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Abstract Epidemiologic studies have shown important relationships between oxidative stress and Alzheimer’s disease (AD)
brain. In this study, free radical scavenging activity and neuronal cell protection effect of aqueous methanol extracts of
Acanthopanax senticosus (A. senticosus) were examined. H,O,-induced oxidative stress was measured using 2',7"-dichloro-
fluorescein diacetate (DCF-DA) assay. Pretreatment with the phenolics of 4. senticosus prevented oxidative injury against
H,O, toxicity. Since oxidative stress is known to increase neuronal cell membrane breakdown, leading to cell death, lactic
dehydrogenase release, and trypan blue exclusion assays were utilized. We found that phenolics of 4. senticosus have neuronal
cell protection effects. It suggests that the phenolics of 4. senticosus inhibited H,O,-induced oxidative stress and A. senticosus
may be beneficial against the oxidative stress-induced risk in AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder
associated with aging, characterized by selective neuronal
loss in discrete regions of the central nerve system. The
two neuropathological hallmarks of AD are neurofibrillary
tangles (NFT) and senile plaques (SP) (1). Amyloid B
protein (Af) is derived from the amyloidal transmembrane
precursor protein (APP) through cleavage by B- and y-
secretases. The AP is the major component of NFT and
considered to have a crucial role in the development and
progress of AD (2). A large number of evidences from
both in vivo and in vitro experiments indicated that
different molecular forms of Ap affect a broad influence of
neuronal and glial functions, thereby leading to neuronal
cell death (3, 4). Several lines of evidence suggest the
involvement of oxidative stress in the pathogenesis of AD
with abnormalities observed in neurons (5). In particular, it
has been reported that AP produces hydrogen peroxide
(H,0,) through metal ion reduction, with concomitant
release of thiobarbituric acid-reactive substances (TBARS),
a process probably mediated by formation of hydroxyl
radicals (6). The increase of free radicals results in lipid
peroxidation producing alteration of cellular homeostasis
and cell functions (7). Antioxidants such as vitamin E and
vitamin C have demonstrated neuroprotective effects on
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AB-induced neurotoxicity (8).

Phytochemicals, including phenolic compounds in
natural plant sources, have been known due toe many
biological properties such as antiproliferative and anti-
oxidative activities (9, 10). Acanthopanax senticosus, a
member of the Araliaceae family, is an herbal medicine
and has long been used as ingredients for the treatment of
human diseases such as ischemic injury, hypertension,
tumor, and rheumatism (11, 12). The extract of A.
senticosus has been reported to possess a biological
activity including antioxidant effect (12). In the present
study, we have examined the possible role of A. senticosus
against oxidative cell death induced by H,O, in cultured
PC12 cells

Materials and Methods

Materials RPMI 1640 medium, fetal bovine serum,
horse serum, penicillin, and streptomycin were obtained
from Gibco BRL (Grand Island, NY, USA). All other
chemicals were the products of Sigma (St. Louis, MO,
USA).

Extraction of Acanthopanax senticosus phenolics A.
senticosus was purchased in a local market for Oriental
medicines in Seoul, Korea in 2003 and was authenticated
by Institute of Biotechnology, Korea University where
voucher specimens are maintained. The phenolics in 4.
senticosus were extracted from 10 g of dried sample using
80% aqueous methanol by the ultrasound-assisted method
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(13). The mixture was sonicated for 20 min with a
continual stream of nitrogen gas purging to prevent
possible oxidative degradation of phenolics. The mixture
was filtered through Whatman no. 2 filter paper (Whatman
International Limited, Kent, UK) using a chilled Buchner
funnel and rinsing with 50 mL of absolute methanol.
Extraction of the residue was repeated using the same
conditions. The 2 filtrates were combined and transferred
into a 1 L evaporating flask with an additional 50 mL of
80% aqueous methanol. The solvent was removed using a
rotary evaporator at 40°C. The remaining phenolic concen-
trate was first dissolved in 50 mL of absolute methanol
and diluted to a final volume of 100 mL using deionized
distilled water (ddH,0O). The mixture was centrifuged at
refrigerated temperatures at 12,000xg for 20 min and
stored at -20°C until analysis.

