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Abstract

The study was undertaken to explore whether piperlonguminine/dihydropiperlonguminine could
inhibit the production of amyloidf (Af) in human neuroblastoma cells (SK-N-SH) and to examine the
underlying mechanism of this effect. Piperlonguminine/dihydropiperlonguminine components (1:0.8)
were extracted from Futokadsura stem, and then used to treat SK-N-SH cells at three different
concentrations: 3.13 ug/ml, 6.25 ug/ml and 12.50 ug/ml. Subsequently, the production of Af4; and Ay
were measured by Western blot analysis and enzyme linked immunosorbent assay (ELISA). On the
other hand, the expressions of amyloid precursor protein (APP), Notchl (Notch intracellular domain)
and (-site amyloid precursor protein cleavage enzyme (BACE-1) were also examined by Western blot
assay. The activities of $-secretase and y-secretase were detected at the same time. Furthermore, A4,
level was detected by immunocytochemistry staining. We demonstrated that the treatment of piper-
longuminine/dihydropiperlonguminine could significantly decrease the levels of APP, A4, and APy
peptide in SK-N-SH cells, despite the fact that the activities of f-secretase and y-secretase were not
affected significantly. These data suggest that piperlonguminine/dihydropiperlonguminine components
could significantly inhibit the level of APP, AB4, and Af4) peptide without affecting the activity of
B-secretase and y-secretase in SK-N-SH cells.
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Introduction (3, 21).

The histopathological hallmarks of AD are the

Alzheimer’s disease (AD) is a progressive neuro- presence of extracellular deposits of amyloid § (AP)
degenerative disease characterized by progressive peptide in senile plaques of cerebral cortex and the
dementia and deterioration of cognitive function (12). intracellular aggregation of tau protein in neu-
It is the most common neurodegenerative disorder, rofibrillary tangles (7, 12). Af is a toxic 40-42
affecting more than 20 million people worldwide, and residue peptide derived from proteolysis of the
as many as 50% of individuals who are older than 85 amyloid precursor protein (APP) (1, 16), which is a
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type I transmembrane glycoprotein (4, 13), and
encoded by the APP gene located on chromosome
21921 (17, 18). Certain mutations of APP gene may
cause excessive cleavage of the protein by [3-secretase
and y-secretase, leading to the excessive aggregation
of neurotoxic AP peptide.

The proteolytic processing of APP is known to
occur through two alternative pathways: the amy-
loidogenic pathway and the anti-amyloidogenic
pathway. In the amyloidogenic pathway, APP is
cleaved by a [3-site amyloid precursor protein cleavage
enzyme (BACE-1), a type of protease -secretase.
The proteolytic cleavage is taken place at the N-
terminus of the A} domain and results in the secreted
sAPPf and a C-terminal 99 amino acid fragment of
APP (C99). C99 is processed at its transmembrane
domain by y-secretase, leading to the secretion of
AB42/AP4o and the APP intracellular domain (AICD)
(21). The accumulation of Af leads to neurotoxicity
in AD patients and contributes to the formation of
senile plaques in cerebral cortex, which is the patho-
logical characteristic of AD. In the anti-amyloidogenic
pathway, APP is cleaved by a-secretase and y-
secretase to generate soluble fragments (10, 24). Both
-secretase and y-secretase are key enzymes in the
APP proteolytic processing pathway from APP to A,
regulating the production of Af. The proteolytic
process of APP is very similar to the proteolytic
processing of Notch signaling in terms of the activity
of y-secretase (14, 25, 28). Notchl level is often used
to monitor the activity of y-secretase indirectly and its
side effects.

Futokadsura stem is the petiole of piper plant
Kadsura, and it is used to treat inflammatory diseases
such as rheumatism in Chinese traditional medicine.
Experimental studies show that Futokadsura Stem is
an efficient anti-inflammatory and anti-platelet drug
(9, 29). In previous experiments, Futokadsura stem
in shown to have selective inhibition on the ex-
pression of APP (5, 6). Subsequently, we demon-
strated that such inhibition on APP gene expression in
human neuroblastoma cells (SK-N-SH) was mediated
through the piperlonguminine/dihydropiperlongu-
minine components extracted from Futokadsura stem
(29).

