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Abstract

As aged population dramatically increases in these decades, efforts should be made on the intervention for curing age-associated

neurodegenerative diseases such as Alzheimer’s disease (AD). Natural plant extracts of Lycium barbarum are well-known to exhibit anti-

aging effects. We therefore hypothesized that they exhibit neuroprotective effects against toxins in aging-related neurodegenerative diseases.

In this study, we aimed to investigate whether extracts from L. barbarum have neuroprotective effects against toxicity of fibrillar Ab1–42 and

Ab25–35 fragments. Primary rat cortical neurons exposed to Ab peptides resulted in apoptosis and necrosis. Pre-treatment with extract isolated

from L. barbarum significantly reduced the release of lactate dehydrogenase (LDH). In addition, it attenuated Ab peptide-activated caspases-

3-like activity. The extract elicited a typical dose-dependent neuroprotective effect. Effective dosage of this extract was wider than that of a

well-known western neuroprotective medicine lithium chloride (LiCl). We have further examined the underlying mechanisms of the

neuroprotective effects. In agreement with other laboratories, Ab peptides induce a rapid activation of c-Jun N-terminal kinase (JNK) by

phosphorylation. Pre-treatment of aqueous extract markedly reduced the phosphorylation of JNK-1 (Thr183/Tyr185) and its substrates c-Jun-

I (Ser 73) and c-Jun-II (Ser 63). Taken together, we have proved our hypothesis by showing neuroprotective effects of the extract from L.

barbarum. Study on anti-aging herbal medicine like L. barbarum may open a new therapeutic window for the prevention of AD.

q 2005 Elsevier Inc. All rights reserved.

Keywords: Lycium barbarum; Neuroprotection; Beta-amyloid; Arabinogalactan-protein
1. Introduction

Aging is one of the factors leading to the dysfunction of

the normal cellular regulation, affecting both central

nervous and immune systems (Kawakami et al., 1999).

It is an important risk factor of various chronic diseases,
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including cancer, cardiovascular diseases and neuro-

degenerative diseases such as Alzheimer’ s disease (AD).

Aging accounts for more than 50% cases for sporadic AD

(Holliday, 1996). AD is pathologically characterized by

extracellular senile plaques, intracellular neurofibrillary

tangles and extensive neuronal loss (Selkoe, 1991). Senile

plaque is the accumulation of a 39–43 amino acid peptide

called beta-amyloid (Ab peptide). The characteristics of

apoptosis have been found in AD brains (Eckert et al., 2003;

Roth, 2001). Also, in vitro studies show that Ab peptide

causes apoptosis in cultured neurons (Chang et al., 2002a;

Lin et al., 2004; Loo et al., 1993; Suen et al., 2003a,b).

Ab-triggered neuronal cell death has been suggested in

the involvement of caspase activation (Allen et al., 2001;

Harada and Sugimoto, 1999; Troy et al., 2000), stress kinase
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(such as JNK, p38 MAPK, PKR, etc.) activation (Morishima

et al., 2001; Suen et al., 2003b; Tamagno et al., 2003), ion

channels formation (Kagan et al., 2002; Lashuel et al., 2002;

Lin and Kagan, 2002; Mobley et al., 2004), membrane

destabilization (Mason et al., 1999; Mingeot-Leclercq et al.,

2002), membrane receptor-mediated response (Li et al.,

2004; Tsukamoto et al., 2003), oxidative stress and

intracellular calcium imbalance (Canevari et al., 2004).

Works in our laboratory has been focused on the

development of neuroprotective agent from anti-aging

herbs.

The elder population is fast growing all over the world.

Recently, caloric restriction and hormonal supplementation

are used for anti-aging purpose (Chiba et al., 2002; Mattson,

2000). Current studies suggest that development of anti-

aging drugs from Chinese medicinal herbs may be one of the

possible interventions (Bastianetto and Quirion, 2002;

Chang, 2001; Lei et al., 2003). Oriental herbal medicine

has been widely investigated for drug development because

it has fewer side effects and it is much safer to be used than

that of synthetic compounds (Wong et al., 1994).

The fruits of Lycium barbarum (Solanaceae), also called

Fructus Lycii, has been used for thousands of years in

traditional Chinese medicine and is one of the dietetic

Chinese medicines that have been officially recognized as

being both food and a Chinese medicine. It is believed that

L. barbarum is effective to be an anti-aging agent as well as

nourishment of eyes, livers and kidneys. The polysacchar-

ides isolated from the aqueous extracts of L. barbarum have

been identified as one of the active ingredients responsible

for the biological activities. The anti-aging property of

L. barbarum has been investigated in different models.

Extracts of L. chinese mill (grown from different regions but

belongs to the same species) have anti-decrepit effect in

brain and heart tissues in mice by increasing the activity

of superoxide dismutase (SOD) (Xu and Fang, 2000).

L. chinensis capsule prolongs the life span of drosophila

(Xu et al., 2001). Polysaccharides from L. barbarum exhibit

anti-aging function in fruit flies and mice (Wang et al.,

2002a). Apart from anti-aging effect, L. barbarum inhibits

hydrocortisone-induced apoptosis in dose-dependent

manner in cultured rat spleen (Lu et al., 1999). Its

polysaccharides also exert protection against time and

hyperthermia-induced degeneration in cultured seminifer-

ous epithelium (Wang et al., 2002b).