Determination of total phenolics Total phenolics were
determined by the spectrophotometric analysis (14). In
brief, a 1 mL portion of appropriately diluted extracts was
added to a 25 mL volumetric flask containing 9 mL of
ddH,0O. A reagent blank using ddH,O was prepared. One
mL of Folin-Ciocalteu’s phenol reagent was added to the
mixture and then shaken. After 5 min, 10 mL of a 7%
Na,CO; solution was added with mixing. The mixed
solution was then immediately diluted to volume (25 mL)
with ddH,O and mixed thoroughly. After 90 min at 23°C,
the absorbance was read at 750 nm. The standard curve for
total phenolics was made using gallic acid standard
solution (0-100 mg/L) under the same procedure as above.
Total phenolics in A. senticosus were expressed as
milligrams of gallic acid equivalents (GAE) per 100 g of
dried sample.

Cell culture PC12 cells were propagated in RPMI 1640
medium containing 10% heat-inactivated horse serum, 5%
fetal bovine serum, and 50 units/mL penicillin and 100 pg/
mL streptomycin in a humidified incubator at 5% CO,
(15, 16). The PC12 cell line was derived from a
transplantable rat pheochromocytoma. The cells respond
reversibly to nerve growth factor (NGF) by induction of
the neuronal phenotype.

Measurement of intracellular oxidative stress Levels
of intracellular reactive oxygen species (ROS) were
determined by 2',7'-dichlorofluorescein diacetate (DCF-
DA; Fluorescent probe) assay (17). In brief, cells (10*
cells/well on 96-well) were treated for 10 min with the
indicated concentrations of the 4. senticosus or vitamin C.
The cells were then treated with or without 400 uM H,0,
for 2 hr. At the end of the treatment, cells were incubated
in the presence of 50 uM DCF-DA in phosphate buffered
saline (PBS). Fluorescence was then quantified using
TECAN SER-NR 94572 fluorometer (San Jose, CA,
USA) using 485 nm excitation and 530 nm emission
filters.

MTT reduction PC12 cells were plated at a density of
10* cells/well on 96-well plates in 100 uL. RPMI and the
cell viability was determined by the conventional [3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide,
MTT)] reduction assay (17, 18). The cells were incubated
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with 0.25 mg MTT /mL (final concentration) for 2 hr at 37
°C, and the reaction was stopped by adding solution
containing 50% dimethylformide and 20% sodium dodecyl
sulfate (pH 4.8). The amount of MTT formazan product
was determined by measuring absorbance using a micro-
plate reader (Bio-Rad, Hercules, CA, USA) at a test
wavelength of 570 nm and a reference wavelength of 630
nm.

Lactate dehydrogenase (LDH) release PCI12 cells
were precipitated by centrifugation at 2,000xg for 2 min at
room temperature, 50 pL. of the supernatants was transferred
into new wells, and LDH was determined using Sigma in
vitro toxicology assay kit. Total cellular LDH activity was
determined by solubilizing the cell with 0.2% Triton X-
100 (17). Damage of the plasma membrane was evaluated
by measuring the amount of the intra-cellular enzyme
LDH released into the medium.

Trypan blue exclusion assay The trypan blue exclusion
assay was based on the capability of viable cells to
exclude the dye. Since viable PCI12 cells maintained
membrane integrity, the cells did not allow trypan blue dye
to pass through the cell membrane. Cells with damaged
membrane appeared blue due to their accumulation of dye,
and were counted as dead. The dye of 0.4% trypan blue
was added to PC12 cells, and after 10 min cells were
loaded into a hematocytometer and counted for the dye
uptake. At least 600 cells were counted in 5 different
fields, and the number of viable cells was calculated as
percent of the total cell population. PC12 cells with
>98.0% viability were employed in all treatments (17).

Statistical amnalysis All data were expressed as
meantSD. Statistical analysis was performed by Student’s
t test. p<0.05 was considered significant.

