
P
ub

lis
he

d 
by

 M
an

ey
 P

ub
lis

hi
ng

 (
c)

 W
.S

 M
an

ey
 &

 S
on

 L
im

ite
d

Nutritional Neuroscience 2009 Vol 12 No 3 123

Anti-inflammatory effects of daidzein on
primary astroglial cell culture

Man-Hai Liu1, Yu-Shan Lin1, Shiow-Yunn Sheu2, Jui-Sheng Sun3,4

1Graduate Institute of Pharmacy and 2School of Pharmacy, Taipei Medical University, Taipei, Taiwan,
Republic of China
3Institute of Clinical Medicine, National Yang-Ming University, Taipei, Taiwan, Republic of China
4Department of Orthopedic Surgery, National Taiwan University Hospital, Taipei, Taiwan, Republic of
China

Introduction: Alzheimer’s disease is the common cause of dementia in old people. The
pathological hallmarks of Alzheimer’s disease include neuronal loss, deposition of amyloid-β, and
presence of neurofibrillary tangles. The endogenous steroid estrogen has been shown to affect
neuronal growth, differentiation and survival, while isoflavones also have a neuroprotective effect
on human cortical neurons. Daidzein, however, has a superior neuron-protective effect to other
isoflavones. The present study is to determine whether daidzein is able to inhibit the production of
pro-inflammatory mediators under amyloid-β and lipopolysaccharide stimulation.
Materials and methods: Astrocyte cells were stimulated with amyloid-β or lipopolysaccharide in the
absence and presence of diadzein. Nitric oxide released into the culture media was determined
using the Griess reaction, and concentrations of IL-1, IL-6, TNF-α and estrogen receptor gene
expression were measured by semi-quantitative real-time polymerase chain reaction assay.
Results: Diadzein-treatment increases astrocyte cell counts and attains its maximal effect at the
10–12M concentration. The addition of 20 µM amyloid-β or 10–6 g/ml LPS can significantly decrease
the viability of astrocytes, up-regulated IL-1, IL-6, TNF-α mRNA and estrogen receptor expression;
in addition, 1-h daidzein pre-treatment can restore the decreased viability of astrocytes induced by
amyloid-β or lipopolysaccharide as well as down-regulate their mRNA expression.
Conclusions: It seems that this response is estrogen receptor-mediated. These results further
increase the possibility that daidzein may have potential to ameliorate the inflammatory process
and also alleviate the risk of Alzheimer’s disease progression.
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Introduction

Alzheimer’s disease is a progressive neurodegenerative
disorder characterized by excessive deposition of
amyloid-β peptides in the brain. One of the earliest
neuropathological changes in Alzheimer’s disease is
the accumulation of astrocytes at sites of amyloid-β
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deposition. There has been a novel mechanism for the
accumulation of astrocytes around amyloid-β
deposits, indicating a direct role for astrocytes in
degradation of amyloid-β and implicate deficits in
astroglial clearance of amyloid-β in the pathogenesis
of Alzheimer’s disease.1 The characteristic brain
pathology of Alzheimer’s disease includes intra-
neuronal neurofibrillary tangles as well as
extracellular neuritic plaques containing fibrillar
amyloid-β and diffuse plaques with soluble non-
fibrillar amyloid-β that are evidence of apoptosis and
neuronal death, and generalized cortical atrophy.2

Astrocytes are the major non-neuronal cells in the
brain and they have been implicated in the segregation,
maintenance, and support of neurons. Astrocytes are
glial cells constituting part of the blood–brain barrier
and capable of performing a variety of functions within
the central nervous system. Astrocyte expression of pro-
inflammatory cytokines,3 major histocompatibility
complex class II antigen,4 and antigen presentation5

have been demonstrated both in vivo and in vitro. There
is emerging evidence that astrocytes are an important
source of neuro-active substances such as growth
factors, eicosanoids, and neurosteroids such as 3α,5α-
tetra-hydroprogesterone (3α,5α-THP) and progest-
erone, which may subsequently influence neuronal
development, survival, and neurosecretion.6 Thus
astrocyte– neuronal interactions have important impli-
cations for all areas of the brain. Recently, the
importance has been recognized in the form of
inflammatory mechanisms in the pathogenesis of a
variety of neurodegenerative diseases, such as
Alzheimer’s disease.7 However, the mechanisms
initiating deleterious neuro-inflammation in neuro-
degenerative disease are still poorly understood.

