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Abstract:

Curcumin has been reported to inhibit the generation of AP, but the underlying mechanisms by which this occurs remain unknown.
AP is thought to play an important role in the pathogenesis of Alzheimer’s disease (AD). The amyloid hypothesis argues that aggre-
gates of AP trigger a complex pathological cascade that leads to neurodegeneration. Af is generated by the processing of APP (amy-
loid precursor protein) by - and y-secretases. Presenilin 1 (PS1) is central to y-secretase activity and is a substrate for GSK-3f, both
of which are implicated in the pathogenesis of AD. The present study aimed to investigate the effects of curcumin on the generation
of A in cultured neuroblastoma cells and on the in vitro expression of PS1 and GSK-3. To stimulate AP} production, a plasmid ex-
pressing APP was transfected into human SH-SY5Y neuroblastoma cells. The transfected cells were then treated with curcumin at
0-20 uM for 24 h or with 5 uM curcumin for 0—48 h, and the extracellular levels of AP4¢/42 were determined by ELISA. The levels of
PS1 and GSK-3 mRNA were measured by RT-PCR, and the expression of the PS1 and GSK-3 proteins (including the phosphory-
lated form of GSK-38, p-GSK-33-Ser9) were evaluated by western blotting. Curcumin treatment was found to markedly reduce the
production of AB40/42. Treatment with curcumin also decreased both PS1 and GSK-38 mRNA and protein levels in a dose- and
time-dependent manner. Furthermore, curcumin increased the inhibitory phosphorylation of GSK-3f3 protein at Ser9. Therefore, we
propose that curcumin decreases A production by inhibiting GSK-3-mediated PS1 activation.
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cal hallmarks observed in the brain of a patient with
AD. Amyloid B-protein (A) is the central component
of senile plaques. AP is derived by sequential endo-
proteolytic cleavage of the type 1 transmembrane gly-
coprotein amyloid precursor protein (APP) by - and
y-secretases [5]. P-Secretase cleavage in vivo is
thought to be mediated by the B-site APP-cleaving en-
zyme BACEI1 [13]; however, the key cleavage step
leading to AP formation is mediated by y-secretase

Introduction

Alzheimer’s disease (AD) is a progressive neurode-
generative disorder that affects nearly 5% of people
over 65 years of age and approximately 30% of indi-
viduals aged 85 or over. Neuritic plaques, neurofibril-
lary tangles, and neuronal loss are the main histologi-

[18]. y-Secretase is an atypical multimeric membrane-
bound aspartyl protease composed of presenilin (PS1 or
PS2), nicastrin (Nct), presenilin enhancer 2 (PEN-2),
and anterior pharynx defective 1 homologs (APH-
laL, APH-1aS, or APH-1b). Although the expression
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and activity of each of the components of the y-secr-
etase complex are tightly coordinated, PS1 is gener-
ally thought to harbor the catalytic core of the enzyme
[10, 19].

PS1 has been reported to be an unprimed substrate
for glycogen synthase kinase-3f (GSK-3p), leading to
the phosphorylation of serine residues in the PS1 loop
domain and modulation of y-secretase activity [15].
GSK-3f, a serine/threonine kinase, was first identi-
fied as an enzyme that phosphorylates and inactivates
glycogen synthase [3, 20]. The GSK-3f enzyme is in-
volved in a wide range of cellular processes ranging
from glycogen metabolism to cell cycle regulation
and cell proliferation. Mutations affecting PS1 are
a major cause of early-onset familial AD [9, 12], and
elevated GSK-3f3 expression has been associated with
AD development [21]. Although the precise mecha-
nisms of neurodegeneration in AD remain controver-
sial, the accumulation of AP is thought to play a piv-
otal role in the pathogenesis of AD.

Curcumin (diferuloylmethane) is a phenolic com-
pound extracted from the plant Curcuma longa, and it
has been used to treat various ailments, including in-
flammatory disease [8], cancer [7], AIDS [2], and
other diseases [4]. Epidemiological studies in India,
a country where curcumin consumption is widespread,
have shown that it has one of the lowest rates of AD
worldwide [1]. There is increasing evidence that cur-
cumin inhibits the production of AP both in vitro and
in vivo [17, 22], but the underlying mechanisms by
which this occurs are not known.

In the present study, we examined the effects of
curcumin on the generation of Af and investigated
the underlying mechanism by which curcumin inhib-
its the production of AB. We report that curcumin in-
hibits GSK-3B-stimulated PS1 activity in vitro and
suppresses the generation of AP. These data suggest
that curcumin may be an effective anti-amyloid ther-
apy for the prevention and treatment of AD.

