay 

In situ detection of apoptotic cells was performed with 
commercially available in situ cell death detection kit POD 
(Roche, 11684817910). Paraffin embedded sections were cut 
into 5 µm thickness, and the slides were incubated with 
20µg/ml proteinase K in PBS for 15min followed by wash-
ing in distilled water. Subsequently, the slides were incu-
bated with the TUNEL reaction mixture containing TdT and 
fluorescein-dUTP for 2 hr at 37°C, and put in stop/wash 
buffer for 10 min. After washing to remove unbound enzyme 
conjugate, we visualized the POD retained in the immune 
complex using a DAB substrate kit (Dako company, Glos-
trup, Denmark). 

Western Blot Analysis 

Protein was extracted from the hippocampus and parietal 
cortex of the mice, and the content of APP, BACE1, cathep-
sin B, p-Tau ser396 and ser404, p-GSK3β ser9, CDK5, 
p25/35, PP2A, GFAP, p-NF-κB p65, p-CREB, p-STAT3, 
synaptophysin, PSD95, BDNF, p-eIF2α/ eIF2α, GRP78 and 
p-PERK/PERK were determined by Western blotting ac-
cording to Wan et al. [31-33]. Signals were visualized using 
Immobilon western chemiluminescent HRP substrate and 
captured using a Syngene chemi-imaging system (MD, 
USA). Subsequently bands were quantified by densitometry 
via Gene Tool according to the manufacturer’s instructions 
(SynGene, ChemiGenius2, PerkinElmer). Protein contents of 
phosphorylated protein were quantified and normalized to 
the total levels of these proteins. Beta actin was used as in-
ternal controls. 

Quantification of Aβ42 by ELISA 

For analysis of total soluble Aβ42 burden, the hippocam-
pus was homogenized in 70% formic acid (i.e.10mg of tissue 
in 70µL of 70% formic acid). Homogenates were then centri-
fuged at 100,000g for 20 min at 4°C. The supernatant was 
neutralized with a 20-fold dilution in 1M Tris base, and Aβ42 
levels were measured via a high-sensitive enzyme linked 
immunosorbent assay kit from Wako (cat#292-64502, 
Osaka, Japan) following the manufacturer's instructions. 

Serum 25 Hydroxyvitamin D [25(OH) D] Measurement 

Serum 25(OH)D was analyzed using 25 OH Vitamin D 
reagent based on the chemiluminescent immunoassay 
(CLIA). 

Statistical Analysis 

Data are expressed as means ±SEM. For the MWM test, 
escape latency times in the hidden platform trial were ana-
lyzed via two-way ANOVA of repeated measures, while 
one-way ANOVA was conducted for the probe trial followed 
with Tukey’s post hoc test, as well as for all biochemical 
data. Statistical significance was established at a p <0.05. 

RESULTS 

Serum 25OHD Level  

To determine if interventions affected vitamin D status, 
serum levels of 25OHD were determined using CLIA 
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method. 25OHD is the most widely used index of vitamin D 
status because it has a long half-life of 2-3 weeks [34]. As 
shown in Table 1, there is no difference for serum 25OHD 
levels between SAMP8 group and SAMR1 group. VD injec-
tion significantly elevated serum 25OHD levels in both VD 
and VDRSV group compared to both SAMR1 and SAMP8 
group; while the serum 25OHD level was significantly re-
duced in RSV group compared to SAMR1 group.  

Cognitive Function via MWM Test 

As shown in (Fig. 1A), compared to SAMR1 group, 
SAMP8 group demonstrated longer latency to platform dur-
ing navigation trials; and VD, RSV as well as VDRSV inter-
vention reversed the prolonged escape latency because there 
is no difference for escape latency in VD, RSV and VDRSV 
groups in the testing 4 days compared to SAMR1 group. 
SAMP8 mice also demonstrated reduced time spent in target 
quadrant and reduction in the number of crossings during the 
spatial memory testing compared to SAMR1 group (Fig. 
1B&C). VD and RSV intervention alone increased the time 
spent in target quadrant with no effect on the number of 
crossing; meanwhile the combination of VD and RSV sig-
nificantly increased the time spent in target quadrant and the 
number of crossing. Collectively, our results suggested that 
VD and RSV supplementation could reverse the cognitive 
impairment in 34 weeks old of SAMP8 mice, with the com-
bined supplementation of VD with RSV being more effec-
tive than intervention alone. 