The aggregation of AP plays an important role
in the pathological pathway of AD due to its cyto-
toxicity to neuronal cells (19, 26, 27). Although
piperlonguminine/dihydropiperlonguminine could
efficiently inhibit the expression of APP at the protein
level, whether they also affect the activities of Ap and
Ap-generating enzymes (such as -secretase and y-
secretase) remains unclear. To answer this question,
we investigated the effects of piperlonguminine/
dihydropiperlonguminine on the production and
peoteolytic processing of Ap.

Materials and Methods
Reagents

Amyloidf, 4, antibody was obtained from
Upstate Biotechnology, Lake Placid, NY, USA.
Amyloidf;.4 antibody and Notchl polyclonal
antibody were obtained from Millipore Corporation,
Bedford, MA, USA. Human APP695 antibody, BACE-
1 antibody, B-secretase activity kit and y-secretase
activity kit were obtained from R&D Systems, Inc,
Minneapolis, MN, USA. Human f-actin antibody
was obtained from Santa Cruz Biotechnology, Inc.
Santa Cruz, CA, USA. Apy4, colorimetric ELISA kit
and APy colorimetric ELISA kit were obtained from
BioSource International. Inc. Camarillo, CA, USA.
CytoTox-ONE Homogeneous Membrane Integrity
assay kit was bought from Promega Corp. Madison,
WI, USA. All other reagents and solvents were of
analytical grade.

Preparation of Piperlonguminine/
Dihydropiperlonguminine (1:0.8) from Futokadsura

Piperlonguminine/dihydropiperlonguminine
components were separated from futokadsura stem
according to a previously described method (29).
Futokadsura stem samples were first extracted with
water, and consecutively extracted with petroleum
ether, ethyl acetate and normal butyl alcohol. The
ethyl acetate extract phase was dissolved by 95%
ethanol, then subject to silica gel column chroma-
tography, chloroform-acetone gradient elution. The
chloroform-acetone (9:1) elution phase Fraction 31
was repeatedly crystallized by petroleum ether-
acetone to obtain crystal HFT-1. According to the
data of 'THNMR and CNMR spectra, the crystal
HFT-1 was composed of piperlonguminine (A) and
dihydropiperlonguminine (B) with the ratio of A to B
being 1:0.8. The chemical structures of piperlongu-
minine and dihydropiperlonguminine are shown in
Fig. 1. (See Fig. 1).

Based on previous experimental results (5, 6,
29), 9.3 ug piperlonguminine/dihydropiperlongu-
minine components were dissolved in dimethyl
sulphoxide (DMSO) to the following concentrations:
3.13 ug/ml, 6.25 ug/ml and 12.50 ug/ml. Finally, one
ml of DMSO solution was added to 1 ml of culture
medium. Hence, the final concentrations of piperlon-
guminine/dihydropiperlonguminine components in
the culture medium were 3.13 ug/ml, 6.25 ug/ml, and
12.50 pg/ml.

Cell Line and Cell Culture

Human neuroblastoma cells (SK-N-SH) were
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B: dihydropiperlonguminine

Fig. 1. Chemical structures of piperlonguminine and
dihydropiperlonguminine. A: piperlonguminine, B:
dihydropiperlonguminine.

obtained from the Cell Institute of the Chinese Science
Academy (Shanghai, PRC). The cells were cultured
in Eagle’s Minimum Essential Medium (EMEM),
containing 10% (v/v) heat-inactivated fetal bovine
serum (Gibco, Invitrogen Biotechnology Co.,
Carlsbad, CA, USA). In all experiments, SK-N-SH
cells were incubated at 37°C in a humid 5% CO,/95%
air incubator.

SK-N-SH cells were divided into five groups:
group 1 (control group) was treated with culture
medium; group 2 was treated with 0.1% DMSO in
culture medium; group 3 was treated with 3.13 ng/ml
piperlonguminine/dihydropiperlonguminine in culture
medium; group 4 was treated with 6.25 ug/ml
piperlonguminine/dihydropiperlonguminine in culture
medium; and group 5 was treated with 12.50 ug/ml
piperlonguminine/dihydropiperlonguminine in cul-
ture medium.