Materials and Methods

Cell culture and transfection

The human neuroblastoma cell line SH-SYS5Y (De-
partment of Pathophysiology, Chongqing Medical
University, China) was cultured in Dulbecco’s modi-
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fied Eagle medium (DMEM) supplemented with 10%
fetal bovine serum, 2 mM glutamine, 100 pg/ml strep-
tomycin, and 100 units/ml of penicillin. The cells
were maintained at 37°C in an incubator containing
5% CO,. For transfection, the cells were grown in
75 cm? flasks to approximately 70% confluence, and
each flask was transfected with 8 pg pAPPswe (from
Prof. Weihong Song, University of British Columbia,
Vancouver, BC, Canada) using 30 pl of Lipofecta-
mine 2000 Reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.

Curcumin treatment

Curcumin (Sigma) was dissolved in 75% (v/v) etha-
nol. The transfected SH-SY5Y cells were treated with
curcumin at 0, 1.25, 5.0, or 20.0 uM for 24 h, or at
5.0 uM for 0, 12, 24, or 48 h. The controls were
treated with a vehicle solution. The cells and cell cul-
ture were collected separately and stored frozen be-
fore subsequent analysis.

AB determination by ELISA

To measure the levels of extracellular AP, conditioned
media from transfected cells were treated with a cock-
tail of protease inhibitors including 4-(2-aminoethyl)
benzenesulfonyl fluoride hydrochloride (AEBSF),
and the AP4042 levels were measured by a colorimetric
ELISA assay using a commercial detection kit (Bio-
source International Inc., CA, USA) according to the
manufacturer’s instructions.

Measurement of mRNA levels by RT-PCR

RNA was isolated from cells using Biozol (BioFlux,
Tokyo, Japan). PowerScript Reverse Transcriptase
(Invitrogen) was used to synthesize first-strand cDNA
according to the manufacturer’s instructions, and the
cDNA was further amplified by Platinum 7aqg NA po-
lymerase (Invitrogen) in a 25 pl reaction using the fol-
lowing primers: PS1, forward 5’-GAC ATA CTT GTA
CGC TCA CTT GC-3’, reverse 5’-CCT AGA ATA
ATG GGA CCA TCT GC-3’ and GSK-3p, forward
5’-TCC CTC AAA TTA AGG CAC ATC-3’, reverse
5’- CAC GGT CTC CAG TAT TAG CAT CT-3’. The
internal control, B-actin, was amplified using 5’-CTC
GTC ATA CTC CTG CTT GCT G-3’ and 5’-CGG
GAC CTG ACT GAC TAC C TC-3. The RT-PCR
products were analyzed on a 1.2% agarose gel.
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Western blot analysis

The cells were lysed in PRO-PREP™ liquid (0.1%
SDS, 1% sodium deoxycholate, 1% Triton X-100,
0.15 M NaCl, 0.05 M Tris-HCI, pH 7.2; Intron Bio-
technology, Kyungi-Do, Korea) supplemented with
a protease inhibitor cocktail (Roche, Welwyn Garden
City, UK). Cell lysates were collected by centrifuga-
tion 13,000 x g x 10 min, 4°C), and the protein con-
centrations were determined by the Bradford method
employing a Universal Microplate Reader (Gene
Company, Hong Kong) at 595 nm. After gel electro-
phoresis (15% polyacrylamide in a Tris-glycine buffer
system) in the presence of SDS, the proteins were
transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MS, USA). After block-
ing, the membranes were incubated with primary anti-
bodies directed against GSK-3 (46 kD, Cell Signal-
ing, #9315, Beverly, MA, USA), p-GSK-3B (Ser9)
(46 kD, Cell Signaling, #9336), PS1 (18 kD, Chemi-
con International Inc, MAB5232), or B-actin (43 kD,
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Fig. 1. Curcumin treatment significantly decreased the generation of AB,,

D 2.87

Beijing Biosynthesis Biotechnology Co., Ltd., bs-
0061R) diluted in 0.1% (w/v) non-fat dry milk pow-
der and incubated overnight at 4°C. After washing,
the bound antibodies were detected by incubation for
1-2 h at room temperature with secondary peroxi-
dase-conjugated anti-mouse or anti-rabbit antibodies
(Zhong Shan Golden Bridge Biotech Company,
China). The membranes were then developed using
a commercial enhanced chemiluminescence system
(ECL; Bio-Rad, Hercules, CA, USA) and quantitated
using Quantity One image analysis (Bio-Rad, USA).

