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Abstract: Objective: To explored the effects of puerarin on cognitive deficits and tissue oxidative stress and the
underlying mechanisms. Methods: 6 to 8 week old male Wistar rats were adopted as experimental animals. Morris
water maze (MWM) test was adopted to test the learning and memory function of rats. MDA, glutathione peroxidase
and total thiol assessment was done to reflect the oxidative stress in the brain tissue. Cell Counting Kit-8 (CCK8)
and flow cytometry (FCM) were performed to examine the cell viability and apoptosis rate. Reactive oxygen species
(ROS) generation was determined by the 2’, 7’-dichlorofluorescein diacetate (DCFH-DA) assay. gPCR and Western
blot (WB) were adopted to test the molecular function mechanisms of puerarin. Results: Our results indicated a
protective effect of puerarin on vascular dementia. Administration of puerarin could improve the impaired learning
and memory function. The levels of MDA were partially decreased by puerarin. The levels of glutathione peroxidase
and total thiol were partially restored. Cell viability was improved in a dose-dependent pattern (P < 0.05). Cell apop-
tosis rate was reduced in a dose-dependent pattern (P < 0.05). Puerarin could scavenge ROS generation induced by
pre-treatment of hydrogen peroxide. The results showed up-regulated levels of Nrf2, FoxO1, FoxO3 and FoxO4 (P <
0.05). Conclusion: Puerarin is protective on the vascular dementia by reducing oxidative stress and improving learn-
ing and memory functions. On the molecular level, Nrf2, FoxO1, FoxO3 and FoxO4 were up regulated by puerarin.
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Introduction

Chronic cerebral hypoperfusion (CCH) can be
caused by different kinds of neurological dis-
eases or psychiatric diseases like Alzheimer’s
diseases, vascular dementia and so on [1, 2].
Studies have shown that CCH is closely related
with learning and memory dysfunction within
those diseases especially in vascular dementia
[3, 4]. CCH animal model can be prepared by
disruption of the bilateral common carotid ar-
teries (2VO rats) as the pathological change
occurred in vascular dementia. In the 2VO rats,
cerebral blood flow was disrupted and cause
cerebral chronic hypoperfusion in the cortex,
hippocampus and white matter. Cognitive dys-
function and suboptimal metabolism thus
occurred, which lead to final neuronal injury.
The rennin-angiotensin system (RAS) was
reported to be important regulatory systems in

the circulatory homeostasis and was regarded
as potential target in treating CCH induced cog-
nitive defects [5, 6].

One of the main causes of vascular dementia
induced cognitive deficits and behavioral dys-
function is the overexpression of reactive oxy-
gen species (ROS) stimulated by the disruption
of cerebral blood flow [7]. ROS generation in an
excessive way is a symbol of the initiation of tis-
sue oxidative stress, which is defined as a break
of the balance between ROS and the antioxi-
dants interaction. Over generation of ROS and
free radicals can lead to severe cellular damage
include membrane lipid peroxidation, DNA frag-
mentation and damage and protein damage
[8]. In the brain, over generation of ROS can
cause cell death and apoptosis of neurons and
astrocytes leading to permanent neuronal dam-
age. ROS generation and its harmful effects
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were not only discovered in vascular dementia
but also other CNS diseases with ischemic,
hemorrhage and reperfusion conditions [9-12].
In this regard, ROS scavenging compounds
were extensively tested in various diseases
models in order to reduce the reactive oxygen
species level.

Puerarin, one of isoflavones, can be found in a
number of plants and herbs like the root of
Pueraria. Puerarin is also commonly used in
traditional Chinese medicine for symptoms like
fever and diarrhea. It has been proved that
puerarin has the ability of scavenging ROS and
reducing lipid perioxidation. Puerarin was also
proved to be neuroprotective in different kinds
of neurological diseases like Alzheimer’s dis-
ease, Parkinson’s disease and brain ischemia
[13-15]. The ROS scavenging ability of puerarin
was emphasized in most of the studies refer-
ring the protective effects of puerarin. Several
studies also focused on the anti-apoptosis
activity of puerarin on particular cell types [16,
17]. However, no study has yet been done con-
sidering the protective effects of puerarin on
vascular dementia.

In the present study, we reported that puerarin
has protective effects on the chronic ischemia
caused by vascular dementia through 2VO rat
model. Puerarin was proved alleviative on the
cognitive and behavioral dysfunction caused by
vascular dementia. Puerarin could also reduce
oxidative stress by scavenging ROS in the 2VO
rats.