Cell Viability Assay

Cell viability was assayed with the 3-[4,5-
dimenthylthiazol-2-yl]-2,5-dimethyltetrazolium
bromide (MTT) method and the lactate dehydrogenase
(LDH) release method.

SK-N-SH cells were seeded at 5 x 103/ml in 96
well plates. When cells covered 80% of each well,
piperlonguminine/dihydropiperlonguminine was
added at different concentrations. After incubation
for 22 hours, MTT (Promega, Madison, WI, USA)
stock solution (5 mg/ml) was added to each well at
10% of the original culture volume. After a further 4
hours of incubation, the medium was removed and the
reduced dye was dissolved from the adherent cells
with DMSO. The optical density was measured at 570
nm with a Multiscan MK3 microtiter plate reader
(Labsystem Co. Finland).

LDH release was measured using the CytoTox-
ONE Homogeneous Membrane Integrity assay
according to the manufacturer’s instructions (Promega
Corp. Madison, WI, USA). In brief, cells were treated
with piperlonguminine/dihydropiperlonguminine for
22 hin 96 well plates, after which the culture medium
was removed from the cells and equilibrated to 22°C.
Next, an equal volume of Cyto-Tox-ONE reagent was
added for 10 min. Fluorescence (excitation, 560 nm;
emission, 590 nm) was measured using a fluorescent
plate reader (Infinite M200, Tecan, Austria).

APP, BACE-1, Notchl, A4y and A4 Detected by
Western Blot

SK-N-SH cells were seeded in 50 ml culture
flasks and treated with piperlonguminine/dihydro-
piperlonguminine at different concentrations. After
22h incubation, the cells were collected and lysed in
100 ul of cell lysis buffer solution (50 mM Tris-HCI,
pH 7.4, NaCl 0.88%, NaN3 0.02%, SDS 0.1%, NP-40
1%). Protein concentrations were determined by the
BCA-100 Protein Quantitative Analysis Kit (Sangon
Biological Engineering Technology & Services Co.
Shanghai, PRC). Total cell lysates (40 ug of protein)
were separated by SDS-PAGE (8%) and transferred
to PVDF membranes (Millipore Co. Bedford, MA,
USA). The membranes were blocked for 1 h at 24°C
with 5% fat-free dry milk in TBST (25 mM Tris-HCI,
pH 7.5, 0.5 M NaCl, 0.05% Tween 20). The mem-
branes were incubated with primary antibody at 37°C
for 1 h, and then incubated with secondary antibody
for 45 min at 24°C. Immunodetection was performed
with appropriate antibody using an enhanced chemi-
luminescene system (Pierce Biotechnology, Inc.,
Rockford, IL, USA). The membranes were exposed
to X-ray film for 20 min and the fluorography was
recorded. The film was scanned and analyzed with an
image analyzer (Alpha Innotech, San Leandro, CA,
USA). The level of B-actin was used as a control for
equal loading of protein.

APy and APy Levels Detected by ELISA

The concentration of AB4, and Ay in the cell
culture medium was detected by ELISA. SK-N-SH
cells were seeded in 50 ml culture flasks and treated
with piperlonguminine/dihydropiperlonguminine at
different concentrations for 22 h. The culture medium
was collected in 15 ml conical tubes and centrifuged
at 3,000 rpm for 10 min at 4°C. The supernatant was
collected and stored at -70°C. The detection of APy,
and Af4o by ELISA was performed according to the
manufactures’ instructions. The optical density was
measured at 450 nm by a Multiscan MK3 plate reader
(Labsystem Co., Helsinki Finland).
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Fig. 2. Measurement of cell viability by MTT assay (A) and cell toxicity by the LDH release assay (B). Group 1. control; Group 2.
0.1% DMSO; Group 3. 3.13 ug/ml piperlonguminine/diyhydropiperlonguminine; Group 4. 6.25 ug/ml piperlonguminine/
diyhydropiperlonguminine; Group 5. 12.50 ug/ml piperlonguminine/dihydropiperlonguminine. Error bars were used to
represent SD and the statistical difference compared with those of the control, which was taken as 100%. No significant
difference was observed in five groups by one way ANOVA followed LSD post hoc test analysis (n = 6).