Statistical analysis

All data were normally distributed and are presented
as the means = SD. The homogeneity test for variance
was performed using Prism 5 software (GraphPad,
San Diego, CA, USA). The significance of the differ-
ences between the groups was determined using the
two-tailed Student’s #-test.
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40 The transfected cells were treated with curcumin at 0, 1.25, 5.0,

or 20.0 uM for 24 h for the dosage-dependent assay (A), or with curcumin at 5.0 uM for 0, 12, 24, and 48 h for the time course assay (B). The

conditioned media from the cells were collected. The concentration of AR,
+ SD (n = 3). The results show that curcumin inhibited the generation of
and AB,,
C, D). (* p < 0.05, compared with control; % p < 0.01, compared with control)

creased more significantly than AB,,. The reduction in the AB
AB 4/ AB 4o was significantly increaseg (

%/Aﬁ%was measured by the ELISA kit. The values represent the mean
Bao

B4, in @ dose- and time-dependent manner, and AB ,, was de-
levels was both dose- and time-dependent, and the ratio of
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Fig. 2. Curcumin inhibited the expres-
sion of PS1 in the transfected cells. A bp M 1 2 3 4 B bp M 1 2 3 4

The transfected cells were treated with
curcumin for 24 h at 1.25, 5.0, or
20.0 uM (A, C) or with curcumin at
5.0 uMfor 12, 24, or 48 h (B, D). (A, B)
RT-PCR analysis shows that curcumin
significantly reduced the expression of
PS1 mRNA in a concentration- and
time-dependent manner. (C, D) West-
ern blot analysis shows that curcumin
also reduced PS1 protein in a concen- 250
tration- and time-dependent manners

B-actin
500

PS1

100

c 1 2 3 4 D

1 2 3 4
O B-actin \ — s B-actin

<4

[ R — PS1 — —— PS1

Tab. 1. Statistical analysis of the OD values of PS1/p-actin mRNA in the transfected cells after curcumin treatment (OD value = comparative
density value of PS1/B-actin mRNA)

Concentration 0D values t Time 0D values t
Control 0.93+0.26 control 0.97£0.32
1.25 M 0.81+0.18 1.33 12h 0.88+0.24 0.75
5.0 uM 0.54£0.17 3.90% 24N 0.71+0.3 2.06%
20.0 M 0.32+0.19 NG.45% 48h 0.38+0.29 4.72%

(Note: * p < 0.05, compared with control; % p < 0.01, compared with control)

Tab. 2. Statistical analysis of the OD values of PS1/p-actin in the transfected cells after curcumin treatment (OD value = comparative density
value of PS1/B-actin)

Concentration 0D values t Time 0D values t
Control 0.53+0.14 control 0.45+0.11
1.25 UM 047+0.15 1.02 12h 0.39+0.12 117
5.0 UM 0.38+0.17 2.34% 24N 0.31+0.10 3.25%
20.0 uM 010+0.11 8.43% 48N 0.24+0.08 5.38%

(Note: * p < 0.05, compared with control; * p < 0.01, compared with control)
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Results

Curcumin inhibits the generation of AB,,, in
transfected cells

The effects of curcumin on the generation of AP were
examined in SH-SYS5Y neuroblastoma cells. First, the
SH-SYS5Y cells were transfected with pAPPswe to
promote the formation of AB. The cells were then
treated with curcumin at different concentrations and
for different time points, and the AP levels were de-
termined. As shown (Fig 1, A, B), the AB4 and APy
levels were strongly decreased by treatment with cur-
cumin. When the cells were treated with 5-20 uM
curcumin for 24 h, the production of AP and AP
was decreased by 39-51% (p < 0.01). A comparable
reduction in AP, and A4, was observed following
incubation with 5 pM curcumin for 2448 h (Fig. 1,
A, B). The reduction in the APy and APy, levels was
both dose- and time-dependent, and the ratio of
ABao/AP4, was significantly increased (p < 0.05) (Fig.
1,C, D).

Curcumin reduces the expression level of PS1

AP is produced by B- and y-secretase-mediated cleav-
age of APP. Because AB4o42 production was inhibited
by curcumin, we investigated whether curcumin re-
duces y-secretase activity. PS1 is the central catalytic
component of y-secretase; therefore, we studied
whether curcumin treatment affects the expression
levels of PS1. RT-PCR and western blotting were
used to measure PS1 mRNA and protein levels fol-
lowing curcumin treatment in APP-overexpressing
neuroblastoma cells. As shown in Figure 2 and Tables
1, 2, curcumin treatment significantly (p < 0.05) re-
duced both the PS1 mRNA and protein levels. The in-

hibitory effect occurred in a dose- and time-dependent
manner, and the expression levels were most strongly
reduced at 48 h of treatment with 20 pM curcumin (p
<0.01).