Results and Discussion

Total phenolics in A. senficosus and their antioxidant
activity Phenolic compounds have long been studied to
possess many properties including antioxidative activity
and suggested for reducing the oxidative stress associated
with AD (19). Total phenolics in 4. senticosus were 366.4
mg GAE/100 g dry weight. To examine intracellular
accumulation of ROS, the DCF-DA probe, which is freely
permeable to the cell membrane, was used. In PC12 cells,
the compound is hydrolyzed by the cellular esterase to 2/,
7'-dichlorofluorescein (DCF), which interacts with peroxides
forming fluorescent DCF. Exposure of PC12 cells to H,0,
for 2 hr resulted in a 407+8.5% increase of ROS levels
compared to control (Fig. 1). Intracellular ROS accumulation
resulting from H,O, treatment was significantly reduced
when the phenolic extracts of 4. senticosus were present in
the media compared to PC12 cells treated with H,O, only.
Vitamin C is one of naturally occurring major nutrients
having antioxidant activity (20). At the level of 60 uM
vitamin C, as a positive control, PC12 cells had signifi-
cantly lower oxidative stress than PCI12 cells with
treatments of H,0, only (Fig. 1). Oxidative stress in AD
may result from aging, energy deficiency, inflammation or
excessive production of AB. AP protein can induce cell
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Fig. 1. Effect of the phenolics of Acanthopanax senticosus on
free radical production determined in the presence and
absence of H;0O, in PC12 cell. DCF value was not changed by
vitamin C or the phenolics of A. senticosus (data not shown).
Results shown are means£SD (n=3). Statistical analysis indicated
that the influence of the compounds used had significant effect on
the H,O,-induced oxidative stress (p<0.05 vs. vitamin C).

death through a mechanism involving H,O, (21). In this
respect, this result suggests that A. senticosus phenolics
with antioxidant activity may play an important role to
reduce the oxidative stress-induced risk of AD.

Neuronal cell protective effect of phenolics in A4.
senticosus The oxidative stress-induced neurotoxicity
was examined by determining the percentage of MTT
reduction after incubation of PCI12 cells for 2 hr with
H,O,. Hydrogen peroxide caused a decrease in cell
viability (31+2.4%), but pretreatment of PC12 cell with
increasing concentrations of the phenolics of A. senficosus
dose-dependently inhibited oxidative stress-induced
cytoxicity (Fig. 2). Cell protection effect of vitamin C on
oxidative injury was less than that of 1,000 pg/mlL
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Fig. 2. Protective effect of the phenolics of Acanthopanax
senticosus on H,0,-induced cytotoxicity in PC12 cell. Cell
viability was not changed by vitamin C or the phenolics (data not
shown). Results shown are means+SD (n=3). Significant difference

(<0.05 vs. vitamin C) was observed on the H,O,-induced cell
death.
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phenolics. This study demonstrated that PC12 cell
apoptosis through oxidative stress was suppressed by
pretreatment with the phenolics of 4. senticosus. MTT dye
reduction assay is based on the catalytic activity of some
metabolic enzymes in intact mitochondria (22). Hence,
these result show that PCI12 cell protection by the
phenolics of A. senticosus is partially due to the
mechanisms with mitochondrial protection.

Several markers of excess oxidative stress, which is
resulting in accumulation of oxidized products such as
protein carbonyls from protein oxidation and aldehydes
from lipid peroxidation, serve to establish the direct role of
AP in the oxidative damage associated with cell
membrane (23, 24). The resulting protein damage by
oxidative stress may appear in the form of physical,
chemical, or functional changes. Free radical-induced
oxidation of proteins may damage enzymes critical to
neuronal function. Consistent with above notions,
membrane bilayer resident phospholipid unsaturated fatty
acids are especially defective to free radical stress.
Hydrogen atom abstraction from unsaturated fatty acid and
the subsequent immediate reaction of the C-centered
radicals with molecular oxygen result in the formation of
lipid peroxyl radicals or hydroperoxides (25). To examine
the probability of membrane attack, we have assessed the
protective effect of the phenolics of A. senticosus on H;O»-
induced cytotoxicity using the LDH assay, measuring the
activity of this stable enzyme released into the medium
from dead cells. A quantitative analysis of LDH activity
can determine what percentage of cells is dead. Figure 3A
shows that treatment with H,O, caused an increase in
LDH release into the medium and a decrease in the
number of viable cells (63+1.6%). Pretreatment with the
phenolics presented more efficient inhibition activity of
LDH release in PC12 cells, while vitamin C was less
effective on LDH release. To confirm if the phenolics of 4.
senticosus block the HyO»-induced membrane damage, the
trypan blue exclusion assay, which directly measures the
viable cells maintaining the capability of excluding the dye
and may reflect more precisely the integrity of viable cell
membrane, was also used. H,O,-induced oxidative stress
increased plasma membrane damage and the phenolics
protected the PC12 cells from neurotoxicity (Fig. 3B). In
this study, the protective effect of the phenolics of A.
senticosus seemed to be a greater efficiency than it did at
the same concentrations in the MTT assay. These results
suggested that PC12 cell protective effect of A. senticosus
phenolics might be largely due to the inhibition of
oxidative stress-induced membrane damage compare to
mitochondrial protection. Therefore, it is not strange that
the neuronal cell protective activity of the phenolics is not
strong in MTT assay, while the phenolics in the same
concentration range was more effective in terms of
inhibiting morphological or biochemical features of
apoptosis.

