
Alzheimer’s disease (AD), a progressive neurodegenerative 
disorder that deprives the patient of memory, is associated 
mainly with extracellular senile plaque induced by the accu-
mulation of amyloid β protein (Aβ). Silybum marianum (As-
teraceae; SM) is a medicinal plant that has long been used 
in traditional medicine as a hepatoprotective remedy owing 
to its antioxidant and anti-inflammatory activities. The pres-
ent study examined the methanol extract of the aerial parts 
of SM for neuroprotection against Aβ (25-35)-induced neu-
ronal death in cultured rat cortical neurons to investigate a 
possible therapeutic role of SM in AD. The primary cortical 
neuron cultures were prepared using embryonic day 15 to 
16 SD rat fetuses. Cultured cortical neurons exposed to 10  
μM Aβ (25-35) for 36 h underwent neuronal cell death. At 
10 and 50 μg/mL, SM prevented Aβ (25-35)-induced neu-
ronal cell death and apoptosis in cultured cortical neurons. 
Furthermore, SM inhibited the Aβ (25-35)-induced decrease 
in anti-apoptotic protein, Bcl-2, and the increase in the pro-
apoptotic proteins, Bax and active caspase-3. Cultured 
cortical neurons exposed to 1 mM N-methyl-D-aspartate 
(NMDA) for 14 h induced neuronal cell death. SM (10 and 
50 μg/mL) prevented NMDA-induced neuronal cell death. 
These results suggest that SM inhibited Aβ (25-35)-induced 
neuronal apoptotic death via inhibition of NMDA receptor 
activation and that SM has a possible therapeutic role in 
preventing the progression of neurodegeneration in AD.
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Introduction
Alzheimer’s disease (AD), the most common form of the 

senile dementia, is a progressive neurodegenerative disor-
der that deprives the patient of memory, eventually leading 
to death. AD is associated mainly with extracellular senile 

plaque induced by the accumulation of amyloid β protein 
(Aβ), a 39-43 amino acid fragment derived from the amy-
loid precursor protein [1]. Many studies have indicated that 
Aβ neurotoxicity might involve oxidative stress, excitotox-
icity induced by glutamate release, and resulting apoptotic 
neuronal death [2-4]. Therefore, the blockade of these path-
ways is of major interest in the prevention and treatment of 
AD. In addition, the deposition of Aβ in the pathogenesis of 
AD is invariably associated with the inflammatory respons-
es [5]. Antioxidants, such as α-tocopherol, offer protec-
tion against Aβ-induced cytotoxicity and the development 
of learning and memory deficits, and anti-inflammatory 
agents, such as indomethacin, slow the progression of AD 
[6, 7]. 

Silybum marianum (Asteraceae; SM) is a medicinal plant 
found throughout the world; its therapeutic history dates 
back to 2000 years ago as a hepatoprotective medication 
to treat jaundice [8]. Numerous experimental and clinical 
studies have shown that SM with its antioxidant activ-
ity is a unique hepatoprotective agent [9]. Silymarin, the 
main component of SM, is highly hepatoprotective and 
is used for the treatment of numerous liver disorders [10, 
11]. Although its mechanisms of action are not completely 
understood, it appears that it has antioxidant and anti-
inflammatory activities, cell permeability regulating and 
membrane stabilizing properties, and liver regenerative 
effects [11-13]. Most studies of SM were about liver disor-
ders; however, it has beneficial properties on a wide variety 
of other disorders, such as renal protection, cardiovascular 
protection, cancer, and Alzheimer prevention [14]. SM 
protects cultured hippocampal neurons against oxidative 
stress-induced cell death, which suggests that SM contains 
beneficial chemicals on the nervous system [15]. In support 
of this idea, the flavonoid silibinin, the major active con-
stituent of silymarin, prevented the dopaminergic neuronal 
loss in a mouse Parkinson’s disease model and inhibited 
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acetylcholinesterase (AChE) and Aβ peptide aggregation 
for the treatment of AD [16, 17]. Therefore, it was hypoth-
esized that SM might protect neurons against neurodegen-
eration in AD. Most studies focused on the seed extract of 
SM (silymarin); the aerial parts, including leaves, stems, 
and flowers, of the plant are usually discarded. This study 
examined the protective effects of the methanol extract of 
the aerial parts of SM on Aβ (25-35)-induced neuronal cell 
death in primary cultured rat cortical neurons.

