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a  b  s  t  r  a  c  t

Inhibition  of  Aˇ  aggregation  and  attenuation  of its cytotoxicity  are  considered  to  valuable  therapeutics  for
Alzheimer’s  disease  (AD).  Here, a glucan  named  as  LJW0F2  was  purified  from  flowers  of  Lonicera  japonica
Thunb. Using  monosaccharides  composition  analysis,  methylation  analysis,  IR  and  NMR  spectroscopy,
this  polysaccharide  was  elucidated  to  be  an  �-d-(1→4)-glucan  with  an  �-(1→4)  linked  branch  attached
to  the  C-6  position.  Its  inhibitory  effect  on  Aˇ42 aggregation  was  measured  by fluorescence  spectroscopic
eywords:
onicera japonica Thunb.
ˇ42

lucan
ggregation and neurotoxicity

analysis  with  thioflavine  T (ThT)  and  atomic force  microscopy  (AFM).  We  showed  that  polysaccharide
LJW0F2  could  inhibit  Aˇ42 aggregation  in a dose-dependent-manner.  Besides,  LJW0F2  could  attenuate  the
cytotoxicity  induced  by  Aˇ42 aggregation  in  SH-SY5Y  neuroblastoma  cells.  To  the  best  of  our  knowledge,
this  was  the  first  report  that the  exogenous  plant-derived  polysaccharide  might  block  Aˇ42 aggregation
directly  and  reduce  its  toxicity  in  SH-SY5Y  cells.
lzheimer’s disease

. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
isease, which leads to cognitive dysfunction and neuronal death.
he prevalence of AD induces great pressure on the social and
ealth-care systems of aging population’s society (Dartigues, 2009;
athalie & Jean-Noel, 2008; Wimo,  Winblad, & Jonsson, 2010).
here is an unmet need for therapies which can arrest or reverse
D progression, due to current treatments of AD only for allevi-
ting the symptoms (Gerald & Ockert, 2012). To date, numerous
ypotheses were proposed to understand the molecular mecha-
isms of the pathogenesis of AD, while one of the most recognized
ne was the “amyloid hypotheses” (Prasansuklab & Tencomnao,
013). It is believed that the neuropathogenesis of AD may  be trig-
ered by the accumulation of misfolded A  ̌ in the central nervous
ystem (Goedert & Spillantini, 2006; Ittner & Gotz, 2011).
The monomeric A  ̌ is a 39–42 residue peptide, derived from
he intracellular cleavage of amyloid precursor protein by the
equential hydrolysis of two proteolytic enzymes, �-secretase and
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hina. Tel.: +86 21 50806928; fax: +86 21 50806928.
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�-secretase (Nathalie & Jean-Noel, 2008; Selkoe, 1997). Actually,
soluble monomeric A  ̌ peptides are normally produced in the
brain, but they can self-aggregate into various sized oligomers and
insoluble fibrils and further subsequently form neuritic plaques
due to its overproduction or defective clearance (Englund et al.,
2007; Lesne et al., 2006; Liu et al., 2011; Matveeva, Rudolph,
Moll, & Thompson, 2012). Existing data have proposed to explain
how the accumulation of A  ̌ exert a cascade of harmful events
rated to AD by triggering inflammatory responses (Salminen, Ojala,
Kauppinen, Kaarniranta, & Suuronen, 2009), oxidative damage
(Yankner, 1996), dysregulation of Ca2+ ion homeostasis (Demuro
et al., 2005; Yankner, 1996), and altered kinase and phosphatase
activities that can lead to neurofibrillary tangles (Busciglio, Lorenzo,
Yeh, & Yankner, 1995; Tseng, Green, Chan, Blurton-Jones, & LaFerla,
2008; Zheng, Bastianetto, Mennicken, Ma,  & Kar, 2002). More recent
evidences suggested that the soluble oligomers were more toxic
in vitro and in vivo than fibrils, and might represent the primary
pathological species of AD (Benilova, Karran, & De Strooper, 2012;
Cleary et al., 2005; Ono, Condron, & Teplow, 2009). Therefore, inhi-
bition of A  ̌ accumulation and attenuation of its neurotoxcity are
thought to be effective strategies for the prevention and/or treat-

ment of AD.