Since L. barbarum possess anti-aging property as well as

protective effects in different cell types, it is hypothesized

that L. barbarum can also exert protection in neurons. In this

study, we aim to investigate whether these extracts from the

fruit of L. barbarum exhibit neuroprotective effects against

Ab peptide neurotoxicity. Our results showed that the

aqueous extract is neuroprotective by attenuation of Ab-

activated caspase-3-like and LDH activity. The extract has

wider effective dosages than that of the well-known western

neuroprotective drug LiCl. Western blot analysis revealed

that the neuroprotection mechanism of L. barbarum relies
on inhibition of JNK signaling pathway. Given that

extracellular accumulation of Ab peptide is involved in

AD pathogenesis, the neuroprotective L. barbarum extracts

deserve further exploration in the prevention for AD.
2. Materials and methods

2.1. Materials

Lycium barbarum L. was the product of Ning Xia Huizu

Autonomous Region, People’s Republic of China. Sugar

composition was determined by gas chromatography-mass

spectrometry (GC/MS) of the per-O-trimethylsilyl deriva-

tives of the monosaccharide methyl glycosides by acidic

methanolysis. It was performed by the Complex Carbo-

hydrate Research Center [University of Georgia, Athens,

Ga.; supported in part by the Department of Energy-funded

Center for Plant and Microbial Complex Carbohydrates

(DF-FG09-93ER-20097)]. The amino acid composition

analysis was determined by post-column ninhydrin detec-

tion on a Beckman amino acid analyzer Instruments

(Models 6300) performed by the Scientific Research

Consortium, Inc. (St Paul, MN, USA).

Materials used for neuronal cell culture were purchased

from Gibco BRL (Burlington, Ont., Canada). Other

chemicals were obtained from the following companies:

Ab peptides (both 1–42 and 25–35 fragments), 4 0 -6-

Diamidino-2-phenylindole (DAPI), lithium chloride (LiCl),

protease inhibitor cocktail and phosphatase inhibitor cock-

tail from Sigma-Aldrich, Inc. (Saint Louis, USA); LDH

cytotoxicity assay kit from Roche Diagnostics (Mannheim,

Germany); heparin, JNK inhibitor (SP600125), caspase-3

substrate (Ac-DEVD-pNA) from Calbiochem, Inc. (Darm-

stadt, Germany); rabbit polyclonal antibodies for JNK,

c-Jun and cleaved caspase-3 detection from Cell Signaling

Technology (Beverly, MA, USA); anti-b-actin monoclonal

antibody from Sigma-Aldrich, Inc. (Saint Louis, USA);

horseradish peroxidase-conjugated goat anti-rabbit and goat

anti-mouse antibodies from DAKO (Glostrup, Denmark);

PVDF membrane was from Bio-Rad (Richmond, CA,

USA); Biomax X-ray film from Kodak (Tokyo, Japan);

enhanced chemiluminescence (ECL) detection kit from

Amersham (Buckinghamshire, UK); Re-Blot western blot

recycling kit from Chemicon Int’ l, Inc. (Temecula, CA,

USA).

2.2. Preparation of Lycium barbarum extracts (LBA)

The dried fruit of Lycium barbarum (400 g) was ground

into small pieces with a blender and the resultant residue

was extracted twice with distilled hot water (6 L) for 3 h.

The combined extracts were concentrated and deproteinated

by the Sevag method (Sevag, 1934) and the resulting

aqueous fractions was extensively dialyzed against running

distilled water for 2 days (Molecular Weight Cut Off 6000–
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8000 Da, Spectra/Porw 1 RC dialysis membrane, Spectrum

Laboratories Inc. (Rancho Domingaez, CA, USA)). The

retentate was concentrated to 400 ml under reduced pressure

and precipitated by addition of three volumes of 95%

ethanol. After centrifugation and washing by acetone, the

resulting precipitate was vacuum-dried at 40 8C to yield a

brown powder (LBA, 1.7% from the material, i.e. 6.8 g).

2.3. Primary neuronal cultures

Primary neuronal cultures were prepared from embryo-

nic day 17 Sprague–Dawley rats (Laboratory Animal Unit,

The University of Hong Kong, Hong Kong) according to our

previous published methods (Chang et al., 2002a; Lin et al.,

2004; Suen et al., 2003a,b). Cerebral cortices were dissected

from the whole brains and mechanically dissociated in

phosphate-buffered saline (PBS) with glucose (18 mM).

Cells were seeded onto 6-well or 4-well plates (2!
106 cells/well and 0.5!106 cells/well, respectively) pre-

coated with poly-L-lysine (25 mg/ml). The culture medium

consisted of minimum essential medium (MEM) sup-

plemented with 5% heat inactivated fetal bovine serum,

glucose (18 mM), L-glutamine (2 mM), insulin (5 mg/ml),

progesterone (0.02 mM), putrescine (100 mM), selenium

(30 pM), penicillin (50 U/ml) and streptomycin (50 mg/

ml). Neurons were maintained at 37 8C in a humidified

atmosphere of 5% CO2 and were cultured for 7 days prior to

treatments. Having done the GFAP and OX42 staining for

astrocytes and microglial cells, the purity of neurons in our

culture was over 98%. Only about 2% cells are GFAP

positive and none of them are OX42 positive cells.

