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Abstract

Alzheimer disease (AD) is a progressive neurodegenerative disease characterized by progressive
cognitive and memory decline.  Amyloid precursor protein (APP) is a transmembrane protein, it has
been known to play an important role in AD pathogenesis.  Previous studies have shown that a Chinese
herb Futokadsura stem can selectively inhibit the expression of amyloid precursor protein (APP) gene.
We want to find the effective components in Futokadsura stem which have the inhibitory effect.
Futokadsura stem was separated and purified with chemical methods, and then different separation
components were added on SK-N-SH cells in different concentrations.  Using MTT methods, we detected
proliferation activity of SK-N-SH cells which were treated with different separation components of
Futokadsura stem.  Using RT-PCR, Western blot methods, we detected APP gene expression in SK-N-
SH cells after they are treated with different Futokadsura stem separation components.  We found that
piperlonguminine/dihydropiperlonguminine components (1:0.8) separated from Futokadsura stem
acetic ether extracts could selectively inhibit the expression of APP gene in SK-N-SH cells in mRNA and
protein levels.  This inhibition effect is concentration-dependent.  Under experimental concentrations,
the components did not affect the proliferation activity of SK-N-SH cells.  These data suggest that
piperlonguminine/dihydropiperlonguminine components are the effective components in Futokadsura
stem which can inhibit the expression of APP gene.
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Introduction

Alzheimer disease (AD) was first described in
1907 by Alois Alzheimer as a neuropathological
syndrome characterized by progressive dementia and
deterioration of cognitive function (4).  AD is the
most common neurodegenerative disorder.  Over 20
million people are suffering from AD in the world (7).

It affects as many as 50% of individuals that are 85
years of age and older (18).

AD has two neuropathological hallmarks: senile
plaques (SP) and neurofibrillary tangles (NFT).  SP is
extracellular accumulations of β-Amyloid (Aβ) peptides
that are derived from the abnormal proteolytic processing
of the amyloid precursor protein (APP); NFT is
intraneuronal accumulations of insoluble and hyper-
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phosphorylated tau, a microtubule-binding protein
(11).  Many experiments also suggest that chronic
inflammation has a crucial role in AD pathogenesis.

Although the pathogenesis of AD is complex,
amyloid hypothesis was proposed.  According to the
hypothesis, the extracellular deposition of Aβ in AD
brain is one of the triggers of inflammation and
oxidative damage.  Consequently, these can cause
neurodegeneration.  Aβ is derived from APP, so APP
overexpression can increase Aβ deposition in the brain.
If APP overexpression is inhibited, Aβ deposition can
be reduced; therefore, neurodegeneration caused by
Aβ can be effectively prevented.

Futokadsura stem is the petiol of piper plant
Kadsura.  It is used to treat inflammatory diseases.
The traditional function of the plant is to dispel wind-
damp obstruction syndrome manifested as painful
and stiff joints, tendon and muscle spasms, lower
back pain, painful knees and pain from external injury.
Kadsurenone, a monomer component isolated from
Futokadsura stem,  was found to be a specific platelet-
activating fator receptor antagonist (32).  Now
Futokadsura stem is used for the therapy of ischemic
stroke, arthralgia and asthma.

In the previous studies, we have demonstrated
that Futokadsura stem can selectively inhibit the
expression of APP gene in mRNA level (9 ,10).  So we
want to find the effective component in Futokadsura
which has the inhibitory effect.  In this research, we
demonstrated that it is the piperlonguminine and
dihydropiperlonguminine components, which were
separated from Futokadsura stem, that selectively inhibit
the expression of APP gene.  The inhibition effect is
not only in mRNA level, but also in protein level.

Materials and Methods

Cell Line and Cell Culture

Human neuroblastoma cells (SK-N-SH) were
bought from Cell Institute of China Science Acadamy
(Shanghai).  The cells were cultured in Modified
Eagle’s medium (MEM) containing 10% fetal bovine
serum (Invitrogen Biotechnology Co. Eugene, OR,
USA) under standard culture conditions in 5% CO2

incubator.