Methods and materials
Reagents

Dulbecco’s Modified Eagle Media (DMEM) and
fetal bovine serum (FBS) was purchased from
Gibco (life technologies, USA). Penicillin-strep-
tomycin solution was obtained from Hyclone
(Thermo Scientific, USA). 2’, 7’-dichlorofluores-
cein diacetate (DCFH-DA) was obtained from
Molecular Probes (Eugene, OR, USA). Puerarin
was obtained from Sigma-Aldrich (NY, USA).

Animals

6 to 8 weeks old male Wistar rats were pur-
chased from Shanghai Experimental Animal
Center (Shanghai, China). Experimental proce-
dures were approved and performed according
to guidelines of laboratory animal care and use.
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All efforts were made to reduce the number of
animals tested and their suffering.

Surgical procedures

Permanent cerebral hypoperfusion was real-
ized by disruption of bilateral common carotid
arteries (2VO rats). The detailed surgical proce-
dures were as follows: Rats were first anesthe-
tized with ketamine/xylazine (45/6 mg/kg). Af-
ter anesthetization, a ventral cervical incision
was performed and the bilateral common
carotid arteries were carefully exposed. Vessels
were then separated from the sheath and sym-
pathetic nerves. The vessels were ligated with
surgical suture for ischemia simulation. The wh-
ole surgery was performed on heating device to
maintain the body temperature of rats.

Morris water maze test

Morris water maze was adopted to test the
alterations of cognitive and behavioral perfor-
mance within different groups. Animals were
divided into the following groups: Group 1
(Sham group with no occlusion), Group 2
(Control group with 2VO procedure), Group 3
(Sham group with puerarin administration),
Group 4 (2VO group with puerarin administra-
tion). The maze device contains a circular water
pool with diameter of 1.5 m and height of 0.6
m. Rats in different groups were put in the pool
at the starting points in the four different cor-
ners. One black platform was placed below the
water surface and rats were aimed to locate
the platform. Rats will be placed onto the plat-
form if they cannot find the platform by them-
selves. The escape latency and swim speed
were recorded for the analysis of the total per-
formances.

Cell culture

SH-SY5Y cells were obtained from the Shanghai
Experimental Cell Bank (Shanghai, China). The
cells were cultured in DMEM medium with 10%
FBS and 1% penicillin and streptomycin. Cells
were seeded with a density of 10° cells/flasks
and then cultured for 2 weeks under the condi-
tion of 5% CO,, 95% humidity incubator at 37°C.

MDA, glutathione peroxidase and total thiol
assessment

Lipid peroxidation (LPO) was evaluated by test-
ing the level of MDA. Thiobarbituric acid can
react with MDA producing a red colored com-
pound with an absorbance light wave of 532
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Table 1. Primer sequences for Qpcr

Reactive oxygen species

Primers Forward Reverse Tm (°C) (ROS) assay

Nrf2 5'-GCGTCGCATTACCAACAT-3' 5-CTGGAAGCTCACCAACGA-3' 57 SH-SY5Y cells (5 x 10°
FoxO1  5-ACCCGAAGCGGACATT-3'  5-GGCATCTCCCTGAACG-3’ 58 cells/well in 96 well
Fox03  5-TACCCACCTCAGACACC-3'  5-ATCCCCAATCAGAAACAC-3’ 59 plates) were cultured in
Fox04 5"-AGCAAAGAAGACGAG-3'  5'-CAGCGTCTCAAACAGG-3’ 61 DMEM  medium (10%
B-actin  5-TCCCTGTATGCCTCTG-3’ 5'-ATGTCACGCACGATTT-3’ 61 FBS, 1% antibiotics) con-

nm. In the experimental procedure, phosphoric
acid (2 mL, 1%) and TBA (1 mL 0.5%) were
mixed and centrifuge and heated to boiling. 5
mL butanol was then added after cooling and
then mixed together. After centrifugation, the
red colored layer was transferred to a new
96-well plate to test the absorbance at 532
nm. The standard curve was calculated and
made at the dosage of O uM to 10 uM accord-
ing to previous studies. Glutathione peroxidase
(GSH-Px) concentration was determined by
GS-H peroxidase kit obtained from Sigma-
Aldrich (NY, USA). The procedures followed the
manufacturer’s instructions. Thiol concentra-
tion was evaluated by DTNB assay. DTNB reacts
with thiol and produce yellow color at an absor-
bance of 412 nm. Thiol concentration was
determined by equations explained in previous
studies [18].