Lipopolysaccharide (LPS), an endotoxin from
Gram-negative bacteria, damages neurons only in the
presence of microglia.8 Furthermore, LPS activation
of microglia both in vivo and in vitro causes the
progressive and cumulative loss of neurons over time.9

Bacterial LPS, tumour necrosis factor-α (TNF-α),
interferon-γ (IFN-γ) and interleukin-1β (IL-1β) have
been shown to trigger astrocytes to up-regulate
chemokine expression in vitro.10

Multiple epidemiological studies indicate that
estrogen/hormone replacement therapy can signifi-
cantly reduce the risk of Alzheimer’s disease.11 These
data, which were rapidly conveyed to the clinical and
lay communities, stand as a unique and profoundly
important series of observations. It has also been
suggested that estradiol may delay the onset and
ameliorate the symptoms of Alzheimer’s disease,
although some controversy exists on the topic.12 In

spite of potential benefits, the use of estradiol is
limited in clinical situations because its effects on the
breast and the uterus have been associated with an
increased risk of cancer in these tissues. Thus, selective
estrogen receptor modulators (SERMs) such as
tamoxifen that can exhibit tissue-specific estrogen-like
agonistic or estrogen-antagonistic effects are being
used in clinical practice.13 The endogenous steroid
estrogen has been shown to affect neuronal growth,
differentiation and survival, while isoflavones also
have a neuron-protective effect on human cortical
neurons.14 These agonist/antagonist profiles for
individual SERMs may differ also among brain
areas.15 Genistein, daidzein and other isoflavones
have been shown to mimic the pharmacological
actions of the gonadal steroid estrogen with which
they have structural similarities. Several studies
have looked at the effect of isoflavones in the brain.
In 2008, Chen et al.16 showed that daidzein had a
superior neuron-protective effect on lipopoly-
saccharide-induced dopaminergic neurodegene-
ration than other isoflavones. In the present study,
we used amyloid-β and LPS to simulate chronic
glial cell inflammation and analyzed the changes in
the inflammatory cytokine, reactive oxygen species
(ROS), and evaluated the effects of a selective
estrogen receptor modulator, daidzein, on inflam-
matory responses of primary astroglial cell cultures.

Materials and methods

Primary cell culture
This study received prior approval of the National
Yang-Ming University Investigation Research Board
Committee. Enriched astrocyte cultures were derived
from the ICR mice neonatal cortex (3–4-day-old)
using a technique modified from McCarthy and de
Vellis17 that favors the survival and proliferation of
astrocytes over neurons. Briefly, glial cells dissociated
with papain were grown in DMEM/F12 medium
supplemented with 10% fetal calf serum (HyClone;
Utah, USA). By assessment with astrocyte immuno-
cytochemical markers (galactocerebroside and glial
fibrillary acidic protein [GFAP]), the purity of the cell
culture was found to be more than 95% astrocytes as
previously described.18 For each study, the cultures
were grown for 7 days until confluence. The medium
was removed and cells were washed twice with 5 ml
EDTA-trypsin solution (2.5% trypsin), and then re-
suspended in 8 ml DMEM + 1% fetal calf serum.
Before each experiment, all cells were incubated for 2
days in the same media. In order to minimize any
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difference in cellular growth between the controls and
treated cultures, cells from the first passage of the
same batch were used as controls and treated cultures
in each experiment. Also, the same batch of serum was
used and reduced to 1% during test procedures to
minimize the possible growth-enhancing effect derived
from the fetal calf serum in all experiments.

Colorimetric formazan assay for cell viability
To assess the stimulatory effects of various
medications on the astrocytes, a series of cultures was
stimulated and the MTT (tetrazolium) assay for cell
viability was performed on the 2nd, 4th, and 9th days
of culture. The mitochondrial activity of the
astrocytes after exposure was determined by colori-
metric assay which detects the conversion of 3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
(MTT; catalog no. M2128, Sigma Co., St Louis, MO,
USA) to formazan. For the assay, 6250 cells/well were
incubated (5% CO2, 37ºC) in 96-well culture plate in
DMEM + 1% fetal calf serum for 2 days. Before the
experiment, the cells were pre-treated with different
concentrations of daidzein (10–9–10–13 M daidzein
dissolved in ethanol; Biotic Chemical Co., Ltd, Taipei
County, Taiwan, ROC) for 1 h, and then 20 µM
amyloid-β or 10–6 g/ml LPS was added to the culture.
The samples tested in the presence of amyloid-β or
LPS were defined as positive neurotoxic control
groups; the samples tested in the absence of
neurotoxic medication and diadzein were defined as
negative control groups. At the end of each time
interval, the supernatant was removed, 100 µl per well
of MTT solution (1 mg/ml in test medium) was added
and the wells were incubated at 37ºC for 4 h to allow
the formation of formazan. The supernatant was then

removed and acid-isopropanol (100 µl of 0.04 N HCl
in isopropanol) was added to dissolve the dark blue
crystals. The supernatant was then read on a Micro
Elisa reader (Emax Science Corp., Sunnyvale, CA,
USA), using a test wavelength of 570 nm against a
reference wavelength of 690 nm. Plates were normally
read within 1 h of adding the isopropanol.