APP, BACE1, Cathepsin B Protein Expression in Both 
Hippocampus and Cortex and Hippocampal Aβ42 Level 

As shown in (Fig. 2A), in hippocampus, SAMP8 mice 
has elevated APP and BACE1 protein expression compared 
to SAMR1 mice; the combination of VD with RSV signifi-
cantly reduced the protein expression of BACE1 compared 
to SAMP8 group; while there is no difference for the cathep-
sin B expression among groups. In cortex, SAMP8 group has 
elevated APP, BACE1 and cathepsin B protein expression 
compared to SAMR1 group, VDRSV group has significant 
reduced expression of both APP and cathepsin B expression 
compared to SAMP8 group; meanwhile RSV group also has 
significant reduced expression of APP protein expression 
compared to SAMP8 group (Fig. 2B). We also quantified 
hippocampal Aβ42 levels to confirm whether altered APP 
processing would lead to altered Aβ42 burden. As shown in 
(Fig. 2D), Aβ42 levels were significantly elevated in SAMP8 
mice compared to R1 mice, and the combined intervention 
significantly reduced Aβ42 levels. It should be noted that we 
only measured Aβ42 burden in hippocampus but not in cortex 
because the detection of Aβ42 in cortex appeared at a much 
later timepoint than in hippocampus [35]. 

Tau Phosphorylation and Tau Kinases Protein Expres-
sion in Cortex 

As shown in (Fig. 3A), there is elevated phosphorylation 
of tau at serine396 and 404 in SAMP8 mice compared to 
SAMR1 mice, VD, RSV and their combination significantly 
reduced p-Tauser396; while only the combination of VD and 
RSV reduced elevated phosphorylation of tau at ser404. We 
also measured key kinases involved in tau phosphorylation 
and dephosphoryation. As shown in (Fig. 3B), compared to 
SAMR1 mice, the phosphorylation of GSK3β at serine9 was 
significantly reduced in SAMP8 mice; while there is no dif-
ference for the protein expression of CDK5, p25/35 and 
PP2A among groups. We also performed immunohistochem-
istry using p-Tau ser404 antibody in the parietal cortex to 
confirm the above results. As shown in (Fig. 3D), notable 
positive immunoreactivity of p-tau was observed in the pa-
rietal cortex of SAMP8 mice compared to SAMR1 mice, 
vitamin D, resveratrol independently and their combination 
partially restored elevated p-Tau ser404. 

GFAP and p-NFκB p65 Protein Expression in Both Hip-
pocampus and Cortex 

As shown in (Fig. 4A&B), there is elevated protein ex-
pression of GFAP and p-NF-κB p65 in hippocampus and 
cortex of SAMP8 mice compared to SAMR1 mice; the com-
bination of vitamin D and RSV significantly reversed ele-
vated GFAP and p-NF-κB p65 in both hippocampus and 
cortex. Meanwhile, in hippocampus, RSV also restored ele-
vated p-NF-κB protein expression; in cortex, VD and RSV 
independently also significantly reduced elevated GFAP 
protein expression compared to SAMP8 mice. 

p-CREB, p-STAT3, Synaptophysin, PSD95 and BDNF 
Protein Expression in Both Hippocampus and Cortex 

Although there is no difference for p-CREB in both hip-
pocampus and cortex from SAMP8 mice compared to 
SAMR1 mice, in cortex the combination of vitamin D and 
RSV significantly enhanced p-CREB (Fig. 5A&B). There 
was a significant reduction in p-STAT3 in hippocampus 
from SAMP8 mice compared to SAMR1 mice, the combina-
tion of vitamin D with RSV significantly enhanced p-
STAT3. However, there is no difference for pre-synaptic 
(PSD95) and synaptic markers  (synaptophysin and BDNF) 
in both hippocampus and cortex among groups (Fig. 5C&D). 

ER Stress Markers in Both Hippocampus and Cortex 

We measured key markers involved in ER stress includ-
ing p-eIF2α, GRP78 and p-PERK. As shown in (Fig. 6), 
there was no difference for the above markers in hippocam-
pus. There was elevated markers of p-eIF2α and p-PERK in 
cortex of SAMP8 mice compared to SAMR1 mice. 

Table 1. Serum 25OHD level from different groups. 

group SAMR1 SAMP8 VDP8 RSVP8 VDRSVP8 

25OHD (ng/mL) 26.99±1.27 24.63±0.56 84.24±3.43 *,# 21.80±1.32 *  83.50±2.62 *,#  

*, p<0.05, vs. SAMR1; #, p<0.05, vs. SAMP8. 
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Fig. (1). Vitamin D and resveratrol improved cognitive impairment shown by SAMP8 mice via MWM test. (A) Mean latency in the 
hidden platform test; (B) Comparison of the time spent in the target quadrant and (C) the number of crossings over the exact, former location 
of the platform during the probe test. Data are presented as means +SEM for 10 mice per group. * p<0.05 versus SAMR1 group. # p<0.05 
versus SAMP8 group. 

Apoptosis Markers in Cortex 

As shown in (Fig. 7A), p-p53 was significantly elevated 
in SAMP8 mice compared to SAMR1 mice, VD, RSV and 
their combination significantly reduced elevated p-p53 from 
SAMP8 mice. We also measured neuronal apoptotic cell 
death in cortex via TUNEL methods. As shown in (Fig. 7B), 
SAMP8 mice had a significant elevation in apoptotic neu-
ronal cell death compared to SAMR1mice, vitamin D, res-
veratrol and their combination partially restored apoptotic 
neuronal cell death. 

