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An ethyl acetate fraction from Aralia elata (AEEF) was investigated to confirm its neuronal cell protective effect on ethanol-induced
cytotoxicity in MC-IXC cells and its ameliorating effect on neurodegeneration in chronic alcohol-induced mice. The neuroprotective
effect was examined by methylthiazolyldiphenyl-tetrazolium bromide (MTT) and 2',7'-dichlorodihydrofluorescein diacetate
(DCF-DA) assays. As a result, AEEF reduced alcohol-induced cytotoxicity and oxidative stress. To evaluate the improvement of
learning, memory ability, and spatial cognition, Y-maze, passive avoidance, and Morris water maze tests were conducted. The
AEEF groups showed an alleviation of the decrease in cognitive function in alcohol-treated mice. Then, malondialdehyde
(MDA) levels and the superoxide dismutase (SOD) content were measured to evaluate the antioxidant effect of AEEF in the
brain tissue. Treatment with AEEF showed a considerable ameliorating effect on biomarkers such as SOD and MDA content in
alcohol-induced mice. To assess the cerebral cholinergic system involved in neuronal signaling, acetylcholinesterase (AChE)
activity and acetylcholine (ACh) content were measured. The AEEF groups showed increased ACh levels and decreased AChE
activities. In addition, AEEF prevented alcohol-induced neuronal apoptosis via improvement of mitochondrial activity,
including reactive oxygen species levels, mitochondrial membrane potential, and adenosine triphosphate content. AEEF
inhibited apoptotic signals by regulating phosphorylated c-Jun N-terminal kinases (p-JNK), phosphorylated protein kinase
B (p-Akt), Bcl-2-associated X protein (BAX), and phosphorylated Tau (p-Tau). Finally, the bioactive compounds of AEEF
were identified as caffeoylquinic acid (CQA), 3,5-dicaffeoylquinic acid (3,5-diCQA), and chikusetsusaponin IVa using the
UPLC-Q-TOF-MS system.

1. Introduction

Alcohol has been reported to cause various diseases such as
fatty liver, liver cirrhosis, cardiovascular disease, cancer of
various organs, and especially damage to the brain tissue
[1, 2]. In addition, alcohol can cause various neurological
diseases such as Alzheimer’s disease, stroke, and Korsakoft’s
syndrome related to thiamine deficiency [3]. For the mecha-
nism of alcoholic neurodegeneration, it was reported that
alcohol has a direct toxic effect on the brain [4]. Alcohol is

dehydrogenated to acetaldehyde, which is also toxic in the
central nervous system, by alcohol dehydrogenase. This
acetaldehyde is then decomposed to acetate by acetaldehyde
dehydrogenase [5]. Although the body has an oxidative
stress defense system such as superoxide dismutase (SOD),
not only does the metabolic process of alcohol produce
excessive reactive oxygen species (ROS) but also chronic
alcohol consumption causes an imbalance in the oxida-
tive stress defense system [6]. As a result, oxidative stress
causes secondary problems such as lipid peroxidation and
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mitochondria dysfunction, which lead to neuronal apoptosis
in chronic alcohol-induced cognitive disorder [7]. In addi-
tion, alcohol leads to inflammatory reaction. The consump-
tion of alcohol induces bacterial overgrowth and increases
the serum concentration of the lipopolysaccharide (LPS)
derived from the cell walls of intestinal gram negative-
bacteria [8]. Increased LPS in the blood induces inflamma-
tory cytokines from Kupffer cells located in the liver [9].
The inflammatory cytokines activate microglial cells in the
brain that are responsible for brain immunity, intensifying
the inflammatory response. Continuous stimulation of the
microglia leads to neuronal inflammation, which ultimately
leads to the apoptosis of brain cells [10].