2.4. Treatment of neurons

To investigate whether LBA exert neuroprotective

effects, neurons on 6-well plates were treated with LBA

(ranging from 10K4 to 100 mg/ml) for 1 h, and then exposed

to Ab25–35 (25 mM) or Ab1–42 (20 mM) for 24 h. The

peptides were incubated with autoclaved Milli-Q water at

37 8C for 1 day (Ab25–35) and 7 days (Ab1–42) prior to use.

For ‘Wash-out’ experiment, neurons were pretreated with

LBA for 1 h. Afterwards, LBA-containing medium was

removed and neurons were then washed with 1!PBS prior

to exposure to Ab peptide. LDH toxicity and caspase

activity assays were performed to assess neuronal apoptosis.

The percentage of apoptotic neurons was determined by

counting cells with DNA fragmentation or condensation

stained by DAPI under the fluorescent microscope (Leica,

Wetzlar, Germany).

In order to compare the effectiveness of LBA and other

well-known western drugs/inhibitors such as LiCl and a

specific JNK inhibitor (SP600125) in neuroprotection,

neurons were treated with different concentrations of

LBA, LiCl (2–20 mM) or SP600125 (1–20 mM) for 1 h,

followed by exposure to Ab25–35 (25 mM) for 24 h. Caspase-

3-like activity assay was then carried out.
2.5. Measurement of general cytotoxicity

Culture medium was collected for LDH activity assay to

determine the level of general cytotoxicity. The assay was

conducted in accordance with the manufacturer’s instruc-

tions. Briefly, the culture medium was incubated with the

assay buffer for 30 min in dark. Release of LDH was

determined by reading the absorbance at 492 nm. We have

examined that the extract per se did not interfere LDH assay.

Results were expressed as the percentage of control.

2.6. Caspase-3-like activity assay

Caspase-3-like activity was assayed using the colori-

metric caspase-3 substrate from Calbiochem, Inc. (Darm-

stadt, Germany). Neurons were scratched and lysed in lysis

buffer containing DTT (5 mM), EDTA (0.1 mM), HEPES

(50 mM, pH 7.4) and Triton-X (0.2%). The lysate was then

centrifuged at 20,000!g for 30 min at 4 8C. 60 mg of

protein from each sample was incubated with caspase-3

substrate (Ac-DEVD-pNA) for 2 h at 37 8C. The caspase-3-

like activity was determined by measuring the absorbance

(at 405 nm) of the yellow product (pNA) cleaved from the

substrate (i.e. DEVD cleavage). From the absorbance

readings, values of specific activity (s.a., unitZpmol/

min/mg) were calculated. Caspase-3-like activity of the

control group was regarded as 0% toxicity and that of the

Ab-treated group as 100% toxicity, whereas % toxicity is

calculated as: [(s.a.ofAb-treated/LBA-treatedKs.a.control)O
(s.a.Ab-treatedKs.a.control)]!100. Results were expressed as

% of toxicity. The activity assay was counter confirmed by

using western-blot analysis of the active fragment of

caspase-3.

2.7. DAPI staining

To further examine neuronal apoptosis, apoptotic bodies

were determined by DNA fragmentation and condensation

using DAPI nuclear staining (Nardi et al., 1997; Wyllie

et al., 1980). After treatment, neurons were fixed with

methanol:acetone (1:1) for 15 min. DAPI (1 mg/ml in PBS)

was added to the cells for 5 min, followed by 3 times

washing with PBS. Under a fluorescent microscope, the

number of apoptotic and normal neurons was counted in five

different fields for each well. A total number of about 200

neurons could be counted in each field. Results were

expressed as the percentage of apoptotic neurons.

2.8. Western blotting

To examine the level of activated caspase-3 as well as the

phosphorylated form of JNK and c-Jun, neurons after

treatment were scratched and lysed in ice-cold lysis buffer

containing Tris–HCl (10 mM, pH 7.4), NaCl (100 mM),

EDTA (1 mM), EGTA (1 mM), NaF (1 mM), Na4P2O7

(20 mM), Na3VO4 (2 mM), Triton X-100 (1%), Glycerol
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Fig. 1. Effect of the aqueous extract LBA on Ab-induced cytotoxicity.