Among present results (Fig. 1-3), 4. senticosus
phenolics showed obvious dose-dependent pattern in only
MTT assay (Fig. 2). As above mentioned, used assays in
our experiments have various and individual principles for
detection of H,O»-induced stress. A. senticosus phenolics
may have many different phenolic compounds, too.
Therefore, we just guess that is the interfering effect of
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Fig. 3. Cell membrane protective effect of the phenolics of
Acanthopanax senticosus on H,0,-induced membrane damage
in PC12 cells. (A) LDH activity in culture supernatants was
measured with a colorimetric LDH assay kit. Basal and total LDH
activities were determined in intact cells and cell solubilized with
0.2% Triton X-100, respectively, and LDH release was calculated
as [(sample LDH - basal LDH) / (total LDH - basal LDH)] x 100
(%). (B) Inhibition of H,O,-induced cytoxicity in PC12 cells after
pretreatment with the phenolics as assessed by trypan blue
exclusion staining followed by cell counting. Data are presented
as meantSD for one representative triplicate determination and
are expressed as the percent survival compared to the corresponding
controls. Statistical analysis indicated that the influence of the
compounds used had significant effect on H,O»-induced membrane
toxicity (LDH release) (p<0.05).

phenolic compounds of A. senticosus. For finding exact
reasons, more studies will be needed.

The amount of ROS production is about 2% of the total
oxygen consumed during respiration, but it may vary
depending on several parameters (26). The human brain
operates the cognitive and behavioral functions through an
intricate network of about 100 billion neurons and
supporting cell (glial cell: astrocytes etc.). Despite only 2%
of the adult body weight, it requires and utilizes a plentiful
amount of energy. This high demand of energy may be
required to maintain efficient functioning of its complex
and various chemical processes. Since brain consumes an
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excessive fraction (20%) of the total oxygen consumption,
is not abundant in antioxidant defenses, and is enriched in
the more easily peroxidizable fatty acids (arachidonic acid
and docosahexaenoic acid; DHA) in the neuronal cell
membrane, the membrane of brain is regarded abnormally
sensitive to oxidative damage (26). Membrane lipid
peroxidation in the brain of AD patients is considered to
be increased and especially arachidonic acid and DHA are
more defective to attack by ROS (27). Consequently, loss
of membrane integrity leads to cellular dysfunction, such
as inhibition of ion-motive ATPases, loss of Ca®'
homeostasis, inhibition of glial cell Na'-dependent
glutamate uptake system with consequences on neuronal
excitatory NMDA receptors, loss of protein transporter
function, disruption of signaling pathways, and activation
of nuclear transcription factors and apoptotic pathways
(28, 29). Our results suggest that the phenolics of A.
senticosus might be inhibiting the brain neuronal
apoptosis, which is the ultimate consequence of these
cellular dysfunctions.

Previous in vitro studies in neuronal and non-neuronal
cell systems indicate that caspase (aspartate-specific
cysteine protease) is effectors of apoptosis (30). Especially,
in neurons, several evidences show that caspase-3 (a 32-
kDa cytosolic protein) plays a pivotal role in the practical
phase of apoptosis (31). Furthermore, neuronal cell death
in experimental models of several acute and chronic
neurodegenerative disorders has been associated with
activation of caspase-3 (32-34).

