
Abstract. Alzheimer's disease (AD) is an age-related neuro-
degenerative disease. There are increasing lines of evidence
showing that the molecular signaling pathways in aged cells
are altered so that cells are susceptible to injury. We and other
laboratories have demonstrated the significant involvement
of double-stranded RNA-dependent protein kinase (PKR) in
ß-amyloid (Aß) peptide neurotoxicity and in AD. Fructus
lycii (the fruit of Lycium barbarum) has long been used in
oriental medicine as an anti-aging agent. Our previous
studies demonstrated that the aqueous extract isolated from
L. barbarum exhibited significant protection on cultured
neurons against harmful chemical toxins such as Aß and
dithiothreitol. We also showed that the polysaccharide-
containing extract (LBP) from L. barbarum exhibited neuro-
protective effects in the retina against ocular hypertension in
a laser-induced glaucoma animal model. In this study, we
aimed to investigate whether LBP can elicit neuroprotection
to neurons stressed by Aß peptides. Furthermore, we planned
to isolate and identify the neuroprotective agent from LBP
using chromatographic methods. Our results showed that
pretreatment of LBP effectively protected neurons against
Aß-induced apoptosis by reducing the activity of both
caspase-3 and -2, but not caspase-8 and -9. A new arabino-
galactan-protein (LBP-III) was isolated from LBP and
attenuated Aß peptide-activated caspase-3-like activity.

LBP-III markedly reduced the phosphorylation of PKR
triggered by Aß peptide. Since the phosphorylation state of
PKR increased with age, reduction of its phosphorylation
triggered by Aß peptide may implicate that LBP-III from
Fructus lycii is a potential neuroprotective agent in AD. As
herbal medicine has received increasing attention for the
treatment of AD, our study will open a window for the
development of a neuroprotective agent for anti-aging from
Chinese medicine.

Introduction

Aging is usually associated with the reduction of physiological
function, increases in the susceptibility for the progression
of various neurodegenerative diseases as well as cancer
development. It has been reported that aging and apoptosis
are highly linked (1-3). Alzheimer's disease (AD) is an age-
related neurodegenerative disease with prominent pathological
features of neuronal apoptosis (4,5). To understand the
biological mechanisms of aging and the increased suscepti-
bility for neurons undergoing apoptosis in neurodegenerative
diseases, we should at first elucidate the changes of intra-
cellular signaling mechanisms. We were among the first to
demonstrate that the double-stranded RNA-dependent
serine/threonine kinase (PKR) plays significant roles in
mediating Aß neurotoxicity (6) and in AD (7). PKR is
activated by phosphorylation when neurons are treated with
Aß peptides. Also, overexpression of wild-type PKR renders
neurons more susceptible to Aß neurotoxicity (6). In
postmortem AD brains, the level of phospho-PKR was
elevated when compared to age-matched controls (7). This
finding was further supported by other groups (8,9).
Moreover, it has been reported that the cellular level of PKR
is known to slowly increase in aged cells (10).

To promote longevity, several strategies including physical
exercise and caloric restriction are possible (11-13). Daily
consumption of an anti-aging supplement such as a food
supplement may be one of the methods to reduce the
susceptibility of cells to environmental toxins. Among
various food supplements, Fructus lycii (the dried ripe fruit
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of Lycium barbarum) has long earned its name as an anti-
aging tonic supplement in food and is one of the major
components in recipes of many traditional Chinese medicinal
formulas (14). Experimentally, the polysaccharide extracts of
Fructus lycii have been shown to significantly prolong the
life of the male Drosophila melanogaster (15). Another study
demonstrated that F. lycii polysaccharide inhibits the
nonenzyme glycation in a D-galactose-induced aging model
in mice (16). Apart from the anti-aging effect, extracts from
F. lycii are also cytoprotective in other cell types. It has been
shown that polysaccharides isolated from F. lycii can
significantly reduce CCl4-triggered liver toxicity (17). Also,
it can exert protective effects against hyperthermia-induced
damage in cultured seminiferous epithelium (18). 