CCK-8 cell proliferation and viability assay

SH-SY5Y cells were seeded (2 x 102 per well)
into 96-well plates and were cultured overnight.
Cells were stressed with hydrogen peroxide and
then with or without treatments of puerarin. Cu-
lture medium was removed the next day and
fresh medium was added. Cell proliferation and
viability were evaluated by Cell Counting Kit-8
(CCK8, Dojindo, Japan) reagent at 12 h, 24 h,
and 48 h according to the manufacturers’
instructions. The absorbency of cells was mea-
sured using a 96-well plate reader at 450 nm.

Flow cytometry cell apoptosis assay

SH-SY5Y cells apoptosis rate was detected by
FCM with Annexin V-FITC Apoptosis Detection
Kit (KeyGEN) following to the manufacturer’s
instructions. 100 mL of 10° cells in suspension
were stained with kit solution (Annexin-V-FITC
and PI) in dark for 15 min. The apoptosis rate
was assayed by using FACSCalibur Flow Cy-
tometry (BD, USA) at 488 nm.
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taining hydrogen pe-
roxide for 24 h as stress
stimulation and each well was replaced with
DMEM medium (10% FBS, 1% antibiotics). Cells
were then treated with different concentrations
of puerarin and control group was set as blank.
Intracellular ROS level was measured by 2/,
7’-dichlorofluorescein di-acetate (DCFH), which
can be oxidized into fluorescent DCF. After fix-
ing, the cells were washed in 1 x PBS and then
incubated in the dark for 30 min with 10 uM
DCFH-DA. Images were taken using the fluores-
cence of DCF by fluorescence microscopy.

gPCR

Total RNA was isolated using Trizol reagent (Life
Technologies). Reverse transcriptase and
oligo’dT primer were used to prepare cDNA
from 1 yg of RNA according the manufacturer’s
instructions (Takara, Japan). Two microlitres of
each cDNA was then used for PCR amplification
using primers for Nrf2, FoxOl1l, FoxO3 and
Fox04. The detailed information of primers was
shown in Table 1.

Western blot

Cells were first lysed in prepared buffer con-
taining 10 mM Tris, 0.1% SDS, 5 mM EDTA. The
pH was regulated to 7.2. 20 pg of protein sam-
ples were loaded to SDS-PAGE. PVDF mem-
branes were chosen for transfer. After blocking
in 5% skim milk in PBS, membranes were incu-
bated with antibodies against Nrf2 (1: 1000),
FoxO1 (1:1000), FoxO3 (1:1000), Fox04
(1:2000) and B-actin (1:2000) overnight at 4°C
followed by 1 h-incubation with secondary anti-
body (1:2000). Blots against (-actin served as
loading control.

Statistical analysis

All data were analyzed by SPSS (ver. 13.0) soft-
ware and the results were showed by mean +
SD. Student’s t-test and two-way analysis of
variance (ANOVA) were used to assess statisti-
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Figure 1. Puerarin attenuates learning and memory impairments in 2VO rats. Animals were divided into the follow-
ing groups: Group 1 (Sham group with no occlusion), Group 2 (Control group with 2VO procedure), Group 3 (Sham
group with puerarin administration), Group 4 (2VO group with puerarin administration). A. Escape latency to find
the hidden platform. B. Average time spending proportion in the target quadrant. C. Swimming speed of the four
different groups. Data in the figures represent average + SD. (n = 3) "P < 0.05, compared to 2VO group. *P < 0.05,

compared to sham group.

cal significance, with P < 0.05 being regarded
as significant.