Immunocytochemistry Staining of Af3

SK-N-SH cells were grown on 13 mm diameter
cover-slips and then treated with piperlonguminine/
dihydropiperlonguminine components at different
concentrations for 22 h. Next, the cells were fixed in
4% paraformaldehyde (PFA), permeabilized in 0.2%
Triton X-100 and unspecific binding sites were
blocked in 3% H,O, for 15 min, followed by 5%
bovine serum albumin for 30 min. Subsequently,
cells were incubated with Af4, antibody at 4°C over-
night. Then, the secondary antibody was used for 30
min at 24°C. After washed in 0.1 M PBS, DAB (3,3'-
diaminnobenzidine, Sigma-Aldrich) staining was
performed. Finally, the cells were stained with hema-
toxyllin solution. The integral optical density (I0D)
of positive staining (brown color) was recorded and
analyzed.

Detections of 3-Secretase Activity and y-Secretase
Activity

SK-N-SH cells were seeded in 50 ml culture
flasks and treated with piperlonguminine/dihydro-
piperlonguminine components at different concentra-
tions. After 22 h incubation, the activity of $-secretase
and y-secretase was detected according to the proto-
cols of B-secretase activity kit and y-secretase activity
kit (R&D systems, Inc., Minneapolis, MN, USA).
Fluorescence (excitation, 345 nm; emission, 500 nm)
was measured using a fluorescent plate reader (Infinite
M200, Tecan, Austria).

Statistical Analysis

All data are expressed as means = standard

deviations (SD). The results of the MTT assay, en-
zyme activity assay and LDH release assay were an-
alyzed as percentage relative to the control. Western
blot and ELISA values are presented as means = SD.
Statistical analysis was performed by one-way analysis
of variance (ANOVA) followed by LSD post hoc
tests. A value of P < 0.05 was considered to be statis-
tically significant.

Results

Influence of Piperlonguminine/Dihydropiperlonguminine
on the Cell Viability

The results from MTT assays showed that
different concentrations of piperlonguminine/dihy-
dropiperlonguminine (3.13 ug/ml, 6.25 ug/ml and
12.50 ng/ml) as well as 0.1% DMSO did not sig-
nificantly affect the viability and proliferation of
SK-N-SH cells as compared with the control group
after 22 h treatment (P > 0.05). Similarly, there was
no significant difference in LDH release between
the treated and untreated SK-N-SH cells (P > 0.05).
These results together indicated that piperlon-
guminine/dihydropiperlonguminine were not toxic to
SK-N-SH cells at the tested concentrations (Fig. 2).

Inhibition on the Levels of APP, APy, and APy by
Piperlonguminine/Dihydropiperlonguminine

APP, AB4p, AP4> and B-actin was detected by
Western Blot as band of 130 kD, 4 kD, 4.3 kD and 42
kD, respectively. The levels of APP, A4y and AP4,
significantly decreased in piperlonguminine/dihy-
dropiperlonguminine treated groups, as compared
with those of the control group (P < 0.05). However,
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Fig. 3. Effects of piperlonguminine/dihydropiperlonguminine on APP, Af,, AB40, BACE-1 and Notchl in SK-N-SH cells were
detected by Western Blot (A). Group 1. control; Group 2. 0.1% DMSO; Group 3. 3.13 ug/ml piperlonguminine/diyhydro-
piperlonguminine; Group 4. 6.25 ug/ml piperlonguminine/diyhydropiperlonguminine; Group 5. 12.50 ug/ml piperlonguminine/
dihydropiperlonguminine. The levels of APP, AP, and APy, significantly decreased after treatment with piperlonguminine/
dihydropiperlonguminine at 3.13 ug/ml, 6.25 ug/ml and 12.50 ug/ml (B). No significant difference in levels of BACE-1 (C)
and Notch1 (D) was detected, as compared to the control group (n = 6, *P < 0.05).

the levels of APP, AP, and Af4, were not significantly
influenced in the DMSO mock treatment group, as
compared with those of the control group (P > 0.05,
Fig. 3).

