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We examined the eﬀects of acteoside (1a), which was
isolated from Orobanche minor, and its derivatives on
the aggregation of a 42-mer amyloid protein (A 42) in
our search for anti-amyloidogenic compounds for
Alzheimer’s disease (AD) therapy. Acteoside (1a)
strongly inhibited the aggregation of A 42 in a dosedependent manner. The structure-activity relationship
for acteoside (1a) and related compounds suggests the
catechol moiety of phenylethanoid glycosides to be
essential for this inhibitory activity.
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Alzheimer’s disease (AD) is a neurodegenerative
disorder that is considered to be one of the most
common types of dementia. It is characterized by
deposits of amyloid ﬁbrils that mainly consist of 40and 42-mer amyloid -proteins (A40 and A42).1)
These amyloid -proteins are produced from the
amyloid- precursor protein (APP) by - and secretases.2,3) Its stronger aggregative ability and neurotoxicity have led to the belief that A42 plays a more
important role in the pathogenesis of AD than A40.1)
The inhibition of A42 aggregation by small molecules
is therefore a promising strategy for treating AD.
We have reported in our previous study that such
caﬀeoylquinic acids (CQAs), which are bioactive polyphenols found from natural sources, as coﬀee beans,
sweet potatoes, propolis, and other plants inhibited
A42-induced cytotoxicity in human neuroblastoma
SH-SY5Y cells by enhancing the expression of mRNA
of glycolytic enzymes and intracellular ATP.4–6) We
have also reported that a CQA treatment improved the
spatial learning memory in senescence acceleratedprone mice 8 by increasing the mRNA expression of
phosphoglycerate kinase 1.4) We have recently reported
that CQAs strongly inhibited the aggregation of A42
and suppressed the transformation into -sheet and
cytotoxicity against human neuroblastoma cells of
A42.7)
Acteoside (1a) is an antioxidative phenylethanoid
glycoside that has been reported to protect human
y

neuroblastoma SH-SY5Y cells against A cell injury by
protecting ROS production and modulating the apoptotic
signal pathway.8) However, the inhibitory activity of
acteoside (1a) toward A aggregation has not been
proved.
Based on these reports, we investigated in this study
the inhibition of the aggregation of A42 by acteoside
(1a) which had been isolated from Orobanche minor and
possesses a similar substructure to that of CQAs. To
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Fig. 1. Structures and IC50 Values of Acteoside (1a) and Its
Derivatives for the Inhibitory Eeﬀects of A42 Aggregation.
IC50 values were calculated from the inhibitory rate (%) of each
concentration of the derivatives toward A42 aggregation that was
estimated by using the Th-T assay.
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Fig. 2. Eﬀect of Acteoside (1a) and Its Derivatives on the Aaggregation of A42 in the Th-T Assay.
A42 (25 mM) was monitored by Th-T ﬂuorescence in the presence of 1, 10, and 100 mM (A) acteoside (1a), (B) oraposide (2a), (C) methylacteoside (1b), (D) methyl-oraposide (2b), (E) caﬀeic acid (3), and (F) hydroxytyrosol (4). The ﬂuorescence intensity was measured at an
excitation wavelength of 420 nm and emission wavelength of 480 nm. Each value is presented as the mean  SD (n ¼ 6).

evaluate the potential role of acteoside (1a) in the
treatment of AD, we examined the eﬀects of acteoside
(1a) on A42 aggregation by using the thioﬂavin-T
(Th-T) assay, transmission electron microscopy (TEM),
and circular dichroism (CD) spectroscopy.
Acteoside (1a) and oraposide (2a) were isolated from
the whole plant of O. minor (1 kg fresh weight). The
plant was extracted with MeOH (1 L  3), and the
MeOH extract (63.5 g) was partitioned between EtOAc
and H2 O. The water-soluble portion was then partitioned
between BuOH and H2 O. The BuOH-soluble portion
(492 mg from 21.1 g) was separated by using a C18
Sep-Pak cartridge (Waters; MeOH/H2 O, 3:7 ! 1:0) to
give acteoside (1a, 167 mg) and oraposide (2a, 46 mg).
The phenolic hydroxyl group of acteoside (1a) was
partially methylated by using trimethylsilyldiazomethane (TMSCHN2 ). Acteoside (1a, 30 mg) was dissolved
in MeOH, TMSCHN2 in hexane (2 M, 1 mL) was added
to the solution, and the mixture was kept at room

temperature for 3 h while stirring. The solvents and
TMSCHN2 were next removed by evaporation under
N2 . Acteoside-tetramethylether (1b, 34.5 mg) was puriﬁed from the reaction products by using SiO2 TLC.
Oraposide-tetramethylether (2b) was prepared by using
the same method. The structures of these compounds
were conﬁrmed by NMR (Avance 500, Bruker,
Germany) spectral analyses (1 H, 13 C, COSY, HMQC,
HMBC, and NOESY) and HR-ESI-MS (Synapt G2,
Waters, USA) data analyses.9,10) Caﬀeic acid (3) and
hydroxytyrosol (4) were purchased from Sigma (St.
Louis, MO, USA).
Th-T ﬂuorescence assays were performed (Fig. 2) to
examine the inhibitory eﬀects on A aggregation of
acteoside (1a) and its derivatives 1b, 2a, 2b, 3, and 4
(Fig. 1).7,11) Brieﬂy, A42 was dissolved in 0.1%
NH4 OH at 250 mM. The A42 solution was diluted 10fold with 50 mM sodium phosphate (pH 7.4), and the
solution incubated at 37  C with or without acteoside
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Fig. 3. Eﬀects of Acteoside (1a) on A Aggregation by TEM (A and B) and CD Spectra (C and D).
(A) Micrographs of 25 mM A42 alone and (B) 25 mM A42 with 50 mM acteoside (1a) (24 h) and (C) CD spectra of 25 mM A42 alone and (D)
25 mM A42 with 50 mM acteoside (1a) (12 h).