Neurons were treated with different concentrations of LBA for 1 h,

followed by a 24-hour incubation with or without Ab25–35 (25 mM). LDH

M.-S. Yu et al. / Experimental Gerontology 40 (2005) 716–727 719
(10%), deoxycholate (0.5%), SDS (0.1%), phenylmethyl-

sulfonyl fluoride (PMSF, 1 mM), protease inhibitor cocktail

and phosphatase inhibitor cocktail. The lysate was centrifuged

at 20,000!g for 30 min at 4 8C. Equal amounts of protein

were subjected to SDS-polyacrylamide gel electrophoresis

(50 mg protein/lane) using 10% polyacrylamide gels. After-

wards, the proteins were transferred onto a PVDF membrane,

followed by blocking with 5% non-fat dry milk in TBST (TBS

containing 0.1% Tween-20). The membrane was then

incubated with anti-cleaved caspase-3 (1:1000), anti-phos-

phorylated JNK (1:1000), anti-total JNK (1:1000), anti-

phosphorylated c-Jun-I (1:1000), anti-phosphorylated c-Jun-

II (1:1000), anti-total c-Jun (1:1000) or anti-b-actin (1:5000)

for 2 h at room temperature, followed by the incubation

of horseradish peroxidase-conjugated secondary antibodies

(1:2000) for 1 h at room temperature. Bands were visualized

on a Biomax X-ray film using the ECL detection kit. The

membranes were then stripped with the use of the Re-Blot

western blot recycling kit and re-probed with monoclonal anti-

b-actin antibody (1:5000) as primary antibody, and goat anti-

mouse-HRP (1:2000) as secondary antibody.

2.9. Statistical analysis

All values obtained were expressed as meansGstandard

error (SE) from at least 3 independent experiments. The

significance of differences among different groups was

determined by one-way ANOVA, followed by Student-

Newman-Keuls as post-hoc test. To increase the level of

confidence, *P!0.001 was considered statistically signifi-

cant in all experiments.
activity assay was used to measure the release of LDH in culture medium.

(a) LDH activity of LBA ranged from 0 to 100 mg/ml. (b) Comparison of

the cytoprotective effects of LBA with or without the wash-out procedure.

Results are expressed as meanGSE from at least three independent

experiments. *P!0.001 vs. the group treated with Ab peptide only by one-

way ANOVA for multiple comparison and Student–Newman–Keuls test as

post hoc test.
3. Results

3.1. Neuroprotective effects of the aqueous extract LBA

To examine the effects of the aqueous extract LBA from

L. barbarum on Ab-peptide-induced neurotoxicity, neurons

were pretreated with LBA (ranged from 10K4 to 5!
102 mg/ml) for 1 h, followed by a 24-hour exposure to Ab25–

35 (25 mM). For the analysis of cytotoxicity, the extracellular

concentration of LDH was measured. Fig. 1a shows the

percentage of control of LDH activity of various treatment

groups. For the control group without exposure to LBA or

Ab peptide, its LDH activity was 100.0G0.9% of control.

The LDH release was 152.9G2.1% of control if neurons

were exposed to Ab peptide per se. LBA ranged from 0.1 to

100 mg/ml was able to significantly reduce the LDH release

triggered by Ab peptide. The results demonstrated that LBA

exhibited cytoprotective effects against Ab-peptide toxicity.

After wash-out procedure of LBA, the LDH activity was

similar to that from the normal pre-treatment procedure

(Fig. 1b). It implies that cytoprotective effects of LBA

would not be due to the binding to Ab peptide and prevent

its interaction to cell membrane to trigger cell death.
In order to evaluate the effects of LBA on Ab-triggered

activation of caspase-3, the colorimetric caspase-3-like

activity assay was conducted. As shown in Fig. 2a, a wide

range of concentrations of LBA significantly lowered

caspase-3 activity triggered by Ab peptide. LBA at

100 mg/ml showed the best neuroprotective effect since it

could reduce caspase-3 activity to 11.8% when compared

with Ab peptide treated group.

LBA contains both carbohydrates and amino acids, which

may account for the protective effects. To further confirm its

chemical composition by a biological assay, acidification was

carried out to destroy the structure of LBA prior to treatment.

Simply, LBA was dissolved in medium containing concen-

trated HCl (1 M), and then incubated at 80 8C with shaking

(40 rpm) for 18 h. Afterwards, the acidified LBA was

neutralized with medium containing NaOH (1 M). Neurons

were treated with this ‘acidified LBA’ for 1 hour before a 24-
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treated with different concentrations of LBA for 1 h, followed by a 24-hour

incubation with or without Ab25–35 (25 mM). After treatment, neuronal

apoptosis was determined by the colorimetric caspase-3-like activity assay

by measuring the absorbance (at 405 nm) of the yellow product (pNA)

cleaved from the substrate. DEVD cleavage activity was expressed as %

toxicity. Percentage toxicity is calculated as: [(s.a.ofAb-treated/LBA-treatedK
s.a.control)O(s.a.Ab-treatedKs.a.control)]!100. (a) Caspase-3-like activity

assay. Western blot analysis showed the level of activated caspase-3. (b)

Caspase-3-like activity assay after treatment with the ‘acidified LBA’ and

Ab25–35 peptide. Results are expressed as meanGSE from at least three

independent experiments. *P!0.001 vs. the group treated with Ab peptide
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Fig. 3. LBA inhibits Ab1–42-triggered neuronal cell death. Neurons were

treated with 100 mg/ml LBA for 1 h, and then subjected to Ab1–42 (20 mM)

for 24 h. (a) DAPI staining was performed to distinguish normal and

apoptotic cells under fluorescent microscopy. Percentage of apoptotic cells

was calculated as: (no. of apoptotic neurons/no. of total neurons)!100. (b)

Colorimetric caspase-3-like activity assay. DEVD cleavage activity was

expressed as % toxicity. Percentage toxicity was calculated as: [(s.a.of Ab-

treated/LBB-treatedKs.acontrol)O(s.a.Ab-treatedKs.a.control)]!100. Results are

expressed as meanGSE from at least three independent experiments.