By ELISA, the concentrations of Af4, and APy
of SK-N-SH cells were detected to be significantly
decreased in all three piperlonguminine/dihydropip-
erlonguminine treated groups, as compared with the
control group (P < 0.05). However, treatment of 0.1%
DMSO alone did not show any differences, as com-
pared to the control group (Fig. 4).

On immunocytochemistry, SK-N-SH cells of
all the groups showed positive staining for Afy,.
However, IOD analysis revealed that the levels of
A4, decreased in piperlonguminine/dihydropiper-
longuminine treated cells, as compared with those
of the control group (P < 0.05), but not between
the DMSO-mock treated and the control groups (Fig.
5).

Influence of Piperlonguminine/Dihydropiperlonguminine
on the Level of BACE and Notchl

On Western blot, BACE-1 protein was detected
as the size of 70 kD, and Notchl protein was detected
as 100 kD. The expression of BACE-1 and Notchl
was not significantly different among the three
piperlonguminine/dihydropiperlonguminine treated
groups, the control group, and the DMSO-mock treated
group (P > 0.05, Fig. 3).

Influence of Piperlonguminine/Dihydropiperlonguminine
on the Activities of p-Secretase and y-Secretase

Compared with the control group, the activities
of B-secretase and y-secretase in SK-N-SH cells was
not significantly affected by piperlonguminine/dihy-
dropiperlonguminine at three different concentrations
or by DMSO alone (P > 0.05, Fig. 6).
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Fig. 4. Effects of piperlonguminine/dihydropiperlonguminine on A4, and A4 levels in the culture medium were detected by ELISA.
Group 1. control; Group 2. 0.1% DMSO; Group 3. 3.13 ug/ml piperlonguminine/diyhydropiperlonguminine; Group 4. 6.25 ug/
ml piperlonguminine/diyhydropiperlonguminine; Group 5. 12.50 ng/ml piperlonguminine/dihydropiperlonguminine. Signifi-
cant differences were observed in three piperlonguminine/dihydropiperlonguminine treated groups, as compared with those of
the control group, which were analyzed by one way ANOVA followed LSD post hoc test analysis (n = 6, *P < 0.05).

These results indicate that piperlonguminine/
dihydropiperlonguminine did not significantly affect
the activities of -secretase and y-secretase, nor the
expression of BACE-1 and Nothchl in SK-N-SH
cells.

Discussion

To test the effects of piperlonguminine/dihydro-
piperlonguminine components on the production of
AP in SK-N-SH cells, piperlonguminine/dihydropiper-
longuminine was used at 3.13 pug/ml to 12.50 ug/ml.
These concentrations were chosen based on our former
experiments and others research on Futokadsura stem
(5, 6, 29). Western Blot showed that the productions
of APy, and APy significantly decreased in SK-N-SH
cells by treatment of piperlonguminine/dihydropiper-
longuminine. Similarly, the decrease in the amount
of proteins secreted in the culture medium was also
detected by ELISA, which was the most sensitive
assay to detect extracellular level of AP, and AP 4.
These results indicate that piperlonguminine/dihy-
dropiperlonguminine can reduce the levels of AP
both intracellularly and extracellularly, and these
effects were not related to the solvent (0.1% DMSO)
used in this study. Although the components did not
affect the enzymatic activity of either f3-secretase or
y-secretase, nor the expression of BACE-1 and Notchl,
a decreased APP expression may cause the observed
decrease of AP in SK-N-SH cells. Consistent with the
inhibitory effect of piperlonguminine/dihydropiper-
longuminine on the APP gene, the decreased APP
mRNA expression is likely the key mechanism to
decrease the APP protein level and ultimately the
production of Ap.

The expression of the APP gene is mainly
regulated via its promoter, especially in the proximal
promoter region. This region is also considered to be
a drug target for the treatment of AD (13). Whether
piperlonguminine and dihydropiperlonguminine affect
the DNA binding activity of the APP promoter and
therefore regulate the expression of APP gene still
remains to be studied.