Our group has demonstrated the novel neuroprotective
effects of the aqueous extract from Fructus lycii. We have
proved that the extract isolated from the fruits of F. lycii
markedly attenuated Aß-induced apoptosis in cultured
cortical neurons (19). Also, we have shown that Lycium
barbarum extract was able to protect neurons against DTT-
induced cell death (20). Apart from in vitro studies, we have
recently shown that orally feeding rats with aqueous extract
from F. lycii (LBP) significantly reduced the loss of retinal
ganglion cells against ocular hypertension in a laser-induced
glaucoma animal model (21). In this study, we aimed to
investigate whether this LBP extract elicited neuroprotective
effects against Aß peptides. Our results here demonstrated
that activation of caspase-3 and -2 by Aß peptide was
significantly reduced by pretreatment with LBP, indicating
that LBP exhibited neuroprotective effects. To further
investigate the chemical component of this extract, we
attempted to separate the crude extracts by ion-exchange
chromatography and found that only one fraction (LBP-III)
was neuroprotective as shown by biochemical assay. LBP-III
was found to be an arabinogalactan-protein with molecular
weight <30 kDa. By immunoblotting, LBP-III markedly
decreased the protein level of Aß-activated phospho-PKR.
Collectively analyzing all the experimental results, arabino-
galactan-protein from Fructus lycii can be a potential
candidate in the development of preventive treatments in
neurodegenerative disorders such as AD. 

Materials and methods

Materials. The fruits of Fructus lycii were harvested and
purchased in Ningxia province, People's Republic of China.
The glycosyl composition of the extract was determined by
combined gas chromatography/mass spectroscopy (GC/MS)
of the per-O-trimethylsilyl (TMS) derivatives of the
monosaccharide methyl glycosides produced from the
sample by acidic methanolysis. The molecular weight of
LBP-III was determined by HPGPC. The analysis was
performed by the Complex Carbohydrate Research Center,
University of Georgia, Athens, GA and supported in part by
the Department of the Energy-funded Center for Plant and
Microbial Complex Carbohydrates (DF-FG09-93ER-20097).
The amino acid composition analysis was determined by
post-column ninhydrin detection on a Beckman amino acid
analyzer instrument (Model 6300) performed by the
Scientific Research Consortium, Inc. (St. Paul, MN, USA).

Preparation of LBP and separation of LBP-III. The extraction
method is shown in Fig. 1. Briefly, the fruits of F. lycii (10 kg)
were first soaked in 95% ethanol and stirred intermittently
for 120 h. The resultant residue was filtered and air-dried.
The dried residue was dissolved in hot water (70˚C) twice,
and the combined extracts were filtered and concentrated.
The concentrated extract was incubated with trichloroacetic
acid, dialyzed (molecular cut-off size 3000-5000 Da,
Spectrum) against running water for 3 days and then
precipitated with two volumes of 95% ethanol. The mixture
was centrifuged and the precipitate was washed with absolute
ethanol and acetone followed by vacuum-drying at 40˚C for
2 days to give the crude extract LBP (2 g). 

The crude extract LBP (2 g) was dissolved in water (10 ml)
and applied to a diethylaminoethylcellulose (DEAE)-
Sepharose fast flow column (Cl-, 60x5 cm, Amersham
Biosciences, Little Chalfont, Buckinghamshire, UK) and
eluted with water followed by a 0-0.5 M gradient of NaCl.
The concentration of the carbohydrate was monitored by the
phenol-H2SO4 method (22). Three fractions; LBP-I (0.09 g,
4.5%), LBP-II (0.12 g, 6.0%) and LBP-III (0.088 g, 4.4%)
were obtained after dialysis (molecular cut-off size 3000-
5000 Da) and lyophilized. All crude and purified extracts
were examined for endotoxin (Sigma, St. Louis, MO, USA)
and were proved to be endotoxin free. 

Cell cultures and treatments. Primary neuronal cultures were
prepared from day 17 embryonic Sprague-Drawley rats
(Laboratory Animal Unit, The University of Hong Kong)
according to our methods (6,19,20,23-28). Briefly, after
removal of the meninges the cortices were minced and plated
onto poly-L-lysine- (25 μg/ml) coated 6-well plates at
2x106 cells/well. Neurons were cultured with MEM
supplemented with 5% fetal bovine serum (Gibco-BRL,
Rockville, MO, USA). Neurons were maintained in a 5%
CO2 incubator at 37˚C prior to treatments. Cultured neurons
at day 7 in vitro were pre-treated with LBP at various
concentrations for 1 h and followed by incubation with Aß25-35

(25 μM, Sigma) for 24 h.

