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Abstract: The purpose of this paper is to examine the effects of polydatin on cognitive function in rats self-adminis-
tered with chronic ethanol levels. The levels of cyclin-dependent kinase 5 (Cdk5) were also determined. In the in vivo 
study, adult male Sprague-Dawley rats were used to establish an ethanol-administered rat model. Cognitive function 
was measured using the Morris water maze and the level of Cdk5 expression was measured to evaluate the effect 
of polydatin treatment. Cdk5 kinase activity and cell survival rate in primary hippocampal neuron cultures treated 
with ethanol or ethanol and polydatin were measured in the in vitro study. Polydatin reversed the performance im-
pairments in chronic ethanol treated rats in Morris water maze test, and decreased unregulated Cdk5 expression. 
Moreover, polydatin increased cell survival rate, and decreased Cdk5 activity in the ethanol-treated primary culture 
of hippocampal neurons. The study results suggest that polydatin exhibits neuroprotective potential for ethanol 
induced neurotoxicity, both in vivo and in vitro, which is most likely related to its ability to target Cdk5 in neurons.
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Introduction

Alcoholism is a serious social problem and 
medical issue. Ethanol abuse related health, 
psychological and social problems have be- 
come a major public health challenge [1]. Poly- 
datin (3,4’,5-trihydroxystibene-3-β-mono-d-glu- 
coside), isolated from the P. Cuspidatum, has 
many pharmacological effects, including anti-
inflammation and inducing the production of 
antioxidants [2]. It also conducts a neuropro-
tective effect on ischemia/reperfusion injury in 
the lungs, the heart and in shock treatment 
[3-8]. There are also some studies showing its 
neuroprotective effects, but the underlying 
mechanisms are not yet clear [9, 10].

Cyclin-dependent kinase 5 (Cdk5) is a member 
of thecyclin-dependent kinase family. Cdk5 
phosphorylates serine and threonine in the 
motif where the obligatory proline must be 
present [11]. Cdk5 is most abundant in the cen-

tral nervous system and is activated by p35 and 
p39 [12]. Furthermore, Cdk5 has been reported 
to play a vital role in normal neuronal develop-
ment and function, especially in learning and 
memory formation and drug addiction [13-18]. 
The purpose of this study was to investigate the 
effects of polydatin on cognitive function in rats 
self-administered with ethanol. Our results sug-
gest that polydatin has a neuroprotective role in 
ethanol-induced toxicity in vivo and in vitro. This 
is most likely related to its ability to target Cdk5 
in neurons.

Materials and methods

Polydatin preparation

Polydatin was extracted from the powder of 
Polygonum cuspidatum using a direct water 
extraction method. Briefly, the Polygonum cus-
pidatum powder was decocted, filtered and 
then concentrated in a container. The concen- 
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trated mixture was dissolved into 95% ethanol, 
which was filtered again to remove insoluble 
particles. The remaining ethanol phase was 
extracted 4 times by ethyl-acetate. All ethyl 
acetate extractions were combined together 
and evaporated under reduced pressure to 
form syrup. The syrup was then redissolved into 
diluted ethanol and filtered. The white needle-
like crystal filtrate was polydatin.

Animals and Treatment

Male Sprague Dawley rats were purchased 
from the Animal Center at Zhengzhou University 
with initial body weights of 200 to 220 g. All 
procedures with animals were approved by the 
Animal Care Committee of the Xinxiang Medical 
University under the license 2005-0001. The 
animals were kept under a 12-h light-dark cycle 
(light on 6:00-18:00 h) and had free access to 
food and tap water. Rats were randomly 
assigned into four groups [n=10]: CNT: control; 
CEA: Chronic ethanol administered; ELP: Eth- 
anol+low dose polydatin and EHP: Ethanol+high 
dose polydatin. Animals in the ethanol-groups 
were treated intragastrically with ethanol at 3.0 
g/kg in a sucrose solution (1%, w/v) for 30 days 
whereas animals in the control group were 
treated intragastrically with the sucrose solu-
tion alone for 30 days [19]. The ELP and EHP 
groups were treated intragastrically with etha-
nol at 3.0 g/kg in a sucrose solution (plus poly-
datin either 12.5 or 50 mg/kg, respectively) for 
30 days. During the study period, there was  
no significant difference in the body weight 
between ethanol-treated and control rats. Rats 
from each group were evaluated by the Morris 
water maze test followed by decapitation after 
30 days of ethanol treatment.

Morris water maze testing

Spatial learning and memory of rats was 
assessed by the Morris water maze as previ-
ously described [20, 21]. Briefly, rats are placed 
in a large circular pool of water and required to 
escape from water onto a hidden platform 
whose location can normally be identified only 
using spatial memory. The rats were given four 
trials per day and the average time to find the 
platform of the 4 trials (escape latency) was 
recorded by video tracking software. The short-
er escape latency, the stronger spatial learning 
ability.