*P!0.001 vs. the group treated with Ab peptide only by one-way ANOVA

for multiple comparison and Student–Newman–Keuls test as post hoc test.
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hour incubation of Ab25–35 (25 mM). Caspase-3-like activity

assay was done and Fig. 2b shows that LBA lost its protective

effects against Ab toxicity after acidification.
3.2. LBA also attenuates Ab1–42 peptide-triggered apoptosis

The neuroprotective effects of LBA were re-confirmed

by using Ab1–42 peptide as it is a toxic factor in AD brain.

DAPI staining was performed to distinguish normal and

apoptotic bodies with a fluorescent microscope. As shown in

Fig. 3a, Ab1–42 increased the percentage of apoptotic

neurons to 22.4G1.3% from 11.8G1.0% in control. LBA

at 100 mg/ml effectively attenuated the Ab1–42 peptide

neurotoxicity to 13.5G0.9%. Colorimetric caspase-3-like

activity assay was also performed. LBA (100 mg/ml)
significantly reduced Ab1–42 peptide-stimulated caspase-3-

like activity to 59.3G10.7% (Fig. 3b).
3.3. Comparison of protective effects between LBA

and Lithium chloride

Lithium chloride (LiCl) has been shown to protect

neurons against Ab peptide toxicity (Alvarez et al., 1999;

Wei et al., 2000). It is also known for the treatment of

manic-depressive illness (Chuang et al., 2002). Having

demonstrated the neuroprotective effects of LBA against Ab
peptide neurotoxicity, we further compared pharmacologi-

cal responses of LBA with LiCl. Neurons were pretreated

with either LiCl (2–20 mM) or LBA (0.1–100 mg/ml) for

1 h, and subsequently exposed to Ab25–35 peptide (25 mM)
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for 24 h. Fig. 4 shows the caspase-3-like activity after LBA

and LiCl treatment. The unit of concentration of LiCl was

converted from mM to mg/ml for the purpose of comparison

with LBA. LiCl at 85 mg/ml (2 mM) exhibited toxicity. The

toxicity decreased when the concentration of LiCl

increased. LiCl could effectively attenuate Ab peptide-

stimulated caspase-3 activity in the range of 340–850 mg/ml

(i.e. 8–20 mM). In addition, it exhibited maximum

neuroprotection (8.5G2.7%) at 850 mg/ml (20 mM). For

LBA, it exerted protective effects on neurons against Ab
peptide neurotoxicity from 0.1 to 100 mg/ml. The toxicity

was significantly reduced to 11.8G3.2% when LBA was

used at 100 mg/ml. From the result, the effective dosage for

neuroprotective LBA (0.1–100 mg/ml) was much wider than

that of LiCl (340–850 mg/ml). Also, LBA has about two

orders lower working concentration than that of LiCl.
3.4. Comparison of neuroprotective effects of LBA

and Heparin

Heparin has a well-defined structure of highly sulfated

polysaccharides that has been demonstrated to attenuate

Ab-peptide neurotoxicity (Bergamaschini et al., 2002).

Since the composition of LBA contained polysaccharides,

we used heparin to make a comparison on their protective

effects. Neurons were pre-incubated with heparin (1 mM, i.e.

5 mg/ml) or LBA (100 mg/ml) for 1 h following by a 24-hour

exposure to Ab25–35 peptide (25 mM). Morphology of

neurons after different treatments was shown in Fig. 5. In

control group (a), neurons were in good condition as
revealed by the fine neuronal network and the round cell

bodies. Neurons treated with Ab25–35 for 24 h underwent

apoptosis (Fig. 5b), as shown by the destruction of the fine

neuritis network as well as the shrinkage of cell body. LBA

per se did not alter the morphology of neurons (Fig. 5c).

Pretreatment with LBA could protect neurons against Ab
toxicity as shown by the fine morphology in Fig. 5d.

Neurons exposed to heparin exhibited elongated neuritis

(Fig. 5e). This type of morphological changes could not be

revealed by simple biochemical assay of caspase-3-like

activity. Therefore, results of morphological changes were

shown instead of caspase-3-like activity. Heparin exerted

neuroprotective effects against Ab peptide neurotoxicity as

shown by intact neuritis (Fig. 5f). Caspase-3-like activity

was also markedly reduced when neurons were pre-treated

with heparin (Fig. 5g). By examining the morphology of

neurons, it was suggested that the modes of neuroprotection

elicited by LBA were different from that of heparin.

3.5. Western-blot analysis of JNK and c-Jun in neurons

treated with LBA

c-Jun N-terminal kinase (JNK) is one of the stress

kinases involved in Ab peptide neurotoxicity. Upon Ab
peptide stimulation, JNK is activated by phosphorylation,

and in turn phosphorylates its substrate, c-Jun (Morishima

et al., 2001). In order to investigate whether there was any

relationship between the JNK signaling pathway and the

neuroprotective effects of LBA, protein extracted after

treatment were subjected to western blotting to detect the

phosphorylated form of JNK and c-Jun. The levels of

phospho-JNK-1, phospho-c-Jun-I and phospho-c-Jun-II

were increased in neurons exposed to Ab25–35 peptide

(Fig. 6). Pretreatment with LBA at 100 mg/ml markedly

attenuated the levels of these three phosphorylated proteins.

