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Flg. 1 PrP imaging in vitro and in vivo. BF-168 fluorescently labeled
PrP deposition in a cerebeliar section from the case of GSS (a), and in
cerebral sections from cases of sporadic CJD with plaques (c) and
variant GJD (e). Similar results were obtained from the brains of living
TSE-infected mice that were intravenously injected with BF-168
solution (0.5 mg/kg). BF-168 detected PrP deposition in the cerebral
white matter between the cortex and hippocampus (g). Sections (a, ¢,
e and g) were subsequently immunoassayed for PtP (b, d, f and h).
Bars represent 100 um (a~f) and 25 um (g and h).

Furthermore, we established 1.929 cells stably infected with
the RML strain. BF-168 inhibited PrPres formation in the
RML-infected 1929 cells with an ICsy in the nanomolar
range. We also tested potency against the 221 strain in two
other cell lines, N2a and GTI1-7 cells. BF-168 was
ineffective in either cell line infected with the 22L strain.
Other compounds tested here demonstrated similar results
(data not shown). These results suggest that the styrylbenz-
oxazole derivatives exert their inhibitory activity on PrPres
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Flg. 2 Effects of BF-168 on PrP expression in ScN2a and N2a cells.
BF-168 was added at the designated concentrations to freshly
passaged cells. PrPres formation in ScN2a cells was inhibited in a
dose-dependent manner (a). To exclude the sensitivity limit of immuno-
blotting, ScN2a cells treated with 4 nm BF-188 were also analyzed by
sodium PTA, and no significant signals were visualized (b). ScN2a
cells treated with 10 nm BF-168 were maintained for an additional four
passages, and the PrPres signal was not restored in the absence of
BF-168 (c). PrP expression was not affected in N2a cells that were
grown in the presence of 10 nm BF-168 (d). Lane N, untreated cells;
lane 0, cells treated with vehicle alone; lane T, cells treated with 10 nm
BF-168; lanes P, and Py, cells following two and four passages after
treatment respectively. Bars on the left indicate molecular size mark-
ers at 37 and 25 kDa.

Table 3 Anti-prion activities (ICs,) of BF-168 in various types of TSE-
infected cells

Pathogen strains

Host cells RML 221 Fukuoka-1
N2a 0.4 nM None?® -5
N2a58 ~1puM Nore None
1929 ~10 nM - -
[CAREYS - None -

#None, no significant PrPres inhibition up to 10 uM, a dose that affect
the rate of cell growth.
®, not available.

formation in a strain-dependent, but not a host cell-
dependent, manner.

Therapeutic efficacy in vivo

The therapeutic activity of the compounds in vive was
assayed in two different mouse models using BF-168 as a
representative. Treatment was initiated 2—4 weeks after TSE
infection and repeated once a week for 4 weeks. The dosage
at a single administration corresponded to a dose sufficient to
detect PrP plaques. As shown in Table 4, there was no
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Table 4 Effects of BF-168 treatment on intracerebrally TSE-infacted
mice

Mouse - Dose Incubation period
pathogen strain  n  (mg/kgiweek) Administration Mean+ SD (days)
Tg7 - 263K
7 Control - 494 £1.8
5 Vehicle ivd 502 +4.1
5 4 iv. 522+26
Tga20 - RML
7 Control - 666 +1.6
5 Vehicle iv. 648416
5 4 iv. 722+25"
5 10 sch 66.0 £3.1

* p < 0.001 versus the cher groups.

4.V, intravenous injection of BF-168 once a week for 4 weeks from 2
weeks p.i. for Tg7, or 4 weeks p.i. for Tga20.

bs.c., continous subcutansous infusion of BF-168 for 4 weeks from 4
weeks p.i.

significant difference in incubation periods between groups
of Tg7 mice infected intracerebrally with the 263K strain,
with or without treatment. In contrast, intravenous injection
with 4 mg/kg BF-168 significantly prolonged the incubation
period (~ 11.4%) of Tga20 mice intracerebrally infected
with the RML strain.

In another trial, we used osmotic pumps filled with BF-168
solution, assuming that the route of administration is a key
issue. The pump worked continuously for 4 weeks, and the
total dosage for the duration was selected to correspond to
two to three times that administered intravenously. Subcu-
taneous infusion of BF-168, however, did not prolong
incubation periods of Tga20 mice intracerebrally infected
with the RML strain (Table 4). There was no significant
difference in incubation period in either group of infected
mice between untreated controls and controls treated with
vehicle alone.