(1a). A 2.5-mL volume of a peptide solution was added
to 250 mL of 1 mM Th-T in 50 mM Gly-NaOH (pH 8.5).
The ﬂuorescence intensity was measured at an excitation
wavelength of 420 nm and an emission wavelength of
485 nm by a Multidetection Microplate Reader Powerscan HT instrument (Dainippon Sumitomo Pharma).
Incubating A42 alone for 8 h and 24 h resulted in an
increased ﬂuorescence intensity (Fig. 2).
The inhibitory eﬀects on A aggregation by acteoside
(1a) and its derivatives are shown in Figs. 1 and 2. The
IC50 values were calculated from the inhibitory rate (%)
of each compound toward A42 aggregation after 24 h
by using the Th-T assay. Acteoside (1a, IC50 8.9 mM) and
oraposide (2a, IC50 3.6 mM) exhibited potent inhibitory
eﬀects on the aggregation of A42 (Fig. 2A and B),
while acteoside-tetramethylether (1b, IC50 > 200 mM)
and oraposide-tetramethylether (2b, IC50 > 200 mM) did
not show inhibitory activity toward A aggregation
(Fig. 2C and D), and caﬀeic acid (3, IC50 117.6 mM) and
hydroxytyrosol (4, IC50 117.6 mM) showed very weak
inhibitory activities (Fig. 2E and F).
These results indicated that the compounds with more
than two catechol moieties such as acteoside (1a) and
oraposide (2a) exhibited greater inhibitory activity than
the compounds with more than one catechol moiety such
as caﬀeic acid (3) and hydroxytyrosol (4). We therefore
focused on acteoside (1a) in the subsequent experiments.
We investigated the eﬀects of acteoside (1a) on A42
ﬁbrillogenesis by using TEM. The incubating solution
was the same as that used for preparing the samples for
Th-T assay. A 5-mL volume of each sample was spotted
on to a glow-discharged, Formvar-carbon-coated grid
and was incubated for 2 min and then washed twice with

5 mL of pure water. The grid was ﬁnally negatively
stained twice for 1 min each with 5 mL of 0.4%
silicotungstic acid, and the solution was removed. After
air drying for 5 min, each sample was examined with a
Jeol JEM-1400 electron microscope.
The formation of A ﬁbrils was apparent in the
absence of acteoside (1a) (Fig. 3A), while the ﬁbril
formation was signiﬁcantly reduced after 24 h by
treating with 50 mM acteoside (1a) (Fig. 3B). These
results suggest that acteoside (1a) had an anti-aggregative eﬀect on A42.
CD spectra were measured to investigate changes in
the secondary structure of A42 in the presence and
absence of acteoside (1a). The incubation conditions
were the same as those used for preparing the samples
for the Th-T assay. The sample solution was loaded into
quartz cells with a 10-mm path length, and CD spectra
were recorded at 200–270 nm with a J-820 spectropolarimeter (Jasco).
In the incubation of A42 alone, the negative peak at
220 nm was increased after incubating for 12 h, meaning
that random organization had transformed the protein
into a -sheet structure (Fig. 3C). However, the addition
of acteoside (1a) attenuated the changes in the negative
CD signals at 220 nm, indicating that acteoside (1a) had
inhibited the -sheet formation in A42 (Fig. 3D).
We investigated in this study by the Th-T assay the
structure-activity relationship of acteoside (1a) and its
derivatives for the inhibition of A42 aggregation. In
addition, the modulation of the inhibitory activity
towards the ﬁbril formation and -sheet transformation
of A42 by acteoside (1a) was observed from the TEM
and CD spectra (Fig. 3).
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Based on the structure-activity relationship studies of
acteoside (1a) and its derivatives (Figs. 1 and 2), two
catechol moieties that were present at a position a little
away through a glucose proved to be indispensable for
the inhibition of A42 aggregation. This result does not
contradict with our previous report about the protective
eﬀects of CQA on A42 aggregation.7) In that structureactivity relationship study, we suggested the caﬀeoyl
group in CQA to be essential for the inhibitory activity.
We thus speculated that auto-oxidation of the catechol
moiety in the caﬀeoyl group would be related to the
mechanism for the inhibition of A42 aggregation.7)
Such covalent modiﬁcation may have destabilized the
-sheet structure in amyloidogenic polypeptides. Since
acteoside (1a) has two catechol moieties, this mechanism may also be applied to that for acteoside (1a)
inhibiting A42 aggregation. A further structural analysis to clarify the interaction between acteoside (1a) and
A42 may be helpful to elucidate the mechanism.
To the best of our knowledge, this is the ﬁrst report to
show that acteoside (1a) possessed an anti-amyloidogenic eﬀect. Acteoside (1a) could therefore be a
promising therapeutic option for inhibiting the A42mediated pathology in AD.
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