DISCUSSION 

The main findings of the present study is that the combi-
nation of VD and RSV is more efficacious for improving 
age-associated memory dysfunction via MWM test. This 
might be associated with that the combined intervention 
could positively affect key markers involved in APP process-
ing, neuroinflammation, tau phosphorylation, p-STAT3 and 
p-CREB; while it seems that synaptic plasticity related pro-
teins, ER stress were not involved in the combined effects of 
VD and RSV against cognitive impairment. 
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Fig. (2). Vitamin D and resveratrol affected protein expression of APP, BACE1, cathepsin B in hippocampus and cortex, as well as hippo-
campal soluble Aβ42 levels. Protein expression of APP, BACE1, cathepsin B in hippocampus (A) and cortex (B) from all groups measured via 
western blotting; (D) hippocampal soluble Aβ42 levels via ELISA assay. Representative blots are shown in panel C. A.U. means arbitrary 
units. Data are presented as means +SEM for 10 mice per group. * p<0.05 versus SAMR1 group. # p<0.05 versus SAMP8 group. 
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Fig. (3). Vitamin D and resveratrol affected phosphorylation of tau at serine396 and 404 in cortex of SAMP8 mice. Protein expression 
of (A) p-tau ser396 and serine404 and (B) tau kinases including p-GSK3β ser9, CDK5, p25/35 and PP2A in cortex from all groups. (D) Rep-
resentative immunostaining of p-tau ser404 in cortex. Scale bar 20µm, magnification ×200. Representative blots are shown in panel C. A.U. 
means arbitrary units. Data are presented as means +SEM for 10 mice per group for A&B, and 4 mice per group for D. * p<0.05 versus 
SAMR1 group. # p<0.05 versus SAMP8 group. 
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Fig. (4). Vitamin D and resveratrol affected GFAP and p-NF-κB p65 in both hippocampus and cortex of SAMP8 mice. Protein expres-
sion of GFAP and p-NF-κB p65 in (A) hippocampus and (B) cortex of all mice. Representative blots are shown in panel C. A.U. means arbi-
trary units. Data are presented as means +SEM for 10 mice per group. * p<0.05 versus SAMR1 group. # p<0.05 versus SAMP8 group. 
 

Although not a universal finding [36], VD and resveratrol 
have been reported to improve cognitive function in animal 
models of AD [26, 37-39]. Our study is the very first to 
demonstrate that the combination of VD with RSV might be 
more effective for improving cognitive impairment in 
SAMP8 mice than intervention independently. At the cellu-
lar level, RSV has been reported to potentiate 
1α,25dihydroxyvitaminD3 binding to vitamin D receptor 
(VDR) in different cell lines [40], suggesting that the bioac-
tions of vitamin D may be further potentiated by RSV. 
Hayes also proposed that some of the biological processes 
and mechanisms are common to both resveratrol and vitamin 
D [9]. Taken together, it is suggested that the combined in-
tervention of VD with RSV might be an promising strategy 
for fighting against AD, whereas the underlying mechanisms 
need to be explored. 

Although the role of Aβ in AD is being questioned [41], 
Aβ aggregation has been considered as a key event in the 
pathogenesis of AD [42]. Especially, the role of Aβ in solu-
ble forms has been emphasized in the pathogenesis of AD. It 
has been suggested that at early stages of AD, soluble Aβ 
species tend to be more toxic to neuronal cells than fibrils 
[43]. Findings from human studies also confirmed that solu-
ble Aβ species levels correlates with cognitive impairment 
and synaptic dysfunction in AD subjects [44]. Our present 
study demonstrate that the combination of VD with RSV 
could significantly reduce hippocampal soluble Aβ42 level, 

this may explain, at least partially, the improved cognitive 
function in VDRSV group. To probe the mechanisms by 
which VD and RSV attenuates the accumulation and effects 
of Aβ peptides, we first measured APP, as well as BACE1 
and cathepsin B, key enzymes that initiates the production of 
Aβ peptide from APP [14-15]. We demonstrated that 
BACE1 was significantly reduced in hippocampus, APP and 
cathepsin B were significantly reduced in cortex. Therefore 
inhibition of APP, BACE1 and cathepsin B may represent 
the mechanism by which VDRSV attenuated Aβ42 accumula-
tion in SAMP8 mice brain tissue. To the best of our knowl-
edge, our study is the very first to demonstrate that the com-
bination of VD and RSV prevents the progression of AD by 
reducing Aβ accumulation through the repression of amyloi-
dogenic pathway. 