Caspase activity assays. After treatments, cellular proteins
were extracted for caspase activity assay. Briefly, treated
cells were scratched and extracted in an ice-cold lysis buffer
containing DTT (5 mM), EDTA (0.1 mM), HEPES (50 mM,
pH 7.4) and Triton X-100 (0.2%) without protease inhibitors.
Fifty micrograms of cellular protein was incubated with the
colorimetric caspase substrates: Ac-DEVE-p-NA for
caspase-3, Ac-VDVAD-pNA for caspase-2, Ac-IETD-pNA
for caspase-8, Ac-LEHD-pNA for caspase-9 and pNA for the
standard (Calbiochem, La Jolla, CA, USA) for 2 h at 37˚C,
and then the absorbance of the yellow product (pNA) was
measured at 405 nm. Caspase activity was then calculated
from the absorbance readings. Results were expressed as fold
of control. 

Western blot analysis. After treatments, cellular proteins
were extracted in ice-cold lysis buffer as described previously
(6,19,20,23-28). Seventy micrograms of protein per lane
were applied to SDS-PAGE (10%) and then were transferred
onto a PVDF membrane (Bio-Rad). After blocking, the
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membrane was incubated with the rabbit polyclonal anti-
phosphorylated PKR antibody (1:1000, Cell Signaling
Technology, Beverly, MA, USA), mouse monoclonal anti-
PKR antibody (1:1000, BD Transduction Laboratories,
Lexington, KY, USA) or mouse monoclonal anti-ß-actin
antibody (1:5000, Sigma) for 2 h at room temperature. The
membrane was then incubated with goat anti-rabbit or goat
anti-mouse HRP-conjugated secondary antibody (1:2000,
Dako, Glostrup, Denmark) for 1 h at room temperature. The
bands on X-ray film (Kodak, Tokyo, Japan) were developed
by using chemiluminescent ECL method (Amersham
Bioscience). 

Statistical analysis. Data for multiple variable comparisons
were analyzed by one-way analysis of variance (ANOVA).
For the comparison of significance, Tukey's test was used as
a post-hoc test according to the statistical program
SigmaStat® (Jandel Scientific, Chicago, IL, USA). A P value

<0.05 was considered to be statistically significant. Results
were expressed as the mean ± standard error (SE) from a
minimum of three independent experiments.

Results

Neuroprotective effects of the extract from Fructus lycii
(LBP). To investigate the effects of the polysaccharide
extract LBP from Fructus lycii on Aß-induced neurotoxicity,
neurons were pre-incubated with different concentrations of
LBP for 1 h and then treated with Aß25-35 at 25 μM for 24 h.
For apoptosis analysis, biochemical assays for caspase-3 and
-2 were investigated because both caspase-3 and -2 had been
demonstrated to be the major caspases for Aß peptide
neurotoxicity (6,28). LBP at 100 μg/ml significantly
inhibited Aß peptide-stimulated caspase-3 and -2 activities
(Fig. 2). In Fig. 2a, when neurons were treated with Aß only,
the caspase-3 activity was 2.5±0.3-fold of the control.
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Figure 1. (a) Extraction scheme and isolation process of the aqueous extracts from Fructus lycii. (b) Elution profile of LBP on DEAE-Sepharose FF column
(60x5 cm); flow rate, 0.5 ml/min.

(b)
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Pretreatment of LBP at 100 μg/ml markedly decreased the
Aß-activated caspase-3 activity to 1.5±0.2-fold of the
control. Caspase-2 activity assay also showed similar results.
As in Fig. 2b, the caspase-2 activity was 2.7±0.1-fold of the
control in the Aß-treated group. For the group pre-treated
with 100 μg/ml of LBP, the caspase-2 activity was lowered
to 1.6±0.1-fold of the control. However, a low concentration
of LBP (10 μg/ml) did not significantly alter Aß peptide
toxicity to neurons. LBP at 500 μg/ml per se did not induce
significant toxicity. While the activity of caspase-3 and -2
was significantly attenuated by LBP, it did not reduce Aß-
triggered caspase-8 and -9 activity (Fig. 3). The results
suggest that LBP exerts differential neuroprotective effects
on different pro-apoptotic pathways.