Curcumin downregulates GSK-3p3 expression

The activity of PS1/y-secretase is modulated by
GSK-3f; therefore, we studied whether the observed
changes in the AP and PS1 levels are associated with
changes in the expression and/or phosphorylation of
GSK-3fB. Curcumin-treated cells were analyzed by
RT-PCR for GSK-38 mRNA levels and by western
blotting for protein levels of GSK-3f3 and its phospho-
rylated form, p-GSK-3[3-Ser9. As shown in Figure 3
and Tables 3—5, curcumin treatment had no significant
effect on the mRNA levels of the internal control
(B-actin) but significantly reduced the levels of both
GSK-3p mRNA and protein (p < 0.05). Moreover,
curcumin increased GSK-3[3 phosphorylation at Ser9
(p <0.05; Fig. 3). All of the observed changes were in
a time- and concentration-dependent manner.

Discussion

Accumulating evidence suggests that A is a central
element in the pathogenesis of AD [16], and AP pro-
duction is a characteristic feature of both the sporadic
and familial forms of AD. AP has two forms, A4
and APy, that are normally present in a ratio of 10:1.
The minor form, AP4 has been implicated in the
pathogenesis of AD because of its propensity to form
fibrous neurotoxic aggregates. In addition, excessive
production of APy, leads to the formation of APy, ag-
gregates and senile plaques. In this study, we have in-

Tab. 3. Statistical analysis of the OD values of GSK-3p/B-actin mRNA in the transfected cells after curcumin treatment (OD value = comparative

density value of GSK-3p/B-actin mRNA)

Concentration 0D values t Time 0D values t
Control 0.98 +0.21 control 0.76+£0.33
1.25 pM 0.89+0.37 0.73 12h 0.66 + 0.41 0.68
5.0 uM 0.65+0.43 2.36% 24 h 0.45+0.31 2.38%
20.0 uyM 0.55+0.27 4.34% 48 h 0.24+0.27 4.24%

(Note: * p < 0.05, compared with control; * p <0.01, compared with control)
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Tab. 4. Statistical analysis of the OD values of GSK-3p/B-actin in the transfected cells after curcumin treatment (OD value = comparative

density value of GSK-3pB/B-actin)

Concentration 0D values t Time 0D values t
Control 0.99+0.12 control 0.98 £0.27
1.25 M 0.85+0.23 1.27 12h 0.88+0.17 1.13
5.0 uM 0.36 +0.43 911 24N 0.61+0.21 3.01%
20.0 M 0.23+0.27 9.87% 48h 0.37+0.11 4.66%

(Note: * p < 0.05, compared with control; * p < 0.01, compared with control)

Tab. 5. Statistical analysis of the OD values of GSK-3B-Ser9/B-actin in the transfected cells after curcumin treatment (OD value = comparative

density value of GSK-3B-Ser9/p-actin)

Concentration 0D values

Time

0D values t

Control 0.25+0.19
1.25 uM 0.70+0.27
5.0 yM 0.89+0.33
20.0 uM 095+0.32

4.69
5.82%
6.37%

control
12h
24h
48 h

0.31+0.2

0.61+0.19 3.75%
0.84+£0.23 6.02%
0.97 £0.31 6.47%

(Note: * p < 0.05, compared with control; * p < 0.01, compared with control)
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Fig. 3. Treatment with curcumin sup-
pressed the activity of GSK-3p in cul-
tured cells. SHSY5Y cells were trans-
fected with expression plasmids and
were treated with curcumin at the vari-
ous concentrations indicated for 24 h
or at 5.0 uM for different time points. In
A and B, RT-PCR analysis showed that
treatment with curcumin had no effect
on the expression of B-actin. Treatment
with a concentration of 5.0 pM cur-
cumin for 24 h led to decreased ex-
pression of GSK-33 mRNA (p < 0.05).
In C and D, the cell lysates were pre-
pared and subjected to Western blot
analysis for GSK-3p and its phospho-
rylated form GSK-3B-Ser9. The ex-
pression of B-actin was unchanged
with curcumin treatment, while the ex-
pression of GSK-3B significantly de-
creased with the increasing concen-
tration of curcumin and the extension
of the time course (p < 0.05). GSK-3p-
Ser9 levels were notably elevated with
increasing concentrations and time
points (p < 0.05). The changes all oc-
curred in a concentration- and time-
dependent manner
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vestigated the potential effects of curcumin on the
generation of AP and on the underlying mechanisms
of AP reduction. SH-SYS5Y neuroblastoma cells were
transfected with pAPPswe to increase the A} content;
the transfected cells were then treated with curcumin
and the levels of AP were analyzed. This analysis re-
vealed that curcumin treatment produced a concentra-
tion- and time-dependent reduction in the levels of
both AB4o and AP4,. The decrease in ABs, was more
significant than that of AP, as reported previously
[17,22].

AP is generated from APP cleavage by - and
y-secretase, the latter being pivotal for the production
of AP in AD [11]. The catalytic site of y-secretase is
within PS1and increased PS1 activity has been associ-
ated with AD [6]. Our results confirmed that cur-
cumin inhibits the production of A, but it was un-
clear which element of the amyloidogenic pathway
was directly targeted. We theorized that curcumin in-
hibits AP formation through its effects on y-secretase.
We report that curcumin inhibits the expression of
PS1 at both the mRNA and protein levels in a concen-
tration- and time-dependent manner.