Discussion

Our results show that styrylbenzoazole derivatives represent
candidates for imaging probes as well as therapeutic drugs
for TSE. It has been increasingly necessary to develop
minimally non-invasive methods for recognizing early
clinical infection and evaluating treatment of TSE. We have
already focused on two B-amyloid imaging probes and
reported them as potential agents for TSE (Ishikawa et al.
2004). The problem is, however, that they seemed to have
practical limitations because of inadequate brain uptake and
washout. Here, we confirmed that novel styrylbenzoazole
derivatives clearly labeled PrP plaques in vitro and BF-168,
the parent compound, entered the brain and labeled PrP
plaques in vivo, even at a 20-fold lower dose than the probes
we previously reported. In brain uptake studies, all of the
compounds showed BBB permeability with >1%ID/g, which
is proposed to be sufficient for neuroimaging probes. The
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background staining of 0.5 mg/kg BF-168 was almost absent
at 4 h after administration, suggesting excellent clearance
from the brain.

Most of styrylbenzoazole derivatives labeled B-amyloid
aggregates in AD specimens in this study (data not shown) as
well as in the previous study on Alzheimer’s (Okamura et al.
2004). This is also observed with 2-(1-[6-[(2-fluoroethyl)
(methyl)amino]-2-naphthyljethylidene)malononitrile (FDDNP),
one of the promising agents for imaging B-amyloid depos-
ition. FDDNP has been reported to label PrP plaques in brain
sections, and is a candidate for imaging PrP deposition
(Bresjanac et al. 2003). These findings imply lack of disease
specificity, but the compounds should still be useful for some
types of TSE, because anatomical distributions of amyloid
deposition are characteristically different between diseases.
Pathological changes including amyloid deposition of AD
brain are always observed in the hippocampus but not in the
cerebellum, whereas those of TSE tend to be absent from the
hippocampus but to be demonstrated in the cerebellum.

Styrylbenzoazole derivatives detected predominantly PrP
plaques, especially in specimens of sporadic CJD with
plaques and variant CJD. However, their ability to detect
synaptic or perivacuolar PrP deposition remains inconclu-
sive, until more sensitive investigations, such as autoradiog-
raphy, are available. The compounds tested in this study can
be used with radionuclides. '*F-radiolabeled BF-168, which
has already been employed for labeling of B-amyloid
deposits including both neuritic and diffuse plaques in AD
brain (Okamura ef al. 2004), may be a suitable tool for
investigating whether PrP deposition, other than plaque type,
can be detected.

This study demonstrated that styrylbenzoazole derivatives
have more potent anti-prion activity than the amyloid
imaging probes reported previously (Ishikawa et al. 2004).
Although the neuropathological processes remain unclear,
one of the most likely strategies for TSE treatment is a small-
molecule drug that can enter the brain and inhibit abnormal
PrP formation. It is important to emphasize that styrylben-
zoazole derivatives have a wide concentration safety margin,
and some were effective even at subnanomolar doses in
ScN2a cells. Dozens of drug candidates for TSE have been
reported to date but, as far as we know, the most potent
inhibitor class for abnormal PrP formation in ScN2a cells is
specific blocking antibodies with an ICs, in the nanomolar
range (Peretz et al. 2001).

BF-168 showed no apparent alteration in cellular PrP
expression level in N2a cells, and also labeled abnormal PrP
deposition both in vitre and in vivo. These data suggest that
styrylbenzoazole derivatives might interact directly with
abnormal PrP molecules to block the conversion of normal to
abnormal PrP. The structure—activity relationship, examined
by introducing side-chain or functional groups into the
benzoazole and/or benzene rings, demonstrates that the
inhibitory potency is not always the same, even among
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closely related compounds (data not shown). Although we
could not obtain any insight into inhibitory mechanisms, the
efficacy of BF-168 was dependent on pathogen strain, and
this is consistent with our previous work using three types of
cell lines (Ishikawa et al. 2004). In an attempt to further
explore strain dependency, we tested three different pathogen
strains in one host cell line, and three different host cell lines
with one pathogen strain. BF-168 inhibited abnormal PrP
formation in all three types of RML-infected cells, including
ScN2a cells. By contrast, BF-168 did not demonstrate any
inhibitory activity in the 221~ or Fukuoka-1-infected cells. It
is well known that prion strains differ in their biological
profiles such as the degree of glycosylation and the
conformation of PrP molecules. In the imaging experiments
we confirmed that the compound bound to a certain type of
abnormal PrP aggregates. Thus, it was assumed that the
therapeutic efficacy might be based on blocking certain
interactions between normal and abnormal PrP, and that BF-
168 might recognize the PrP conformation. However,
considering a discrepancy in the in vivo experiment between
PrP imaging and treatment using infected Tg7 mice, these
inferences remain unsupported and the precise mechanism of
the strain-dependent efficacies needs to be elucidated.