Separation of Piperlonguminine/
Dihydropiperlonguminine Components (1:0.8)

Futokadsura stem was first extracted with water,
and then extracted with petroleum ether, acetic ether
and normal butyl alcohol in turn.  The acetic ether
extract phase was dissolved by 95% ethanol, then subject
to silica gel column chromatography, chloroform-acetone
gradient elution.  Chloroform-acetone (9:1) elution

phase Fr.31 was repeatedly crystallized by petroleum
ether-acetone, and HFT-1 (20 mg) was obtained.
According to the data of 1HNMR and 13CNMR spectra,
we determined the crystal  was composed of
piperlonguminine (A) and dihydropiperlonguminine
(B), the ratio of A to B is 1:0.8.  The structures of
piperlonguminine and dihydropiperlonguminine are
shown below:

Preparation of Piperlonguminine and
Dihydropiperlonguminine Components (1:0.8)

Monomers components 6.3 mg were dissolved
in 60 µl DMSO.  The components concentration is
105 mg/ml.  Before application, the solution was diluted
by DMSO to the actual concentration: 13.13 mg/ml,
6.56 mg/ml and 3.28 mg/ml.  We added MSO
components to the culture medium at such a proportion:
1 µl DMSO components to 1 ml medium.  So, the
ultimate DMSO component concentration in the culture
medium is 13.13 µg/ml, 6.56 µg/ml and 3.28 µg/ml.

Cell Proliferation Assay

Cell proliferation assay were performed using the
3-[4,5-dimenthylthiazol-2-yl]-2,5-dimethyltetrazolium
bromide (MTT) method.  SK-N-SH cells were seeded
at 2 × 106/ml in 96-well plates.  When cells cover 80%
of each well ,  Futokadsura s tem (15 g/ l)  and
Piperlonguminine/dihydropiperlonguminine components
were added at different concentrations (which was shown
above).  The cells were then incubated for 22 h.  MTT
(Shanghai, ZZbio Sci. & Tech Co., LTD, China) stock
solution (5 mg/ml) was added to each well equal to
0.1 of original culture volume.  After 4 h of further
incubation, the medium was removed and the reduced
dye was solubilized from the adherent cells with DMSO.
Absorbance at 570 nm of Formazan product was measured
as an index of cell proliferation. Each experiment included
6 wells for each condition tested.

A: piperlonguminine

B: dihydropiperlonguminine



INHIBITION OF APP GENE EXPRESSION BY PIPERLONGUMININE 159

Isolation of RNA, Reverse Transcription and Detecting of
APP mRNA by Duplex PCR

SK-N-SHs were plated on 25 ml culture bottles
and treated with Futokadsura stem (15 g/l), piperlon-
guminine/dihydropiperlonguminine components at
different concentrations shown above.  Total RNA was
isolated under the instruction of Trizol Reagent
(Invitrogen Biotechnology Co.) protocol.  The integrity
of isolated RNA was confirmed by agarose gel
electrophoresis and RNA concentration was determined
by spectrophotometry.  To exclude potential genomic
contamination in the RNA preparation, samples were
first treated with DNase-I (TaKaRa Bio Inc., Otsu, Shiga,
Japan) and then used in reverse transcription, which
was performed using the Promega access reverse
transcription system (Promega Co. Madison, WI, USA).
Samples of 2 µg total RNA were reverse transcribed
into cDNA following the Promega reverse transcription
protocol.  The resulting cDNA was frozen at -20°C.

Target genes were amplified using a Taq DNA
polymerase kit (TaKaRa Biotechnology Co.).  A
volume of 2 µl of cDNA from RT was replicated in
PCR reactions in a volume of 20 µl including Taq
DNA polymerase, buffer supplied with enzymes,
MgCl2, dNTP and primers (Table 1).

Primer sequences were adopted from the previous
studies (9).  They were shown in table 1.  All primers
were made by a commercial company (Invitrogen
Biotechnology Co.).  The expected size of PCR product
is APP: 209 bp; β-Actin: 359 bp.  APP and β-actin
were amplified respectively.  The RT-PCR profile
consisted of 1 h at 37°C for reverse transcription and
4 min of initial denaturation at 94°C, followed by 28
cycles of 40 s of denaturation at 94°C, 40 s of annealing
at 55°C, 50 s of extension at 72°C.