PS1 has been reported to be a target for GSK-3(3-
mediated phosphorylation [15]. GSK-3f is found in
a tetrameric complex with -catenin and with the C-
and N-terminal fragments (CTF, NTF) of PS1 [14],
and this complex is inferred to regulate the phospho-
rylation of PS1. We hypothesized that curcumin might
inhibit the activity of GSK-3f by reducing the activity
of PS1 and in turn, inhibit the formation of AB. Cur-
cumin was found to reduce the expression of GSK-3f3
at both the mRNA and protein levels. We also report
that the phosphorylated form of GSK-38, p-GSK-3f3
(Ser9) was increased after curcumin treatment in
a time- and concentration-dependent manner. GSK-3f3
is activated by phosphorylation at Tyr216 but is inac-
tivated by phosphorylation at Ser9 [7], and the latter
is thought to play a pivotal role in gating GSK-3f ac-
tivity. Together, these data reveal that curcumin
downregulates GSK-3p activity by regulating the
gene expression and phosphorylation of the enzyme.
Because GSK-3p-mediated phosphorylation of PS1 is
thought to modulate its activity, it is plausible that
curcumin-mediated inhibition of GSK-3f reduces
y-secretase activity.

In conclusion, we suggest that curcumin inhibits
AP formation by inhibiting GSK-3p-mediated phos-
phorylation of PS1 and y-secretase activity. Further
research is needed to elucidate the molecular mecha-

nisms of the curcumin-mediated inhibition of GSK-3[3
activity, and in vivo studies in animal models will be
required to explore the potential of curcumin as a pre-
ventative or therapeutic agent in AD.

Acknowledgments:

We thank Weihui Zhou for technical assistance and Dr. Weihong
Song for providing the plasmids used in this study. This work was
supported by a grant from National Basic Research Program

of China (973 Program No. 2009CB918300), the National Science
Foundation of China (NSFC: 30600196), the Science Foundation
of Chongging (CSTC: 2006BB 5042), and Projects for Returnee
of Ministry of Education (2007-2008).

References:

1. Chandra V, Pandav R, Dodge HH, Johnston JM, Belle
SH, De Kosky ST, Ganguli M: Incidence of Alzheimer’s
disease in a rural community in India: the Indo-US study.
Neurology, 2001, 57, 985-989.

2. Di Santo R, Costi R, Artico M, Ragno R, Greco G, Novel-
lino E, Marchand C, Pommier Y: Design, synthesis and bio-
logical evaluation of heteroaryl diketohexenoic and dike-
tobutanoic acids as HIV-1 integrase inhibitors endowed
with antiretroviral activity. Farmaco, 2005, 60, 409-417.

3. Embi N, Rylatt DB and Cohen P: Glycogen synthase
kinase-3 from rabbit skeletal muscle. Separation from
cyclic-AMP-dependent protein kinase and phosphorylase
kinase. Eur J Biochem, 1980, 107, 519-527.

4. Folwarczna J, Zych M, Trzeciak HI: Effects of curcumin on
the skeletal system in rats. Pharmacol Rep, 2010, 62, 900-909.

5. Giliberto L, Borghi R, Piccini A, Mangerini R, Sorbi S,
Cirmena G, Garuti A et al.: Mutant presenilin 1 increases
the expression and the activity of bacel. J Biol Chem,
2009, 284, 9027-9038.

6. Glenner, GG, Wong CW: Alzheimer’s disease: initial re-
port of the purification and characterization of a novel
cerebrovascular amyloid protein. Biochem Biophys Res
Commun, 1984, 120, 885-890.

7. Hua WF, Fu YS, Liao YJ, Xia WJ, Chen YC, Zeng YX,
Kung HF, Xie D: Curcumin induces down-regulation of
EZH2 expression through the MAPK pathway in
MDA-MB-435 human breast cancer cells. Eur J Pharma-
col, 2010, 637, 16-21.

8. Koosirirat C, Linpisarn S, Changsom D, Chawansuntati
K, Wipasa J: Investigation of the anti-inflammatory ef-
fect of Curcuma longa in Helicobacter pylori-infected
patients. Int Immunopharmacol, 2010, 10, 815-818.

9. Levy-Lahad E, Wasco W, Poorkaj P, Romano DM,
Oshima J, Pettingel WH, Yu CE et al.: Candidate gene
for the chromosome 1 familial Alzheimer’s disease lo-
cus. Science, 1995, 269, 973-977.