Aralia elata grows in the wild in tropical areas, and its
stems and root bark are widely used for various diseases, such
as diabetes, hypotension, and hepatitis, as folk medicine in
East Asia [11]. A. elata contains various saponins such as
stipuleanosides, elatoside, and chikusetsusaponin IVa [12].
Several previous investigations reported that A. elata has
various bioactivities, such as an anti-inflammatory effect,
antioxidant activity, and anti-fatty liver effect [13-15]. How-
ever, there are few studies about the inhibitory effects on
alcohol-induced neurodegeneration and cognitive deficit.
Therefore, our research was designed to study the use of A.
elata for the improvement of ethanol-induced cognitive
dysfunction and neurodegeneration, and the major bioactive
compounds with ameliorating effects were identified.

2. Materials and Methods

2.1. Materials. Minimum essential medium (MEM) media
and fetal bovine serum (FBS) were purchased from Gibco-
BRL Co. (Grand Island, NY, USA). Penicillin, streptomycin,
methylthiazolyldiphenyl-tetrazolium bromide (MTT), 2',7'-
dichlorodihydrofluorescein diacetate (DCF-DA), vitamin C,
H,0,, ethanol, acetylthiocholine, 5,5'-dithiobis (2-nitro-
benzoic acid) (DTNB), trichloroacetic acid, thiobarbituric
acid, bovine serum albumin, dimethyl sulfoxide (DMSO),
egtazic acid (EGTA), and 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolocarbocyanine iodide (JC-1) were
purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). An ENLITEN adenosine triphosphate (ATP)
assay system was purchased from Promega Corp. (Madison,
WI, USA). ProtinEX Animal cell/tissue, a tissue lysis buffer,
was purchased from GeneAll Biotechnology (Seoul, Korea).
Phosphorylated c-Jun N-terminal kinases (p-JNK), phos-
phorylated Tau (p-Tau), and S-actin were purchased from
Santa Cruz Biotechnology (Dallas, TX, USA) and phosphor-
ylated protein kinase B (p-Akt) and Bcl-2-associated X
protein (BAX) were purchased from Cell Signaling Tech-
nology (Danvers, MA, USA).

2.2. Sample Preparation. A. elata was purchased from
Changnyeong in Korea, and washed A. elata was lyophilized
using a freeze-drying apparatus (OPERON, Gimpo, Korea)
and ground into powder form. This sample was stored at
-20°C until use. The sample was extracted with 80% ethanol
at 40°C for 2h. The extract was filtered using filter paper
(Whatman International Limited, Kent, UK), and the
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extractive solvent was completely removed using a vacuum
evaporator (N-N series, EYELA Co., Tokyo, Japan). Then,
the sample was mixed with distilled water, and it was
fractionated using n-hexane, chloroform, and ethyl acetate
of the same volume, continuously. Fractionates were lyophi-
lized, and the ultimate ethyl acetate fraction of A. elata
(AEEF) was used as a sample in the preliminary study.

2.3. Measurement of Oxidative Stress Levels and Cell
Viability in MC-IXC Cells

2.3.1. Cell Culture. MC-IXC cells, a neuronal cell line (CRL-
2270, American Type Culture Collection, Rockville, MD,
USA) were cultured in MEM media containing 10% FBS,
50 unit/mL penicillin, and 100 yg/mL streptomycin. The
cells were incubated in an incubator maintained at 5%
CO, and 37°C.

2.3.2. Reactive Oxygen Species (ROS). The level of ROS was
determined by the DCF-DA method [16]. Cells seeded as
1 x 10* cells/well (n=>5) in a 96-well black plate were incu-
bated for 24h. Vitamin C as a positive control or different
concentrations of AEEF were treated to stabilize the seeded
cells for 24 h. To confirm the protective effect against H,O,,
every well except for the control was treated with 200 M
H,0, for 3h. Also, to investigate the protective effect against
ethanol, every well except for the control was provided with
500 mM ethanol for 24h after sample treatment for 3h.
Finally, 50 uM DCF-DA in phosphate buffered saline (PBS)
was treated in every well for 50 min to measure intracellular
oxidative stress. The level of ROS was measured using a fluo-
rescence microplate reader (Infinite 200, Tecan Co., Zurich,
Switzerland) at 485 nm excitation and 530nm emission
filters.