Immunofluorescence

Following behavioral testing, animals (n=6) 
were perfused with 50 mM cold PBS (pH 7.4) 
via injection into the ascending aorta. Animal 
brains were then frozen in isopentane, which 
was cooled by dry ice. Coronal sections (8-µm 
thick) were then obtained on a cryostat. Se- 
ctions were fixed with 2% paraformaldehyde for 
10 minutes and blocked with 0.3% Triton-X 100 
in PBS and 2% BSA for 30 minutes. The primary 
antibody was incubated for overnight. After 
incubation, sections were washed with PBS. 
The secondary antibody incubation was per-
formed with Alexa Fluor 488-labeled goat anti-
rabbit antibodies. A BX41 (Olympus) micro-
scope was used to acquire images.

Primary hippocampal neuronal culture

Hippocampal neuronal cell cultures were pro-
cessed according to the proposals described 
previously [22]. Hippocampal neurons were 
cultivated from fetuses within 24 h of birth and 
cultured in neuron-defined medium. Fetuses 
were decapitated, and the hippocampus was 
dissected and collected under sterile condi-
tions and kept in ice-cold Hank’s balanced salt 
solution, until incubation at 37°C for 15~30 
min. The reaction was terminated by adding 
whole culture medium. Hippocampal tissue 
was dissociated to single cells by gentle tritura-
tion (10-20 times) using a 1 ml pipette. The cell 
suspension was centrifuged at 310× g for 3 
min, and the resulting pellets were resuspend-
ed in whole culture medium and were seeded 
on 24-well tissue culture dishes coated with 
100 μg/ml poly-L-lysine at a density of 6×105 
cells/ml in 300 μl/well. Cultures were incubat-
ed in 5% CO2 and 95% air at 37°C and 100% 
humidity for 24 h. Then the culture medium was 
replaced with serum-free Neurobasal medium 
(NBM), supplemented with 2% (v/v) B-27. 
Cultures were subsequently fed every 4~5 days 
by half-changing the existing medium with fresh 
NBM and B-27. After a one-week incubation 
period, the neurons had matured and the den-
dritic network had been established. Cultures 
were maintained for 8-10 days prior to experi- 
mentation.

XTT Assay

Cells (10 μl of 5×105 cell/ml) were seeded into 
96-well tissue culture plates. After 24 h when 
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optimal population densities were reached, 
cells were assigned to groups according to dif-
ferent treatments: alcohol (25 mmol/ml), poly-
datin (12.5 μg/ml), polydatin (50 μg/ml), alco-
hol (25 mmol/ml) + polydatin (12.5 μg/ml), 
alcohol (25 mmol/ml) + polydatin (50 μg/ml), 
roscovitine (20 μmol/L) pretreatment for 24 
hours + alcohol (25 mmol/ml). In addition, 
blank control groups were created. Cells were 
additionally cultured for 24 hours, then XTT/
PMS (50 μl) was added to each well, and the 

solution was mixed and incubated for 2 hours 
at 37°C. The absorbance of the plate was mea-
sured with a spectrophotometer at a wave-
length of 450 nm. The cell survival rate was 
calculated as Atreatment/Acontrol × 100%.

Cdk5 kinase activity assay

Cdk5 activity was measured based on previ-
ously published methods [23]. Lysis buffer con-
taining a protease inhibitor tablet was used to 

Figure 1. Effects of polydatin on spatial alternation performance in the Morris water maze in a chronic ethanol 
administered rat model. A. X-axis:groups; Y-axis: escape latency. Results are expressed as means ± SD. n=10. 
*P<0.01, vs control; #P<0.01 vs ethanol group. B. Typical swim-tacking path in the Morris water maze. CNT: Control  
group; CEA: Chronic ethanol administered group; ELP: Ethanol+low dose polydatin; EHP: Ethanol+high dose 
polydatin.

Figure 2. Cdk5 protein expression in the hippocampus by immunofluorescence (Alexa Fluor 488, 400×). A. Bar graph 
of Cdk5-positive cell number in the hippocampus by immunofluorescence (Cdk5-positive cell numbers perfield are 
shown), *P<0.01 vs control. B. Representative photomicrographs of Cdk5 (green) with immunofluorescent staining 
in the rat hippocampus of the control group (a), chronic ethanol administration group (b), ethanol+low dose polyda-
tin (c) and ethanol+high dose polydatin (d). The scale bar represents 10 μm.
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lyse cells. An anti-Cdk5 antibody conjugated to 
agarose beads was used to immunoprecipitate 
Cdk5 from cell lysates. The immunoprecipitat-
ed samples were resuspended and 2 μg of his-
tone H1 (type II-S) were used to incubate the 
samples in 20 ml of kinase assay buffer (10 
min, 30°C). A scintillation counter was used to 
measure radioactivity in samples, as well as 
correct for basal activity.

