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Abstract Beta-amyloid peptide (Af), a major protein
component of senile plaques, has been considered as a
critical cause in the pathogenesis of Alzheimer’s disease
(AD). Modulation of the Ap-induced neurotoxicity has
emerged as a possible therapeutic approach to ameliorate
the onset and progression of AD. The present study aimed
to evaluate the protective effect of isorhynchophylline, an
oxindole alkaloid isolated from a Chinese herb Uncaria
rhynchophylla, on Af-induced neurotoxicity in cultured rat
pheochromocytoma (PC12) cells. The results showed that
pretreatment with isorhynchophylline significantly elevated
cell viability, decreased the levels of intracellular reactive
oxygen species and malondialdehyde, increased the level
of glutathione, and stabilized mitochondrial membrane
potential in Af,s.3s-treated PC12 cells. In addition, iso-
rhynchophylline significantly suppressed the formation of
DNA fragmentation and the activity of caspase-3 and
moderated the ratio of Bcl-2/Bax. These results indicate
that isorhynchophylline exerts a neuroprotective effect
against Af,5.3s-induced neurotoxicity in PC12 cells, at
least in part, via inhibiting oxidative stress and suppressing
the mitochondrial pathway of cellular apoptosis.
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Introduction

Alzheimer’s disease (AD), the most common form of
dementia in the elderly, is characterized by the progressive
deterioration of learning, memory, and other cognitive
functions. AD is now known as an irreversible and pro-
gressive neurodegenerative disease. Senile plaques, neu-
rofibrillary tangles, and extensive neuronal loss are the
main histological hallmarks observed in AD brains
(Katzman and Saitoh 1991). Beta-amyloid peptide (Af3), the
major component of senile plaques, has been considered to
play an important role in the development and progression
of AD (Hardy 1997; Selkoe 2000). Although the precise
mechanism of Af-induced neurotoxicity is not completely
elucidated, several lines of evidence suggest that oxidative
stress is closely involved in its pathogenesis, and excessive
reactive oxygen species (ROS) production can cause neu-
ronal apoptosis in AD patients (Li et al. 2008; Zhang et al.
2008; Hu et al. 2010). Antioxidants and free radical scav-
engers have been shown to elicit a beneficial effect both in
vitro and in vivo against Af-induced neurotoxicity (Heo
et al. 2004). Therefore, therapeutic intervention with anti-
oxidants may help to prevent Af-induced neurotoxicity and
improve neurological outcome in AD.

Currently, the pharmacological treatment used to
maintain cognitive functions of AD patients primarily
consists of two types of drugs in clinical practice, that is,
the acetylcholinesterase inhibitors (AChEIs) and the glu-
tamate modulators (Knopman 2006). In addition, several
alternative approaches including anti-inflammatory agents,
antioxidants, estrogens, and anti-Apf-peptides agents can
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also be used to ameliorate the symptoms of AD (Yamada
and Nabeshima 2000). However, effective approaches for
delaying the progression of AD are yet to be found to date.
Thus, searching for safer, better-tolerated, and effective
drugs for the treatment of AD remains an important area of
drug discovery. During the last decade, many herbal
medicines have been tested and demonstrated to be bene-
ficial in different AD-related experimental models as well
as in clinical trials (Baum et al. 2008; Huang et al. 2008;
Xian et al. 2011). Uncaria rhynchophylla (Miq.) Miq. ex
Havil. (Rubiaceae) is one of the best-known herbs in
China, Korea, and Japan. It is a component herb of many
popular herbal formulae, such as Chotosan (Gouteng-San
in Chinese) and Yokukansan (Yigan-San in Chinese),
prescribed for the treatment of AD (Watanabe et al. 2003;
Tabuchi et al. 2009). Previous study in our laboratory
showed that 70% aqueous ethanol extract of Uncaria
rhynchophylla was able to ameliorate cognitive deficits
induced by D-galactose in mice (Xian et al. 2011). Iso-
rhynchophylline (the chemical structure shown in Fig. 1),
an oxindole alkaloid isolated from Uncaria rhynchophylla,
has been identified as the main active ingredient respon-
sible for the biological activities of Uncaria rhynchophylla
(Kang et al. 2004; Yuan et al. 2009). Recent studies have
demonstrated that isorhynchophylline protects against the
ischemia- and glutamate-induced neuronal damage or
death (Shimada et al. 1999; Kang et al. 2004) and sup-
presses 5-HT receptor function (Kanatani et al. 1985;
Matsumoto et al. 2005). Although the protective effects of
isorhynchophylline have been described in different mod-
els of neurotoxicity, there is no direct evidence regarding
the protective property of isorhynchophylline in the case of
Af insult. Thus, the aim of the present study was to
investigate whether isorhynchophylline has protective
effect against Af-induced neurotoxicity in PC12 cells and
to explore the underlying molecular mechanisms of its
neuroprotective action.