After electrophoresis, the PCR products were
quantified by densitometer interfaced with Bioprofil
image analysis software (SmartView 2001).  Similar
results were obtained in six separate experiments.

APP Protein Detection by Western Blot and
Immunostaining

SK-N-SHs were plated on 50 ml culture bottles
and treated with piperlonguminine/dihydropiper-
longuminine components at different concentrations
shown above.  After 22 h incubation, the cells were

washed with PBS and collected, then lysed in 60 µl of
cell lysis solution (50 mM Tris•Cl, pH 8.0, NaCl
0.88%, sodium azide 0.02%, SDS 0.1%, NP-40 1%)
for 30 min.  Protein concentrations were determined
by the K3000-BCA Protein Quantitative Analysis Kit
(Shenergy Biocolor Co. Shanghai, China).  Total cell
lysates (40 µg of protein) were separated by SDS-
PAGE (10%) and transferred to PVDF membranes
(Millipore Co. Bedford, MA, USA).  The membranes
were blocked for 1 h at 25°C with 5% nonfat dry milk
in TBST (25 mM Tris•Cl, pH 7.5, 0.5M NaCl, 0.05%
Tween-20).  Membranes were incubated with primary
antibody for 1 h at 25°C, rinsed with TBST, and incubated
with secondary antibody for 45 min at 25°C.
Immunodetection was performed with appropriate
antibody using an enhanced chemiluminescene
(ECL) system (Pierce Biotechnology, Inc.,  Rockford,
IL, USA).  β-Actin was also tested by Western
immunoblotting using anti-β-actin antibody.

Statistical Analysis

MTT results were analysed as means ±  SE

Table 1.  Oligonucleotide primers used for PCR

Gene Sense primer Antisense primer Products size

β-Actin 5’-accaactgggacgacat-3’ 5’-cgctcggtgaggatcttcat-3’ 359 bp
APP 5’-ggcattgagacttcaagct-3’ 5’-cagtgtagaaagcgatcatgtc-3’ 209 bp
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Fig. 1. Assessment for cell proliferation using the techniques of
MTT cell proliferation assay.  SK-N-SHs were treated as
1-6 shows for 22 h.  SK-N-SHs were then under MTT cell
proliferation assay.  MTT results were analysed as means
±SE percentage relative to that of control, which is taken
as 100%.  No significant difference was found in the 6
groups using the Student’s t test.



160 XIA, ZENG, CHEN, JIANG, XIANG, XU, CUI AND HAN

percentage relative to that of control, which is taken
as 100%.  RT-PCR and Western blot values are presented
as means ±SD.  The Student’s t-test was used to compare
the means of each group with control one.

Results

Different Treatments on Proliferation Activity of SK-N-SH

Under experimental concentrations, Futokadsura
stem (5 g/l, 15 g/l), piperlonguminine/dihydropiper-
longuminine components (13.13 µg/ml, 6.56 µg/ml
and 3.28 µg/ml) did not affect the proliferation activity
of SK-N-SH after 22 h treatment (Fig. 1).

Gene Expression of APP in SK-N-SH after Different
Treatments by RT-PCR

Fig. 2 depicts the semiquantitative assessment
of gene expression of APP and β-actin using the techniques
of RT combined with duplex PCR.  In the present
study, the intensities obtained at an amplification cycle
of 28 were used for group comparison.  The 15 g/l

Futokadsura stem and 13.13 µg/ml piperlonguminine/
dihydropiperlonguminine components treated SK-N-
SHs groups showed a significant decrease in the levels
of APP mRNA expression as compared to control SK-
N-SHs.  However, no significant change in the
levels of APP mRNA expression was detected among
3 .28  µg /ml ,  6 .56  µg /ml  p ipe r longumin ine /
dihydropiperlonguminine components and control SK-
N-SH groups.  Other separation components had no
inhibitory effects on APP gene expression.