Kocisko et al. (2004) reported that anti-prion activity
in vitro does not always correlate with that in vivo. With
in vivo testing, there are many variables, such as inoculation
route, dosing protocol and pathogen strain. The efficacy
differed according to the BF-168 administration route in
Tga20 mice, even though the dose administered subcutane-
ously for the same duration was no less than that adminis-
tered intravenously. This might be due to differences in
stability and clearance of BF-168 in relation to the route of
administration.

Most previous therapeutic investigations showed a signifi-
cant benefit in vivo when the treatment was started before, or
soon after, peripheral TSE infection. Although the efficacy of
BF-168 was limited, it is noteworthy that we obtained
significant results with peripheral administration at a later
stage of the intracerebral infection. In addition, BF-168
showed excellent brain uptake and binding affinity towards
PrP aggregates in vivo, even at a low dose, suggesting that the
compound should be a good imaging probe for clinical use. In
the treatment of infected Tga20 mice, BF-168 showed almost
the same prolongation of the incubation period but with a 10-
fold smaller dose than (trans, trans)-1-bromo-2,5-bis-(3-
hydroxycarbonyl-4-hydroxy)styrylbenzene (BSB), which we
reported previously as one of the amyloid imaging probes
applicable for TSE (Ishikawa et a/. 2004). BF-168 showed a
low ICsy of 0.4 nm in treatment of ScN2a cells, whereas the
ICy of BSB was more than 1000-fold higher (1.4 pv). We
decided the dosing protocol for our experimental animals from
in vitro data, including the ratio of these ICs, values, and from
an invive imaging experiment in which 0.1 mg BF-168 per
injection was enough to detect PrP deposition. It is also
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necessary to consider washout ofthe compound from the brain.
Further studies are required to examine issues such as dose—
response relationships, administration time and dosing condi-
tions. Furthermore, there was a problem in that administration
frequency was limited because animal tail tissue was damaged
by repetitive intravenous injections. In addition, it should be
investigated whether compounds with slower washout from
the brain are more suitable as therapeutic agents.

In conclusion, styrylbenzoazole derivatives efficiently
entered the brain and labeled pathological PrP deposition,
and demonstrated some anti-prion activities both in vitro and
in vivo. Although their efficacy depended on the pathogen
strain, these are a new class of compounds with potential as
therapeutic drugs and imaging probes for TSE.
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Uncaria rhynchophylla, a Chinese Medicinal
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on Alzheimer’s f-Amyloid Proteins

Hironori Fu_uwara, Koh Iwasaki, ! Katsutoshl Furukawa, Takashi Seki,! Me1 He,’
Masahiro Maruyama, Naoki Tormta, Yukitsuka Kudo,? Makoto nguchl,
Takaomi C. Saldo, Sumihiro Maeda, Ak1h1ko Takashima,” Masahiko Hara,®

Yasushi Ohizumi,” and Hiroyuki Arai'*

'Department of Geriatric and Complementary Medicine, Center for Asian Traditional Medicine Research,

Tohoku University School of Medicine, Aoba-ku, Sendai, Japan

*Department of Geriatric and Respiratory Medicine, Tohoku University School of Medicine, Aoba-ku,

Senda1 Japan

*Tohoku University Biomedical Engineering Research Organization, Aoba-ku, Sendai, Japan

*Laboratory for Proteolytic Neuroscience, RIKEN Brain Science Institute, Wako, Saitama, Japan
"Laboratory for Alzheimer’s Disease, RIKEN Brain Science Institute, Wako, Saitama, Japan

“Local Spatio-Temporal Functions Laboratory, RIKEN Frontier Research System, Wako, Saitama, Japan
‘Department of Pharmaceutical Molecular Biology, Graduate School of Pharmaceutical Sciences, Tohoku

University, Aoba-ku, Sendai, Japan

Because the deposition of B-amyloid protein (AB) is a
consistent pathological hallmark of Alzheimer’s disease
(AD) brains, inhibition of AR generation, prevention of
AB fibril formation, or destabilization of preformed AB
fibrils would be attractive therapeutic strategies for the
treatment of AD. We examined the effects of several
medicinal herbs used in traditional Chinese medical for-
mulae on the formation and destabilization of AR fibrils
by using the thioflavin T binding assay, atomic force mi-
croscopic imaging, and electrophoresis. Our study de-
monstrates that several of these herbs have potent in-
hibitory effects on fibril formation of both AB4_4 and
AB4-42 in concentration-dependent manners; in particu-
lar, Uncaria rhynchophylla inhibited AR aggregation most
intensively. Significant destabilization of preformed AR+
40 and ABq_4, fibrils was also induced by Uncaria rhyn-
chophylla as well as some other herb extracts. Three-
dimensional HPLC analysis indicated that the water
extract of this herb contains several different chemical
compounds, including oxindole and indol alkaloids,
which have been regarded as neuroprotective. Our re-
sults suggest that Uncaria rhynchophylia has remarkably
inhibitory effects on the regulation of AB fibrils, and we
conclude that this medicinal herb could have the po-
tency to be a novel therapeutic agent to prevent and/or
cure AD.  © 2006 Wiley-Liss, inc.