Neurofibrillary tangles composed of hyperphosphory-
lated tau protein is another hallmark in AD [11]. Especially, 
GSK-3β induced tau hyperphosphoryation is pivotal in the 
events leading to NFTs formation [45]. It is also important to 
note that early tau phosphorylation, and not necessarily 
NFTs, may critically contribute to the development of synap-
tic dysfunction and neurodegeneration [46]. The levels of 
phosphorylated tau at ser396/ ser404 have been considered 
as reliable markers of the severity of AD [47]. Previously, 
Parque et al. [37] demonstrated that resveratrol supplementa-
tion could reduce p-Tau ser396 in cortex of SAMP8 mice via 
affecting CDK5 activity. Our present study is the very first
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Fig. (5). Vitamin D and resveratrol affected p-CREB and p-STAT3 protein expression in both hippocampus and cortex of SAMP8 mice, 
while had no effects on synaptophysin, PSD95 and BDNF protein expression. Protein expression of p-CREB, p-STAT3, synaptophysin, 
PSD95 and BDNF in (A&C) hippocampus and (B&D) cortex of all mice. Representative blots are shown in panel E. A.U. means arbitrary 
units. Data are presented as means +SEM for 10 mice per group. * p<0.05 versus SAMR1 group. # p<0.05 versus SAMP8 group. 
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Fig. (6). Vitamin D and resveratrol had no effects on the protein expression of ER stress markers including p-eIF2α, GRP78 and p-PERK. 
Protein expression of p-eIF2α, GRP78 and p-PERK in (A) hippocampus and (B) cortex of all mice. Representative blots are shown in panel 
C. A.U. means arbitrary units. Data are presented as means +SEM for 10 mice per group. * p<0.05 versus SAMR1 group.  

 
to demonstrate that vitamin D independently could reduce 
elevated p-Tau ser396, and that the combination of VD with 
RSV could significantly restore elevated p-Tau ser404 in 
cortex of SAMP8 mice. However, our results did not suggest 
that changes in the kinase activity of GSK-3β nor CDK5 nor 
the phosphatase activity of PP2A played a causal role in the 
reduction in phosphorylated tau from VDRSV group. Further 
studies are required to explore which kinases are involved in 
tau phosphorylation with CaMKII as a promising candidate 
[48].  

Neuroinflammation, which is primarily mediated by acti-
vated glial cells, appears to play a critical role in AD pro-
gression [49]. An increased GFAP expression has been 

widely used as a marker for astrogliosis [50]. Meanwhile, the 
inhibition of NF-κB in astrocytes may also be regarded as a 
potential therapy for AD because the blockage of NF-κB 
transcriptional activity in astrocytes can extensively reduce 
inflammation and improve recovery [51]. Our present study 
demonstrated that the combination of VD with RSV could 
significantly reduce GFAP in hippocampus, as well as p-NF-
κB p65 in cortex. Thus, inhibition of neuroinflammation post 
VD and RSV intervention might also be one of the reasons 
for explaining improved cognitive function in VDRSV group 
as observed in our present study. 

Synaptic dysfunction is another major contributor to cog-
nitive disturbance in AD [52]. STAT3 and CREB are two 
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critical factors involved in regulating transcription of synap-
tic plasticity related proteins including BDNF, synapto-
physin and PSD95 [53-54]. We found that the combination 
of VD with RSV could significantly increase p-STAT3 in 
hippocampus and p-CREB in cortex although no difference 
were observed for BDNF, synaptophysin and PSD95 protein 
expression. Previously, Latimer et al. [26] reported that in 
middle-aged F344 rats, approximately 6 months vitamin D 
intervention (serum 25OHD: ~37ng/mL) could improve hip-
pocampal-dependent learning and memory via MWM test, 
this might be associated with improved synaptic markers. 
Thomas et al. [55] demonstrated that RSV supplementation 
in streptozotocin induced diabetic C57Bl/6 mice could im-
prove makers involved in hippocampal synaptic plasticity 
and neurogenesis. It is likely that VDRSV intervention could 
also affect synaptic plasticity related protein except BDNF, 
synaptophysin and PSD95 in our present study. 

ER stress has also been proposed as a critical factor in-
volved in the pathogenesis of AD, which is involved not 
only in intraneuronal accumulation of Aβ [21], but also 
NFTs of hyperphosphorylated tau [20]. Elevated p53 protein 
expression has also been observed in the brains of sporadic 
AD patients and transgenic mouse models carrying mutant 
familial AD genes [56]. In our present study, elevated ER 
stress markers, p-p53 and apoptotic markers (as evidenced 
by TUNEL assays) were observed in cortex from SAMP8 
mice, meanwhile, VD, RSV independently and their combi-
nation could significantly reduce elevated neuronal apopto-
sis. It is suggested that the improved cognitive function in 
VDRSV group might not be owing to the improvement in 
ER stress markers, but may be partially associated with im-
proved apoptosis. 