Several polysaccharides extracted from traditional Chinese
herbs have been reported to have neuroprotective effects in vitro,
possibly due to their antioxidant activity, such as polysaccharide

dx.doi.org/10.1016/j.carbpol.2014.03.060
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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xtracted from Lycium barbarum (Ho et al., 2010) and polysaccha-
ide PS5 from Rubia cordifolia (Chakrabortee et al., 2012).

Lonicera japonica Thunb., is an important traditional Chinese
erbal medicine which has been used to treat fever, headache
nd some infection diseases for thousands years. Many biological
ctivities of this herb have been reported, such as antioxida-
ive, aninflammatory, antibacterial, antiviral and hepatoprotective
ctivities (Shang, Pan, Li, Miao, & Ding, 2011). Recently, a crude
ater extract from flowers of L. japonica Thunb. was  shown to have
europrotective effects in human neuroblastoma cells (SH-SY5Y)
Kwon et al., 2011). However, the active substance and underling

echanism of its protective effects were not known clearly. In the
resent study, we firstly reported the structure of a glucan named
s LJW0F2 from flowers of L. japonica Thunb. The inhibitory effects
f this polysaccharide on aggregation and neurotoxicity of Aˇ42
ere also evaluated.

. Materials and methods

.1. Materials

The dried flowers of L. japonica Thunb. were purchased from
he local market (Hujiyutang Co., Ltd., Shanghai, China) and
ere identified by Prof. Ping Li (Department of Pharmacognosy,
hina Pharmaceutical University, Nanjing, China). DEAE-Cellulose
2 was from Whatman Co., U.K. Sephadex G-150 was from
mersham Bioscience, USA. Monosaccharide standards were all

rom Fluka, Switzerland. Trifluoroacetic acid (TFA), thioflavine-
 (ThT) and 1-phenyl-3-methyl-5-pyrazolone (PMP) were from
igma–Aldrich, USA. Dextran standards were purchased from Phar-
acia Co., Sweden. Acetonitrile and dimethyl sulfoxide (DMSO)
ere purchased from E. Merck, Germany. Beta amyloid peptide

2 (Aˇ42), Ultra Pure, HFIP was purchased from rPeptide, USA.
he cell counting kit-8 (CCK-8) was purchased from Dojindo Lab-
ratories (Kumamoto, Japan). Other reagents were of analytical
rade(Sinopharm Chemical Reagent Co., Ltd, China).

.2. General analysis

Total sugar content was determined by the phenol–sulfuric
cid method using glucose as standard (Dubois, Gilles, Hamilton,
ebers, & Smith, 1956). The content of protein was  determined
y the Lowry method (Lowry, Rosebrough, Farr, & Randall, 1951).
ronic acid was determined by m-hydroxyl diphenyl method

Blumencrantz and Asboe-Hansen, 1973), and glucuronic acid was
mployed as standard control.

.3. Extraction, isolation and purification of polysaccharides

Extraction of crude polysaccharides was performed by the pre-
ious procedure (Chen et al., 2011). In brief, the dried flowers of
. japonica Thunb. (5.0 kg) was defatted with 95% EtOH for two
eeks and then extracted with boiling water for five times, 5 h

or each time. The combined supernatant was concentrated and
reated with 15% trichloroacetic acid at 4 ◦C for 4 h to remove the
rotein. After neutralization and centrifugation, the supernatant
as dialyzed (molecular weight cut-off 3500 Da). Three volumes of

5% EtOH were added to the concentrated retentate to precipitate
he crude polysaccharide, LJW (325 g, 6.5%). LJW (8 g) was  frac-
ionated on a DEAE-cellulose column (Cl−, 120 cm × 6 cm), eluted
ith distilled water to obtain the fraction LJW0. Then, the polysac-
haride LJW0 was further purified on a Sephadex G150 column
2.6 cm × 100 cm), eluted with 0.2 M NaCl, to obtain the polysac-
haride LJW0F2. The eluate was monitored with a phenol–sulfuric
cid method.
mers 110 (2014) 142–147 143

2.4. Homogeneity and molecular weight

The homogeneity and relative molecular weight of polysaccha-
ride LJW0F2 were determined by high performance gel permeation
chromatography (HPGPC) with series-connected Ultrahydrogel TM
2000 and Ultrahydrogel TM 500 columns on an Agilent 1200 instru-
ment (Chen et al., 2011). For molecular weight estimation, the
columns were calibrated by standard T-series Dextrans with dif-
ferent molecular weight. Data were analyzed by GPC software.