Key words: Alzheimer’s disease; medicinal herb; Un-
caria rhynchophyila; B-amyloid; thioflavin T

Alzheimer’s disease (AD) is the most prevalent
cause of dementia, characterized by loss of memory and
cognition as well as behavioral and occupational instabil-
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ity in old age (Multhaup, 1997). One of the pathologi-
cal characteristics of AD is a progressive deposition of
insoluble B-amyloid protein (AB) in the form of senile
plaques (Selkoe, 2002). This protein comprises peptides
of approximately 39-43 amino acid residues derived
from the transmembrane amyloid precursor protein
(APP; Selkoe, 2002). AB can form monomers and a va-
riety of different aggregate morphologies, including
dimers, small soluble oligomers, protofibrils, diffuse pla-
ques, and fibrillar deposits seen in the senile plaques. All
of these variable aggregated forms of AB seem to be
dominated by a so-called B-sheet structure (Tierney
et al., 1988; Barrow and Zagorski, 1991). The increas-
ing evidence that formation of these aggregates causes
primary neurodegeneration in AD has led to the amy-
loid hypothesis, which states that the accumulation of
AR in the central nervous system is highly neurotoxic
and leads to deterioration of synaptic functions (Selkoe,
2002; Wirths et al., 2004). Moreover, several findings
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suggest that AP accumulation begins at relatively early
stages in AD patients (Anderton et al.,, 1998; Selkoe,
2002). Therefore, formation, deposition, and aggrega-
tion of AR in the brain are primary targets for complete
amelioration of dementia. Currently, drugs available for
dementia such as acetylcholinesterase inhibitors exert
only a temporary benefit in cognitive dysfunction (Mill-
ard and Broomfield, 1995; Park et al., 2000; Darreh-
Shori et al., 2004), and they do not prevent or reverse
the formation of AR deposits. We believe that the
essential requirement for a truly effective antidementia
drug would be the prevention of Af fibril formation or
destabilization of aggregated AP or a combination of
both.

Herbal remedies used worldwide (particularly in
East Asian countries) have a long history of use in alle-
viating various symptoms of many diseases. Recently,
clinical trials in AD patients have also shown that some
of these traditional treatments improve scores on the
Mini-Mental State Examination (MMSE), P300 latency,
and blood flow in the cerebral cortex (Le Bars et al.,
1997). Although inconclusive, these provocative studies
suggest that even old remedies may be beneficial in AD
and related disorders. We have reported that several tra-
ditional Chinese herbal medicines such as Formula lienalis
angelicae compositae (Kami-untan-to in Japanese; Suzuki
et al.,, 2001; Nakagawasai et al., 2004), Pilulae octo-medica-
mentorum rehmanniae (Hachimi-jio-gan in Japanese; Iwasaki
et al., 2004), and Pulvis depressionis hepatis (Y oku-kan-san
in Japanese; Iwasaki et al., 2005) improve symptoms of
dementia. Moreover, Terasawa et al. (1997) showed
that Pulvis uncariae (Choto-san in Japanese) improved
cognitive functions in patients with vascular dementia.
The hooks and stems of Uncaria rhynchophylla (Uncaria
uncus cum ramulus; Choto-ko in Japanese), a major me-
dicinal plant, Pulvis uncarige, are reported to have
hydroxyl radical-scavenging activity and to prevent
delayed neuronal death in vivo (Yokoyama et al,
2004). However, underlying the mechanism of Chinese
medical herbs, including Uncaria rhynchophylla, for the
formation and metabolism of A fibrils has not yet been
investigated. In the present study, we examined the
effects of Uncaria rhynchophylla on formation of AB
aggregates and destabilization of preformed A fibrils in
vitro by using fluorescence spectroscopy with thioflavin
T, atomic force microscopy (AFM), and electrophore-
sis. Our results provide strong evidence that some Chi-
nese herb extracts, including Uncaria rhynchophylla, have
inhibitory and destabilizing effects on AR fibrils.

MATERJIALS AND METHODS

Reagents

AR proteins (1-40 and 1-42) and thioflavin T were
obtained from the Peptide Institute (Osaka, Japan) and from
Sigma (St. Louis, MO), respectively. All the reagents and
drugs used were of analytical grade.