Nitrite assay
For the assay, 2 × 105 cells/well were incubated
(DMEM + 1% fetal calf serum, 5% CO2, 37ºC) in a 6-
well culture plate for 2 days. Before the experiment, cells
were pre-treated with different concentrations of
daidzein for 1 h, and then 20 µM amyloid-β or 10–6 g/ml
LPS was added to the culture. The production of NO
was assessed by measurement of NO2

– (an oxidation
product of NO) accumulation in the cell-free super-
natants. Following the incubation, a 100 µl aliquot of
the culture medium was mixed with 100 µl of Griess
reagent (1% sulphanilamide, 0.1% N-(1-naphthyl)-
ethylenediamine dihydrocloride, 2.5% H3PO4), a
colorimetric indicator for the presence of nitrite.19 The
samples were incubated in the dark at room temperature
for 10 min, and the absorbance was measured at 570 nm
in a microplate reader (TiterTek MultiSkan MCC,
Alabama, USA). Fresh culture medium served as the
blank in all experiments. Solutions of sodium nitrite
diluted in culture medium were used as standards. The
protein content was determined by a BCAProteinAssay
Reagent (Pierce, Illinois, USA) with bovine serum
albumin as the standard.

RT-PCR analysis
All experiments were performed in quadruplicate. The
total amount of RNA was isolated from cell cultures
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Table 1 Polymerase chain reaction primer sequences

Gene name Primer sequence PCR product (bp)

GeneBank access number (upper – sense primer)
(lower – antisense primer)

β-Microglobulin F: 5′-TTCAGTGTGAGCCAGGATATAGAAA-3′ 153
NM009735.3 R: 5′-GAAGCCGAACATACTGAACTGCT-3′

IL-1β F: 5′-GTGTGTGACGTTCCCATTAGA-3′ 101
NM8361 R: 5′-AGGTGGAGAGCTTTCAGCTCA-3′

IL-6 F: 5′-CAAGTCGGAGGCTTAAAC-3′ 101
X54542 R: 5′-AAGTGCATCATCGTTGTTCAT-3′

TNF-α F: 5′-TCTCTACCTTGTTGCCTCCTCTTTT-3′ 150
NM013693.1 R: 5′-TGTAGGGCAATTACAGTCACGG-3′

ER-α F: 5′-TGTACACATTTCTATCCAGCACCTT-3′ 244
M38651 R: 5′-GCCATCAAGTGGATCAAAGTGTC-3′

ER-β F: 5′-GATTCTGGAAATCTTTGACATGCTC-3′ 203
U81451 R: 5′-ACATACTGGAGTTGAGGAGGATCAT-3′
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using the ABI-Nucleic acid purification kit with the ABI
PRISM 6100 Nucleic Acid PrepStation (ABI, Foster
City, CA, USA) following the manufacturer’s protocol.

Reverse transcription, PCR, and real-time PCR
reagents were supplied by Applied Biosystems (Foster
City, CA, USA). Real-time PCR was performed using
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Figure 1 Effect of daidzein on astrocyte proliferation and viability. The astrocyte cell number of the control sample kept
increasing during 9 days of culture. When the cells were treated with daidzein in concentrations within the range of
10–13 M to 10–9 M, the proliferation activity of the astrocyte culture was always higher than that of the control
samples, with its maximal effect attained at 10–12 M (A). The addition of 20 µµM amyloid-ββ (B) or 10–6 g/ml LPS (C) can
significantly decrease the viability of astrocytes, while 1 h of daidzein pre-treatment can restore the decreased
viability of the astrocytes originally induced by amyloid-ββ or LPS. (n = 8; aP < 0.05; bP < 0.01; cP < 0.001 when
compared with control or positive control)
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an ABI Prism 7000 Sequence Detector (Applied
Biosystems). Primers were designed and synthesized by
Applied Biosystems (Table 1). Quantitative PCR
conditions were: (stage 1) 95ºC for 10 min and (stage 2)
40 cycles at 95ºC for 15 s, 60ºC for 30 s, and 72ºC for 2
min. The final cycle (stage 3) heated products slowly to
95ºC while fluorescence measurements were used to
generate a dissociation curve utilizing the software
program v1.Ob1 provided by Applied Biosystems. From
such melting curves, the degree of product purity was
assessed. This was accomplished by confirming the
presence of a single peak at the known product melting
temperature and the absence of any primer dimers that
may generate a peak at a lower temperature.20 In
addition to real-time and melting curve analysis of the
reactions, amplified products were separated
electrophoretically in 4% agarose gels with ethidium
bromide and visualized and photographed under UV
light to confirm the proper size as well as the absence of
non-specific products.