Plant materials and extraction and reagents
 Methanol extract of the aerial part of SM was generously 
provided by Herbal Crop Research Division, National In-
stitute of Horticultural and Herbal Science, Rural Devel-
opment Administration, in Eumseong, Chungbuk, Ko-
rea. SM was farmed and harvested in this organization 
in 2005. SM was extracted using 100% methanol at 50℃ 
and filtered. The filtrate was concentrated under reduced 
pressure using a rotary evaporator, which was then stored 
at room temperature. Aβ (25-35) was purchased from 
Bachem (Bubendorf, Switzerland). 3-[4,5-Dimethylthi-
azol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) and 
N-methyl-D-aspartate (NMDA) were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). Hoechst 
33342 dye was supplied by Molecular Probes Inc. (Eu-
gene, OR, USA). Fetal bovine serum was obtained from 
JRS Biosciences (Lenexa, KS, USA). Proprep buffer was 
acquired from iNtRONBio. Inc. (Gyunggi-Do, Korea). 
Rabbit polyclonal antibodies against Bcl-2, Bax, active 
caspase-3, β-actin, and horseradish peroxidase-conju-
gated anti-rabbit secondary antibody were purchased 
from Millipore Inc. (Bedford, MA, USA). Horseradish 
peroxidase-conjugated anti-goat secondary antibody was 
obtained from Assay Designs (Ann Arbor, MI, USA).

Experimental animals 
 Pregnant Sprague-Dawley (SD) rats for the primary neu-
ronal culture were supplied by Daehan BioLink Co., Ltd. 
(Chungbuk, Korea) and housed in an environmentally 
controlled room at 22 ± 2℃, with a relative humidity of 
55 ± 5%, a 12-h light/dark cycle, and food and water ad 
libitum. The procedures involving the experimental ani-
mals complied with the animal care guide lines of the U. 
S. National Institutes of Health and the Animal Ethics 
Committee of Chungbuk National University.

Induction of neurotoxicity and analysis of neuronal 
viability in primary cultures of rat cerebral cortical 
neurons
 The primary cortical neuron cultures were prepared us-
ing embryonic day 15 to 16 SD rat fetuses, as described 
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elsewhere [18]. The neurotoxicity experiments were per-
formed on the neurons after 4-5 days in culture. An Aβ 
(25-35) stock solution of 2 mM was prepared in sterile 
distilled water, stored at -20℃, and incubated for more 
than 2 days at 37℃ to aggregate prior to use. Cultured 
neurons were treated with 10 μM Aβ (25-35) in serum-
free DMEM at 37℃ for 36 h to produce neurotoxicity. To 
measure the NMDA-induced neuronal death, the neurons 
were treated with 1 mM NMDA in a HEPES-buffered 
solution containing HEPES (8.6 mM), NaCl (154 mM), 
KCl (5.6 mM), and CaCl2 (2.3 mM) at pH 7.4 for 14 h at 
37℃. SM was dissolved in dimethyl-sulfoxide (DMSO) 
at a concentration of 100 mg/mL and diluted further in 
experimental buffers. The final concentration of DMSO 
was less than 0.1%, which did not affect the cell viability. 
For each experiment, SM was applied 20 min prior to 
treatment with 10 μM Aβ (25–35) or 1 mM NMDA. SM 
was also present in the medium during Aβ (25–35) or 
NMDA incubation. At the end of the incubation period, 
the viability of the neuronal cells was monitored using a 
colorimetric MTT assay and Hoechst 33342 staining, as 
described elsewhere [18].

Western blotting 
 Cultured neurons treated with 10 μM Aβ (25-35) with or 
without SM for 36 h on dishes were lysed with the Pro-
Prep buffer. The total proteins were extracted, and West-
ern blot analysis of Bcl-2, Bax, and active caspase-3 ex-
pression was performed as described in a previous study 
[19] (Kim et al., 2011). The amount of protein was mea-
sured using a Bicinchoninic acid assay [20]. Protein ex-
pression was detected using an enhanced chemilumines-
cence detection reagent (ELPIS Biotech, Co., Daejoen, 
Korea). The images were quantified using image analysis 
software (Image J 1.45S, a freely available application in 
the public domain for image analysis and process, devel-
oped and maintained by Wayne Rasband at the Research 
Services Branch, National Institutes of Health).