Fig. 1 Chemical structure of isorhynchophylline

@ Springer

Materials and Methods
Drugs and Reagents

Isorhynchophylline (purity > 98%) was purchased from
Chengdu Mansite Pharmaceutical Co. Ltd. (Chengdu,
Sichuan, China). Its identity was confirmed by comparing
its H' NMR spectra with that published in the literature
(Haginiwa et al., 1973). f-Amyloid peptide (Af>s.35),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), and rhodamine 123 were purchased from
Sigma-Aldrich (St. Louis, MO, USA). 2’,7’-Dichlorofluo-
rescin diacetate (DCFH-DA) was obtained from Invitrogen
(Carlsbad, CA, USA). Dulbecco’s modified Eagle medium
(DMEM), fetal bovine serum (FBS), penicillin, and strep-
tomycin were purchased from Gibco (Grand Island, NY,
USA). All other reagents and chemicals used in the study
were of analytical grade.

Preparation of Aggregated Apfss.35

ApP>s.3s was dissolved in deionized distilled water at a
concentration of I mM and incubated at 37°C for 4 days to
induce aggregation (Li et al. 2008). After aggregation, the
solution was stored at —20°C until use.

Cell Culture and Treatment

The PC12 cells were obtained from the American Type
Culture Collection (Rockville, MD, USA). They were
maintained in DMEM supplemented with penicillin
(100 U/ml), streptomycin (100 pg/ml), 6% FBS, and 6%
horse serum at 37°C in a humidified atmosphere of 95% air
and 5% CO,. The cells were seeded onto 96-well culture
plate at a density of 2 x 10* cells/well, unless otherwise
specified. The cells were at first stabilized at 37°C for 48 h
and subsequently cultured in free serum medium and
incubated with different concentrations of isorhynchoph-
ylline (final concentrations: 1, 10, and 50 pM) for 2 h.
Ap>s.35 at a final concentration of 20 M was then added to
the culture for an additional 24 h.

Cell Viability Assay

Cell viability in the presence of isorhynchophylline was
measured by quantitative colorimetric assay with MTT
method as described previously (Mao et al. 2011). Briefly,
after drug treatment, 20 pl/well of MTT solution (final
concentration, 1 mg/ml) was added, and cells were incu-
bated at 37°C for 4 h. The supernatants were then aspirated
off, and formazan crystals were dissolved with 150 pl of
DMSO. The optical density of each well was determined at
570 nm using a FLUOstar OPTIMA microplate reader
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(BMG Labtech, Offenbury, Germany). Cell viability was
expressed as percentage of the non-treated control.

Measurement of Intracellular ROS Production

Intracellular ROS level was measured using the 2’,7’-dichloro-
fluorescein diacetate (DCFH-DA) method (Mao et al. 2011).
DCFH-DA is a nonfluorescent compound that can be enzy-
matically converted to dichlorofluorescein (DCF), a highly
fluorescent compound, in the presence of ROS. Briefly, at the
end of drug treatment, the cells were washed with D-Hanks
solution and incubated with DCFH-DA at a final concentration
of 10 uM for 30 min at 37°C in dark. After the cells were
washed twice with D-Hanks solution to remove the extracel-
lular DCFH-DA, the fluorescence intensity of DCF was
measured in a microplate reader (BMG Labtech) at an exci-
tation wavelength of 485 nm and an emission wavelength of
538 nm. The level of intracellular ROS was expressed as
percentage of the non-treated control.