Carbohydrate analysis of the extracts from Fructus lycii.
Since LBP exerted neuroprotective effects against Aß
toxicity, it was essential to analyze the chemical composition
of LBP and further isolate the active component of the
extract. The carbohydrate analysis of LBP as shown in Table I

indicated that the glycosyl residues contain arabinose,
rhamnose, xylose, mannose, galactose, glucose and galactur-
onic acid in the approximate ratio 16.1 : 4.3 : 2.8 : 1.5 : 12.9 :
47.7 : 14.4 with a small amount of N-acetyl glucosamine.
LBP was then fractionated by DEAE-Sepharose column
chromatography that was first eluted with water followed by
stepwise elution using a 0.2 M NaCl and 0.5 M NaCl solution.
All eluted fractions were monitored by a phenol-sulfuric
acid test, dialysed and lyophilized. Carbohydrate composition
analysis of these fractions revealed that they contained
different ratios of monosaccharides. The analyzed results for
LBP-I, LBP-II and LBP-III are also shown in Table I for
comparison. From the results it was identified that LBP,
LBP-I and LBP-II were presumed to be composed mainly of
arabinogalactan (~1:1.3 Ara:Gal) while galacturonic acid
(GalA) was the major component of LBP-III. The
methylation analysis result demonstrated that LBP-III
consisted of 4-linked GalA, 3,4-linked GalA, 4-linked Glc,
2,3,4,6-linked Glc, 2-linked Rha and 3-linked GalA. The
terminals of the chain consisted of GalA, Glc, Ara-f and
Ara-p. T-GalA and 4-GalA were found to be the main
components of LBP-III and this was compatible with the
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Figure 2. LBP attenuates Aß25-35 peptide-induced caspase-3 and caspase-2
activity. Primary cortical neurons were pretreated with different
concentrations of LBP for 1 h, then incubated with 25 μM of Aß25-35 peptide
for 24 h. Proteins were extracted for colorimetric (a) caspase-3 and (b)
caspase-2 activity assays. Results are expressed as fold of control as the
mean ± SE from three independent experiments. Significant difference is
indicated by *p<0.05 vs. the group treated with Aß25-35 peptide by one-way
ANOVA for multi-group comparison followed by Tukey's post hoc test. 

Figure 3. LBP does not significantly inhibit Aß25-35 peptide-induced caspase-8
and caspase-9 activity. Primary cortical neurons were pretreated with
different concentrations of LBP for 1 h, followed by exposure to 25 μM of
Aß25-35 peptide for 24 h. Proteins were extracted for colorimetric (a) caspase-8
and (b) caspase-9 activity assays. Results are expressed as fold of control as
the mean ± SE from three independent experiments. 
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result of the glycosyl composition analysis. The molecular
weight of LBP-III was estimated to be <30 kDa by HPGPC. 

Amino acid analysis of the extracts from Fructus lycii. LBP
contained 8.6% protein. The three isolated fractions, LBP-I,
LBP-II and LBP-III contained 9.9%, 40.6% and 6.3%
protein, respectively (Table I). The amino acid analysis of
these extracts is shown in Table II. Aspartic acid, glutamic
acid, serine and cysteine were the major amino acids in LBP.
After the fractionation procedures, cysteine, aspartic acid and

glutamic acid became the major amino acid group of LBP-I,
LBP-II and LBP-III, respectively. 

Neuroprotective effects of fractionated extracts from LBP.
Having separated different fractions by the ion-exchange
chromatographic method, we further examined which
fraction exerted neuroprotective effects. The activity of
caspase-3 served as an index for neuronal apoptosis. Among
three different fractions, it was interesting to find that only
the LBP-III fraction attenuated Aß peptide-triggered caspase-3
activity (Fig. 4). The results suggest that the 0.5 M NaCl-
eluted product from LBP contains neuroprotective components
against Aß peptide neurotoxicity. The biochemical analysis
of caspase-3 activity was confirmed by morphological
examination (Fig. 5). Upon exposure to Aß peptide, neurites
were broken and neurons were undergoing apoptosis (Fig. 5b).
However, neurons pre-treated with LBP-III preserved the
fasciculation of neurites and the integrity of neurons (Fig. 5c
and d).