2.5. Monosaccharide composition analysis

Monosaccharide composition of LJW0F2 was  determined by a
HPLC method according to previous report (Wang et al., 2012).
Briefly, LJW0F2 was  totally hydrolyzed with 2 M TFA at 110 ◦C for
4 h. The monosaccharides released were derivatived with PMP and
then analyzed by HPLC on a XDB-C18 column eluted with ace-
tonitrile/phosphate buffer solution (18:82, pH 6.7) at a flow rate
of 1.0 mL/min. The detective ultraviolet wavelength was set at
254 nm.  The composition and content of monosaccharides were
determined by comparing retention times and peak areas of the
tested residues, with that of monosaccharide standards (mannose,
arabinose, xylose, galactose and glucose), respectively.

2.6. Methylation analysis

The vacuum-dried polysaccharide LJW0F2 (10 mg)  was meth-
ylated for three times based on previous methods (Hakomori,
1964). The completeness of methylation was confirmed by the
disappearance of the hydroxyl absorption in IR spectrum (Nujol).
The methylated polysaccharide was hydrolyzed with 2 M TFA at
110 ◦C for 2 h and then reduced with sodium borohydride and
acetylated. The partially methylated alditol acetates were analyzed
by Gas chromatography–mass spectrometry (GC–MS) with a Shi-
madzu QP-5050A apparatus equipped with a DB-1 capillary column
(0.25 mm × 30 m).  Mass spectra of the derivatives were analyzed
using Complex Carbohydrate Structural Database of Complex Car-
bohydrate Research Centre (http://www.ccrc.uga.edu/).

2.7. FTIR and NMR analysis

Polysaccharides were ground with KBr powder (native polysac-
charide) or Nujol film (permethylated polysaccharide) and pressed
into pellets for FT-IR measurement (PerkinElmer 591B, USA) in the
frequency range of 4000–500 cm−1.

For NMR  analysis, the polysaccharide LJW0F2 (30 mg)  was
exchanged and dissolved in 0.5 mL of D2O. The 1H NMR, 13C NMR
spectra, two-dimensional COSY, HSQC and HMBC spectra were
measured at room temperature with acetone as internal standard.
NMR spectra were recorded on a Varian Mercury 500 MHz spec-
trometer.

2.8. Thioflavine T fluorescence assay

The freshly prepared Aˇ42 (2 mM in DMSO) was diluted to a
final concentration of 20 �M in 20 �L of fibril-formation buffer
(50 mM  sodium phosphate, pH 7.5, 100 mM  NaCl and 0.02% NaN3),
with or without polysaccharides LJW0F2, in a 96-well plate. After
the resulting mixture were pre-incubated for 30 min at room tem-
perature, 80 �L of ThT solution (6.25 �M in 50 mM  glycine–NaOH

at pH 8.5) was  added, shaking at 200 rpm at 37 ◦C. ThT fluo-
rescence intensity was  measured at intervals in a fluorescence
plate reader (Novostar, BMG  labtech, Germany, EX = 440/10 nm,
EM = 483/10 nm)  (McKoy, Chen, Schupbach, & Hecht, 2012).

http://www.ccrc.uga.edu/
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Fig. 1. HSQC s

.9. Atomic force microscope imaging

The procedures of sample preparation for AFM were simi-
ar as that for ThT assay. The samples (20 �M A�42, 100 �L in
ltra pure water with 0.02% NaN3) with or without LJW0F2 were

ncubated at 37 ◦C. After 21 d, 5 �L of the sample solution were
laced on black mica, dried for 24 h at room temperature, rinsed
100 �L × 6) with ultra-pure water, dried for 10 min  under vacuum,
hen allowed to dry at room temperature prior to examination with
FM. Images were acquired in air using BioScope NanoScope IIIa
ystem (Veeco/Digital Instruments, Santa Barbara, CA, USA) oper-
ting in Tapping Mode using silicon probes (Olympus, Tokyo, Japan)
Wada, Miyazawa, & Miura, 2011).