AP exerts several functions both in vitro and
in vivo, including activation of the inflammatory
response, the release of neurotoxic cytokines (11),
and the generation of free radicals. A combination
of such effects could possibly result in many of the
abnormalities in the AD brain, such as mitochondrial
oxidative damage, Ca®* dyshomeostasis, tau hyper-
phosphorylation, synaptic dysfunction and inflam-
matory changes (2, 8, 22). Therefore, the inhibition
of AP production may be a preventive measure for
neuronal damage.

Chronic inflammation has been linked to AD
pathogenesis. For example, the expression of the
inflammatory cytokine IL-1 has been shown to activate
the promoter of APP, and ultimately increase the
aggregation of Af (4, 23). Conversely, certain non-
steroidal anti-inflammatory drugs could lower the
level of APy, specifically (26). Futokadsura stem is
an anti-inflammatory drug in traditional medicine,
but whether its extracts- piperlonguminine/dihydro-
piperlongumine- also act as anti-inflammatory factors
needs further analysis.

To date, four acetylcholinesterase inhibitors and
one NMDA receptor antagonist have been applied to
treat AD. Other strategies that may prevent AD
including anti-amyloid therapies, neuroprotective
approaches, anti-oxidative drugs, anti-inflammatory
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Fig. 5. Effects of piperlonguminine/dihydropiperlonguminine on Af4, production in SK-N-SH cells detected by immunocytochemistry
staining assay. The photomicrographs A to E show that the cells stained positively for AB4,. (A) control group, (B) 0.1% DMSO
group, (C) piperlonguminine/diyhydropiperlonguminine 3.13 pg/ml group, (D) piperlonguminine/diyhydropiperlonguminine
6.25 ug/ml group, (E) piperlonguminine/dihydropiperlonguminine 12.50 ug/ml group, (200 x), (F) the IOD of positive staining
was analyzed by one way ANOVA followed LSD post hoc test analysis, as compared those of the control group. Significant
differences in Afy4, protein expression levels were found between piperlonguminine/dihydropiperlonguminine treated cells
and those of the control group, but not between the DMSO treated and those of the control group (Bar =25 um, n =5, *P <

0.05).

agents, hormone replacement therapies, metal che-
lators, anti-inflammatory drugs, and cholesterol
lowering drugs, are still in experimental research
phases (2, 8, 15, 21, 22, 30). However, new drugs
with enhanced efficacy aiming at multiple targets to
treat AD are still highly desirable to delay or prevent

dementia (20).

In conclusion, our present data showed that
piperlonguminine/dihydropiperlongumine signifi-
cantly inhibit the expression of APP and the production
of AP in SK-N-SH cells. This is the first time that the
specific components from a Chinese traditional drug
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Fig. 6. Effects of piperlonguminine/dihydropiperlonguminine
on the activities of B-secretase and y-secretase in SK-
N-SH cells. Group 1. control; Group 2. 0.1% DMSO;
Group 3. 3.13 ng/ml piperlonguminine/diyhydropiper-
longuminine; Group 4. 6.25 ug/ml piperlonguminine/
diyhydropiperlonguminine; Group 5. 12.50 ug/ml
piperlonguminine/dihydropiperlonguminine. No sig-
nificant difference in the activities of (3-secretase and
y-secretase was detected in piperlonguminine/dihy-
dropiperlonguminine treated groups, as compared with
those of the control group (n =6, P > 0.05).

is shown to decrease the production of A. We hope
our findings will contribute to the understanding of
Alzheimer’s disease pathogenesis, and eventually to
a novel treatment of the disease.

Acknowledgments

This research work was supported by a grant
from the National Natural Science Foundation of
China (NSFC3027164). The authors would like to
thank Dr. Lan Xiang (Associate Professor, Institute
of Pharmacognosy and Pharmacy, School of Phar-
maceutical Sciences, Shandong University, Jinan,
Shandong, People’s Republic of China) for the isola-
tion of the drug monomers from Futokadsura stem.