LBP-III fraction reduces the phosphorylation of PKR in Aß
toxicity. When neurons were treated with Aß peptides, PKR
was activated via phosphorylation. Phospho-PKR can phos-
phorylate eIF2α, which may inhibit the initiation of protein
translation and cause neuronal apoptosis (6). Since LBP-III
exhibits neuroprotective effects against Aß toxicity, we
investigated whether the neuroprotection was mediated via
the PKR pathway. By Western blot analysis, neurons treated
with Aß peptides alone enhanced the phosphorylation of
PKR (Fig. 6). Pretreatment of LBP-III at 100 and 500 μg/ml
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Table I. Composition of extracts isolated from Fructus lycii.
–––––––––––––––––––––––––––––––––––––––––––––––––

LBP LBP-I LBP-II LBP-III
–––––––––––––––––––––––––––––––––––––––––––––––––––
Proteina 8.6 9.9 40.6 6.3
Neutral sugarsa 18.0 55.0 26.0 15.0
Arabinoseb 16.1 49.8 35.1 6.1
Rhamnoseb 4.3 - 9.2 1.5
Xyloseb 2.8 5.3 2.4 -
Glucuronic acidb - 1.1 3.3 -
Galacturonic acidb 14.4 - 5.0 92.4
Mannoseb 1.5 2.0 0.8 -
Galactoseb 12.9 32.2 33.3 -
Glucoseb 47.7 9.6 10.9 -
N-acetyl glucosamineb 0.3 - - -
–––––––––––––––––––––––––––––––––––––––––––––––––
a% dry-weight basis; bmol %.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. The amino acid composition of extracts isolated
from Fructus lycii.
–––––––––––––––––––––––––––––––––––––––––––––––––
Amino acid Mol %

–––––––––––––––––––––––––––––––––––––
LBP LBP-I LBP-II LBP-III

–––––––––––––––––––––––––––––––––––––––––––––––––––
Asp 27.38 11.03 14.33 13.59
Glu 13.02 11.92 9.92 18.54
Ser 8.25 6.31 7.96 6.82
Gly 4.52 7.96 8.86 8.14
His 3.01 1.80 1.94 2.54
Arg 4.58 2.52 2.95 2.53
Thr 4.04 5.29 6.21 5.56
Ala 7.07 6.23 11.15 4.94
Pro 4.41 6.05 6.30 7.69
Tyr 1.48 1.93 2.90 2.74
Val 1.25 2.61 3.09 3.25
Met 0.00 0.82 0.04 0.43
Cys 10.49 18.28 4.01 6.04
Ile 0.96 2.07 2.57 1.74
Leu 1.92 5.20 4.02 3.72
Phe 1.01 1.81 2.41 1.72
Lys 2.72 4.73 7.93 3.87
Ammonia 3.89 3.45 3.41 6.14

Total 100.00 100.00 100.00 100.00
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Neuroprotective effects of fractionated extracts from LBP against
Aß25-35 peptide toxicity. Primary cortical neurons were pretreated with three
different fractions of LBP (100 μg/ml) for 1 h, followed by exposure to
25 μM of Aß25-35 peptide for 24 h. Proteins were extracted for colorimetric
caspase-3 activity assay. Only the LBP-III fraction attenuated Aß25-35

peptide-triggered caspase-3 activity. Results are expressed as fold of control
as the mean ± SE from three independent experiments. Significant
difference is indicated by *p<0.05 vs. the group treated with Aß25-35 peptide
by one-way ANOVA for multi-group comparison followed by Tukey's
post hoc test. 
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markedly reduced the level of phospho-PKR after exposure
to Aß peptide for 4 h. The protein levels of total PKR and
ß-actin remained unchanged after the treatment.