.10. Cell culture and cell viability assay

SH-SY5Y cells were grown in a minimal essential medium
MEM,  Hyclone, USA) and Ham’s modification of F-12 (F12, Hyclone,
SA, v/v, 1:1), supplemented with 10% fetal bovine serum (FBS,
ibco, USA) and 1% penicillin/streptomycin antibiotics. Cells were
ultured at 37 ◦C in a 5% CO2 atmosphere. For the cell viabil-
ty assay, SH-SY5Y cells were seeded at a density of 3.5 × 104

ells/well in 96-well plates. After 24 h, 20 �M of Aˇ42 either being
ncubated alone or being co-incubated with LJW0F2 were diluted

ith fresh medium (MEM/F12, without FBS) and added to each
ell. The final concentration of Aˇ42 in each well was 2 �M.  Fol-

owing incubation with cells for 48 h at 37 ◦C, cell viability was
valuated using CCK-8 assay. Briefly, a 10 �L aliquot of CCK-8
eagent was added to each well and maintained for another 4 h.
bsorbance was measured using a spectrophotometer at 450 nm.
he cell viability was calculated as Samples/Blank × 100% (Hu et al.,
004).

.11. Statistic analyses
Data were expressed as mean values ± standard deviation (S.D.).
nd the data were analyzed by Student t-test; p values of <0.05

ndicated significant differences (*p < 0.05; **p < 0.01).
m of LJW0F2.

3. Results

3.1. Extraction, purification and composition analysis of
polysaccharides

The polysaccharide LJW0F2 was purified by anion-exchange
chromatography and gel permeation chromatography. Its homo-
geneity was estimated by HPGPC, in which it showed one
symmetrical peak (Fig. S1, Supplementary data). The relative
molecular weight of LJW0F2 was  estimated to be 37.1 kDa by
comparing with the molecular weight of the standards. The
results showed that LJW0F2 contained no protein or uronic acid
after the measurement by the Lowry method and m-hydroxyl
diphenyl method, respectively. Monosaccharide composition anal-
ysis of LJW0F2 was  carried out by HPLC following acid hydrolysis
and derivatization with PMP. The results indicated that LJW0F2
consisted only of glucose (99.7%).

3.2. FTIR and NMR analysis

The bands on the IR spectrum (figure not shown) of LJW0F2
at 3403.7, 2927.4, and 1643.0 cm−1 are assigned to the hydroxyl
stretching vibration, C H stretching vibration and associated
water, respectively (Cui et al., 2008). The absorption at 929.2 cm−1

is typical signal for d-Glc in the pyranose form (Barker, Bourne,
Stacey, & Whiffen, 1954). There was no absorbing signal at
1260 cm−1, indicating that LJW0F2 might contain no sulfated
groups. These results suggested that LJW0F2 might be a neutral
glucan.

All the chemical shifts of LJW0F2 in the 13C NMR  and 1H NMR
spectra were assigned with the help of the COSY (Fig. S2) and HSQC
spectrum (Fig. 1). In the 13C NMR  spectrum of LJW0F2, only one
anomeric resonance signal at �101.00 (Fig. 1) was  present, indi-
cating �-glycosidic linkages, which was  confirmed by the broad
strong signal at around �5.40 in the 1H NMR  spectrum (Fig. 1). The
signal at �78.05 was assigned to the substituted C4 of l, 4-linked glu-

cose. The other signals at �74.68, �72.87, �72.45 and �61.82 were
from C3, C2, C5 and C6 of l, 4-linked glucose, respectively. These
data were in good agreement with that of the previous literature
(Chen et al., 2011). In the HMBC spectrum (Fig. 2), cross peaks of the
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Fig. 2. HMBC spectru

Table 1
Linkage analysis of LJW0F2 by GC–MS.