The protein levels of total JNK, total c-Jun and b-actin were

unchanged after treatment of LBA or LiCl.

3.6. Comparison of neuroprotective effects between

the specific JNK inhibitor SP 600125 and LBA

Western-blot analysis results suggested that neuroprotec-

tion mechanism of LBA might rely on inhibition of the JNK

signaling pathway. The specific inhibitor of JNK,

SP600125, has been shown to exert neuroprotection against

Ab peptide toxicity (Hashimoto et al., 2003). We then

compared SP600125 with LBA to examine their effective-

ness in neuroprotection. Fig. 7 shows the caspase-3-like

activity after SP600125 and LBA treatment. The unit of

concentration of SP600125 was converted from mM to mg/

ml for the purpose of comparison. While SP600125 could

significantly reduce the toxicity to 27.6G10.0% at 1.1 mg/

ml (5 mM), low concentration (1 mM or 0.22 mg/ml) of

SP600125 could not attenuate Ab-stimulated caspase-3

activity. Neuroprotective effects of SP600125 at 4.4 mg/ml

(20 mM) could reduce Ab peptide neurotoxicity to
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Fig. 5. Comparison of neuroprotective effects of LBA and heparin. Neurons were pre-incubated with either heparin (1 mM) or LBA (100 mg/ml) for 1 h,

followed by a 24-hour exposure to Ab25–35 (25 mM). Morphology of neurons after different treatments was shown. (a) Control, (b) Ab25–35 (25 mM) (/
indicates shrunk cell body and the circled area indicates the destructed neurite network), (c) LBA (100 mg/ml), (d) LBA (100 mg/ml) CAb25–35 (25 mM), (e)

heparin (1 mM) and (f) heparin (1 mM) CAb25–35 (25 mM). (g) Caspase-3 like activity was determined after treatment with heparin (1 mM) and Ab25–35

(25 mM). DEVD cleavage activity was expressed as % toxicity. Percentage toxicity is calculated as: (s.a.Ab-/heparin-treatedKs.a.control)O(s.a.Ab-treatedKs.a.control).

Results are expressed as meanGSE from at least three independent experiments. *P!0.001 vs. the group treated with Ab peptide only by one-way ANOVA

for multiple comparison and Student–Newman–Keuls test as post hoc test.
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Fig. 6. Western-blot analysis of phospho-JNK and phospho-c-Jun in

neurons treated with LBA and LiCl. Neurons were pretreated with LBA

(100 mg/ml) or LiCl (2 mM and 8 mM) for 1 h, followed by a 4-hour

exposure to Ab25–35 peptide (25 mM). Proteins extracted were subjected to

western-blot analysis to detect the level of phospho-JNK, phospho-c-Jun,

total JNK, total c-Jun and b-actin. b-actin was used as the internal control.

Results are expressed from at least three independent experiments.

Table 1

Some properties of LBA isolated from Lycium barbarum

LBA

% Yielda 1.7

Proteinb 6.2

Galacturonic acidb 23.9

Neutral sugarsb 61

Arabinosec 35.1

Galactosec 16.0

Rhamnosec 10.0

Xylosec 4.0

Glucuronic acidc 1.3

Mannosec 0.8

Glucosec 8.9

a % Yield to the dried fruit.
b % Dry-weight basis.
c Mol %.
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70.7G4.6% of control value only (Fig. 7). SP600125 at

concentration higher than 20 mM was found to exhibit

neurotoxicity (data not shown). Comparing the effective

dosages between SP600125 and LBA, the therapeutic

window for SP600125 was much narrow compared to that

of LBA.
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Fig. 7. Comparison of neuroprotective effects between the specific JNK

inhibitor SP 600125 and LBA. Neurons were pretreated with either

SP600125 (1–20 mM) or LBA (0.1–500 mg/ml) for 1 h, then, incubated with

or without Ab25–35 peptide (25 mM) for 16 h. After treatment, colorimetric

caspase-3-like activity assay was done to examine the level of apoptosis.

DEVD cleavage activity was expressed as % toxicity. Percentage toxicity is

calculated as: (s.a.ofAb-/LBA-/SP-treatedKs.a.control)O(s.a.Ab-treatedKs.a.control)

. Results are expressed as meanGSE from at least three independent

experiments. *P!0.001 vs. the group treated with Ab peptide only by one-

way ANOVA for multiple comparison and Student–Newman–Keuls test as

post hoc test.
3.7. Chemical analysis of the aqueous extracts LBA

The chemical composition of the aqueous extracts of

the L. barbarum was investigated without further

purification. The neutral sugar and amino acid compo-

sition of the aqueous extract (LBA) was determined.