Statistical analysis
Results are expressed as mean ± SD and two-way
ANOVA with post hoc Bonferroni-corrected t-tests
was used to examine inter- and intragroup differences
for MTT assay and nitrite assay. For the RT-PCR
analysis, statistical comparisons were made using the
Kruskal–Wallis test to examine differences between
individual data points. In all cases, a level of 5% was
considered as statistically significant.

Results

Effect of daidzein on astrocyte proliferation and viability
In this study, the astrocyte cell number of the control
sample kept increasing during the 9 days of culture. With
daidzein treatment, the proliferation activity was always
higher than the control samples and attained its maximal
effect at 10–12 M concentration. At 10–12 M diadzein, the
viability of astrocytes was increased to 116.59% (P <
0.05), 153.31% (P < 0.001), and 143.09% (P < 0.001) of
the control samples on the 2nd, 4th and 9th day of
culture (Fig. 1A). In this study, we used a 10–12 M
concentration of diadzein for all subsequent assays.

The addition of 20 µM amyloid-β or 10–6 g/ml LPS
can significantly decrease the viability of astrocytes,
while a 1-h daidzein pre-treatment (10–10–10–13 M
daidzein dissolved in ethanol) can restore the
decreased viability of the astrocytes induced by
amyloid-β (Fig. 1B) or LPS (Fig. 1C).

In the presence of 20 µM amyloid-β, the viability of
astrocytes was decreased to 58.10% and 46.31% of the

control sample on the 4th and 9th day of culture,
respectively. With a 1-h 10–12 M daidzein pre-treatment,
the decreased viability of the astrocytes was restored to
89.53% (P < 0.001 when compared with positive
control) and 87.65% (P < 0.001 when compared with
positive control) of the control sample on the 4th and
9th day of culture, respectively (Fig. 1B).

When astrocytes were cultured with 10–6 g/ml LPS
for more than 5 days, the viability of astrocytes
decreased significantly; thus, we limited our tests to
within 4 days of culture. In the presence of 10–6 g/ml
LPS, the viability of astrocytes was decreased to
88.15%, 81.73% and 86.92% of the control sample on
the 2nd, 3rd, and 4th days of culture, respectively.
With a 1-h 10–12 M daidzein pre-treatment, the
decreased viability of the astrocytes were restored to
99.44% (P < 0.05 when compared with positive
control), 97.25% (P < 0.01 when compared with
positive control) and 106.14% (P < 0.05 when
compared with positive control) of the control sample
on the 2nd, 3rd, and 4th days of culture, respectively
(Fig. 1C).

Effect of daidzein on the astrocyte nitric oxide synthesis
Astrocyte cells treated with daidzein showed a
significant decrease in the synthesis of nitric oxide.
Amyloid-β did not enhance NO synthesis by
astrocytes, but the LPS did increase the NO synthesis
significantly (Fig. 2).

In this study, astrocyte cells treated with daidzein
can significantly decrease the synthesis of nitric oxide.
In the presence of 10–12 M diadzein, the synthesis of
nitric oxide by astrocytes on the 2nd day of culture
was decreased to 87.40% (P < 0.001) of the original
control samples (Fig. 2A).

NO synthesis by astrocytes was not enhanced by
the presence of 20 µM amyloid-β, and the effect of
pre-treatment of daidzein in decreasing the NO
synthesis was also not so obvious; pre-treatment of
daidzein only significantly decreased the NO synthesis
on the 4th day of culture (Fig. 2B).

When astrocytes were cultured with 10–6 g/ml LPS,
the synthesis of nitric oxide were increased to
116.53%, 132.38% and 145.93% of the control sample
on the 2nd, 3rd, and 4th days of culture, respectively.
Pre-treatment of daidzein significantly decreased the
NO synthesis induced by LPS (Fig. 2C).