Preparation of Medicinal Herb Extracts

Water, methanol, and ethanol extracts of medicinal
herbs were prepared by refluxing 10 g of sliced dry herbs in
100 ml of each solution. The decoction after cooling to room
temperature was evaporated completely under reduced pres-
sure to yield dried or oily extracts. The extracts were weighed
and dissolved in dimethylsulfoxide (DMSO) at a concentration
of 100 mg/ml and then stored at —20°C. When being assayed,
these extracts were dissolved in the 50 mM potassium phos-
phate buffer (pH 7.4) and the solutions were adjusted if neces-
sary to pH 7.4

Analysis of 3D HPLC Fingerprints of Water Extract of
Uncaria rhynchophylla

Uncaria rhynchophylla (0.5 g) was extracted with 30 ml of
distilled water under ultrasonication for 30 min. The solution
was filtered and then submitted to HPLC analysis. HPLC
equipment was controlled with an HPLC pump (LC-10AD;
Shimadzu, Kyoto, Japan) using a TSK~GEL 80+ column (4.6 X
250 mm), and elution was performed with solvents (A) 50 mM
AcOH-AcONH; and (B) CH;CN. A linear gradient of 90%
A and 10% B changing over 60 min to 0% A and 100% B
was used. The flow rate was controlled with the LC-10AD at
1.0 m}/min. After the eluate was obtained from the column,
the 3D data were processed with a diode array detector (SPD-
M10A; Shimadzu, Kyoto, Japan).

Thioflavin T Measurement

Thioflavin T measurement was performed by the method
described by Suemoto et al. (2004), with slight modifications.
For AR aggregate-formation assay, AB (20 uM) dissolved in
50 mM potassium phosphate buffer (pH 7.4) with a test herbal
extract was incubated at 37°C for 96 hr (AB, ., or 24 hr
(AB, 2. For destabilization assay of preformed AP aggregates,
after incubation of ARy 4 (96 hr) or AR, 4, (24 hr) without a
test herbal extract, the mixture of aggregated AP and each
herbal extract was incubated for 30 min at 37°C.

At the end of the incubaton, 3 pM thioflavin T dis-
solved in the 100 mM glycine buffer (pH 8.5) was added to
the mixture. Fluorescence of thioflavin T bound to A aggre-
gates was measured with a microplate reader (Spectramax
Gemini XS; Molecular Devices, Sunnyvale, CA) with a filter
set (excitation at 442 nm and emission at 485 nm) after incu-
bation for 30 min at room temperature. Percentage inhibition
was calculated by comparing these fluorescence values with
those found in control solutions with no test herbal extracts.

AFM Imaging

Highly ordered pyrolytic graphite (HOPG) was used as
an AFM substrate. Thirty microliters of Af.4, sample con-
taining a test extract was placed on HOPG for 15 min. Images
were acquired in liquid using a MultiMode SPM NanoScope
III system (Veeco/Digital Instruments, Santa Barbara, CA)
operating in tapping mode.

Destabilization Assay of SDS-Insoluble A Fibrils

ARy dissolved in the 50 mM potassium phosphate
buffer (pH 7.4) was incubated at 37°C for 24 hr. After incu-
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Fig. 1. Effects of different medicinal herbs on destabilization of AB,..4»
fibrils. The AR, aggregation was assessed by the thioflavin T method
and expressed as a percentage of control aggregation, which was ob-
served in the absence of these extracts. A, Curcuma longa; B, Astragalus
membranaceus; C, Polygala tenuifolia; D, Cinnamomum cassia; E, Comus
officinalis; B, Zizyphus jujuba; G, Dioscorea japonica; H, Rehmannia gluti-
nosa;, 1, Acoru calamus, J, Alisma orientale; K, Uncaria rhynchophylla; L,
Citrus unshiv; M, Angelica acutiloba; N, Panax ginseng; O, Ophiopogon
Japonicus; P, Poria cocos; Q, Paeonia suffruticosa; R., Saussurea lappa; S,
Euphorid longana; T, Aconitum carmthaeri, U, the processing of Aconitum
carmihaeri. Values represent the means £ SD from four independent
experiments. *P < 0.01, compared with extract-untreated control.

bation, AR was added into each test herbal extract and incu-
bated at 37°C for 1 hr. After centrifuging, AP pellets were
added to 400 pl of the 0.2% SDS-containing phosphate-buf-
fered saline and incubated at 37°C for 1 hr. After centrifuging
again, AP pellets were added to 400 pl of the potassium phos-
phate buffer and sonicated. The fluorescence of intrinsic tyro-
sine and phenylalanine of each AB protein was measured with
a Hitachi F-2000 fluorescence spectrophotometer (excitation
and emission at 275 nm and emission at 300 nm, respectively).

Electrophoresis

The AP samples mentioned above were resuspended in
the sample buffer, boiled for 5 min, electrophoresed on 10—
20% Tris-tricine gel, and subjected to Coomassie brilliant blue
staining.