Methylated residues Linkages Molar ratio (%)
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buffer was  replaced by ultra pure water with 0.02% NaN3. The
results of Aˇ42 treated with or without LJW0F2 were detected on
alternate days. After incubation for 21 d, significant amounts of
2,3,4,6-Me4-Glcp Terminal 5.74
2,3,6-Me3-Glcp 1,4-Glcp 85.54
2,3-Me2-Glcp  1,4,6-Glcp 6.39

1/H3, C1/H4, C1/H5, C3/H1, C4/H1 and C5/H1 were also assigned
o confirm the 1,4-linkage in the polysaccharide.

.3. Linkage analysis

In order to determine the linkage types of LJW0F2, the polysac-
haride was per-methylated, hydrolyzed and then the partially
ethylated alditol acetates (PMAA) were analyzed by GC–MS. The

esults of methylation analysis were shown in Table 1. The linkages
f LJW0F2 consisted of terminal Glucose (T-Glc), 1,4- and 1,4,6-
inked glucose, in the molar ratio of 1:14:1.

According to all these data, the full structure of LJW0F2 was
roposed as below:

α-D-Glcp-(1[→4])-α-D- Glcp-(1]x)

- {[ →4) -α-D- Glcp-(1] y →4-α-D- Glcp-(1→} n   

↓
6

x + y = 14

.4. Inhibitory effects of LJW0F2 on Aˇ42 aggregation

The ThT dye fluorescence is used regularly to quantify the

ormation and inhibition of amyloid fibrils in the presence of
nti-amyloidogenic compounds. Here, it was used to determine
he presence of Aˇ42 aggregates. When the monomer Aˇ42 was
ncubated in PBS buffer (Fig. 3) alone, the fluorescent intensity
m of LJW0F2.

of ThT was increased in a time dependent manner during the
incubation period from 6 h to 24 h. To investigate the inhibitory
effects of LJW0F2 on Aˇ42 aggregation, Aˇ42 was co-incubated
with 50 �g/mL, 100 �g/mL and 200 �g/mL of LJW0F2, respectively.
The results showed that the final level of fluorescence of ThT was
dramatically decreased in the presence of LJW0F2 with a dose-
dependent manner. When Aˇ42 was  co-incubated with 200 �g/mL
of LJW0F2, the inhibition ratio was more than 90% over the entire
time span compared with that of Aˇ42 incubation alone (Fig. 3).
Although LJW0F2 had little inhibitory effect at the low concentra-
tion of 50 �g/mL, it still could delay formation of Aˇ42 fibrils. Hence,
the results suggested that LJW0F2 could impede Aˇ42 aggregation
directly.

The morphological changes of Aˇ42 aggregation co-incubated
with different concentrations of LJW0F2 were examined by AFM.
To avoid the confusing effects of iron for AFM images, the PBS
Fig. 3. ThT fluorescence assays. 20 �M Aˇ42 incubated in the presence of polysac-
charide LJW0F2 at different concentrations of 50 �g/mL, 100 �g/mL and 200 �g/mL
for  36 h.
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ig. 4. AFM images of amyloid fibrils formed when Aˇ42 was  incubated alone (A) 

00  �g/mL (C) and 200 �g/mL (D) at 37 ◦C for 21 d, fresh control Aˇ42 alone (E). As co
t  37 ◦C for 21 d (F–H). The figure size was  10 �m × 10 �m.

brils were formed in the 20 �M of Aˇ42 control group (Fig. 4A).
hen Aˇ42 was co-incubated with LJW0F2, the numbers of fibrils

bserved were decreased dramatically with increasing concentra-
ion of LJW0F2, very few fibrils were observed (Fig. 4D), when the
reatment concentration of LJW0F2 was at the highest (200 �g/mL).
s the concentration of LJW0F2 was decreased, the numbers of fib-
ils were increased (Fig. 4C). However, the numbers of fibrils were
ubstantially lower than the control group when Aˇ42 was  treated
ith 50 �g/mL of LJW0F2 (Fig. 4B).