Protein Expression of APP in SK-N-SH after Different
Treatments by Western Blot

Fig. 3 depicts the protein expression of APP
and β-actin using the techniques of Western blot.  The
5 g/l, 15 g/l Futokadsura stem and 6.56 µg/ml, 13.13
µg/ml piperlonguminine/dihydropiperlonguminine
components treated SK-N-SHs groups showed a
significant decrease in the levels of APP protein
expression as compared to control SK-N-SHs.  The
effect of piperlonguminine/dihydropiperlonguminine
components is concentration-dependent.  In contrast,

Fig. 2. Semi-quantitative assessment of gene expression for amyloid precursor protein (APP) and β-actin using the techniques of RT
combined with duplex PCR.  A. SK-N-SHs were treated as 1-6 shows for 22 h.  RT-PCR was then performed for APP and β-
actin.  1. Control; 2. 1‰ DMSO; 3. 15 g/l Futokadsura Stem; 4. 3.28 µg/ml Monomers Components; 5. 6.56 µg/ml Monomers
Components; 6. 13.13 µg/ml Monomers Components.  B. Expression of APP mRNA relative to β-actin in SK-N-SHs among
different groups of cells (n = 6).  Error bars are used to represent SD and the statistical difference compared from the control.
*P < 0.05.
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no significant change in the levels of APP protein
expression was detected among 3.28 µg/ml piper-
longuminine/dihydropiperlonguminine components
and control SK-N-SH groups.

Discussion

In the previous studies, the selective inhibition
of Futokadsura stem on the expression of APP gene
was revealed by Northern blot and RT-PCR methods
(9, 10).  Based on this finding, we want to find the
effective components in Futokadsura stem which can
inhibit the expression of APP gene.  In the present
study, piperlonguminine/dihydropiperlonguminine
components were successfully separated from
Futokadsura stem with chemistry methods.  The specific
value of two chemical components is 1:0.8.  Using
cell culture, RT-PCR and Western blot methods, we
demonstrated first in the world that piperlonguminine/
dihydropiperlonguminine components can selectively

inhibit the expression of APP gene not only in mRNA
level (Fig. 2), but also in protein level (Fig. 3).

There is a discrepancy between RT-PCR and
Western blot result.  When treated with 6.56 µg/ml
piperlonguminine/dihydropiperlonguminine com-
ponents, SK-N-SHs showed no significant changes in
the levels of APP mRNA expression as compared to
control.  However, under the same treatment, SK-N-
SHs showed a significant decrease in the levels of
APP protein expression.  We think that piperlonguminine/
dihydropiperlonguminine components under such a
concentration can only inhibit the translation, not the
transcription of APP gene.

APP is a ubiquitously expressed type 1 membrane
glycoprotein (14) and is encoded by a single gene on
chromosome 21q21 (2, 6, 13, 16, 24, 27).  Multiple
isoforms exist by alternative splicing of a 19-exon
gene: exons 1-13, 13a, and 14-18 (38).  The predominant
transcripts are APP695 (exons 1-6, 9-18), APP751
(exons 1-7, 9-18), and APP770 (exons 1-13, 14-18).
Aβ is derived from the region of the protein encoded
by parts of exons 16 and 17.

There are two proteolytic processing pathways
of APP.  Cleavage of APP by α-secretases produces a
large soluble N-terminal fragments sAPPα  and C83
membrane-bound C-terminal fragment.  C83 membrane-
bound C-terminal fragment can be further cleaved by
γ-secretase leading to the release and secretion of non-
pathogenic p3 peptide.  If APP is cleaved by β-secretase,
a large soluble N-terminal fragment sAPPβ and C99
membrane-bond C-terminal fragment can be produced.
C99 membrane-bond C-terminal fragment can also be
cleaved by γ-secretase and produce Aβ.  Aβ is a normal
soluble cellular metabolite (8, 30, 33) comprising two
predominant forms with different COOH-termini,
Aβ40 and Aβ42. Aβ42 is proved to be far more prone
to oligomerization and fibril formation than is the
more abundantly produced Aβ 40 peptide (1, 3, 12).
Comparable levels of Aβ are detected in both
cerebrospinal fluid and plasma in sporadic AD and
healthy subjects throughout life (31, 33).