In our present study, serum 25(OH)D level from SAMR1 
and SAMP8 group were around 25ng/mL, which is within 

 
Fig. (7). Effects of Vitamin D and resveratrol on p-p53 protein expression and apoptosis via TUNEL assay in cortex of SAMP8 mice. (A) 
Protein expression of p-p53 in cortex from all groups. (B) Representative immunostaining of apoptotic cells via TUNEL assay. Scale bar 
20µm, magnification ×200. Representative blots are shown in the right of quantified data in A. A.U. means arbitrary units. Data are presented 
as means +SEM for 10 mice per group for A, and 4 mice per group for B. * p<0.05 versus SAMR1 group. # p<0.05 versus SAMP8 group. 
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the borderline of Vitamin D deficiency, while VD interven-
tion successfully elevated serum 25(OH)D level, reaching 
the optimal vitamin D status. However, RSV intervention 
slightly but significantly reduced serum 25(OH)D level, sug-
gesting the absorption of vitamin D might be affected by 
resveratrol. Because resveratrol is a naturally occurring 
polyphenolic compound mainly found in grape skins, berries 
and peanuts [5], it is important to consider this interaction 
between vitamin D and resveratrol for dietary recommenda-
tion. To be specific, the grape skin has a high concentration 
of resveratrol ranging from 50 to 100µg/g [57].  Accord-
ingly, red wine is by far the major human dietary source of 
resveratrol [58], and trans-resveratrol levels in wine ranged 
from 0 to 14.3 mg/L [59]. In raw peanut kernels, peanut but-
ters and peanut oil, the concentration of resveratrol is in the 
range from 0.02 to 1.92µg/g, 0.1 to 0.8µg/g [60], and 10.9 to 
16.9 ng/g [61], respectively. In our present study, the level of 
vitamin D post-vitamin D intervention is easily to be ob-
tained via commercially available vitamin D supplements. 
The RSV dosage utilized in our present study is roughly 
43mg/kg/d, thus, for a 60kg man, it seems that he or she 
needs to consume 2.58g resveratrol per day to meet this re-
quirement, which is unrealistic to obtain. It should also be 
realized that the oral bioavailability of resveratrol was <1% 
[62]. However, it is likely that there might be species differ-
ence for the physiological responses to the same amount of 
resveratrol, and that synergistic effects might existed be-
tween vitamin D and resveratrol in vivo. Therefore, further 
studies in this area are required to explore the appropriate 
intake of vitamin D and resveratrol for the development of a 
practical and powerful non-pharmacological therapeutic 
strategy that can be applied at various stages of AD, to sup-
plement current pharmaceutical clinical trials that prove un-
successful. Especially, whether the bioavailability of resvera-
trol might be affected by vitamin D supplementation is of 
importance to answer. 

CONCLUSION 

In conclusion, we demonstrated that the combined inter-
vention of VD with RSV might exert greater neuroprotective 
effects in SAMP8 mice, this might be associated with the 
fact that the combined intervention could positively affect 
amyloidogenic pathways, neuroinflammation, tau phos-
phorylation and probably apoptosis markers.  

ABBREVIATIONS 

Aβ = amyloid β 
AD = Alzheimer's disease 
APP = amyloid precursor protein; 
BACE1 = β-site APP cleaving enzyme 1 
BDNF = brain derived neurotrophic factor  
cdk5 = cyclin-dependent kinases 5 
CLIA = chemiluminescent immunoassay  
DAB = diaminobenzidine 
ER = endoplasmic reticulum 
GRP78/BiP = glucose-regulated protein 78 

GSK-3β = glycogen synthase kinase-3β 
MWM = Morris water maze 
NFTs = neurofibrillary tangles   
p-eIF2α = phosphorylation of eukaryotic initiation 

factor 2α 
PSD-95 = post-synaptic density protein 95  
PDI = protein disulfide isomerase   
PERK = protein kinase-like ER kinase 
RSV = resveratrol  
SAMP8 = senescence-accelerated mouse-prone 8 
VD =  vitamin D 

CONFLICT OF INTEREST 

The authors confirm that this article content has no con-
flict of interest. 

ACKNOWLEDGEMENTS 

This study is supported by the Natural Science Founda-
tion of China (grant NO. 81472975) (To Wan Z) and the 
University Science Research Project of Jiangsu Province 
(grant NO. 14KJD330002) (To Wan Z).  

REFERENCES 
[1] Hung CW, Chen YC, Hsieh WL, Chiou SH, Kao CL. Ageing and 

neurodegenerative diseases. Ageing Res Rev 9(1): S36-46 (2010). 
[2] Orhan IE, Sezer Senol F. Designing multi-targeted therapeutics for 

the treatment of Alzheimer's disease. Curr Top Med Chem 
16(17):1889-96 (2016). 

[3] Brown J, Bianco JI, McGrath JJ, Eyles DW. 1,25-
dihydroxyvitamin D3 induces nerve growth factor, promotes 
neurite outgrowth and inhibits mitosis in embryonic rat 
hippocampal neurons. Neurosci Lett 343(2): 139-43 (2003). 