10. Li YM, Xu M, Lai MT, Huang Q, Castro JL, DiMuzio-
Mower J, Harrison T et al.: Photoactivated y-secretase
inhibitors directed to the active site covalently label pre-
senilin 1. Nature, 2000, 405, 689-694.

Pharmacological Reports, 2011, 63, 1101-1108 1107



12.

13.

14.

15.

16.

17.

18.

1108

. Serneels L, Van Biervliet J, Craessaerts K, Dejaegere T,

Horre K, Van Houtvin T, Esselmann T et al.: y-Secretase
heterogeneity in the Aphl subunit: relevance for Alz-
heimer’s disease. Science, 2009, 324, 639-642.
Sherrington R, Rogaev EI, Liang Y, Rogaeva EA, Leves-
gue G, Ikeda M, Chi H et al.: Cloning of a gene bearing
missense mutations in early-onset familial Alzheimer’s
disease. Nature, 1995, 375, 754-760.

Sun X, Wang Y, Qing H, Christensen MA, Liu Y, Zhou
W, Tong Y et al.: Distinct transcriptional regulation and
function of the human BACE2 and BACEI genes.
FASEB J, 2005, 19, 739-749.

Tesco G, Tanzi RE: GSK-3f forms a tetrameric complex
with endogenous PS1-CTF/NTF and B-catenin. Ann NY
Acad Sci, 2000, 920, 227-232.

Twomey C, McCarthy JV: Presenilin-1 is an unprimed
glycogen synthase kinase-3f3 substrate. FEBS Lett, 20006,
580, 4015-4020.

Vassar R: B-Secretase, APP and A in Alzheimer’s dis-
ease. Subcell Biochem, 2005, 38, 79—103.

Wang HM, Zhao YX, Zhang S, Liu GD, Kang WY, Tang
HD, Ding JQ, Chen SD: PPAR-y agonist curcumin reduces
the amyloid-B-stimulated inflammatory responses in pri-
mary astrocytes. J Alzheimers Dis, 2010, 20, 1189-1199.
Wehrli M, Dougan ST, Caldwell K, O’Keefe L, Schwartz
S, Vaizel-Ohayon D, Schejter E et al.: Arrow encodes an

Pharmacological Reports, 2011, 63, 1101-1108

19.

20.

21.

22.

LDL-receptor-related protein essential for Wingless sig-
naling. Nature, 2000, 407, 527-530.

Wolfe MS, Xia W, Ostaszewski BL, Diehl TS, Kimberly
WT, Selkoe DJ: Two transmembrane aspartates in
presenilin-1 required for presenilin endoproteolysis and
y-secretase activity. Nature, 1999, 398, 513-517.
Woodgett, JR and Cohen P: Multisite phosphorylation of
glycogen synthase. Molecular basis for the substrate
specificity of glycogen synthase kinase-3 and casein
kinase-II (glycogen synthase kinase-5). Biochim Bio-
phys Acta, 1984, 788, 339-347.

Zhan J, Sun X, Yu Z, Pan X, Gu F, Chen J, Dong W et al:
Exposure to pyrithiamine increases 3-amyloid accumula-
tion, Tau hyperphosphorylation, and glycogen synthase
kinase-3 activity in the brain. Neurotox Res, 2011, 19,
575-583.

Zhang C, Browne A, Child D, Tanzi RE: Curcumin de-
creases amyloid-f3 peptide levels by attenuating the
maturation of amyloid-f precursor protein. J Biol Chem,
2010, 285, 28472-28480.

Received: December 2, 2010; in the revised form: May 16, 2011;
accepted: June 8, 2011.



	1077	Neonatal serotonin (5-HT) depletion does not disrupt prepulse inhibition of the startle response in rats.
	Paulina Ko³omañska, Edyta Wyszogrodzka, Paulina Rok-Bujko, Pawe³ Krz¹œcik, Wojciech Kostowski, Magdalena Zaniewska, Ma³gorzata Filip, Roman Stefañski

	1085	Locomotor activity changes in female adolescent and adult rats during repeated treatment with a cannabinoid or club drug.
	Jenny L. Wiley, Rhys L. Evans, Darren B. Grainger, Katherine L. Nicholson

	1093	Elimination kinetics of the novel prodrug cinazepam possessing psychotropic activity in mice.
	Sergei I. Schukin, Vladymyr G. Zinkovsky, Olga V. Zhuk

	1101	Curcumin mediates presenilin-1 activity to reduce b-amyloid production in a model of Alzheimer™s disease.
	Zhang Xiong, Zhang Hongmei, Si Lu, Li Yu

	1109	Betulin, betulinic acid and butein are inhibitors of acetaldehyde-induced activation of liver stellate cells.
	Agnieszka Szuster-Ciesielska, Krzysztof Plewka, Martyna Kandefer-Szerszeñ