Effect of daidzein on astrocyte cytokines and estrogen
receptor gene expression
After induction for 4 days in the culture conditions,
the highest mRNA activity of various cytokines and
estrogen receptors was measured. The relative mRNA
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expression (∆Ct) represents the difference in threshold
cycles for the target gene and the house-keeping gene.
The lower the ∆Ct value shown, the earlier the target
gene expressed. The 2^(–∆∆Ct) method is a convenient

way to analyze the relative changes in gene expression
from real-time quantitative PCR experiments. As
expected from the gene expression results, the addition
of amyloid-β and LPS consistently showed the earlier
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Figure 2 Effect of daidzein on astrocyte nitric oxide synthesis. Astrocyte cells treated with daidzein could significantly
decrease the synthesis of nitric oxide (A). The NO synthesis of astrocytes was not enhanced by the presence of 20 µµM
amyloid-ββ; pre-treatment of daidzein only significantly decreased the NO synthesis on the 4th day of culture (B). While
10–6 g/ml LPS did increase the NO synthesis significantly, pre-treatment of daidzein significantly decreased the NO
synthesis induced by LPS (C). (n = 8; aP < 0.05; bP < 0.01; cP < 0.001 when compared with control or positive control)
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IL-6, TNF-α and ER-β (Table 2).

Effect of daidzein on amyloid-β and LPS-induced
inflammatory cytokine synthesis
In this study, astrocytes were pre-treated with 10–12 M
diadzein and then treated with 20 µM amyloid-β to
simulate the cytotoxic effect of Alzheimer’s disease. A
similar concentration of estradiol (10–12 M) was also
tested for comparison. When astrocytes were cultured
in the presence of amyloid-β or LPS, the expression of
IL-1, IL-6 and TNF-α genes were up-regulated as
compared to that of control samples (Figs 3 and 4).

When astrocytes were cultured in the presence of
amyloid-β, the expression of IL-1 mRNA was up-
regulated as compared to that of control samples. Pre-
treatment with diadzein can reduce IL-1 mRNA
expression on the 4th day down to 4% of the positive
control, while pre-treatment with estradiol can reduce
the IL-1 mRNA expression on the 4th day down to 16%
of the positive control (Fig. 3A). Similar results were
observed for IL-6 and TNF-α synthesis, where pre-
treatment with diadzein can reduce the IL-6 mRNA
expression on the 4th day down to 45% of the positive
control and pre-treatment with estradiol can reduce the
IL-6 mRNA expression on the 4th day down to 82% of
the positive control (Fig. 3B). For TNF-α mRNA
expression, pre-treatment with diadzein can down-
regulate its expression to 2.4% of the positive control on
the 4th day and pre-treatment with estradiol can down-
regulate the TNF-αmRNA expression on the 4th day to
0.1% of the positive control (Fig. 3C).

When astrocytes were pre-treated with 10–12 M
diadzein and then stimulated with 10–6 g/ml of LPS to
simulate the cellular inflammation response of
Alzheimer’s disease, the expression of IL-1, IL-6 and
TNF-α mRNA were up-regulated as compared to

Nutritional Neuroscience 2009      Vol 12      No 3 129

Liu et al.  Anti-inflammatory effects of daidzein on astroglial cells

Table 2  The relative mRNA expression (∆∆Ct) of different cytokines and estrogen receptor inductions

∆Ct value (mean ± SD)

Target gene IL-1 IL-6 TNF-α ER-α ER-β

Control 9.78 ± 0.731 14.36 ± 0.847 18.36 ± 0.795 10.62 ± 0.486 7.19 ± 0.835
Daidzein (10–12 M) + Aβ 12.60 ± 2.747 9.21 ± 0.216 17.96 ± 2.160 9.90 ± 0.422 6.91 ± 0.975
Estradiol (10–12 M) + A� 11.40 ± 2.152 7.65 ± 1.387 19.46 ± 3.159 9.92 ± 1.949 5.10 ± 1.592
A� 6.97 ± 4.658 5.53 ± 4.888 16.36 ± 3.800 11.83 ± 4.904 4.83 ± 1.247

Control 15.02 ± 0.967 15.03 ± 0.707 17.89 ± 2.303 15.93 ± 2.241 5.08 ± 1.304
Daidzein (10–12 M) + LPS 8.68 ± 0.748 8.41 ± 0.459 15.09 ± 1.420 17.12 ± 1.354 6.93 ± 2.117
Estradiol (10–12 M) + LPS 8.88 ± 0.756 7.88 ± 0.765 15.28 ± 1.716 18.55 ± 4.236 6.09 ± 0.718
LPS 8.24 ± 0.658 8.18 ± 0.708 15.08 ± 2.648 12.49 ± 7.580 4.67 ± 1.057

Aβ, amyloid-β.
Measured by real-time PCR detection system at 4 days in different culture conditions.
Statistically significant differences (P < 0.05) existed between groups by one-way ANOVA test (n = 6).