[4] Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F, Wion 
D. New clues about vitamin D functions in the nervous system. 
Trends Endocrinol Metab 13(3): 100-5 (2002). 

[5] Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in 
vivo evidence. Nat Rev Drug Discov 5(6): 493-506 (2006). 

[6] Breuer C, Wolf G, Andrabi SA, Lorenz P, Horn TF. Blood-brain 
barrier permeability to the neuroprotectant oxyresveratrol. Neurosci 
Lett 393(2-3): 113-8 (2006). 

[7] Ahmed T, Javed S, Tariq A, Samec D, Tejada S, Nabavi SF et al. 
Resveratrol and Alzheimer's Disease: Mechanistic Insights. Mol 
Neurobiol (2016). 

[8] Witte AV, Kerti L, Margulies DS, Floel A. Effects of resveratrol on 
memory performance, hippocampal functional connectivity, and 
glucose metabolism in healthy older adults. J Neurosci 34(23): 
7862-70 (2014). 

[9] Hayes DP. Resveratrol and vitamin D: significant potential 
interpretative problems arising from their mutual processes, 
interactions and effects. Med Hypotheses 77(5): 765-72 (2011). 

[10] Herrup K. Reimagining Alzheimer's disease--an age-based 
hypothesis. J Neurosci 30(50): 16755-62 (2010). 

[11] Guo JL, Lee VM. Seeding of normal Tau by pathological Tau 
conformers drives pathogenesis of Alzheimer-like tangles. J Biol 
Chem 286(17): 15317-31 (2011). 

[12] Zotova E, Nicoll JA, Kalaria R, Holmes C, Boche D. Inflammation 
in Alzheimer's disease: relevance to pathogenesis and therapy. 
Alzheimers Res Ther 2(1): 1 (2010). 

[13] Bhat NR, Thirumangalakudi L. Increased tau phosphorylation and 
impaired brain insulin/IGF signaling in mice fed a high fat/high 
cholesterol diet. J Alzheimers Dis 36(4): 781-9 (2013). 

[14] Vassar R, Kovacs DM, Yan R, Wong PC. The beta-secretase 
enzyme BACE in health and Alzheimer's disease: regulation, cell 



Vitamin D, Resveratrol and Alzheimer's Disease Current Alzheimer Research, 2017, Vol. 14, No. 6    13 

biology, function, and therapeutic potential. J Neurosci 29(41): 
12787-94 (2009). 

[15] Hook V, Schechter I, Demuth HU, Hook G. Alternative pathways 
for production of beta-amyloid peptides of Alzheimer's disease. 
Biol Chem 389(8): 993-1006 (2008). 

[16] Fleck D, Garratt AN, Haass C, Willem M. BACE1 dependent 
neuregulin processing: review. Curr Alzheimer Res 9(2): 178-83 
(2012). 

[17] Hook G, Hook V, Kindy M. The cysteine protease inhibitor, E64d, 
reduces brain amyloid-beta and improves memory deficits in 
Alzheimer's disease animal models by inhibiting cathepsin B, but 
not BACE1, beta-secretase activity. J Alzheimers Dis 26(2): 387-
408 (2011). 

[18] Metcalfe MJ, Figueiredo-Pereira ME. Relationship between tau 
pathology and neuroinflammation in Alzheimer's disease. Mt Sinai 
J Med 77(1):50-8 (2010). 

[19] Roussel BD, Kruppa AJ, Miranda E, Crowther DC, Lomas DA, 
Marciniak SJ. Endoplasmic reticulum dysfunction in neurological 
disease. Lancet Neurol 12(1): 105-18 (2013). 

[20] Hoozemans JJ, van Haastert ES, Nijholt DA, Rozemuller AJ, 
Eikelenboom P, Scheper W. The unfolded protein response is 
activated in pretangle neurons in Alzheimer's disease hippocampus. 
Am J Pathol 174(4): 1241-51 (2009). 

[21] Sato N, Imaizumi K, Manabe T, Taniguchi M, Hitomi J, Katayama 
T et al. Increased production of beta-amyloid and vulnerability to 
endoplasmic reticulum stress by an aberrant spliced form of 
presenilin 2. J Biol Chem 276(3): 2108-14 (2001). 

[22] Morley JE, Farr SA, Kumar VB, Armbrecht HJ. The SAMP8 
mouse: a model to develop therapeutic interventions for 
Alzheimer's disease. Curr Pharm Des 18(8): 1123-30 (2012). 

[23] Morley JE, Farr SA, Flood JF. Antibody to amyloid beta protein 
alleviates impaired acquisition, retention, and memory processing 
in SAMP8 mice. Neurobiol Learn Mem 78(1): 125-38 (2002). 

[24] Canudas AM, Gutierrez-Cuesta J, Rodriguez MI, Acuna-
Castroviejo D, Sureda FX, Camins A et al. Hyperphosphorylation 
of microtubule-associated protein tau in senescence-accelerated 
mouse (SAM). Mech Ageing Dev 126(12): 1300-4 (2005). 