	1124	Atorvastatin and fenofibric acid differentially affect the release of adipokines in the visceral and subcutaneous cultures of adipocytes that were obtained from patients with and without mixed dyslipidemia.
	Krzysztof £abuzek, £ukasz Bu³dak, Anna Du³awa- Bu³dak, Anna Bielecka, Robert Krysiak, Andrzej Madej, Bogus³aw Okopieñ

	1137	IFN-g suppresses the high glucose-induced increase in TGF-b1 and CTGF synthesis in mesangial cells.
	Juan Du, Lining Wang, Linlin Liu, Qiuling Fan, Li Yao, Yan Cui, Ping Kang, Hong Zhao, Xin Feng, Hui Gao

	1145	Anti-hypertensive effects of probenecid via inhibition of the a-adrenergic receptor.
	Jin Baek Park, Sung-Jin Kim

	1151	Lymphocyte-suppressing action of angiotensin-converting enzyme inhibitors in coronary artery disease patients with normal blood pressure.
	Robert Krysiak, Bogus³aw Okopieñ

	1162	Potentiation of neuronal insulin signaling and glucose uptake by resveratrol: the involvement of AMPK.
	Mayur I. Patel, Amit Gupta, Chinmoy S. Dey

	1169	New derivative of staphylokinase SAK-RGD-K2-Hirul exerts thrombolytic effects in the arterial thrombosis model in rats.
	Janusz Szemraj, Agnieszka Zakrzeska, George Brown, Adrian Stankiewicz, Anna Gromotowicz, Tomasz Grêdziñski, Ewa Chabielska

	1180	Protective effect of a-lipoic acid on oxidized low density lipoprotein-induced human umbilical vein endothelial cell injury.
	Yan-Xia Liu, Guo-Zhu Han, Tao Wu, Peng Liu, Qin Zhou, Ke-Xin Liu, Hui-Jun Sun

	1189	Nitric oxide scavenging modulates mitochondrial dysfunction induced by hypoxia/reoxygenation.
	Emmanuel Robin, Alexandre Derichard, Benoit Vallet, Sidi Mohamed Hassoun, Remi Neviere

	1195	Effects of valproic acid (VPA) and levetiracetam (LEV) on proliferation, apoptosis and hormone secretion of the human choriocarcinoma BeWo cell line.
	Patrycja Kwieciñska, Justyna Wiœniewska, Ewa £. Gregoraszczuk

	1203	Role of IL-6 and neopterin in the pathogenesis of herpetic encephalitis.
	Monika Boci¹ga-Jasik, Andrzej Cieœla, Anna Kalinowska-Nowak, Pawe³ Skwara, Aleksander Garlicki, Tomasz Mach

	1210	Chemopreventive effects of NSAIDs on cytokines and transcription factors during the early stages 
of colorectal cancer.
	Vivek Vaish, Sankar N. Sanyal

	1222	Dual effects of heparin on BMP-2-induced osteogenic activity in MC3T3-E1 cells.
	Shin Kanzaki, Wataru Ariyoshi, Tetsu Takahashi, Toshinori Okinaga, Takeshi Kaneuji, Sho Mitsugi, Keisuke Nakashima, Toshiyuki Tsujisawa, Tatsuji Nishihara

	SHORT COMMUNICATIONS
	1231	Differential effects of glycine on the anticonvulsant activity of D-cycloserine and L-701,324 in mice.
	Piotr Wla�, Ewa Poleszak


	1235	Delta opioid receptors contribute to the cardiorespiratory effects of biphalin in anesthetized rats.
	Piotr Wojciechowski, Ma³gorzata Szereda-Przestaszewska, Andrzej W. Lipkowski

	1243	Digoxin increases hydrogen sulfide concentrations in brain, heart and kidney tissues in mice.
	Bogdan Wiliñski, Jerzy Wiliñski, Eugeniusz Somogyi, Joanna Piotrowska, Marta Góralska

	1248	Influence of ezetimibe monotherapy on ischemia- modified albumin levels in hypercholesterolemic patients.
	Kazuhiko Kotani, Russell Caccavello, Naoki Sakane, Michiaki Miyamoto, Alejandro Gugliucci

	1252	Comparative effects of short-term and long-term insulin-induced hypoglycemia on glucose production in the perfused livers of weaned rats.
	Romir Rodrigues, Kassia P. S. Feitosa, Antonio M. Felisberto-Junior, Helenton C. Barrena, Rui Curi, Roberto B. Bazotte

	1258	Omeprazole does not change the oral bioavailability or pharmacokinetics of vinpocetine in rats.
	Tomasz Sozañski, Jan Magdalan, Ma³gorzata Trocha, Antoni Szumny, Anna Merwid-L¹d, Wojciech S³upski, Marta Kara�niewicz-£ada, Grzegorz Kie³bowicz, Dorota Ksi¹dzyna, Adam Szel¹g