Statistical analysis
 The data is expressed as the mean ± standard error of 
the mean (S.E.M.), and the statistical significance was 
assessed by one-way analysis of variance (ANOVA) fol-
lowed by a Tukey’s tests. P values <0.05 were considered 
significant.

Protective effect of SM against Aβ (25-35)-induced 
neuronal cell death
 Cultured cortical neurons exposed to 10 μM Aβ (25-
35) for 36 h showed 75.6 ± 3.9% of the absorbance of 
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untreated controls in a MTT assay, indicating that Aβ 
(25-35) caused neuronal cell death. The pretreatment of 
cortical neurons with 10 and 50 μg/mL SM reduced the 
neuronal death induced by Aβ (25-35) (absorbance, 94.3 
± 4.0% and 99.4 ± 5.2% of control, respectively; Fig. 1). 
 An additional experiment was performed with Hoechst 
33342 staining to detect the condensed or fragmented 
DNA, which is indicative of Aβ (25-35)-induced neuro-
nal apoptotic death. The treatment of neurons with 10 μM 
Aβ (25-35) induced the apoptosis of 56.1 ± 0.7% of the 
total population of cultured cortical neurons compared to 
12.8 ± 1.0% apoptotic neurons in the control cultures. 
The addition of SM (10 and 50 μg/mL) decreased the Aβ 
(25-35)-induced apoptotic cell death significantly, show-
ing 23.9 ± 2.7 and 14.8 ± 0.8%, respectively (Fig. 2).

Inhibitory effect of SM on Aβ-induced change of 
apoptosis-associated proteins 
 Cultured cortical neurons exposed to Aβ (25-35) exhib-
ited increased expression of the pro-apoptotic proteins, 
Bax and active caspase-3, and decreased expression of 
anti-apoptotic protein, Bcl-2. The pretreatment of cor-
tical neurons with SM (10 and 50 μg/ml) inhibited the 
changes in these pro-apoptotic and anti-apoptotic pro-
teins (Fig. 3).

Protective effect of SM against NMDA-induced 
neuronal cell death
 Cultured cortical neurons exposed to 1 mM NMDA for 

14 h showed 82.4 ± 1.7% absorbance of that of the un-
treated controls in a MTT assay, indicating that NMDA 
caused neuronal cell death. The pretreatment of cortical 
neurons with 10 and 50 μg/mL SM reduced the NMDA-
induced neuronal death (absorbance, 95.3 ± 2.0% and 
97.8 ± 6.2% of control, respectively) (Fig. 4).