Data Analysis

The data were expressed as mean £ SD. Statistical com-
parisons were made via Student’s t-test. P < 0.05 was consid-
ered to be significant.

RESULTS

Screening of Medicinal Herbs That Influence
Aggregation of Af Fibrils

We referred to old Chinese literature and selected
20 different medicinal herbs shown in Figure 1, based
on the reported benefits for memory and intelligence.
The effects of extracts of these medicinal herbs on the
kinetics of destabilization of AR, 4 fibrils are summar-
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Fig. 2. Three-dimensional HPLC profile of the water extract of
Uncaria rhynchophylla. Each peak indicates a molecule described in the
figure including oxindole and indol alkaloids, which were reported
to be neuroprotective.

ized in Figure 1. At a concentration of 10 pg/ml, several
extracts showed destabilizing activity for AR fibrils, such
as Uncaria thynchophylla, Cinnamomum cassia, and Paeonia
suffruticosa. Uncaria rhynchophylla, which was extracted by
water, methanol, or ethanol, was concentrated under a
reduced pressure to give oily residues (1.54 g, 3.21 g,
and 2.40 g for water, methanol, and ethanol, respec-
tively).

HPLC Analyses of Uncaria rhynchophylla

Three-dimensional fingerprints of water extract of
Uncaria rhynchophylla performed by 3D HPLC are shown
in Figure 2. The results show that the water extract con-
tains several different chemical compounds, including
oxindole alkaloids (corynoxeine, rhynchophylline, iso-
rhynchophylline, and isocorynoxeine) and indol alkaloids
(geissoschizine methyl ether, hirsuteine, and hirsutine).

Concentration-Dependent Effects of Uncaria
rhynchophylla on Kinetics of AP Fibril
Formation and Breakdown

‘With regard to the inhibitory effect of Uncaria rhyn-
chophylla on AP fibril formation, concentration depend-
encies were examined by using the thioflavin T method
(Fig. 3). We observed that each of the three different ex-
tracts induced a concentration~-dependent decline in fluo-
rescence intensity in both AB,.4, (Fig. 3A) and AR, .
(Fig. 3B). AB,..4 fibril formation was inhibited by 10 pg/
ml water (38.9% = 12.2%), methanol (41.3% * 4.8%),
and ethanol (50.3% = 46.7%) extracts of Uncaria rhyncho-
phylla (Fig. 3A). AP, 4 fibril formation was also inhib-
ited by each of the three different extracts (10 pg/ml),
although the effect was less potent than that on AR, _
(Fig. 3B).

To determine whether these extracts have a desta-
bilizing activity on preformed AP fibrils, we performed
further thioflavin T experiments (Fig. 3C,D). Fluores-
cence derived from thioflavin T was decreased dose
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Fig. 3. Effects of three different Uncaria rhynchophylla extracts on the
kinetics of formation and destabilization of ABs. A,B: AB aggregate-
formation assay. Reaction mixtures containing 20 pM of AB ., (A)
or AB,;; (B), 50 mM phosphate buffer (pH 7.4), and various
extracts [water (circles), methanol (upward-pointing triangles), and
ethanol (downward-pointing triangles)] were incubated at 37°C for
96 hr (A) or 24 hr (B). AR aggregation was expressed as a percentage
of control, which was observed in the absence of herbal extract.
C,D: A aggregate-destabilization assay. Reaction mixtures containing
20 UM AB,.q (C) or AB, . (D) were incubated at 37°C for 96 hr
(C) or 24 hr (D). Then these extracts were added and incubated for
30 min. AP aggregation was assessed by the thioflavin T method and
expressed as a percentage of control aggregation, which was observed
in the absence of herbal extract. Values represent the means * SD
from four independent experiments. *P < 0.01, compared with extract-
untreated control.

dependently after the addition of each extract of Uncaria
thynchophylla to preformed A fibrils to an extent similar
to the inhibitory effects on AP aggregations. Preformed
AB,_4 (Fig. 3C) fibrils were destabilized by 10 pg/ml
of water (77.2 * 3.7%), methanol (87.7 = 5.4%), and
ethanol (82.3 * 4.5%) extracts. Moreover, preformed
AB .4y (Fig. 3C) and AR, 4> (Fig. 3D) fibrils were de-
stabilized by each of the three different extracts (100 pg/
ml) by more than 50%.