[25] Nomura Y, Okuma Y. Age-related defects in lifespan and learning 
ability in SAMP8 mice. Neurobiol Aging 20(2): 111-5 (1999). 

[26] Latimer CS, Brewer LD, Searcy JL, Chen KC, Popovic J, Kraner 
SD et al. Vitamin D prevents cognitive decline and enhances 
hippocampal synaptic function in aging rats. Proc Natl Acad Sci U 
S A 111(41): E4359-66 (2014). 

[27] Thomas J, Garg ML, Smith DW. Dietary supplementation with 
resveratrol and/or docosahexaenoic acid alters hippocampal gene 
expression in adult C57Bl/6 mice. J Nutr Biochem 24(10): 1735-40 
(2013). 

[28] Liu D, Zhang Q, Gu J, Wang X, Xie K, Xian X, et al. Resveratrol 
prevents impaired cognition induced by chronic unpredictable mild 
stress in rats. Prog Neuropsychopharmacol Biol Psychiatry 49: 21-
9 (2014). 

[29] Reiter FP, Hohenester S, Nagel JM, Wimmer R, Artmann R, 
Wottke L, et al. 1,25-(OH)(2)-vitamin D(3) prevents activation of 
hepatic stellate cells in vitro and ameliorates inflammatory liver 
damage but not fibrosis in the Abcb4(-/-) model. Biochem Biophys 
Res Commun 459(2):227-33 (2015). 

[30] Morris RG. Toward a representational hypothesis of the role of 
hippocampal synaptic plasticity in spatial and other forms of 
learning. Cold Spring Harb Symp Quant Biol 55: 161-73 (1990). 

[31] Wan Z, Thrush AB, Legare M, Frier BC, Sutherland LN, Williams 
DB, et al. Epinephrine-mediated regulation of PDK4 mRNA in rat 
adipose tissue. Am J Physiol Cell Physiol  299(5): C1162-70 
(2010). 

[32] Chen N, Zhou L, Zhang Z, Xu J, Wan Z, Qin L. Resistin induces 
lipolysis and suppresses adiponectin secretion in cultured human 
visceral adipose tissue. Regul Pept 194-195: 49-54 (2014). 

[33] Cheng J, Chen L, Han S, Qin L, Chen N, Wan Z. Treadmill 
running and rutin reverse high fat diet induced cognitive 
impairment in diet induced obese mice. J Nutr Health Aging 20(5): 
503-8 (2016). 

 [34] Jones KS, Schoenmakers I, Bluck LJ, Ding S, Prentice A. Plasma 
appearance and disappearance of an oral dose of 25-
hydroxyvitamin D2 in healthy adults. Br J Nutr 107(8): 1128-37 
(2012). 

[35] Del Valle J, Duran-Vilaregut J, Manich G, Casadesus G, Smith 
MA, Camins A et al. Early amyloid accumulation in the 

hippocampus of SAMP8 mice. J Alzheimers Dis 19(4): 1303-15 
(2010). 

[36] Brouwer-Brolsma EM, Schuurman T, de Groot LC, Feskens EJ, 
Lute C, Naninck EF, et al. No role for vitamin D or a moderate fat 
diet in aging induced cognitive decline and emotional reactivity in 
C57BL/6 mice. Behav Brain Res 267: 133-43 (2014). 

[37] Porquet D, Casadesus G, Bayod S, Vicente A, Canudas AM, 
Vilaplana J, et al. Dietary resveratrol prevents Alzheimer's markers 
and increases life span in SAMP8. Age (Dordr) 35(5): 1851-65 
(2013). 

[38] Bennett L, Kersaitis C, Macaulay SL, Munch G, Niedermayer G, 
Nigro J, et al. Vitamin D2-enriched button mushroom (Agaricus 
bisporus) improves memory in both wild type and APPswe/PS1dE9 
transgenic mice. PLoS One 8(10): e76362 (2013). 

[39] Briones TL, Darwish H. Vitamin D mitigates age-related cognitive 
decline through the modulation of pro-inflammatory state and 
decrease in amyloid burden. J Neuroinflammation 9: 244 (2012). 

[40] Dampf Stone A, Batie SF, Sabir MS, Jacobs ET, Lee JH, Whitfield 
GK, et al. Resveratrol potentiates vitamin D and nuclear receptor 
signaling. J Cell Biochem 116(6): 1130-43 (2015). 

[41] Hardy J. The amyloid hypothesis for Alzheimer's disease: a critical 
reappraisal. J Neurochem 110(4): 1129-34 (2009). 

[42] Finder VH, Glockshuber R. Amyloid-beta aggregation. 
Neurodegener Dis 4(1): 13-27 (2007). 