Figure 3 Effect of daidzein on amyloid-ββ induced
inflammatory cytokine synthesis. When astrocytes
were cultured in the presence of amyloid-ββ, the
expressions of IL-1, IL-6 and TNF-αα mRNA were
up-regulated as compared to that of control
samples. Pre-treatment with diadzein reduced
mRNA expression. In IL-1 (A) and IL-6 (B) mRNA
expression, the effect of diadzein was better than
estradiol; for TNF-αα synthesis (C), the effect of
estradiol was better than that of diadzein. (n = 4; aP
< 0.05; bP < 0.01; cP < 0.001 when compared with
positive control)
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control samples. Pre-treatment with diadzein can down-
regulate their mRNA expression. For IL-1 and IL-6
mRNA expression, the effect of diadzein was more
obvious than estradiol; for the TNF-α synthesis, the
effect of estradiol was more obvious than that of
diadzein (Fig. 4).

Effect of daidzein on amyloid-β and LPS-induced
estrogen receptor gene expression
When astrocytes were cultured in the presence of
amyloid-β or LPS, the expression of ER-α and ER-β
mRNA were up-regulated as compared to control
samples. Pre-treatment with diadzein can down-
regulate their mRNA expression (Figs 5 and 6).

When astrocytes were cultured in the presence of
amyloid-β, the expression of ER-α mRNA was up-
regulated as compared to that of control samples. Pre-
treatment with diadzein can down-regulate ER-α
mRNA expression to 32% of the positive control on
the 4th day, while pre-treatment with estradiol can
down-regulate ER-β mRNA expression to 4% of the
positive control on the 4th day (Fig. 5A). Pre-
treatment with diadzein can down-regulate ER-β
mRNA expression to 30% of the positive control on
the 4th day, while pre-treatment with estradiol can
down-regulate ER-β mRNA expression to 47% of the
positive control on the 4th day (Fig. 5B).

When astrocytes were cultured in the presence of
LPS, the expression of ER-α and ER-β mRNA were
up-regulated as compared to control samples. Pre-
treatment with diadzein can down-regulate their
mRNA expression (Fig. 6).

Discussion

The ovarian steroid hormone, 17β-estradiol (E2),
exerts many diverse effects throughout the body
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Figure 4  Effect of daidzein on LPS-induced inflammatory
cytokine synthesis. When astrocytes were
cultured in the presence of LPS, the expression of
IL-1, IL-6 and TNF-αα mRNA was up-regulated as
compared to that of control samples. Pre-
treatment with diadzein reduced mRNA
expression. In IL-1 (A) and IL-6 (B) mRNA
expression, the effect of diadzein was better than
estradiol, whereas for TNF-αα synthesis (C), the
effect of estradiol was better than that of diadzein.
(n = 4; aP < 0.05; bP < 0.01; cP < 0.001 when
compared with positive control)

Figure 5  Effect of daidzein on amyloid-ββ induced estrogen
receptor gene expression. When astrocytes were
cultured in the presence of amyloid-ββ, the
expression of ER-αα (A) and ER-ββ (B) mRNA was
up-regulated as compared to that of control
samples. Pre-treatment with diadzein reduced
mRNA expression. (n = 6; aP < 0.05; bP < 0.01; cP <
0.001 when compared with positive control)
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including regulation of reproduction, control of
breast and uterine growth and maintenance of bone
density. Over the past decade, significant attention has
been focused on the ability of E2 to regulate non-
reproductive actions in the central nervous system,
such as regulation of synaptic plasticity and
protection of the brain against injury.21,22 Particularly,
evidence has emerged suggesting a protective role for
E2 against various neurodegenerative diseases
including ischemic stroke, Alzheimer’s disease and
Parkinson’s disease. Epidemiological evidence
supports a role for estrogen replacement therapy in the
reducing of Alzheimer’s disease in postmenopausal
women,23 while several small clinical trials indicate
that estrogen therapy improves cognitive functioning
in Alzheimer’s disease patients.24,25