Results

Puerarin attenuates learning and memory
impairments in 2VO rats

Atraining trial lasts for four days was performed
using the MWM devices aiming to evaluate the
learning and memory function of puerarin treat-
ment. Escape latency time was recorded in the
four groups. The results showed that animals in
2V0 group presented significant high latency
time than the sham group (P < 0.05). These
results were confirmed of the impairment of the
learning and memory function representing a
vascular dementia model. The results also re-
vealed that long-term administration of Puerarin
improved the performances of 2VO group ani-
mals. Learning and memory function were par-
tially restored in 2VO + Puerarin groups with
significant alterations (P < 0.05) (Figure 1A).
We also find that sham animals administered
with puerarin was not associated with the
change of learning and memory functions. We
then focused on the spending time in the target
quadrant to test the memory. Results showed
that mice underwent 2VO procedure presented
worse memory ability with shorter average sp-
ending time on a particular target quadrant (P <
0.05). In 2VO groups administered with puera-
rin, the memory ability was improved indicated
by an extension of the spending time in the tar-
get quadrant (P < 0.05). The results were con-
sistent with the learning ability that sham group
treated with puerarin didn’t show any change
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on consolidation of memories. An additional th-
ing we noticed was that the swimming speed of
the four groups showed no significant differ-
ences. This observation excluded the possibili-
ty that the learning and memory differences
were caused by mobility disorders (Figure 1C).

Puerarin reduces MDA, GSH-Px and thiol levels
in the hippocampus and frontal cortex

Oxidative stress is one of the main damage
occurs after 2VO procedure. To test the degree
of the free radical induced tissue damage,
MDA, GA and thiol levels were detected with dif-
ferent methods. The results presented that the
MDA levels were significantly elevated in the
2VO0 groups in both hippocampus and the fron-
tal cortex compare to the sham groups (P <
0.05). In accordant with the previous results,
administration of puerarin can significantly
down-regulate the elevated MDA levels in the
hippocampus and the frontal cortex (Figure 2A)
(P < 0.05). As expected, administration of puer-
arin to sham rats did not show any change of
MDA levels in the sham + puerarin groups.
GSH-Px concentration was determined to esti-
mate the antioxidant enzyme activity in cells
against the free radicals and ROS generation.
As shown in Figure 2, 2VO groups showed much
less GSH-Px concentration compare with the
sham group (Figure 2B). Administration of puer-
arin was not fully but partially restored the
GSH-Px concentration in the 2VO + Puerarin
groups (P < 0.05). Administration of puerarin in
the sham + puerarin group showed no differ-
ence compare with the sham group. Total thiol
concentration was then tested by DTNB assay

Int J Clin Exp Pathol 2015;8(5):4695-4704
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aiming to evaluate the non-enzymatic defense
against the free radicals and ROS generation.
Similarly with the GSH-Px concentration exami-
nation, 2VO rats showed a significant decease
in the level of total thiol compare to the sham
group (P < 0.05). Administration of puerarin in
2VO0 rats could partially improve the total thiol
level decreased by 2VO procedure (Figure 2C).
Administration of puerarin in the sham + puera-
rin did not show statistical meaningful changes
on the thiol level.

Puerarin increases cell viability of SH-SY5Y
cells treated with hydrogen peroxide

To simulate the in vivo situation of vascular
dementia and 2VO models, we stimulated the
SH-SY5Y cells with hydrogen peroxide for oxida-
tive stress. Cell viability was evaluated with or
without treatments of puerarin. Puerarin was
treated under three different concentrations:
0.1 uM, 0.5 pM and 1 uM. Cell viability was
measured at 12 h, 24 h and 48 h respectively.
The results showed that oxidative stress
induced by hydrogen peroxide could significant-
ly down-regulate the cell viability at the three
time points (Figure 3A-C). The cell viability of SH-
SYBY cells was improved by puerarin treat-
ments in a dose-dependent way. 1 uM of puer-
arin showed the best improving effects that
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Figure 2. Puerarin reduces MDA, GSH-Px and thiol
levels in the hippocampus and frontal cortex. Animals
were divided into four groups described as previous. A.
Effects of Puerarin on the levels of MDA in the hippo-
campus and frontal cortex of 2VO rats and sham rats.
B. Effects of Puerarin on the levels of GSH-Px in the
hippocampus and frontal cortex of 2VO rats and sham
rats. C. Effects of Puerarin on the levels of thiol in the
hippocampus and frontal cortex of 2VO rats and sham
rats. Data in the figures represent average + SD. (n =
3) "P < 0.05, compared to 2VO group. #*P < 0.05, com-
pared to sham group.

almost reached to the same level of the control
groups. We then tested the cell apoptosis rate
induced by oxidative stress. The results went
an opposite pattern showing that pueararin
could decrease the apoptosis rate induced by
hydrogen peroxide in a dose-dependent way
(Figure 3D-F). 1 uM of puerarin showed the
best anti-apoptosis effects compare to the
other puerarin treatments groups.