 Aβ (25-35), which is the core toxic fragment of full 
length Aβ (1-40), forms a β-sheet structure and induces 
neuronal cell death, neuritic atrophy, synaptic loss, and 
memory impairments [21, 22]. Aβ (25-35) was report-
ed to cause neuronal cell death, as shown in the present 
study. The mechanisms underlying Aβ-neurotoxicity are 
complex but may involve the NMDA receptor, a gluta-
mate receptor subtype, activation induced by glutamate 
release followed by the sustained increase of intracellu-
lar Ca2+, and the generation of reactive oxygen species 
(ROS), finally triggering neuronal death [2, 3, 23]. This 
assumption was reinforced by the observations that Aβ 
(25-35)-induced neuronal death was blocked by MK-
801, an NMDA receptor antagonist; verapamil, a L-type 
Ca2+ channel blocker; and L-NG-nitroarginine methyl 
ester (L-NAME), a nitric oxide synthase inhibitor, in 
cultured neurons [24, 25]. The present study provides 
evidence that Aβ (25-35)-induced injury to rat cortical 
neurons can be prevented by a methanol extract of the 
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Fig. 1. Inhibitory effect of SM on Aβ (25-35)-induced neuronal 
cell death in cultured cortical neurons. Neuronal cell death 
was measured using a MTT assay. The MTT absorbance from 
the untreated cells was normalized to 100% as a control. The 
results are expressed as the mean ± SEM of the data obtained 
from 5 independent experiments performed in three or four 
wells. ##p<0.01 vs. control; *p<0.05, **p < 0.01 vs. 10 μM 
Aβ (25-35).
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Fig. 2. Inhibitory effects of SM on Aβ (25-35)-induced apoptosis 
of cultured cortical neurons. Apoptotic cells measured by 
Hoechst 33342 staining were counted in 3 fields per well. The 
values represent the apoptotic cells as a percentage of the total 
number of cells expressed as the mean ± SEM of data obtained 
from 3 independent experiments. ##p < 0.01 vs. control; **p < 
0.01 vs. 10 μM Aβ (25-35).
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aerial parts of SM. SM could reduce NMDA-induced 
neuronal cell death in the current study. These results 
suggest that SM might prevent Aβ (25-35)-induced Ca2+ 
entry through the NMDA-receptor-coupled channels and 
ROS generation to inhibit neuronal death. SM may sta-
bilize the membranes in a manner that blocks Ca2+ in-
flux via the NMDA receptor-coupled voltage dependent 
Ca2+ channels and inhibits ROS generation. Supporting 
this hypothesis, studies have shown that silymarin, the 
main component of SM, has cell permeability regulating 
properties as well as membrane stabilizing properties and 
anti-oxidant activity [12, 26]. Furthermore, antioxidants, 
such as including silymarin, catechin, and curcumin, 
could inhibit glutamate-induced neurotoxicity in PC12 
cells [27].
 Many in vitro neuronal experiments have shown that 
Aβ is accompanied by multiple events culminating in 
apoptosis [28, 29]. Bax, which is a member of the Bcl-
2 family that resides mainly in the cytosol of healthy 
cells, translocates to the mitochondria after exposure 
to Aβ and increases the release of cytochrome c from 
the mitochondria [30]. Cytosolic cytochrome c forms 
a functional apoptosome that activates caspase-9 and 
caspase-3. Numerous proteins are cleaved by activated 
caspase-3, which initiates the biochemical cascades that 
lead to cell death [31, 32]. SM decreased significantly the 
Aβ (25-35)-induced apoptotic cell death, as measured by 
Hoechst 33342 staining. Furthermore, SM inhibited the 
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(A)

Fig. 3. Inhibitory effects of SM on Aβ (25-35)-induced 
expression of apoptosis-associated proteins. (A) Representative 
Western blots of the pro-apoptotic and anti-apoptotic proteins 
from the cultured cortical neurons. Bar graphs showing the 
relative ratio of Bcl-2/Bax (B), and active caspase-3/β-actin (C) 
expression versus control. The results are expressed as the mean 
± SEM of the data obtained from 4 independent experiments. 
##p<0.01 vs. control; *p<0.05, **p < 0.01 vs. 10 μM Aβ (25-
35).
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Fig. 4. Inhibitory effects of SM on NMDA-induced neuronal 
cell death in cultured cortical neurons. Neuronal cell death was 
measured by a MTT assay. The absorbance of the untreated 
neurons is regarded as 100%. The results are expressed as 
the mean ± S.E.M. values of the data obtained from three 
independent experiments performed in three or four wells. 
##p<0.01 vs. control; *p<0.05 vs. 1 mM NMDA.
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Aβ (25-35)-induced decrease in the anti-apoptotic pro-
tein, Bcl-2, and increase in pro-apoptotic proteins, Bax 
and active caspase-3. Therefore, these results suggest 
that the neuroprotective effect of SM might be due to the 
prevention of apoptotic neuronal death by suppressing 
NMDA-induced Ca2+ entry and ROS generation due to 
the anti-oxidant components of this plant. 
 Silymarin, a polyphenolic flavonoid, is isolated from 
SM and is a combination of some bioflavonoids found in 
fruits, seeds, and leaves of this plant, including silibinin, 
silybin, isosilybin, silydianin, and silychristin [11, 33]. 
Silibinin, a major active constituent of silymarin, pre-
vented Aβ-induced memory impairment in mice through 
its antioxidative and anti-inflammatory activity [34, 35]. 
To the best of the authors’, this is the first report to dem-
onstrate the neuroprotective effects of the aerial parts of 
SM against Aβ (25-35)-induced neuronal death in prima-
ry cultured neurons. In conclusion, the present study sug-
gests that SM containing a variety of free radical scav-
enging agents can inhibit Aβ (25-35)-induced neuronal 
apoptotic death by inhibiting NMDA receptor activation.
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