Malondialdehyde (MDA) and Glutathione (GSH)
Assay

The PCI2 cells were seeded onto 100-mm? dish at
5 x 10° cells/dish. At the end of drug treatment, the cells
were washed with D-Hanks solution, then scraped from the
plates into 1 ml ice-cold PBS (0.1 M, containing 0.05 mM
EDTA), and homogenized. The homogenate was centri-
fuged at 4,000x g for 30 min at 4°C. The resulting super-
natants were stored at —80°C until the following analyses.
Protein content was measured by Bradford method with
bovine serum albumin as a standard (Bradford 1976).
MDA content was measured as previously described (Xian
et al. 2011). Briefly, an aliquot (100 pl) of supernatant was
mixed with 1,500 pl acetic acid (20% v/v, pH 3.5),
1,500 pl thiobarbituric acid (0.8%, w/v), and 200 ul
sodium dodecyl sulfate (8%, w/v). Each reaction mixture
was heated at 95°C for 60 min and then cooled to room
temperature. Next, 5,000 pl of n-butanol was added. After
mixing and centrifugation at 3,000xg for 10 min, the
organic layer was collected and the absorbance measured at
532 nm. MDA level was normalized to the protein con-
centration of each sample and expressed as percentage of
non-treated control. GSH content was measured using a
method previously described (Xian et al. 2011). Briefly, an
aliquot (100 pl) of supernatant was mixed with 200 pl
trichloroacetic acid (25%, v/v) and 200 pl saline. The
mixture was centrifuged (3,000xg) for 10 min at 4°C.
Then, 200 pl of supernatant was mixed with 1,000 pl
phosphate buffer (100 mM, pH 8.0) and 50 pl 5,5-dithio-
bis-2-nitrobenzoic acid (3 mM). The solution was kept at
room temperature for 5 min and the absorbance measured
at 412 nm. The GSH level was normalized to the protein

concentration of each sample and expressed as percentage
of the non-treated control.

Measurement of Mitochondrial Membrane Potential

The mitochondrial membrane potential was measured by
using rhodamine 123 fluorescent dye. Rhodamine 123 can
enter the mitochondrial matrix and cause photoluminescent
quenching dependent on mitochondrial transmembrane
potential. The PC12 cells were incubated with 5 mg/l
rhodamine 123 for 30 min at 37°C in the dark. After
incubation, cells were washed with PBS three times, and
the fluorescence intensity was measured at an excitation
wavelength of 488 nm and an emission wavelength of
510 nm using a fluorescence microplate reader. Mito-
chondrial membrane potential was expressed as percentage
of the non-treated control.

Quantification of DNA Fragmentation

Quantification of DNA fragmentation was determined by
Cell Death Detection ELISA™ kit (Roche Applied Sci-
ences, Basel, Switzerland) according to the manufacturer’s
protocol. In brief, the cells were washed with D-Hanks
solution after drug treatment. Then, the cells were incu-
bated with 200 pl of lysis buffer for 30 min at room tem-
perature. The plate was centrifuged at 200x g for 10 min at
4°C. An aliquot (20 pl) of the supernatant from each well
was transferred to a streptavidin-coated microplate and
incubated with a mixture of anti-histone-biotin and anti-
DNA-peroxidase. The apoptotic nucleosomes were cap-
tured via their histone component by the anti-histone-biotin
antibody that was bound to the streptavidin-coated micro-
plate. Simultaneously, anti-DNA-peroxidase was bound to
the DNA part of the nucleosomes. After removing the
unbound antibodies, the amount of peroxidase retained in
the immunocomplex was quantified by adding 2,2’-azin-
obis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) as the
substrate, and the absorbance of the reaction mixture was
measured at 405 nm using a microplate reader. The
absorbance is directly proportional to the number of
apoptotic nucleosomes. The extent of DNA fragmentation
was expressed as percentage of the non-treated control.

Measurement of Caspase-3 Activity

The activity of caspase-3 was measured using a colorimetric
assay kit (Sigma-Aldrich, St Louis, MO, USA) according to
the manufacturer’s protocol. In brief, the PC12 cells were
seeded onto 6-well culture plate ata2 x 10° cells/well. The
cells were washed with D-Hanks solution after drug treat-
ment. Then, the cells were incubated with 500 pl of lysis
buffer on ice for 30 min. The cells were transferred to a
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centrifuge tube and centrifuged at 16,000 x g for 10 min at
4°C. An aliquot of the supernatant was incubated with the
substrate (acetyl-Asp-Glu-Val-Asp-p-nitroanilide) at 37°C
for 90 min. The activity of caspase-3 was measured spec-
trophotometrically at 405 nm. Data were expressed as per-
centage of the non-treated control.