[43] Shankar GM, Li S, Mehta TH, Garcia-Munoz A, Shepardson NE, 
Smith I, et al. Amyloid-beta protein dimers isolated directly from 
Alzheimer's brains impair synaptic plasticity and memory. Nat Med 
14(8): 837-42 (2008). 

[44] McLean CA, Cherny RA, Fraser FW, Fuller SJ, Smith MJ, 
Beyreuther K, et al. Soluble pool of Abeta amyloid as a 
determinant of severity of neurodegeneration in Alzheimer's 
disease. Ann Neurol 46(6): 860-6 (1999). 

[45] Takashima A. GSK-3beta and memory formation. Front Mol 
Neurosci 5: 47 (2012). 

[46] Hochgrafe K, Sydow A, Mandelkow EM. Regulatable transgenic 
mouse models of Alzheimer disease: onset, reversibility and 
spreading of Tau pathology. FEBS J 280(18): 4371-81 (2013). 

[47] Hu YY, He SS, Wang X, Duan QH, Grundke-Iqbal I, Iqbal K, et al. 
Levels of nonphosphorylated and phosphorylated tau in 
cerebrospinal fluid of Alzheimer's disease patients : an 
ultrasensitive bienzyme-substrate-recycle enzyme-linked 
immunosorbent assay. Am J Pathol 160(4): 1269-78 (2002). 

[48] Xiao J, Perry G, Troncoso J, Monteiro MJ. alpha-calcium-
calmodulin-dependent kinase II is associated with paired helical 
filaments of Alzheimer's disease. J Neuropathol Exp Neurol 55(9): 
954-63 (1996). 

[49] Rogers J, Webster S, Lue LF, Brachova L, Civin WH, Emmerling 
M, et al. Inflammation and Alzheimer's disease pathogenesis. 
Neurobiol Aging 17(5): 681-6 (1996). 

[50] Simpson JE, Ince PG, Lace G, Forster G, Shaw PJ, Matthews F, et 
al. Astrocyte phenotype in relation to Alzheimer-type pathology in 
the ageing brain. Neurobiol Aging 31(4): 578-90 (2010). 

[51] Medeiros R, LaFerla FM. Astrocytes: conductors of the Alzheimer 
disease neuroinflammatory symphony. Exp Neurol 239: 133-8 
(2013). 

[52] Kester MI, Teunissen CE, Crimmins DL, Herries EM, Ladenson 
JH, Scheltens P, et al. Neurogranin as a Cerebrospinal Fluid 
Biomarker for Synaptic Loss in Symptomatic Alzheimer Disease. 
JAMA Neurol 72(11): 1275-80 (2015). 

[53] Lee YS, Silva AJ. The molecular and cellular biology of enhanced 
cognition. Nat Rev Neurosci 10(2): 126-40 (2009). 

[54] Nicolas CS, Amici M, Bortolotto ZA, Doherty A, Csaba Z, Fafouri 
A, et al. The role of JAK-STAT signaling within the CNS. 
JAKSTAT 2(1): e22925 (2013). 

[55] Thomas J, Garg ML, Smith DW. Dietary resveratrol 
supplementation normalizes gene expression in the hippocampus of 
streptozotocin-induced diabetic C57Bl/6 mice. J Nutr Biochem 
25(3): 313-8 (2014). 

[56] Ohyagi Y, Asahara H, Chui DH, Tsuruta Y, Sakae N, Miyoshi K, 
et al. Intracellular Abeta42 activates p53 promoter: a pathway to 
neurodegeneration in Alzheimer's disease. FASEB J 19(2): 255-7 
(2005). 

[57] Singh CK, George J, Ahmad N. Resveratrol-based combinatorial 
strategies for cancer management. Ann N Y Acad Sci 1290: 113-21 
(2013). 



14    Current Alzheimer Research, 2017, Vol. 14, No. 6 Cheng et al. 

[58] Shen T, Wang XN, Lou HX. Natural stilbenes: an overview. Nat 
Prod Rep 26(7): 916-35 (2009). 

[59] Sun P, Liang JL, Kang LZ, Huang XY, Huang JJ, Ye ZW, et al. 
Increased resveratrol production in wines using engineered wine 
strains Saccharomyces cerevisiae EC1118 and relaxed antibiotic or 
auxotrophic selection. Biotechnol Prog 31(3): 650-5 (2015). 

[60] Sales JM, Resurreccion AV. Resveratrol in peanuts. Crit Rev Food 
Sci Nutr 54(6): 734-70 (2014). 

[61] Lu Q, Zhao Q, Yu QW, Feng YQ. Use of Pollen Solid-Phase 
Extraction for the Determination of trans-Resveratrol in Peanut 
Oils. J Agric Food Chem 63(19): 4771-6 (2015). 

[62] Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci 1215:  
9-15 (2011). 

 

 

 

DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the author. The 
Editorial Department reserves the right to make minor modifications for further improvement of the manuscript. 

PMID: 28176624 

View publication statsView publication stats

https://www.researchgate.net/publication/313508130