AFM Elucidates Inhibitory Effects of Uncaria
rhynchophylla on Af Fibrils

To visualize AR fibril breakdown by herbal ex-
tracts, the fibrils were observed by AFM. After incuba-
tion of ABj_» (20 pM) with the water extract of Uncaria
thynchophylla (100 ug/ml), preformed AR fibrils were
largely diminished, although the shapes of the fibrils
were hardly changed in the presence or absence of the
herbal extract (Fig. 4A,B). A similar tendency was
observed after incubation with 100 pg/ml methanol or
ethanol extract of Uncaria rhynchophylla (Fig. 4C,D).
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Fig. 4. Atomic force microscopic imaging of AR, fibrils. After
incubation of AR, for 24 hr for preformed fibrils, the mixture of
aggregated AP and the Uncaria rhynchophylla extract was incubated at
37°C for 30 min. A: vehicle (DMSO). B: 100 pg/ml water extract.
C: 100 pg/ml methanol extract. D: 100 png/ml ethanol extract. Left
and right panels indicate height and amplitude modes, respectively.
Scale bar = 500 nm.

Centrifugation and Electrophoresis
of SDS-Insoluble Afs

SDS solubility of AB;_s» fibrils was analyzed in
order to investigate the biochemical characteristics of AR
fibril disassembly by Uncaria thynchophylla. After centrifu-
gation, levels of pellets were assessed by fluorescence of
aggregated AR, 4, (Fig. 5A). SDS-insoluble pellets in the
absence of extract served as the control. SDS-insoluble
pellets were reduced to approximately 60% by treatment
with 100 pg/ml of these extracts. Furthermore, the elec-
trophoresis analysis also revealed that Uncaria rhyncho-
phylla decreased SDS-insoluble AB.4; fibrils (Fig. 5B).

DISCUSSION

Pulvis uncariae and Pulvis depressionis hepatis are rep-
resentative traditional Chinese herbal medicines that
have been used for neuropsychiatric disorders. The for-
mer has been administered to relatively aged patients
with physical weakness and subjective symptoms such as
headache, dizziness, vertigo and tinnitus, and the latter
has been used as a remedy for restlessness and agitation
in children. Uncaria uncus cum ramulus originating from
the hooks and stems of Uncaria rhynchophylla (Oliv.)

Journal of Neuroscience Research DOI 10.1002/jnr
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Fig. 5. Effects of three different extracts of Uncaria rhynchophylla on
SDS-insoluble A4 ;.. A: After reaction mixtures containing 20 pM
AR, 42 were incubated at 37°C for 24 hr, the Uncaria rthynchophylla
extracts [water (circles), methanol (upward-pointing triangles), and
ethanol (downward-pointing triangles)] were added and incubated for
1 hr. The aggregates dissolved in SDS-contained PBS were assessed
by fluorescence measurement. Values represent the means £ SD
from four independent experiments. *P < 0.05, compared with
extract-untreated control. B: Levels of SDS-insoluble AB; 4, fibril
were assessed by electrophoresis. The mixtures containing 20 pM
ARy, and each extract were run on a 10-20% Tris-tricine gel, fol-
lowed by staining with Coomassie brilliant blue.

Havil. is regarded as a main medicinal plant comprising
Pulvis uncariae and Pulvis depressionis hepatis. It was re-
ported that Usncaria rhynchophylla, which we mainly in-
vestigated in this study, has neuroprotective effects
in vitro and in vivo by reducing oxidative damage to
neurons (Dohi et al., 2003; Mahakunakorn et al., 2004,
2005). In addition, Uncaria rhynchophylla contains ap-
proximately 0.09% (=2 mM) alkaloids such as coryn-
oxeine, rhynchophylline, isorhynchophylline, isocoryn-
oxeine, geissoschizine methyl ether, hirsuteine, and hir-
sutine (shown in Fig. 2), which are reported to protect
neurons against glutamate toxicity in cultured cerebellar
granule cells by the inhibition of Ca®" influx (Shimada
et al., 1999). Thus, these alkaloids are considered to play
important roles in neurotrophic, neuroprotective, and
antiapoptotic mechanisms in neurons and other kinds of
cells (Shi and Kenneth, 2002; Kang et al., 2004), al-
though the relationship between these compounds with
amyloid aggregation is still unknown. Studies of antia-
myloid effects of these alkaloids and how much of the
active compounds of Uncaria rhynchophylla could pass
through the blood~brain barrier are now underway.

In the present study, we examined the effects of
water, methanol, and ethanol extracts of several medici-
nal herbs contained in traditional Chinese herbal medi-
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cines on fibrillation and destabilization of ABs. Curcuma
longa (extract A in Fig. 1), Cinnamomum cassia (D), Unca-
tia thynchophylla (K), and Paeonia suffruticosa (Q) de-
stabilized AR, 4 and AB;_y, fibrils with ICs,, values of
approximately 10 ug/ml. The major molecule contained
in Curcuma longa is curcumin, which was previously
reported to inhibit A fibril formation and destabilize
preformed AR fibrils in vitro and in vive (Ono et al,,
2004; Yang et al,, 2005). Therefore, Curcuma longa could
also be a good candidate for treatment of AD.