Puerarin scavenges ROS production of SH-
SY5Y cells under hydrogen peroxide stress

To further explore the ROS scavenging ability of
puerarin, we performed ROS scavenging assay
by DCFH-DA on SH-SY5Y cells. Intracellular
ROS levels were analyzed by DCFH-DA, which is
cell permeable and oxidation sensitive within
cells. After 24h’s induction of hydrogen perox-
ide, culture medium was replaced with differ-
ent dosages of puerarin. After 12 h or 24 h of
puerarin treatment, intracellular ROS levels
were then analyzed by DCFH-DA. The results
remarkably showed that puerarin decrease the
intensity of DCF fluorescence within SH-SY5Y
cells in a dose-dependent way (Figure 4A).
Quantitative analysis of DCF fluorescence
intensity showed that groups induced with
hydrogen peroxide and no treatment of puera-
rin showed the highest fluorescence level. The

Int J Clin Exp Pathol 2015;8(5):4695-4704
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Figure 3. Puerarin increases cell viability of SH-SY5Y cells treated with hydrogen peroxide. SH-SY5Y cells were cul-
ture stimulated by hydrogen peroxide with or without treatments of different dosages of puerarin. A. Cell viability
evaluation of in different groups at 12 h by CCK-8. B. Cell viability evaluation of in different groups at 24 h by CCK-8.
C. Cell viability evaluation of in different groups at 48 h by CCK-8. D. FCM analysis of cell apoptosis rate of SH-SY5Y
cells at 12 h. E. FCM analysis of cell apoptosis rate of SH-SY5Y cells at 24 h. F. FCM analysis of cell apoptosis rate
of SH-SY5Y cells at 48 h. Data in the figures represent average + SD. (n = 3) “P < 0.05, compared to control group.
#P < 0.05, compared to positive control group.

ROS positive cell number was significantly on the mRNA levels. Puerarin treatments could
down regulated by puerarin treatments at both enhance the improving effects of hydrogen per-
12 h and 24 h. 1 yM of puerarin showed the oxide (Figure 5B-D) (P < 0.05). The results were
best ROS scavenging ability compare to other consistent on the protein levels proved by WB
groups (P < 0.05). (Figure 5E). The quantitative analysis of WB

images showed that these anti oxidative stress
Puerarin increases expression of Nrf2, FoxO1, genes expressions were up regulated in differ-
Fox03 and FoxO4 expression in SH-SY5Y cells ent patterns according to the mRNA level alter-

. ) ations (Figure 5F-I).
We previously proved that puerarin could effec-

tively scavenge intracellular ROS generation Discussion

induced by hydrogen peroxide. To explore the

underlying mechanisms, we hypothesized that Our results demonstrated that puerarin admin-
the antioxidant activity of puerarin might be istration both in vivo and in vitro could signifi-
related with alterations of gene expressions. cantly reverse the oxidative stress induced by
We then investigated several crucial genes ischemic conditions or hydrogen peroxide. Pu-
related with antioxidant protein expression erarin administration could also improve the
namely Nrf2, FoxO1, FoxO3 and FoxO4. gPCR learning ability and consolidate the memory in
and western blot were performed to test the 2V0 rats. We found that the protective effects
expression changes of these genes (Figure 5). of puerarin on the chronic ischemic condition
From the results, we found that hydrogen per- and oxidative stress induced by hydrogen per-
oxide is not affective on the mRNA level of Nrf2, oxide in vitro is closely related with the ROS
while puerarin treatments could significantly scavenging ability of puerarin, which also
improve the expression of Nrf2 (Figure 5A). As explained the anti-apoptosis activity of puera-
for the FoxO family, FoxO1, FoxO3 and FoxO4 rin in vitro. On the molecular level, we discov-
were improved by hydrogen peroxide induction ered that treatments of puerarin is associated
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Figure 4. Puerarin scavenges ROS production of SH-SY5Y cells under hydrogen peroxide stress. A. Representative
images of ROS positive cells of SH-SY5Y cells stimulated by hydrogen peroxide with or without treatments of dif-
ferent dosages of puerarin. B. ROS positive SH-SY5Y cells at 12 h. C. ROS positive SH-SY5Y cells at 24 h. Data in
the figures represent average + SD. (n = 3) "P < 0.05, compared to control group. #*P < 0.05, compared to positive

control group.

with the up regulation of several antioxidant
protein expression. The mRNA level and protein
levels of Nrf2, FoxO1, FoxO3 and FoxO4 were
significantly up regulated by treatments of
puerarin. It was also interesting to find that
hydrogen peroxide treatment alone could also
up regulate the expression of Nrf2 (Figure 5E).