References

1. Findeis, M.A. The role of amyloid 3 peptide 42 in Alzheimer’s
disease. Pharmacol. Ther. 116: 266-286, 2007.

2. Forero, D.A., Casadesus, G., Perry, G. and Arboleda, H. Synaptic
dysfunction and oxidative stress in Alzheimer’s disease: emerging
mechanisms. J. Cell Mol. Med. 10: 796-805, 2006.

3. Goedet, M. and Spillantini, M.G. A century of Alzheimer’s disease.
Science 314: 777-781, 2006.

4. Goldgaber, D., Harris, H-W., Hla, T., Maciag, T., Donnelly, R.J.,
Jacobsen, J.S., Vitek, M.P. and Gajdusek, D.C. Interleukin 1
regulates synthesis of amyloid B-protein precursor mRNA in hu-
man endothelial cells. Proc. Natl. Acad. Sci. USA 86: 7606-7610,
1989.

5. Han, EJ., Hu, H.T., He, X.Q., Deng, X.M., Lu, Y. and Zhou, H.T.
Selective inhibition of haifengteng in gene expression of 3-amyloid
precursor protein. Chinese J. Clin. Rehabil. 8: 2592-2593, 2004.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Han, E. and Rajiv, J. Inhibition of 3-amyloid precursor protein gene
expression by haifengteng. J. Chinese Med. 23: 691-693, 1998.
Hardy, J. The relationship between amyloid and tau. J. Mol.
Neurosci. 20: 203-206, 2003.

Hauptmann, S., Scherping, I., Drose, S., Brandt, U., Schulz, K.L.,
Jendrach, M., Leuner, K., Eckert, A. and Muller, W.E. Mitochon-
drial dysfunction: An early event in Alzheimer pathology accumu-
lates with age in AD transgenic mice. Neurobiol. Aging 2009 (in
press).

Iwashita, M., Saito, M., Yamguchi, Y., Takagaki, R. and Nakahata,
N. Inhibitory effect of ethanol extract of piper longum L. on rabbit
platelet aggregation through antagonizing thromboxane A2 receptor.
Biol. Pharm. Bull. 30: 1221-1225, 2007.

Kamenetz, F., Tomita, T., Hsieh, H., Seabrook, G., Borchelt, D.,
Iwatsubo, T., Sisodia, S. and Malinow, R. APP processing and
synaptic function. Neuron 37: 925-937, 2003.

Koh, J.Y., Yang, L.L. and Cotman, C.W. Beta-amyloid protein
increases the vulnerability of cultured cortical neurons to exci-
totoxic damage. Brain Res. 533: 315-20, 1990.

LaFerla, F.M. and Oddo, S. Alzheimer’s disease: Af, tau and
synaptic dysfunction. Trends Mol. Med. 11: 170-176, 2005.
Lahiri, D.K., Ge, Y.W. and Maloney, B. Characterization of the
APP proximal promoter and 5'-untranslated regions: identification
of cell type-specific domains and implications in APP gene ex-
pression and Alzheimer’s disease. FASEB J. 19: 653-655, 2005.
Leissring, M.A., Murphy, M.P., Mead, T.R., Akbari, Y., Sugarman,
M.C., Jannatipour, M., Anliker, B., Muller, U., Saftig, P., De
Strooper, B., Wolfe, M.S., Golde, T.E. and LaFerla, FM. A
physiologic signaling role for the y-secretase-derived intra-
cellular fragment of APP. Proc. Natl. Acad. Sci. USA 99: 4697-
4702, 2002.

Licastro, F., Porcellini, E., Caruso, C., Lio, D. and Corder, E.H.
Genetic risk profiles for Alzheimer’s disease: Integration of APOE
genotype and variants that up-regulate inflammation. Neurobiol.
Aging 28: 1637-1643, 2007.

Mattson, M.P. Pathways towards and away from Alzheimer’s
disease. Nature 430: 631-639, 2004.