In recent years, studies have confirmed this theory
of inflammation, with an array of inflammatory
proteins including complement factors, acute-phase
proteins and pro-inflammatory cytokines to be
present in Alzheimer’s disease brains.26 These pro-
inflammatory substances, including the cytokines IL-
1, IL-6, macrophage-colony stimulating factor and
TNF-α, along with prostaglandins and free radicals27,28

are secreted by microglia and astrocytes. Although the

significance and contribution of inflammation to the
progression of Alzheimer’s disease has been a topic of
debate,26,29 recent clinical and epi demi ological research
into the use of anti-inflammatory medications indicates
a significant correlation between inflammation and
neurodegeneration.30

In vivo, diadzein can stimulate skeletal tissue growth
and differentiation and is more effective in reversing
menopausal changes than any of the other isolated
phytoestrogens.31 The efficacy and bioavailability of
diadzein administered in different formulations were
also evaluated in recent clinical studies both in animal
and human subjects.32–34 The isoflavones had been
demonstrated to have a neuroprotective effect on human
cortical neurons.14 Chen et al.16 showed that daidzein
had a superior neuron-protective effect on LPS-induced
dopaminergic neurodegeneration than other isoflavones.
In this study, we evaluated the effects of the selective
estrogen receptor modulator daidzein on inflammatory
responses of primary astroglial cell cultures. The results
showed that the proliferation activity of diadzein-
treated astrocyte cultures were always higher than the
control samples. Indeed, the addition of 20 µM
amyloid-β or 10–6 g/ml LPS can significantly decrease
the viability of astrocytes; however, this deleterious
effect can be alleviated by 1 h of daidzein pre-treatment
(Fig. 1).

Glial cells normally provide trophic support to
neurons in the developing and adult brain. It is
postulated that abnormal glial function leads to the
release of free radicals and glutamate, and these toxic
substances can cause cell death or render neurons
vulnerable to other toxic insults.35 In this study, our
results showed that LPS enhanced nitric oxide synthesis
by astrocytes, yet amyloid-β did not (Fig. 2). This result
is consistent with previous studies showing that
activation of astrocytes or microglia by LPS or
cytokines can cause neuronal death by a mechanism
involving glial iNOS mRNA expression, as well as the
production and release of NO from glial cells.36 Our
results also showed that astrocyte cells treated with
daidzein can significantly decrease the synthesis of nitric
oxide; however, pre-treatment with daidzein protected
astrocytes from the effect of increased NO synthesis
induced by LPS (Fig. 2). Our study also demonstrated
that the presence of amyloid-β did not significantly
enhance NO synthesis by glial cells (Fig. 2). This fact
implied that some other mechanisms should be sought
before we can make a definite conclusion saying that
Alzheimer’s disease is mediated by oxidative free radicals.

Nearly all the cytokines and chemokines that have
been studied in Alzheimer’s disease, including IL-1β,
IL-6, TNF-α, IL-8, TGF-β and macrophage

Nutritional Neuroscience 2009      Vol 12      No 3 131

Liu et al.  Anti-inflammatory effects of daidzein on astroglial cells

Figure 6  Effect of daidzein on LPS-induced estrogen
receptor gene expression. When astrocytes were
cultured in the presence of LPS, the expression of
ER-αα (A) and ER-ββ (B) mRNA was up-regulated as
compared to that of control samples. Pre-
treatment with diadzein reduced mRNA expres -
sion. (n = 6; aP < 0.05; bP < 0.01; cP < 0.001 when
compared with positive control)
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inflammatory protein-1a (MIP-1a) seem to be up-
regulated in Alzheimer’s disease when compared with
control individuals.26 Recent studies have suggested
the astrocyte to be a key cell in mediating the
inflammatory process in the brain and in expressing
adhesion molecules and chemokines; IL-1 is a key
inducer of the expression of these molecules in
astrocytes.37 The over-expression of IL-1 is cytotoxic
to astrocytes and will induce cellular degeneration and
death.38 In the brain, the expression of the pleiotropic
cytokine IL-6 is enhanced in various chronic or acute
central nervous system disorders. In both mixed and
pure neuronal cultures, IL-6 has a dose-dependent
protective effect on neurons that was blocked by a
competitive inhibitor of IL-6.39 However, the
significance of IL-6 production in such neuro -
pathological states remains controversial. In this
study, when astrocytes were cultured in the presence of
amyloid-β or LPS, the expression of IL-1, IL-6 and
TNF-α mRNA was up-regulated as compared with
that of control samples. Pre-treatment with diadzein
can reduce their mRNA expression (Figs 3 and 4). It is
reported that neurodegenerative conditions such as
Alzheimer’s disease are accompanied by reactive
changes in astrocytes. This reactivity is associated with
an increase in the cellular expression of astrocyte-
specific proteins including glial fibrillary acidic
protein (GFAP) and S100B. TNF-α would increase
the intracellular expression of both proteins as well as
the extracellular concentrations of these proteins, yet
not affect astrocyte viability.40 From the results of our
study, we suggest that the cytotoxicity of amyloid-β or
LPS was possibly mediated by IL-1, IL-6 and TNF-α.