2VO0 rat model was chosen as the in vivo animal
model in our study. The ligation of the bilateral
common arteries could cause global ischemia
of the brain. Two target areas were mostly
affected from this ischemia namely hippocam-
pus and frontal cortex in which hippocampus is
in charge of the learning and memory function.
We then performed the Morris Water Maze test
for the evaluation of learning and memory func-
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tion within each group. All the results indicated
protective effects of puerarin on the impaired
function of learning and memory abilities in
2VO0 rats. In the previous studies, it was also
reported that the cholinergic system could also
be affected by chronic ischemia [19, 20]. It was
interesting to find that stimulation of the cholin-
ergic system could enhance the impaired spa-
tial memory in the experimental animal model.
Another report demonstrated that release of
glutamate in the CNS could be regarded as a
symbolic event under the ischemic condition
[21]. As one of the functional neurotransmitter,
glutamate was reported ca-pable of generating
ROS that is inductive of neuronal apoptosis and
cell death [22]. In this regard, drugs were inves-
tigated targeting neurotransmitters like gluta-

Int J Clin Exp Pathol 2015;8(5):4695-4704
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Figure 5. Puerarin increases expression of Nrf2, FoxO1, FoxO3 and Fox04 expression in SH-SY5Y cells. A. Relative mRNA expression of Nrf2. B. Relative mRNA ex-
pression of FoxO1. C. Relative mRNA expression of Fox03. D. Relative mRNA expression of FoxO4. E. Representative WB images of Nrf2, FoxO1, FoxO3 and FoxO4.
F. Quantitative analysis of Nrf2 intensity against actin. G. Quantitative analysis of FoxO1 intensity against actin. H. Quantitative analysis of FoxO3 intensity against
actin. I. Quantitative analysis of FoxO4 intensity against actin. Data in the figures represent average + SD. (n = 3) "P < 0.05, compared to control group. #*P < 0.05,
compared to positive control group.

4702

Int J Clin Exp Pathol 2015;8(5):4695-4704



Puerarin attenuates cognitive dysfunction and oxidative stress of rats

mate and acetylcholine treating patients with
diseases such as VD. Besides, different kinds
of medications were invented treating VD such
as antioxidants, free radicals scavengers and
calcium ion antagonists [23].

It has already been proved that oxidative stress
plays a crucial role in the ischemic and hypoxic
brain damage. Oxidative stress is also related
with over expression of inflammatory cytokines
and cognitive dysfunction caused by vessels
impairments [24-27]. ROS is capable of oxidize
membranous lipids, cell proteins and nuclear
acids within the nuclei that eventually lead to
cellular dysfunction. In this consideration, we
focused on the ROS over generation and free
radicals production in the brain tissue of 2VO
rats. We measured the levels of MDA, which is
a marker of lipid peroxidation [28, 29]. GSH-Px
and thiol levels were measured as enzymatic
and non-enzymatic defense of ROS generation
in vitro respectively. To further explain the ROS
scavenging ability of puerarin in vitro, SH-SY5Y
cells were selected to be cultured in vitro and
stimulated with hydrogen peroxide as simula-
tion of ischemic induced oxidative stress in
vivo. In our results, it was indicated that puera-
rin treatments were capable of reducing the
hydrogen peroxide induced cell apoptosis. We
found that puerarin treatments partially re-
versed the adverse effects of oxidative stress
induced by hydrogen peroxide in a dose-depen-
dent way.

To explore the underlying mechanisms, we
focused on the forkhead box O (FoxO) family
and Nrf2 expression. The FoxO family reduces
ROS production by increasing the expression of
several antioxidant enzymes of redox signaling.
FoxO family proteins are also transcription fac-
tors regulating cell proliferation, differentiation,
apoptosis, cell cycle arrest and autophagy [30,
31]. Another gene we focused on is Nrf2, which
also regulate antioxidant proteins protective on
oxidative damages [32] Both FoxO family and
Nrf2 have important roles in the physiological
function and pathological conditions in the CNS
[33-35]. For the first time we reported that
puerarin treatments is associated with the up
regulation of both these genes in the ischemic
brain.

In conclusion, we hypothesized that puerarin is
protective on the vascular dementia induced
chronic brain ischemia by alleviating the oxida-
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tive stress and improving the cognitive fun-
ctions.
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