The two well-known pathways of caspase activation
include the surface death receptor pathway and the
mitochondrion-initiated pathway (35). In the second pathway,
varied pro-apoptotic signals collect at the mitochondrial
level. As a result of various apoptotic inducers, cytochrome ¢
becomes translocated from the mitochondrial inter-
membrane into the cytosol (36, 37). Released cytochrome
¢ binds to Apaf-1 and triggers activation of caspase-9 (38),
which in tumn cleaves and activates caspase-3 and -7 (39).
Moreover, other studies have shown that H,O, stimulates
mitochondrial cytochrome ¢ release and then activates
caspase-3 (40). Gruss-Fischer and Fabian (41) reported
that treating of human leukemia cells with ascorbic acid
decreases denauration of cytochrome ¢ and the activation
of the H,O,-induced apoptotic cascade. Consequently, our
results suggested that neuronal cell protective effect of 4.
senticosus phenolics may participate in apoptotic caspase
signaling system.

The inflammatory reaction hypothesis on AD has been
interesting when it was demonstrated that the products of
inflammatory reaction, such as cytokines (42) and free
radicals (43), were neurotoxic in experimental neuron
models. These products of inflammatory reactions may
represent extracellular signals, which initiate and promote
neuronal degeneration in AD. A mediates the actions of
these extracellular signals (44). This hypothesis was
further supported by clinical studies in which administra-
tion of non-steroidal anti-inflammatory drugs (NSAIDs)
reduced the rate of retrogression of cognitive function in
reasonable AD patients (45). These drugs ameliorate the
levels of neurotoxins by inflammatory reactions and hence
protect neuronal cells. In AD patients, senile plaques,
which are made from A and one of the neuropathological
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hallmarks of AD, provide as a stable source of inflammatory
reactions. Therefore, anti-inflammatory agents may play
an important role in degeneration of neurons in AD brain.
It has been reported that a number of phenolics including
syringin, syringaresinol were isolated from 4. senticosus
(46) and oral administration of the phenolics of A.
senticosus showed an anti-inflammatory effect (47).
Especially, the phenolics inhibited the production of
inflammatory  reaction-induced nitric oxide (NO:
inflammatory mediator) through the blocking of the
expression level of nitricoxide synthase (iNOS), COX-2
gene in a concentration-dependent manner. Therefore,
these results suggest that the phenolics of 4. senticosus
with anti-inflammatory activity may be used to reduce the
risk of oxidative stress-induced neuronal cell death in AD.
In conclusion, the phenolics of 4. senticosus with anti-
inflammatory effect protected neuronal cell membrane by
free radical scavenging activity, which provided higher cell
viability to PC12 cells.

Acknowledgments

This work was supported by the fund of Research
Promotion Program (RPP-2007-036), Gyeongsang National
University. This study was supported by Technology
Development Program for Agriculture and Forestry,
Ministry of Agriculture and Forestry, Republic of Korea.

References

1. Yankner BA. Mechanisms of neuronal degeneration in Alzheimer’s
disease. Neuron 16: 921-932 (1996)

2. Haass C, De Strooper B. The presenilins in Alzheimer’s disease-
proteolysis holds the key. Science 286: 916-919 (1999)

3. Pike CJ, Walenzcewicz AJ, Glabe CG, Cotman CW. In vivo aging of
B-amyloid protein causes peptide aggregation and neurotoxicity.
Brain Res. 563: 311-314 (1991)

4. Loo DT, Copani A, Pike CJ, Whittemore EK, Walencewicz AJ,
Cotman CW. Apoptosis is induced by B-amyloid in cultured
neuronervous system neurons. P. Natl. Acad. Sci. USA 90: 7951-
7955 (1993)

5. Maccioni RB, Munoz JP, Barbeito L. The molecular bases of
Alzheimer’s disease and other neurodegenerative disorders. Arch.
Med. Res. 32: 367-381 (2001)

6. Huang X, Cuajungco MP, Atwood CS, Hartshom MA, Tyndall JD,
Hanson GR, Stokes KC, Leopold M, Multhaup G Goldstein LE,
Scarpa RC, Saunders AJ, Lim J, Moir RD, Glabe C, Bowden EF,
Masters CL, Fairlie DP, Tanzi RE, Bush AL Cu(Il) potentiation of
Alzheimer AB neurotoxicity. Correlation with cell free hydrogen
peroxide production and metal reduction. J. Biol. Chem. 274:
37111-37116 (1999)

7. Prasad MR, Lovell MA, Yatin M, Dhillon HS, Markesbery WR.
Regional membrane phospholipid alterations in Alzheimer’s
disease. Neurochem. Res. 23: 81-88 (1998)

8. Youdim KA, Joseph JA. A possible emerging role of phyto-
chemicals in improving age-related neurological dysfunctions: A
multiplicity of effects. Free Radical Bio. Med. 30: 583-591 (2001)

9. Cao Y, Cao R. Angiogenesis inhibited by drinking tea. Nature 398:

381 (1999)
. Eberhardt MV, Lee CY, Liu RH. Antioxidant activity of fresh
apples. Nature 405: 903-904 (2000)

11. Park SY, Chang SY, Yook CS, Nohara T. New 3,4-seco-lupane-type

triterpene glycosides from Acanthopanax senticosus forma inermis.