Discussion

Our results here showed that a polysaccharide-containing
extract (LBP) for anti-aging from oriental medicine Fructus
lycii exerted neuroprotective effects against Aß peptide
neurotoxicity. LBP was capable of attenuating Aß-triggered
activation of caspase-3 and -2 but not caspase-8 and -9. These
results suggest that the polysaccharide-containing extract
from Fructus lycii exerts differential effects on pro-apoptotic
signaling pathways. In order to find out the active components
in LBP, we used ion-exchange chromatography to semi-
purify LBP into three different fractions: LBP-I, LBP-II and
LBP-III. We also investigated the chemical nature of all the
extracts. Among the three isolated fractions, only LBP-III

elicited neuroprotection against Aß toxicity as revealed by
caspase-3 activity assay. To further examine the underlying
mechanisms of its neuroprotective effects, we found that
LBP-III attenuated Aß-triggered activation of PKR. As we
have shown that PKR plays significant roles in Aß neuro-
toxicity (6) and AD (7), our results indicate that arabino-
galactan-protein from Fructus lycii may be a potential
neuroprotective agent.

Therapies for anti-aging have long been studied in many
laboratories (13,29,30). While caloric restriction, appropriate
exercise and anti-oxidants have been reported to exert
beneficial effects towards any anti-aging program (11,31,32),
only few laboratories have focused on the change of intra-
cellular signaling to reduce susceptibility for the development
of degenerative diseases (33-35). The concept of neuro-
protection is therefore important to minimize or slow the
degenerative processes of neurons. Oriental herbs have a
wide array of anti-aging drugs that have long been known to
nourish and enhance the health of our bodies (14). However,
their working mechanisms are still unclear; and therefore, we
aim to elucidate both the chemistry and molecular mechanisms
of these anti-aging drugs.

The anti-aging effects of Fructus lycii have been
extensively investigated in recent years. Different research
groups have explored the potential of extracts from Fructus
lycii in anti-aging or age-related diseases. Cheng et al have
demonstrated that daily intake of fruits of Fructus lycii can
increase the fasting plasma zeaxanthin, which may effectively
prevent age-related macular degeneration (36). Recently, we
isolated and examined the neuroprotective effects of an
aqueous extract with a different purification method from
Fructus lycii against Aß toxicity (19). Preliminary studies
suggested that cultured neurons pre-treated with Fructus lycii
extract could attenuate Aß-induced apoptosis via the
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Figure 5. Morphology of neurons treated with LBP-III fraction and Aß25-35 peptide. Neurons were pre-incubated with LBP-III (100 and 500 μg/ml) for 1 h,
followed by a 24-h exposure to 25 μM of Aß25-35. Morphology of neurons after different treatments: (a) control, (b) Aß25-35 (25 μM), (c) LBP-III (100 μg/ml) +
Aß25-35 (25 μM) and (d) LBP-III (500 μg/ml) + Aß25-35 (25 μM). 

Figure 6. Effects of the LBP-III fraction on the inhibition of phosphorylation
of PKR stimulated by Aß25-35 peptide. Neurons were pretreated with LBP-III
(10, 100 and 500 μg/ml) for 1 h, followed by a 4-h exposure to 25 μM of
Aß25-35. Immunoblotting was performed to determine the level of
phosphorylated PKR (Thr446/451), total PKR and ß-actin (used as the
internal control).
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inhibition of the JNK pathway. In an in vivo study, we
showed that LBP extracted from the aqueous extract of
Fructus lycii was capable of significantly reducing the loss of
retinal ganglion cells triggered by ocular hypertension in an
animal model of glaucoma (21). Since different laboratories
use different extraction methods to prepare polysaccharide-
containing extract, it is important to confirm that poly-
saccharide-containing extracts from F. lycii can effectively
protect neurons from neurodegeneration, such as in AD and
glaucoma. Together with the previous studies, our results
here agree with the hypothesis that extracts isolated from
F. lycii exhibit neuroprotective effects. In future, more
studies will be carried out to investigate whether extracts
from F. lycii can be applied to different age-related
diseases.