Statistical analyses

Data were expressed as means ± standard 
deviations (SD) of three replicated determina-
tions and then analyzed with SPSS 11.5 soft-
ware (version 11.5, SPSS Inc., USA). One-way 
analysis of variance (ANOVA) and LSD multiple-
range tests were used to determine the differ-
ences of means. P value less than 0.05 was 
considered to be statistically significant. 

Results

Morris water maze

As shown in Figure 1, the time to find the  
platform (escape latency) in alcoholic rats was 
significantly longer than that in control rats 
(21.75±5.22 vs. 10.88±5.69). High dose po- 
lydatin significantly reversed the decrease  
in alternation performance in alcoholic rats 
(11.13±5.82). However, low dose polydatin was 
not obvious function.

Cdk5 staining

Cdk5 expression levels in the hippocampus of 
rats were assessed using immunofluorescent 
staining (Figure 2). The Cdk5 in the control 
group showed concentrated staining in the 
cytosol, whereas the alcoholic rats showed 
more positive cells expressing Cdk5. By con- By con-By con-
trast, the groups treated with polydatin had 
much lower expression of Cdk5. This decreased 
expression was also dose dependent.

Viability of neurons

Primary hippocampal neuronal cell viability was 
measured using XTT Assay. Table 1 shows that 
cell survival rate of the hippocampal neurons 
decreased significantly in the ethanol treated 
culture as compared to normal cells, suggest-
ing a neurotoxic effect of ethanol in the pri- 
mary neuronal culture. However, no significant 
changes were seen in both 12.5 and 50 μg/ml 
polydatin treated cultures without ethanol pre-
treatment. By contrast, both 12.5 and 50 μg/
ml polydatin treated cultures with ethanol pre-
treatment were not damaged as compared to 
ethanol treated cultures. Cell survival rate was 
significantly increased in the roscovitine pre-
treatment group as compared with the alcohol 
alone group, indicating that alcohol-induced 
neuronal toxicity is associated with Cdk5.

Table 1. Effects of polydatin and ethanol on 
the cell survival rate of hippocampal cells
Group Cell viability (%)
Control 100±2.95
Ethanol 88.7±4.11*

12.5 101.2±2.36
50 102.6±5.15
Ethanol+12.5 94.5±5.12#

Ethanol+50 99.3±4.37##

Roscovitine 96.3±3.32#

Control: control group; alcohol: 25 mmol/ml alcohol 
model group; 12.5:12.5 μg/ml polydatin group; 50:50 
μg/ml polydatin group; alcohol +12.5:25 mmol/ml 
alcohol +12.5 μg/ml polydatin group; alcohol +50:25 
mmol/ml alcohol +50 μg/ml polydatin group; roscovitine: 
20 μmol/L roscovitine +25 mmol/ml alcohol group. 
*P<0.01, vs control group; #P<0.05, ##P<0.01, vs 
alcohol group.

Figure 3. Effects of polydatin on Cdk5 kinase activity 
in primary hippocampal neuron cultures treated with 
or without ethanol. The vertical ordinate represents 
CPM (count per minute) value of reaction product. 
X-axis: groups; Y-axis: CPM values. Results are ex-
pressed as means ± SD. n=6. CN: Control group; ET: 
25 mmol/ml ethanol treated group; LP: 25 mmol/ml 
ethanol +12.5 μg/ml polydatin group; HP: 25 mmol/
ml ethanol +50 μg/ml polydatin group; RP: 20 μmol/L 
roscovitine +25 mmol/ml alcohol group. *P<0.01, vs 
control; #P<0.05 vs ethanol treated group.
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Cdk5 kinase activity

Since polydatin decreased the expression lev-
els of Cdk5 in primary hippocampal neuronal 
cultures treated with ethanol, the Cdk5 kinase 
activity was further investigated. As shown in 
Figure 3, Cdk5 enzymatic activity of the ethanol 
treated hippocampal neurons was significantly 
increased as compared to that of the control 
group (3770.00±269.17 vs. 1892.77±167.33, 
P<0.01). This increased enzymatic activity was 
significantly decreased after treatment with 
polydatin, regardless of the dosage (2533.17± 
158.33, and 2247.91±177.12). Cdk5 kinase 
activity was significantly reduced in the rosco- 
vitine pretreatment group (2168.17±183.78)  
as compared with the alcohol alone group 
(P<0.01).

Discussion

Alcohol-related toxicity and impairments to 
learning and memory can be attributed to etha-
nol damage in the central nervous system. The 
hippocampus, a brain structure crucial to learn-
ing and memory formation, demonstrates sen-
sitivity to ethanol related neurotoxicity [24, 25]. 
Previous studies have documented impaired 
hippocampal functions in both human alcohol-
ism and alcoholic animal models [26]. In this 
study, the protective effects of polydatin were 
evaluated in both an animal model and primary 
hippocampal neuronal cultures.