J. Nat. Prod. 63: 1630-1633 (2000)

Kim HY, Kim K. Protein glycation inhibitory and antioxidative

activities of some plant extracts in vitro. J. Agr. Food Chem. 51:

1586-1591 (2003)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

3s.

36.

37.

1039

Kim DO, Lee CY. Extraction and isolation of polyphenolics. pp.
11.2.1-11.2.12. In: Current Protocols in Food Analytical Chemistry.
Wrolstad RE (ed). Wiley, New York, NY, USA (2002)

Kim DO, Jeong SW, Lee CY. Antioxidant capacity of phenolic
phytochemicals from various cultivars of plums. Food Chem. 81:
321-326 (2003)

Heo HJ, Cho HY, Hong BS, Kim HK, Heo TR, Kim EK, Kim SK,
Kim CJ, Shin DH. Usolic acid of Origanum majorana L. reduces
AB-induced oxidative injury. Mol. Cell 13: 5-11 (2002)

Park KJ, Ha HC, Kim HS, Chiba K, Yeo IK, Lee SY. The neuro-
protective and neurotrophic effects of Korean gardenia (Gardenia
Jasminoides Ellis) in PC12h cells. Food Sci. Biotechnol. 15: 735-
738 (2006)

Heo HJ, Cho HY, Hong BS, Kim HK, Kim EK, Kim BK, Shin DH.
Protective effect of 4',5-dihydroxy-3',6,7-trimethoxyflavone from
Artemisia asiatica against AB-induced oxidative stress in PC12
cells. Amyloid 8: 194-201 (2001)

Chi HY, Lee CH, Kim KH, Kim SL, Chung IM. Induction of
apoptotic cell death by red pericarp rice (‘Jakwangchalbyeo’)
extracts. Food Sci. Biotechnol. 15: 534-542 (2006)

Grundman M, Delaney P. Antioxidant strategies for Alzheimer’s
disease. P. Nutr. Soc. 61: 191-202 (2002)

Kim DO, Lee KW, Lee HJ, Lee CY. Vitamin C equvailent
antioxidant capacity (VCEAC) of phenolic phytochemicals. J. Agr.
Food Chem. 50: 3713-3717 (2002)

Behl C, Davis IB, Lesley R, Schubert D. Hydrogen peroxide
mediates amyloid f protein toxicity. Cell 77: 817-827 (1994)

Jang JH, Suth YJ. Protective effect of resveratrol on B-amyloid-
induced oxidative PC12 cell death, Free Radical Bio. Med. 34:
1100-1110 (2003)

Butterfield DA, Koppal T, Subramaniam R, Yatin S. Vitamin E as
an antioxidant/free radical scavenger against amyloid B-peptide-
induced oxidative stress in neocortical synaptosomal membranes
and hippocampal neurons in culture: Insights into Alzheimer’s
disease. Rev. Neurosci. 10: 141-149 (1999)

Tsai AL, Palmer G, Xiao G, Swinney DC, Kalmacz RJ. Structural
characterization of arachidonyl radicals formed by prostaglandin H
synthase-2 and prostaglandin H synthase-1 reconstituted with
mangano protoporphyrin IX. J. Biol. Chem. 273: 3888-3894 (1998)
Halliwell B, Gutteridge MMC. Free Radicals in Biology and
Medicine. Clarendon, Oxford, UK. pp. 236-248 (1989)

Floyd RA, Carney JM. Free radical damage to protein and DNA:
Mechanisms involved and relevant observations on brain
undergoing oxidative stress. Ann. Neurol. 32: §22-S27 (1992)
Lyras L, Cairns NJ, Jenner A, Jenner P, Halliwell B. An assessment
of oxidative damage to proteins, lipids, and DNA in brains from
patients with Alzheimer’s disease. J. Neurochem. 68: 2061-2069
(1997)