Many, although not all, of the physiological effects
of estrogens are mediated through estrogen
receptors.41 There is now abundant evidence indicating
that estrogens may have direct neuroprotective effects
on neurons in cultures and in animal models that are
mediated by ER-α and/or ER-β.41 Astrocytes are an
essential component of normal neural function and of
the response of neural tissue to injury. Astrocytes
appear to have a critical role in the protection and
survival of neurons, shown when ablation of
astrocytes in vivo results in a significant decrease in
neuronal survival.42 Recent studies have shown that
estrogen may inhibit astrocytosis and the
accumulation of reactive astrocytes after injury,43 as
well as regulate the production of cytokines by
astrocytes that may act directly on neurons44,45 Since
ER has been detected in astrocytes in vitro46,47 and in
vivo,48 the effect of estrogen on astrocytes may be
mediated through this receptor. It has been
hypothesized that estrogen may exert protective effects

on neurons in Alzheimer’s disease, through both a
direct effect on neurons and an indirect protective
effect mediated by astrocytes.49 In this study, when
astrocytes were cultured in the presence of amyloid-β
or LPS, the expression of ER-α and ER-βmRNA was
up-regulated as compared to control samples. Pre-
treatment with diadzein can reduce their mRNA
expression (Figs 5 and 6). This means that when
neuron injuries occurred, the estrogen receptors (both
ER-α and ER-β) will be up-regulated.50,51 In other
words, in the presence of astrocyte cytotoxic effects,
the endogenous neuroprotective property of estrogen
will be activated and the up-regulation of estrogen
receptors will occur.52 The pre-treatment of diadzein has
a neuroprotective effect which will alleviate the cytotoxic
effect of amyloid-β and LPS, and then cause the down-
regulation of estrogen receptors (Figs 5 and 6).

Pathologically, Alzheimer’s disease is manifested by
selective oxidative stress-induced neuronal cell death,
the deposition of amyloid-β peptide in senile plaques
in the extracellular space, and the formation of
neurofibrillary tangles inside the neuron.53,54 Estrogen
has been shown to be effective against oxidative stress
and amyloid-β-induced toxicity in neurons.55 The
current data support a possible role for astrocytes in
the mediation of neuroprotection by diadzein. An
estrogen receptor may underlie some of the protective
effects of diadzein by activating cellular signaling
pathways, such as extracellular-regulated kinase
(ERK) and phosphatidylinositol 3-kinase/Akt. A
possible indirect pathway involving astrocytes may act
in concert with the proposed direct pathway to down-
regulate the expression of IL-1, IL-6, and the TNF-α
cytotoxic effect to achieve a wide-spread, global
protection of both ER positive and negative neurons.56

Conclusions

An increasing body of evidence suggests that estrogen
exerts significant neuroprotective effects against a
variety of neurodegenerative pathologies. However,
there is a risk of tumor development associated with
estrogen and progestin replacement therapy. Here, we
demonstrated the selective estrogen receptor
modulator diadzein in the treatment of neuro -
degenerative diseases. The results indicate that
daidzein is able to reduce NO production of astrocytes
and also down-regulate IL-1,IL-6 and TNF-α mRNA
expression after amyloid-β and LPS treatment.
Diadzein can also promote astrocyte proliferation and
protect astrocytes from amyloid-β and LPS damage.
These results suggest the possibility that the positive
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effects of daidzein may ameliorate the process of
neural inflammation and alleviate the progression of
Alzheimer’s disease, although the molecular
mechanisms underlying the beneficial actions of
diadzein in the brain are not completely understood.
The ER-dependent events have been proved to occur
(Fig. 7), thus further studies are needed to characterize
better the modes of action of diadzein in the brain.
This can range from their cellular targets to their
downstream molecular effectors, in order to provide a
rationale for their pharmacological exploitation as
effective neuroprotective agents.
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Figure 7  Neuroprotective mechanism of daidzein
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