2.3.3. Cell Viability. Cell viability was measured by the MTT
method [16]. Cells were seeded and pretreated with EFAE or
vitamin C in the same manner as the DCF-DA method in a
96-well plate. As a final step, MTT reagent was treated in
every well for 3h, and the formed formazan was dissolved
by DMSO. Then, cell viability was measured using a micro-
plate reader (Epoch 2, BioTek Instruments Inc., Winooski,
VT, USA) with a wavelength of 570nm (reference wave-
length of 690 nm).

2.4. Animal Experimental Design. C57BL/6 mice (male,
4 weeks) were purchased from Samtako (Osan, Korea).
These mice were housed under standard laboratory condi-
tions and were acclimatized to conditions for one week.
The experimental groups were divided as follows: a control
group administered water (orally, n=13), alcohol group
administered ethanol (orally, 25% v/v; 5 g/kg of body weight,
n=13), AEEF 50 group administered ethanol and AEEF
50 mg/kg of body weight (orally, n=13), and AEEF 100
group administered ethanol and AEEF 100 mg/kg of body
weight (orally, n=13) for 8 weeks (Figure 1) [17-19]. All
animal experiments complied with the guidelines of the
Ethical Committee of the Ministry of Health and Welfare,
Korea, and experimental protocols were approved by the
institutional Animal Care and Use Committee (IACUC) of
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F1GURE 1: Experimental design of the in vivo test for alcohol-induced learning and memory impairment in mice.

Gyeongsang National University (certificate: GNU-150226-
MO0004). After the administration of alcohol and sample
was completed, the experiment was divided into two groups.
One group performed cognitive in vivo tests and sacrificed
for ex vivo experiments (n = 8). The other group was imme-
diately sacrificed for mitochondrial-related experiments after
administration of alcohol and sample (n = 5).

2.5. Behavioral Tests

2.5.1. Y-Maze Tests. Space perception ability was assessed
using a Y-maze test. The Y-maze consists of three equal
angle arms 33 cm long, 10cm wide, and 15cm high. Each
mouse was allowed to freely move in the Y-maze for
8min, and the movement was recorded and analyzed
using Smart 3.0 software (Panlab, Barcelona, Spain). Alterna-
tion behavior was calculated using the following equation:
alternation behavior (%) = number of spontaneous alternation/
(total arm entries — 2) x 100 [20].

2.5.2. Passive Avoidance Tests. Learning ability and short-
term memory were confirmed using a passive avoidance test
[20]. The experimental apparatus for passive avoidance was
composed in two areas with adjustable brightness separated
by a door. Mice were identically placed in the bright area.
When the mouse stepped into the dark area, the door closed.
Then, a 0.5 mA electric shock was immediately applied to the
mouse for 3 sec through steel rods. After 24 h, the mice were
placed in the bright area again, and the time they remained in
the bright area was recorded up to 300 sec.

2.5.3. Morris Water Maze Tests. To evaluate cognitive mem-
ory and spatial learning ability, a Morris water maze test was
conducted [21]. The Morris water maze consists of a round
pool (120cm in diameter and 50cm in height) filled with
water mixed with milk powder, at 20-22°C. The pool was
divided into four quadrants, W, E, S, and N zones. A white
platform was located in the N zone. During learning trials
for 4 days, mice freely swam for 60sec to find the hidden
platform. The mice that found the platform on their own
remained for 10sec. When the mice failed to find it, they
were moved to the platform and stayed for 20 sec. The move-
ment to search for the platform was recorded using Smart 3.0
software (Panlab). After the training period, each mouse
freely swam in the pool for 90 sec without the platform as a

probe test and the retention time in the N zone was recorded
to confirm long-term memory and learning ability.

2.6. Preprocessing of the Brain Tissue for Biochemical Assays.
After the in vivo tests, the mice were fasted for 12h and
sacrificed for ex vivo experiments. Brains were collected and
kept at -70°C until use. To investigate the biomarkers, the
brains were homogenized with 10-fold PBS using a bullet
blender (Next Advance Inc., Averill Park, NY, USA) at ice-
cold temperatures. Then, homogenates were centrifuged in
the appropriate conditions for each experiment.