Behl C. Alzheimer’s disease and oxidative stress: Implications for
novel therapeutic approaches. Prog. Neurobiol. 57: 301-323 (1999)
Retz W, Gsell W, Munch G, Rosler M, Riederer P. Free radicals in
Alzheimer’s disease. J. Neural Transm. -Supp. 54: 221-236 (1998)
Cohen GM. Caspases: The executioners of apoptosis. Biochem. J.
326: 1-16 (1997)

Nicholson DW, Ali A, Thornberry NA, Vaillancourt JP, King CK,
Gallant M, Gareau Y, Griffin PR, Labelle M, Lazebnik YA,
Munday NA, Raju SM, Smulson ME, Yamin TT, Yu VL, Douglas
K. Identification and inhibition of the ICE/CED-3 protease
necessary for mammalian apoptosis. Nature 376: 37-43 (1995)
Bergeron L, Yuan J. Sealing one's fate: Control of cell death in
neurons. Curt. Opin. Neurobiol. 8: 55-63 (1998)

Pettmann B, Henderson CE. Neuronal cell death. Neuron 20: 633-
647 (1998)

Schulz JB, Weller M, Moskowitz MA. Caspases as treatment targets
in stroke and neurodegenerative diseases. Ann. Neurol. 45: 421-429
(1999)

Green DR. Apoptotic pathways: The roads to run. Cell 94: 695-698
(1998)

Kroemer G, Reed JC. Mitochondrial control of cell death. Nat. Med.
6: 513-519 (2000)

Cha JD, Jeong MR, Lee YE. Induction of apoptosis in human oral
epidermoid carcinoma cells by essential oil of Chrysanthemum



1040

38.

39.

40.

41.

42,

boreale Makino. Food Sci. Biotechnol. 14: 350-354 (2005)

Li P, Nijhawan D, Budihardjo I, Srinivasula SM, Ahmad M,
Alnemri ES, Wang X. Cytochrome a and dATP-dependent formation
of Apaf-1/Caspase-9 complex initiates an apoptotic protease
cascade. Cell 91: 479-489 (1997)

Saleh A, Srinivasula SM, Acharya S, Fishel R, Alnemri ES.
Cytochrome ¢ and dATP-dependent oligomerization of Apaf-1 is a
prerequisite for procaspase-9 activation. J. Biol. Chem. 274: 17941-
17945 (1999)

Stridh H, Kimland M, Jones DP, Orrenius S, Hampton MB.
Cytochrome c release and caspase activation in hydrogen peroxide
and tributylin-induced apoptosis. FEBS Lett. 429: 351-355 (1998)
Gruss-Fischer T, Fabian 1. Protection by ascorbic acid from
denaturation and release of cytochrome c, alteration of mitochondrial
membrane potential and activation of multiple caspase induced by
H;0,, in human leukemia cells. Biochem. Pharmacol. 63: 1325-
1335 (2002)

Shalit F, Sredni B, Stern L, Kott E, Huberman M. Elevated

43.

45.

46.

47.

S. J. Choi et al.

interleukin-6 secretion levels by mononuclear cells of Alzheimer’s
patients. Neurosci. Lett. 174: 130-132 (1994)

Harman D. A hypothesis on the pathogenesis of Alzheimer’s
disease. Ann. NY Acad. Sci. 786: 152-168 (1996)

. Selkoe DJ. Cell biology of the amyloid B-protein precursor and the

mechanism of Alzheimer’s disease. Annu. Rev. Cell Biol. 10: 373-
403 (1994)

Gregori L, Hainfeld JF, Simon MN, Goldgaber D. Binding of
amyloid beta protein to the 20 S proteasome. J. Biol. Chem. 272:
58-62 (1997)

Nishibe S, Kinoshita H, Takeda H, Okano G. Phenolic compounds
from stem bark of Acanthopanax senticosus and their pharmaceutical
effect in chronic swimming stressed rats. Chem. Pharm. Bull. 38:
1763-1765 (1990)

Jung HJ, Park HJ, Kim RG, Shin KM, Ha JH, Choi JW, Kim HJ,
Lee YS, Lee KT. Jn vivo anti-iflammatory and antinociceptive
effects of liriodendrin isolated from the stem bark of Acanthopanax
senticosus. Planta Med. 69: 610-616 (2003)