According to the isolation procedure used, LBA contained

of 61% (w/w) carbohydrates and 6% (w/w) protein. The

protein content was determined from the amino acid

analysis. LBA contained arabinose (35%), galactose

(16%), rhamnose (10%) in addition to glucose (9%) and

galacturonic acid (24%) (Table 1). According to the

amino acid analysis the protein consists of 14% (mol%)

alanine, 14% cystine and 10% aspartic acid as main

amino acids (Table 2). The amino acid analysis also

revealed the presence of 0.7% methionine.
Table 2

The amino acid composition of LBA isolated from Lycium barbarum

Amino acid LBA (Mol %)

Asp 10.4

Glu 1.4

Ser 9.3

Gly 4.9

His 2.8

Arg 9.0

Thr 5.8

Ala 13.6

Pro 4.5

Tyr 3.2

Val 2.9

Meta 0.7

Cysa 13.6

Ile 2.3

Leu 3.5

Phe 1.5

Lys 4.6

Ammonia 6.1

Total 100.00

a Separate analysis using performic acid pre-oxidation treatment.
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4. Discussion

In the present study, we had isolated the aqueous extract

from the fruits of Lycium barbarum, named as LBA, which

could significantly protect neurons against Ab peptide

toxicity at microgram level. We had used different

parameters to examine the neuroprotective effects of LBA

including the LDH cytotoxicity assay; caspase-3-like

activity assay and DAPI staining for apoptosis measure-

ment. In agreement to our previous studies (Chang et al.,

2002a; Lin et al., 2004; Suen et al., 2003a,b), Ab peptides

induced neuronal cell death as shown by the increase of both

LDH and caspase-3-like activity. Our results showed that

LBA could attenuate the caspase-3-like activity as well as

the LDH cytotoxicity triggered by Ab peptide. Pretreatment

with LBA markedly reduced the number of apoptotic

neurons as revealed by DAPI staining. LBA has wide

effective dosages when compared with the well-known

western neuroprotective drug LiCl. Also, LBA could

suppress the Ab-triggered JNK signaling pathway. Since

Ab-induced apoptosis results in neurodegeneration (Zhang

and Herman, 2002), our data suggest that aqueous extract

purified from the fruits of anti-aging Lycium barbarum are

potential neuroprotective agents against neuronal

degeneration.

In traditional Chinese medicine, many plants and their

active constituents have been widely used for their reputed

cognitive-enhancing or anti-aging effects. These herbs

include Lycium barbarum, Ginkgo biloba L., Lycoris

radiata, Magnolia officinalis and Polygala tenuifolia Willd

(Blasko et al., 2005; Howes and Houghton, 2003).

Galantamine is an alkaloid isolated from Lycoris radiata.

At present, it is the most effective acetylcholinesterase

inhibitor which has been launched in the market to treat the

cognitive impairment associated with AD (Allain et al.,

2003). However, this type of treatment can only ameliorate

the symptoms of AD. Increasing lines of evidence have

shown that neurodegenerative diseases result from multiple

causes such as apoptosis, excessive levels of reactive

oxygen species, deficits in neurotransmission, dysfunction

of neurons and progressive neuronal loss (Waldmeier and

Tatton, 2004). Thus, effort should be made to explore

potential candidates that can prevent or delay apoptosis and

neuronal dysfunctions found in the diseases. In addition, the

idea of anti-amyloid therapy (e.g. inhibition of Ab
aggregation, vaccination with Ab antibodies and modu-

lation of Ab production) is also possible (Citron, 2004;

Gandy et al., 2003). Current treatment solely based on the

acetylcholine receptor may not be sufficient to prevent

neuronal death in AD. Owing to the fact that various

botanical herbs have been used for many years to prevent

aging in oriental world, it is possible to open up the potential

for using anti-aging drugs from herbal medicine to treat AD.

Recent findings showed that natural plant extracts have the

potential not only prevent Ab toxicity, but also prevent the

production of Ab. Gingko biloba extract EGb761 effectively
attenuated Ab-triggered apoptosis and inhibited Ab aggre-

gation in vitro (Luo et al., 2002). Curcumin could bind small

Ab peptides to block Ab aggregation as well as fibril and

oligomer Ab formation (Yang et al., 2005). In present study,

we found that the extract LBA can protect neurons against

Ab toxicity, however, we cannot exclude the possibility that

LBA may also have the potential to prevent Ab production

and further investigation is required in this direction.

LiCl has been used to treat manic depression for decades

(Chuang et al., 2002). Previous studies demonstrated that

LiCl protects neurons against different insults in both animal

and cellular models (Hashimoto et al., 2002; Nonaka and

Chuang, 1998). LiCl can protect neurons by direct inhibition

on GSK3b, thus providing protection from caspase-3

activation (King et al., 2001). LiCl can also prevent

stress-induced c-Jun protein activation and downsream

apoptotic events (Hongisto et al., 2003). Other studies

illustrated that LiCl can attenuate Ab-induced neuronal cell

death as shown by the calcein acetoxymethyl ester (calcein-

AM) and propidium iodide (PI) staining (Alvarez et al.,

1999) as well as MTT analysis (Wei et al., 2000). Since LiCl

protects neurons via inhibition on caspase-3 activity and

other pro-apoptotic pathways, we have attempted to

compare the effectiveness of LiCl with LBA (Fig. 6). In

contrast to LiCl, LBA exhibits neuroprotective effects

ranging from 0.1 to 100 mg/ml, suggesting that LBA will

be much flexible for the future development in vivo.