Aß peptide-induced neuronal apoptosis has long been
investigated. In fact, apoptosis is well documented in both
in vivo and in vitro studies. Activation of caspase-3 has been
observed in postmortem AD brain sections, suggesting that
neuronal apoptosis does occur in AD (37). In addition,
significant roles of caspase-2 in Aß neurotoxicity have been
reported (38). Activation of caspase-8 via Fas or tumor
necrosis factor receptor (TNFR) by Aß peptide and in AD
has also been demonstrated (39-42). We reported an early
activation of caspase-8 in neurons upon exposure to Aß
peptide (28). While many reports have shown the significant
roles of apoptosis in AD-related neurodegeneration, current
therapeutic intervention often focuses on the inhibition of
acetylcholinesterase to preserve the acetylcholine level in the
brain. However, if neurons are approaching degeneration via
apoptosis, intervention of apoptotic machinery is far more
important than that of a neurotransmitter to preserve neurons.
Therefore, the activity of these caspases was examined in our
study. Reduction of caspase-3 and -2 without the attenuation
of caspase-8 suggests that neuroprotective effects from
Fructus lycii are not mediated via Fas or TNFR.

Activation of caspase-9 can be accompanied by i) cleavage
of Bid by caspase-8 to induce cytochrome c release and
subsequent activation of caspase-9 (43); ii) activation of
caspase-2 to alter mitochondrial permeability and trigger
cytochrome c release that can activate caspase-9 (44-46); or
iii) calcium overload of mitochondria to trigger cytochrome c
release and activation of caspase-9 (47). While our results
show a reduction of caspase-2 but not caspase-9, it is not
possible that activation of caspase-9 in our experimental
model was achieved by possibility (ii). Therefore, only (i) and
(iii) are possible to explain how caspase-9 was activated in
our experimental model. We have shown that attenuation of
Aß-triggered intracellular calcium increase by inositol 1,4,5-
trisphosphate receptor antagonists, 2-aminoethoxydiphenyl
borate (2APB) or xestospongin C, cannot reduce caspase-9
activity (27). Thus, calcium will not be a factor triggering
mitochondrial overload and subsequent activation of caspase-9.
Since caspase-8 activity was not significantly reduced by
LBP, caspase-9 seems to be activated by the activation of
caspase-8 in Aß neurotoxicity. 

During the investigation of the molecular mechanism of
the neuroprotective extract, it was interesting to reveal that
LBP-III attenuated the PKR pathway. As stated before, we are
the first laboratory to demonstrate that PKR plays significant

roles in Aß neurotoxicity and in AD (6,7,28). It has been
confirmed by other laboratories using APP transgenic mice
and postmortem human AD brain sections (8,9). Activation
of the PKR pathway is not specific to Aß neurotoxicity or to
AD. However, PKR can trigger a cascade of pro-apoptotic
signaling once it is activated (48,49). Therefore, reduction of
its activation will exert beneficial effects to prevent commit-
ment of neuronal apoptosis. This implies that LBP-III may
not only protect neurons against Aß-induced apoptosis, but
also has the potential to elicit neuroprotection against other
toxins or stresses. Together with evidence from the carbo-
hydrate analysis, LBP-III contains mainly arabino-
galacturonate. Although neuroprotective LBP-III contains a
high content of galacturonate, application of polygalacturonic
acid did not provide any significant neuroprotection against
Aß peptide neurotoxicity (data not shown). This suggests that
components other than galacturonate may be responsible for
the neuroprotection against Aß toxicity. Further fractionation
of LBP-III may help us determine the active component in
Fructus lycii that contributes to neuroprotective effects.

Collectively, we present anti-aging herbs from oriental
medicine that can attenuate Aß peptide neurotoxicity. We
have elucidated the chemical nature and molecular
mechanisms of how polysaccharide-containing extracts
safeguard neurons. These results will provide a lead for
animal and even human studies in the future. Investigation of
anti-aging drugs not only opens a new avenue for drug
development, but also helps us to understand the chemistry-
biology functional relationship. As previously stated, oriental
herbs contain many valuable anti-aging drugs (14). The
elucidation of their molecular mechanisms will definitely
pave a road for a better longevity-promotion program. In
addition, the application of neuroprotective agents will
certainly prevent age-related neurodegenerative diseases.
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