The extracts of Uncaria rhynchophylla inhibited ag-
gregation of both AB,_y and AB,_;, to a similar extent.
These results suggest that the inhibitory effect of Uncaria
rhynchophylla on amyloidogenesis of AP is not dependent
on the amino acid sequence of its C-terminal. However,
Citrus unshin (L) caused inhibition of AR, 4, fibril for-
mation and destabilization of preformed AR, ., fibrils,
whereas it did not affect AP, ;. Purthermore, some of
the other Chinese herbal extracts show distinct effects
on AB;_ 4 from those on ARy, so that mechanisms of
herbal medicines on aggregation and metabolism of ABs
could not be the same.

All the results obtained from thioflavin T fluores-
cence, AFM, and SDS-insoluble fibril analyses have
proved the inhibitory effects of Uncaria rhynchophylla
extracts (water, methanol, and ethanol) on the assembly
of AB fibrils. In the thioflavin T experiments, the three
extracts induced a decrease in fluorescence intensity of
thioflavin T in the pg/ml range. We confirmed that
these extracts did not quench thioflavin T fluorescence
at the diluted concentration in our preliminary experi-
ment. These results would suggest two possibilities; one
is that Uncaria rhynchophylla indeed destabilizes AR fibrils,
and the other is that this extract antagonizes binding of
thioflavin T to AB. It is reported that absorbance of
Congo red is increased by binding to A protein as well
as thioflavin T, although the binding site in AB to
Congo red is different from that to thioflavin T. In our
preliminary experiments, each of three different Uncaria
thynchophylla extracts decreased absorbance of Congo
red, suggesting that the decrease in thioflavin T fluores-
cence by Uncaria rhynchophylla extracts is caused by
destabilization of AP fibrils. Furthermore, our AFM
results also strongly support this notion, because destabi-
lization of AR fibrils by Uncaria rhynchophylla extracts was
indeed visualized morphologically.

Legleiter and colleagues (2004) have previously re-
ported from AFM study that the m266.2 antibody
directed against the central domain of AR prevents for-
mation of fibrils, and our AFM study also revealed that
the number of A, 4, fibrils was significantly reduced
by treatment with each of the extracts of Uncaria rhyncho-
phylla. In addition, Uncaria thynchophylla affected both
ARy 4 and ARy, which are different in the amino
acid sequences of the C-terminal, to a similar extent.
These results suggest that the extracts of Uncaria rhyncho-
phylla could inhibit AR fibril formation through blocking
AP proteins to bind to each other at the central domain
of the protein.
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The levels of SDS-insoluble A 4, fibril measured
by Li and colleagues (1999) indicated that human AD
brains express predominantly SDS-insoluble AR com-
pared with the SDS-soluble AB fraction. These phenom-
ena would suggest that the SDS-insoluble form of A,
as predicted to be present in the AD brain where mas-
sive amyloid plaques are formed, plays a key role in the
pathogenesis of AD. Because our data revealed that SDS-
insoluble pellets of A were decreased by the extracts of
Uncaria rhynchophylla in a concentration-dependent man-
ner, these extracts are considered to be candidates for a
therapeutic strategy for AD by eliminating senile plaques
in the brain.

It is proposed that A toxicity is more strongly
linked to the formation of oligomeric aggregates (Kirki-
tadze et al., 2002). In our preliminary experiments, the
treatment of SK-N-SH cells with Uncaria rhynchophylla
extracts significantly protected the cells against ABy.,
or AB;.,» toxicity, in close agreement with concentra-
tions that inhibited AP aggregation. It is not clear
whether this protective effect of Uncaria rhynchophylla
extracts is mediated by inhibition of polymerization of
insoluble ABs or by a decrease in oligomeric AR forma-
tion from soluble monomeric ABs. We are now investi-
gating how each status of AQs, that is, monomers,
oligomers, and polymers, is modulated by Uncaria rhyn-
chophylla extracts.

In conclusion, our study suggests that Uncaria rhyn-
chophylla not only inhibits AP fibril formation but also
disassembles preformed AR fibrils. Therefore, the extracts
of Uncaria rhynchophylla could have the ability to become
a therapeutic drug for AD patients as well as a primary
or secondary preventive agent for healthy individuals
and patients with mild cognitive impairment. This medi-
cal plant is reported to have protective effects against
neuronal cell death, and it is considered that Uncaria
thynchophylla has very little toxicity, because no obvious
adverse effects of Pulvis uncarige and Pulvis depressionis
hepatis have been reported although these have been
used as therapeutics for other diseases for more than
1,000 years. Therefore, Uncaria rhynchophylla may be a
new class of therapeutic and preventive drug for AD
through regulation of the formation and the clearance of
senile plaques.
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