	1264	Novel variant of CYP2D6*6 is undetected by a commonly used genotyping procedure.
	Henrik Berg Rasmussen, Thomas Werge
	1301	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	A
	Agata Adamczyk1269


	spis tresci
	Adamczyk A 1269, 1288
	Albrecht J 1281
	Aleksandrowicz M 1274
	Aschner M 1281
	Barcikowska M 1278
	Bardowski JK 1290

	Berêsewicz M 1291
	Berghauzen K 1275, 1292
	Bia³ek P 1285, 1294
	Bielarczyk H 1272Œ1273
	Biernacka-£ukanty J 1286
	Brown GC 1270
	Canter JA 1278
	Chalimoniuk M 1276, 1292
	Ch³opicki S 1281
	Cieœlik M 1286, 1296
	Culmsee C 1271
	Czapski GA 1269Œ1270, 1296
	Czubowicz K 1287
	Dávidová A 1276
	D¹browska-Bouta B 1288, 1292, 1297
	Dorszewska J 1285, 1293Œ1294
	Dymkowska D 1291

	Dyœ A 1272
	Dziubina A 1292
	Eckert S 1278
	Farkas A 1275
	Fazakas C 1275
	Florczak A 1293
	Florczak-Wyspiañska J 1285, 1293Œ1294
	Frontczak-Baniewicz M 1288
	Fukai E 1279
	Gabryelewicz T 1278
	Gawêda-Walerych K 1278
	G¹ssowska M 1270, 1288, 1296
	Go³embiowska K 1292
	Grieb P 1272
	Grygorowicz T 1289
	Gul-Hinc S 1272
	Hasko J 1275
	Issazadeh-Navikas S 1284
	Jesko H 1279
	Kabziñska D 1295
	Kaczyñska K 1297
	Kajta M 1290
	Karczewski J  1293
	Kasarello K  1290
	Kawalec M  1291
	Ka�mierczak A  1269, 1288
	Kochañski A 1295
	Kolasiewicz W 1275, 1292
	Kostera-Pruszczyk A 1295
	Kowalska Z 1290
	Kowiañski P 1281
	Kozubski W 1285,1293Œ1294
	Ko�niewska-Ko³odziejska E 1274
	Krizbai I 1275
	Kuric E 1284
	Kurz Ch 1278
	Kuter K 1275, 1292
	Kwiatkowska-Patzer B 1290
	Langfort J  1292
	Lasoñ W 1290
	Lenkiewicz A 1288Œ1289, 1297
	Leuner K 1278
	Lipkowski AW 1290 1298
	Litwa E 1290
	Liu Y 1284
	Lubina N 1292
	Lukáèová N 1276
	Lukiw WJ 1277
	£agan U 1293
	Maruszak A 1278
	Micha³owska-Wender G 1286
	Milatovic D 1281
	Miya S 1279
	Molnar J 1275
	Müller WE 1278
	Nagyoszi P 1275
	Nakamura S 1279
	Na³êcz KA 1279
	Okada T 1279
	Ossowska K 1275, 1280, 1292
	Owecki M  1285,1294
	Pawe³czyk T 1273
	Potulska-Chromik A 1295
	Pó³rolniczak A 1285, 1293Œ1294
	Pyszko J 1286
	Ragan AR 1295
	Romaniuk K 1274
	Ronowska A 1272
	Ruscher K 1284
	Ruszkiewicz J 1281
	Rzemieniec J 1290
	Safranow K 1278
	Schütt T 1278
	Sinkiewicz-Darol E 1295
	Skibiñska M 1285
	Skowroñska M 1281
	Smoleñski RT 1281
	Songin M 1270, 1296
	Stêpieñ A 1292
	Strosznajder JB 1269Œ1270, 1276, 1286, 1288, 1296
	Strosznajder RP 1287, 1288
	Stru¿yñska L 1288Œ1289, 1297
	Sulejczak D 1288
	Sulkowski G 1288, 1292, 1297
	Szczepankowska AK 1290
	Szereda-Przestaszewska M 1297Œ1298
	Szutowicz A 1272Œ1273
	Toborek M 1282
	Varo G 1275
	Vegh G 1275
	Wardas J 1275, 1283, 1292
	Waœkow M 1281
	Wender M 1286
	Wieloch T 1284
	Wiktorowicz K 1293
	Wilhelm I 1275
	Wojciechowski P 1298
	Wójcik-Stanaszek L 1281
	Wójtowicz AK 1290
	Wróblewska M 1273
	Zab³ocka B 1291
	Zab³ocki K 1291
	Zapa³a M 1292
	Zieliñska M 1281
	¯ekanowski C 1278
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