Nevertheless, LiCl has been shown to attenuate GSK3 to

produce Ab peptides (Sun et al., 2002). Other aspects of

beneficial effects of LiCl cannot be neglected.

Heparin (a naturally occurring polysaccharides with

defined chemical structure) has been shown to exert

protection for neurons against Ab toxicity (Bergamaschini

et al., 2002). Owing to its chemical nature of polysacchar-

ides, it is viable to compare its effect with LBA on Ab
peptide toxicity. Neurons treated with heparin (5 mg/ml)

could significantly reduce the Ab-stimulated caspase-3

activity (Fig. 5f). Nevertheless, the morphology of neurons

after heparin treatment is totally different from that of LBA

(Fig. 5). Neurons exposed to heparin exhibit elongated

neurites (Fig. 5e). The intact neuritis shown in Fig. 5f

indicates that heparin can protect neurons from Ab peptide-

induced cell death. Heparin has been shown to interact with

growth factors forming heparin-binding growth factors

which will then bind to specific membrane receptors (Kan

and Shi, 1990; Shah et al., 2004). Also, heparin has been

reported to bind Ab peptides (Brunden et al., 1993). The

elongated neurites shown in Fig. 5e may result from the

binding of heparin to the membrane proteins, thus altering

the normal cell membrane structure. This may further

prevent the interaction between Ab peptide and its target

receptors such as tumor necrosis factor type I receptor

(TNFRI) (Li et al., 2004), Fas and p75 neurotrophin receptor

(Tsukamoto et al., 2003). As stated, physical interaction

between heparin and Ab peptides and membrane proteins

has also been reported. This may be a possible mechanism
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for heparin to protect neurons against Ab peptide toxicity.

The differences in morphology of neurons after treatment

with LBA or heparin suggest that the mechanisms of

neuroprotection elicited by them are mediated by different

pathways. Ab peptides have been shown to possess

membrane destabilizing properties that may lead to cell

death (Mason et al., 1999; Mingeot-Leclercq et al., 2002).

From our results, pretreatment with LBA significantly

protects neurons from Ab-induced apoptosis. Whether LBA

has the stabilizing effects on Ab peptides may be one

possible explanation accounts for its neuroprotective

effects.

Activation of stress kinases such as the c-Jun N-terminal

kinase (JNK), p38 MAP kinase and double-strand RNA

dependent protein kinase (PKR) has been demonstrated to

be associated with Ab-triggered apoptosis in vitro (Chang

et al., 2002a; McDonald et al., 1998; Morishima et al., 2001;

Suen et al., 2003b). In AD brain sections, increased

immunoreactivity of these activated stress kinases has also

been found when compared to the age-matched control

(Chang et al., 2002b; Hensley et al., 1999; Onuki et al.,

2004; Peel and Bredesen, 2003; Xie et al., 2000). c-Jun is a

substrate of JNK and it has been identified to be activated in

AD brains (Anderson et al., 1994) as well as Ab-treated

neurons (Anderson et al., 1995). Since the JNK–c-jun

signaling pathway is closely linked to Ab peptide

neurotoxicity, we have hypothesized that this signaling

pathway is involved in the neuroprotective mechanism of

LBA. Western blot analysis (Fig. 6) shows that LBA at

100 mg/ml can significantly reduce the level of Ab-

stimulated phospho-JNK, phospho-c-jun-I and phospho-c-

jun-II. These results demonstrate that LBA suppresses Ab
toxicity by the inhibition on the JNK–c-jun signaling

pathway.

From the western blotting, it is possible that the

neuroprotective mechanism of LBA relies on inhibition of

the JNK signaling pathway. SP600125, a specific inhibitor

of JNK, has been shown to provide protection for neurons

against Ab peptide toxicity (Hashimoto et al., 2003).

Comparing SP600125 and LBA, the effective dosage of

LBA to resist Ab toxicity is much wider than that of

SP600125 (Fig. 7). The results suggest that LBA may inhibit

other pro-apoptotic signaling pathways other than JNK. We

are examining other stress kinases such as p38, PKR or

ASK1.

Arabinogalactan-protein (AGPs) is proteoglycans which

are widely distributed in the plant kingdom. The chemical

composition of AGPs consists of a high proportion of

galactose and arabinose residues with usually less then

10% protein (Brillouet et al., 1996; Fincher et al., 1983).

Recent studies suggest that AGPs is one of the major

ingredients of the aqueous extract of Lycium chinense Mill

and can be responsible for the variety of biological

functions (Qin et al., 2001). As composition of LBA is

similar to AGP, we will further examine whether there is
any define composition of AGP in protection of neurons

against Ab peptide.

Taken together, our findings suggest that LBA purified

from the fruits of L. barbarum exhibit neuroprotective

effects against extracellular Ab peptide-induced apoptosis.

The neuroprotective mechanism of LBA may depend on the

inhibition of the JNK signaling pathway. Future effort will

focus on the isolation and the elucidation of the

neuroprotective compounds from this extract. In conclusion,

extracts from L. barbarum represent a potential neuropro-

tective agent which deserved to be further explored to

prevent neurodegeneration in AD.
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