In agreements with ThT staining results, the results of AFM indi-
ated that polysaccharide LJW0F2 could block the fibrils formation
f Aˇ42 directly. It was well known that the formation of Aˇ42 fib-
ils was considered as a key step in the pathological progress of
D. Preventing Aˇ42 aggregation was considered as one of primary

herapeutic strategies for treating AD. Up to now, a number of small
olecules extracted from traditional Chinese herbal medicine have

een shown to be capable of inhibiting A  ̌ aggregation, such as
esveratrol, curcumin, and EGb761 (Chakrabortee et al., 2012;
cKoy et al., 2012). However, little studies had mentioned the
ffects of polysaccharides on Aˇ42 aggregation, although they were
lso important bioactive molecules in traditional Chinese herbs.
ere, our studies showed that the polysaccharide LJW0F2 could

nhibit Aˇ42 aggregation directly in a dose-dependent manner.

ig. 5. The results of cell viability assay. Before the SH-SY5Y cells were treated with 2 �M
hen  followed by the CCK-8 assay (A). Cell viability assay of SH-SY5Y cells exposed for 48 h
olysaccharide LJW0F2 at different concentrations of 0.1 �g/mL, 1 �g/mL and 10 �g/mL. S
ell  viability assay of SH-SY5Y cells exposed to the polysaccharide LJW0F2 at different co
he presence of polysaccharide LJW0F2 at different concentration of 50 �g/mL (B),
 the polysaccharide LJW0F2 was incubated alone with three different concentration

Theoretically, the inhibitory mechanism of polysaccharides might
be different from that of small molecules. One potential explana-
tion for the mechanism was that the polysaccharide LJW0F2 could
form a coating layer around Aˇ42, which efficiently competed with
Aˇ42 to form hydrogen bonds with the solvent water molecules,
thereby stabling the native conformation of Aˇ42 and inhibiting
Aˇ42 aggregation (Wada et al., 2011).

3.5. LJW0F2 attenuated neurotoxcity induced by Aˇ42

To investigate the neurotoxcity induced by Aˇ42 in vitro, SH-
SY5Y cells were exposed to 2 �M Aˇ42 which was  pre-incubated
for different time periods (1 d, 2 d, 4 d and 7 d). Then cell viabil-
ity was  detected by CCK-8 assay after 48 h. The results showed
that cell viability of SH-SY5Y cells was reduced to different degrees
after the treatment with aged Aˇ42 comparing to Blank group. The
ratio of cell viability was  reduced to 77.3% after the treatment with
7 d aged Aˇ42 (Fig. 5A). Hence, 7 d aged Aˇ42 was  used to induce
SH-SY5Y cell injury in the subsequent experiment. In order to eval-

uate the inhibitory effect of LJW0F2 on neurotoxicity induced by
aged Aˇ42, Aˇ42 was pre-incubated alone or co-incubated with
different concentration of LJW0F2 for 7 d respectively, before they
were added to SH-SY5Y cells. As illustrated in Fig. 5B, the results

 Aˇ42 for 48 h, the Aˇ42 had been pre-incubated for 1 d, 2 d, 4 d and 7 d, respectively,
 to 2 �M Aˇ42 after the Aˇ42 pre-incubated for 7 d, either alone or in the presence of
urvival of control cells not exposed to Aˇ42 was  assigned 100% viability. As control,
ncentrations for 48 h was also conducted (B).
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howed that LJW0F2 could attenuate Aˇ42-induced neurotoxicity
n a dose-dependent manner. Notably, LJW0F2 at each of these con-
entrations alone did not cause any apparent cytotoxicity. Based
n the above results, we suggested that the polysaccharide LJW0F2
ould attenuate Aˇ42-induced neurotoxicity by inhibiting its aggre-
ation. As a major bioactive molecule extracted from flowers of L.
aponica Thunb., the polysaccharide LJW0F2 showed potential use
n treatment of AD.

. Conclusion

In this study, a neutral glucan, LJW0F2 was purified from
he flowers of L. japonica Thunb. Its structure was  elucidated as
n �-d-(1→4)-glucan with an �-(1→4)  linked branch attached
o C-6 position. Notably, bioactivity tests indicated that LJW0F2
ould inhibit Aˇ42 aggregation directly and attenuate neuro-
oxicity induced by Aˇ42 in a dose-dependent manner in vitro.
herefore, the molecular mechanism of its inhibitory effect
nd its potential use in treatment of AD warranted further
tudy.
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