Western Blotting Analysis

The PCI2 cells were seeded onto 100-mm? dish at
5 x 10° cells/dish. The cells were washed twice with
D-Hanks solution after drug treatment. The cells were
harvested and lysed with protein lysis buffer. Protein sam-
ples were electrophoresed by SDS-PAGE for 2 h at 80 V.
The separated proteins were transferred to PVD membranes
using a transblotting apparatus (Bio-Rad Laboratories,
USA) for 30 min at 15 V. The membranes were blocked
with 5% (w/v) nonfat milk in TBS-T (Tris-buffer saline
containing 0.1% Tween-20) at room temperature for 2 h
and subsequently incubated at 4°C overnight with appro-
priate amount of primary antibody against Bcl-2, Bax, and
f-actin (Santa Cruz Biotechnology Inc., USA). Next, the
membrane was washed with TBS-T three times and probed
with horseradish peroxidase—conjugated secondary anti-
body at room temperature for 1 h. To verify equal loading
of samples, the membranes were incubated with monoclo-
nal antibody f-actin, followed by a horseradish peroxidase—
conjugated goat anti-mouse IgG. The membrane again was
washed with TBS-T for three times, and finally, the protein
bands were visualized by the ECL western blotting detec-
tion reagents (Amersham Biosciences, Buckinghamshire,
UK). The intensity of each band was analyzed using Image J
software (NIH Image, Bethesda, MD, USA).

Statistical Analysis

Data were expressed as mean == SEM. Multiple group
comparisons were performed using one-way analysis of
variance (ANOVA) followed by Dunnett’s test in order to
detect inter-group differences. GraphPad Prism software
was used to perform the statistical analysis (Version 4.0;
GraphPad Software, Inc., San Diego, CA). A difference
was considered statistically significant if the p value was
less than 0.05.

Results

Effect of Isorhynchophylline on Af,5_35-Induced
Cytotoxicity in PC12 cells

As shown in Fig. 2, treatment of PC12 cells with 20 uM of
Apss_35 for 24 h induced cytotoxicity as the cell viability
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was reduced to 67% of the control value (100%). When the
cells were pretreated with isorhynchophylline at the con-
centrations of 1, 10, and 50 uM for 2 h, followed by
exposure to 20 UM of Af,5_35 for 24 h, the cell viability
was significantly increased (77, 84, and 94% of the control
value, respectively) as compared with the Af,s_35 group,
indicating that isorhynchophylline conferred protection
against Af>s_35-induced cytotoxicity to PC12 cells.

Effect of Isorhynchophylline on Af,s_3s-Induced
Oxidative Stress in PC12 Cells

As shown in Fig. 3, oxidative stress was assessed by
measuring the levels of intracellular ROS (Fig. 3a), MDA
(Fig. 3b) and GSH (Fig. 3c). After exposure of PC12 cells
to 20 UM Af,s_35 for 24 h, intracellular ROS and MDA
levels were significantly elevated to 234 and 177%,
respectively, of the control value, while GSH level was
substantially attenuated to 57% of the control value, sug-
gesting that Apf,s 35 induced marked oxidative stress.
When PC12 cells were pretreated with isorhynchophylline
at the concentrations of 1, 10 and 50 uM for 2 h, followed
by exposure to 20 uM of Apf,s_ 35 for 24 h, intracellular
ROS production was significantly reduced (186, 158 and
132% of the control value, respectively) as compared with
the Af,s5_35 group. Pretreatment with isorhynchophylline at
the concentrations of 10 and 50 pM also significantly
decreased MDA level (139 and 124% of the control value,
respectively) as compared with the Af5,5_35 group. On the
other hand, pretreatment with isorhynchophylline at
the concentrations of 10 and 50 pM markedly increased the
GSH level (72 and 85% of the control value, respectively)
as compared with the Af,s_35 group. These experimental
findings are indicative that isorhynchophylline treatment
could significantly reduce the Af,s_3s-induced oxidative
stress in PC12 cells.
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Fig. 2 Effect of isorhynchophylline on Af,s.35-induced cytotoxicity
in PCI2 cells. Values given are the mean & SEM (n = 6).
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##P < (.01 compared with the Af,s.35-treated group
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Effect of Isorhynchophylline on Mitochondrial
Membrane Potential in Af,5_35-Treated PC12 Cells