Aβ is the major component of senile plaques
seen in the brain affected by Alzheimer disease (AD)
(29).  Synthetic Aβ peptides are toxic to hippocampal
and cortical neurons, both in vitro and in vivo (5, 17,
25).  Aβ protofibrils are thought to activate microglia,
inciting an inflammatory response and release of
neurotoxins or neurotoxic cytokines (34).  Aβ is also
hypothesized to cause neuronal damage and cognitive
failure via the generation of free radicals, mitochondrial
oxidative damage, synaptic failure and inflammatory
changes in the brains of AD patients (20, 26, 28, 35).
According to the amyloid hypothesis, if Aβ deposition
can be reduced, neuronal damage caused by Aβ could
be effectively prevented.  Among the efforts of reducing
Aβ deposition, inhibition of APP gene overexpression

Fig. 3. Semi-quantitative assessment of protein expression of
amyloid precursor protein (APP) and β-actin using the
techniques of Western blot. A.  SK-N-SHs were treated
as 1-7 shows for 22 h.  Western bloting and immu-
nochemical staining were performed for APP and β-
actin.  1. Control; 2. 1‰ DMSO; 3. 5 g/l Futokadsura
Stem; 4. 15 g/l Futokadsura Stem; 5. 3.28 µg/ml Mono-
mers Components; 6. 6.56 µg/ml Monomers Components;
7. 13.13 µg/ml Monomers Components.  B. The ratio of
APP over β-actin was used for comparison among differ-
ent groups of cells (n = 5).  Error bars are used to represent
SD and the statistical difference compared to the control.
*P < 0.05.
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is an effective pathway.  Our research is among one of
such efforts.

In contrast to the number of studies on the
metabolism of APP and the neurotoxicity of Aβ, little
work has been done on the normal function of APP.
Up to now, APP  was thought to play an important
function in neurite outgrowth, arborization and
synaptogenesis.  The secreted form of APP can function
as a growth factor and/or a neurotrophic factor
(36). In addition, APP has been suggested to be crucial
in regulating intracellular calcium concentrations
(19, 21, 22).  Furthermore, APP has been postulated
to be an important factor involved in neuronal cell
homeostasis and in the maintenance or stability of
synaptic structures and function (15).

Overexpression of APP is found in AD in vitro
and in vivo models. What’s more, in Down’s syndrome
(trisomy 21) patients, the brain pathology is strikingly
similar to that which occurs in AD.  This could
probably be explained by an extra copy of the APP
gene, which may lead to the overexpression of APP
gene and consequent Aβ deposition (23, 37).  These
findings inspired people to find ways to inhibit APP
overexpression.  In our study, we found the effective
components in Futokadsura stem to inhibit the
overexpression of APP gene, without affecting the
normal function of APP.

Current treatments for AD include anti-amyloid
therapies, neuroprotective approaches, anti-oxidants,
memantine (an N-methyl-D-aspartate antagonist),
anti-inflammatory agents, hormone-replacement
therapy and cholinesterase inhibitors. A variety of
experimental studies indicate that certain non-steroidal
anti-inflammatory drugs (NSAIDs) possess anti-
inflammatory and Aβ-lowering activities which are
benificial for the treatment of AD.  However, up to
now, there is no effective treatment for AD and
clinically, AD patients are only treated on the
symptom.  Based on the previous studies, our research
determined the effective monomers components
(p ipe r longumin ine /d ihydrop ipe r longumin ine
components) of Futokadsura stem which can inhibit
the overexpression of APP gene.  With the clinical
development and application of this effective
monomers components, the present condition of
AD symptomatic therapy might be surmounted.
Some in vivo experiments will be carried out to
further testify our findings.  And we are making
efforts to find the mechanism behind the ihibitive
effect.  Still, we want to demonstrate whether this
components or other Futokadsura stem separation
components may have Aβ- lowering or  anti-
inflammatory activities (like NSAID).  Although
Alzheimer disease is far from being understood, we
hope our finding could make a little progress for the
conquest of the disease.
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