The mechanisms of ethanol related damage to 
the central nervous system are very complicat-
ed. Most studies have focused on three major 
areas [27, 28], such as ethanol-induced neuro-
nal apoptosis, ethanol interference with neu- 
rotransmitters (including γ-amino butyric ac- 
id, 5-hydroxyltryptamine, dopamine, glutamate, 
the cholinergic system), and ethanol-related 
genes.

Cdk5 was first discovered by several indepen-
dent research groups in 1992 [29]. However, 
unlike other Cdks, Cdk5 plays little role in the 
regulation of the cell cycle. Activated Cdk5 
phosphorylates a spectrum of proteins at ser-
ine and threonine sites [29], most associated 
with the cytoskeleton and signaling or regula-
tory pathways [30]. During the development of 
the nervous system, Cdk5 plays a pivotal role in 
neuronal cell migration, cortical layering, syn-
apse formation, synaptic plasticity, and learn-

ing and memory [31]. However, under certain 
pathophysiological conditions, the incorrect 
cleavage of p35 and the formation of protein 
complex Cdk5/p25 will inactivate Cdk5, leading 
to neuronal cell apoptosis or even cell death. 
Many studies have shown that this dysregula-
tion of Cdk5 is involved in several neurodegen-
erative diseases, including Alzheimer’s disea- 
se, Parkinson’s disease, amyotrophic lateral 
sclerosis [32]. Recent findings have demon- 
strated that Cdk5 has an important novel role 
in learning and memory, especially during 
memory consolidation within the adult central 
nervous system. Fischer’s lab has confirmed 
the association between Cdk5 and learning 
and memory, that is, the injection of butyrolac-
tone I (a Cdk5 inhibitor) into the hippocampus 
significantly impaired contextual fear condition-
ing [33]. Consistently, another group has shown 
that injection of roscovitine, another Cdk5 
inhibitor, into the hippocampus could also pro-
foundly reduce freezing behavior [14]. Tanaka 
et al. has demonstrated that specific genetic 
reconstitution of Cdk5 expression limited in 
neurons in Cdk5 null mice rescued the defects 
in the nervous system of this Cdk5 null pheno-
type [34]. Also, recent evidence has demon-
strated that Cdk5 was closely related to drug 
addiction [35, 18]. Our previous paper also 
revealed that Cdk5 was involved in ethanol 
exposure in animal models [36].

Based on the above-mentioned research, we 
investigated the neuroprotective effects of 
polydatin in a rat model of chronic self-adminis-
tered ethanol and further explored the possible 
mechanism of this protection via Cdk5. Results 
showed that following chronic alcohol treat-
ment, rats exhibited increased hippocampal 
Cdk5 expression in addition to memory impair-
ment, indicating that Cdk5 may be involved in 
alcohol-induced learning and memory injuries. 
However, hippocampal Cdk5 expression was 
decreased and the learning and memory func-
tion of rats was protected following polydatin 
treatment. To further confirm whether Cdk5 is 
associated with the neuroprotection of polyda-
tin, we cultured primary hippocampal neurons 
based on animal experiments. Neurons were 
pretreated with roscovitine, a selective inhibitor 
of Cdk5. Roscovitine is a purine-like substance 
and can occupy the ATP binding site of Cdk5 to 
inhibit Cdk5/p35 complex production, thereby 
inhibiting Cdk5 activity [37]. Results in the 
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present study showed that the survival rate of 
roscovitine-pretreated neurons was significant-
ly increased following alcohol treatment, indi-
cating that inhibition of Cdk5 activation can 
inhibit alcohol-induced neurotoxicity. Interes- 
tingly, polydatin-pretreated neurons also pre-
sented significantly increased survival rate but 
decreased Cdk5 kinase activity, demonstrating 
a similar mechanism of action for polydatin as 
roscovitine. The findings indicate that inhibition 
of Cdk5 activation mediates suppressed alco-
holinduced neurotoxicity by polydatin.

The neuroprotective mechanism of polydatin 
remains inconclusive. It may act as an antioxi-
dative agent in the CNS, like many polyphenols. 
Some studies reported that polydatin may 
affect the function of NMDA receptor by rapidly 
inhibiting the glutamate induced Ca2+ toxicity in 
the hippocampus [38, 39].

In conclusion, our study demonstrated for the 
first time that polydatin markedly improved the 
learning and memory deficits induced by chron-
ic self-administered ethanol in rats. We also 
found that polydatin could decrease the expres-
sion and activity of Cdk5, consequently exert-
ing protective effects. Polydatin may amelio-
rate the cognitive deficits by many other path-
ways, but further studies are required to clarify 
its mechanisms in detail.
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