Matsui, T., Ingelsson, M., Fukumoto, H., Ramasamy, K., Kowa, H.,
Frosch, M.P., Irizarry, M.C. and Hyman, B.T. Expression of APP
pathway mRNAs and proteins in Alzheimer’s disease. Brain Res.
1161: 116-123, 2007.

Nowotny, P., Bertelsen, S., Hinrichs, A.L., Kauwe, J.S., Mayo, K.,
Jacquart, S., Morris, J.C. and Goate, A. Association studies
between common variants in prolyl isomerase Pinl and the risk for
late-onset Alzheimer’s disease. Neurosci. Lett. 419: 15-17, 2007.
Paris, D., Patel, N., Quadros, A., Linan, M., Bakshi, P., Ait-
Ghezala, G. and Mullan, M. Inhibition of AP production by
NF-kB inhibitors. Neurosci. Lett. 415: 11-16, 2007.

Patterson, C., Feightner, J.W., Garcia, A., Hsiung, G.Y.R.,
MacKnight, C. and Sadovnick, A.D. Diagnosis and treatment of
dementia: 1. Risk assessment and primary prevention of Alzheimer
disease. Can. Med. Assoc. J. 178: 548-556, 2008.

Pietrzik, C. and Behl, C. Concepts for the treatment of Alzheimer’s
disease: molecular mechanisms and clinical application. Int. J.
Exp. Pathol. 86: 173-185, 2005.

Reddy, P.H. and Beal, M.F. Are mitochondria critical in the
pathogenesis of Alzheimer’s disease? Brain Res. Brain Res. Rev.
49: 618-632, 2005.

Schliebs, R., Heidel, K., Apelt, J., Gniezdzinska, M., Kirazov,
L. and Szutowicz, A. Interaction of interleukin-1f with mus-
carinic acetylcholine receptor-mediated signaling cascade in
cholinergically differentiated SH-SYSY cells. Brain Res. 1122:
78-85, 2006.

Shoji, M., Golde, T.E., Ghiso, J., Cheung, T.T., Estus, S., Shaffer,
L.M,, Cai, X.D., McKay, D.M., Tintner, R., Frangione, B. and
Younkin, S.G. Production of the Alzheimer amyloid beta protein
by normal proteolytic processing. Science 258: 126-129, 1992.



168

25.

26.

217.

28.

Qi, Liu, Gao, Diao, Yang, Xu, Qu and Han

Sisodia, S.S. and St George-Hyslop, P.H. y-Secretase, Notch, Af
and Alzheimer’s disease: where do the presenilins fitin? Nat. Rev.
Neurosci. 3: 281-290, 2002.

Weggen, S., Eriksen, J.L., Das, P., Sagi, S.A., Wang, R., Pietrzik,
C.U., Findlay, K.A., Smith, T.E., Murphy, M.P., Bulter, T., Kang,
D.E., Marquez-Sterling, N., Golde, T.E. and Koo, E.H. A subset of
NSAIDs lower amyloidogenic A4, independently of cyclooygenase
activity. Nature 414: 212-216, 2001.

Weggen, S., Rogers, M. and Eriksen, J. NSAIDs: small molecules
for prevention of Alzheimer’s disease or precursors for future drug
development? Trends Pharmacol. Sci. 28: 536-543, 2007.
Wolfe, M.S. APP, Notch, and presenilin: molecular pieces in the

29.

30.

puzzle of Alzheimer’s disease. Int. Immunopharmacol. 2: 1919-
1929, 2002.

Xia, W., Zeng, J.P., Chen, L.B., Jiang, A.L., Xiang, L., Xu, J., Cui,
X. and Han, E.J. Inhibition of 3-amyloid precursor protein gene in
SK-N-SH cells by piperlonguminine/dihydropiperlonguminine
components separated from Chinese herbal medicine Futokadsura
stem. Chinese J. Physiol. 50: 157-163, 2007.

Zhu, X., Smith, M.A., Honda, K., Aliev, G., Moreira, P.I., Nunomura,
A., Casadesus, G., Harris, P.L., Siedlak, S.L. and Perry, G. Vascular
oxidative stress in Alzheimer disease. J. Neurol. Sci. 257: 240-246,
2007.