As shown in Fig. 4, treating PC12 cells with 20 pM of
Afys_3s for 24 h caused a significant decrease in the
mitochondrial membrane potential (67% of the control
value). When the cells were pretreated with isorhynch-
ophylline at the concentrations of 10 and 50 pM for 2 h,
followed by exposure to 20 uM of Af,s 35 for 24 h, the
mitochondrial membrane potential of the PC12 cells was
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Fig. 4 Effect of isorhynchophylline on mitochondrial membrane
potential in Af,s3s-treated PC12 cells. Values given are the
mean + SEM (n = 6). *P < 0.001 compared with the control group;
*P < 0.05 and **P < 0.01 compared with the Af,s 3s-treated group

significantly increased (84 and 89% of the control value,
respectively) as compared with the Af,s_35 group.

Effect of Isorhynchophylline on Af,5_35-Induced
Apoptosis in PC12 Cells

Cellular apoptosis was assessed using a number of apop-
totic assays including measuring the extent of DNA frag-
mentation (Fig. 5a), the activity of caspase-3 (Fig. 5b), and
the Bcl-2/Bax expression ratio (Fig. 5c, d). Treating PC12
cells with 20 UM of Af,s_35 for 24 h caused a significant
augmentation in the amount of DNA fragmentation (208%
of the control value) and the activity of caspase-3 (229% of
the control value), while it caused a decrease in the ratio of
Bcl-2/Bax (44% of the control value), suggesting that
Afys_3s treatment was capable of inducing apoptosis of
PC12 cells. When PCI12 cells were pretreated with iso-
rhynchophylline at the concentrations of 10 and 50 pM for
2 h, followed by exposure to 20 uM of Apf,s5_35 for 24 h,
the extent of DNA fragmentation (157 and 135% of the
control value, respectively) was significantly decreased as
compared with the Af,s_3s5 group. Pretreated with iso-
rhynchophylline at the concentrations of 1, 10, and 50 uM
also significantly decreased the activity of caspase-3 (195,
164, and 149% of the control value, respectively) and
accentuated the Bcl-2/Bax expression ratio (85, 70, and
82% of the control value, respectively) as compared with
the Af,s_35 group. These experimental results unambigu-
ously indicate the ability isorhynchophylline to protect
PC12 cells from Apf,s_3s-mediated cellular apoptosis.

Discussion

Uncaria rhynchophylla has long been used in Chinese
medicine and Japanese Kampo medicine to treat vascular
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dementia, stroke, and other neurodegenerative diseases
(Yuan et al. 2009). Isorhynchophylline, an oxindole alka-
loid isolated from the stem with hooks of this plant, is

@ Springer

easily absorbed into the body and readily penetrates the
blood-brain barrier (Huang et al. 2001), rendering it a
promising therapeutic agent for the treatment of various
neurodegenerative diseases. It is worth noting that Uncaria
rhynchophylla contains about 0.020% of isorhynchophyl-
line (Xian et al. 2011). Although Uncaria rhynchophylla
has been a subject of many pharmacological investigations
both in vitro and in vivo experimental systems (Fujiwara
et al. 2006; Xian et al. 2011), for neuroprotective effect,
our present study for the first time demonstrated the neu-
roprotective effect of isorhynchophylline, one of the active
principles of Uncaria rhynchophylla, against Af-mediated
cytotoxicity in cultured PC12 cells. Treatment with iso-
rhynchophylline significantly increased the cell viability
and mitochondrial membrane potential, while decreased
oxidative stress. In addition, we also found that alteration
of Bcl-2 protein family was involved in neuroprotective
action of isorhynchophylline against Af-induced cellular
toxicity.

Oxidative stress, defined as a disturbance in the balance
between the production of ROS and antioxidant defense
systems, has been implicated in the neuronal injury induced
by A (Li et al. 2008; Zhang et al. 2008). Growing evi-
dence from experimental models and human brain studies
suggests that oxidative stress plays an important role in
neuronal degeneration in AD (Chauhan and Chauhan
2006). Previous in vitro and in vivo studies showed that A8
treatment caused a significant increase in the level of ROS
(Li et al. 2008; Peng et al. 2009). Excessive ROS pro-
duction is known to cause oxidative damage to major
macromolecules in cells, including DNA, lipids, and pro-
teins, thereby disrupting cellular functions and integ-
rity (Gardner et al. 1997; Fiers et al. 1999). In this study,
Afs.35 was found to cause a marked elevation of oxidative
stress characterized by excessive ROS and MDA produc-
tion, and a reduction in GSH level. Pretreatment with
isorhynchophylline effectively mitigated these changes,
indicating that the neuroprotective effect of isorhynch-
ophylline may be attributed to its antioxidant ability.

Mitochondrial membrane potential is crucial in deter-
mining cell survival and death, particularly under the
influence of oxidative stress (Perez and Cederbaum 2003).
Mitochondrial dysfunction has been found in cells treated
with Af (Zhang et al. 2008), AD transgenic mice (Eckert
et al. 2008), platelets from AD patients (Parker et al. 1990),
as well as postmortem brains of AD patients (Devi et al.
2006). Mitochondrial dysfunction, a prominent feature of
Ap-induced neuronal toxicity in AD patients (Chen and
Yan 2007), is central to the development of oxidative stress
because the mitochondrion is a primary source of cellular
oxidants (Beal 2005). Mitochondrial disruption would
increase ROS production and lead to abnormalities in
mitochondrial functions in cells. Our finding indicated that
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treating PC12 cells with Af,5.35 reduced the mitochondrial
membrane potential, and pretreatment with isorhynchoph-
ylline was able to restore the mitochondrial membrane
potential, suggesting that mitochondria are the subcellular
organelle sites associated with the protective effect of
isorhynchophylline against Af»s.35-induced neurotoxicity.

It is well known that neuronal apoptosis is a leading
pathway for Ap-induced neurotoxicity and prevention of
Ap-triggered apoptosis is viewed as a reasonable thera-
peutic strategy for AD (Hardy and Selkoe 2002; Bachurin
2003). Apoptosis is actively regulated by several members
of the caspase family, including caspase-3, which is a
major executioner of apoptotic signals that catalyzes the
cleavage of many cellular regulatory proteins (May and
Madge 2007; Cheung et al. 2008). The mitochondrial
pathway of apoptosis is regulated by the Bcl-2 family
proteins consisting of several homologous proteins
including anti-apoptotic proteins such as Bcl-2 and pro-
apoptotic proteins including Bax (Kosten et al. 2008). Anti-
apoptotic Bcl-2 appeared to inhibit the mitochondria
depolarization and ROS production, while pro-apoptotic
Bax induced mitochondrial depolarization and ROS pro-
duction. Upon the occurrence of the mitochondrial depo-
larization induced by excessive ROS, the permeability
transition pore opened, and intermembrane proteins are
released out of the mitochondria, and the event subse-
quently activates the downstream executive caspase-3 that
causes cell death (Tamatani et al. 1998; Gross et al. 1999).
Thus, the balance of pro- and anti-apoptotic proteins is an
important determinant for cell survival or death (Li et al.
2008; Wang et al. 2008). The findings of parallel increases
in caspase-3 activity and Bcl-2/Bax expression ratio in
Afys.as-treated PC12 cells indicate the involvement of
mitochondrial pathway in triggering the Af,s5.35-induced
apoptosis. Our above experimental findings are consistent
with the observations in previous studies (Li et al. 2008;
Zhang et al. 2008). The increase in Bcl-2/Bax expression
ratio and the inhibition of caspase-3 activity in Af,s_3s-
treated cells by isorhynchophylline suggest the ability of
isorhynchophylline to suppress the mitochondrial apoptotic
pathway.

In conclusion, our results show that isorhynchophylline
exerts a protective effect against Afs.35-induced neuro-
toxicity in PC12 cells. The protective effect of iso-
rhynchophylline was mediated through inhibiting
oxidative stress, stabilizing mitochondrial function, and
reducing neuronal apoptosis. These observations not only
place the use of Uncaria rhynchophylla in traditional
medicine for the treatment of various neurological dis-
eases on a scientific foundation but also render iso-
rhynchophylline a promising naturally occurring chemical
constituent worthy of further development into pharma-
ceutical therapy for AD.
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