2.7. Determination of the Antioxidant System

2.7.1. Determination of Malondialdehyde (MDA) Content.
The homogenized brain tissue was centrifuged at 2,450 g
for 10min at 4°C. The obtained supernatants were mixed
with 1% phosphoric acid and 0.67% thiobarbituric acid.
The mixture was boiled for 1h at 95°C and was mea-
sured by spectrophotometer (Libra S32PC, Biochrom Ltd.,
Cambridge, UK) at 532nm. The absorbance values were
substituted into the MDA standard curve to calculate MDA
content, and the MDA content was expressed as MDA con-
tent per protein level measured by the Bradford method [22].

2.7.2. Determination of Superoxide Dismutase (SOD) Content.
The homogenized brain tissue was centrifuged at 400 g for
10 min at 4°C, The obtained pellets were mixed with extrac-
tive buffer (10x SOD bufter solution of assay kit, 20% (v/v)
Triton x-100, and 200 mM phenylmethanesulfonyl fluoride)
and resuspended. After 30 min, the mixtures were centri-
fuged at 10,000 g for 10min and the supernatants were
finally obtained for a SOD assay. The SOD assay was con-
ducted according to the manufacturer’s process and
measured using a microplate spectrophotometer (Epoch 2)
at 450nm. The absorbance values were substituted into
the SOD standard curve to calculate SOD content.

2.8. Cholinergic System Evaluation

2.8.1. Determination of Acetylcholine (ACh) Content. To
evaluate AChE activity and ACh content, the homogenate
was centrifuged at 14,000 g for 30min at 4°C. To assess
ACh content, alkaline hydroxylamine reagent was added to
the obtained supernatants, which consisted of 2 M hydroxy-
lammonium chloride and 3.5M sodium hydroxide at the



same volume. Then, 0.5 N HCl and 0.37 M FeCl,-6H,O were
reacted, and the mixture was measured using a microplate
spectrophotometer (Epoch 2) at 540nm. The absorbance
values were substituted into the ACh standard curve, which
was drawn using acetylcholine chloride in 1 mM sodium
acetate trihydrate (pH 4.5).

2.8.2. Determination of Acetylcholinesterase (AChE) Activity.
To assess AChE activity, 50 mM of sodium phosphate buffer
(pH 8.0) was added to the obtained supernatants and this
mixture was incubated for 15 min at 37°C. Then, 500 4M sub-
strate solution (500 uM acetylthiocholine and 1 mM DTNB
in buffer) was added, and absorbance was measured using a
microplate spectrophotometer (Epoch 2) at 405 nm.

2.9. Mitochondrial Activities

2.9.1. Isolation of Mitochondria. The brain tissue was homog-
enized with a 10-fold isolation buffer (215mM mannitol,
75 mM sucrose, 0.1% BSA, 20 mM HEPES sodium salt, and
1 mM EGTA; pH7.2) using a bullet blender (Next Advance
Inc.). The homogenates were centrifuged at 1,300 g for
10 min to remove the unbroken cells. Then, the supernatant
was centrifuged again at 13,000 g for 10 min, and the super-
natants were removed to obtain a pellet. The obtained pellet
was resuspended in the isolation buffer with 0.1% digitonin.
After 5min, the mixture was centrifuged at 13,000 g for
15 min. Then, buffer was added to the pellet without EGTA
and as a final step spun down again at 10,000 g for 10 min
to obtain mitochondria. The mitochondrial pellet was
reacted with buffer without EGTA and used for each exper-
iment [23].

2.9.2. ROS Measurement. Mitochondrial ROS was deter-
mined using the DCF-DA method [16]. The isolated
mitochondria were reacted with 25 yM DCEF-DA for
25min. Fluorescence was measured using a fluorescence
microplate reader (Infinite 200).

2.9.3. MMP Measurement. To measure mitochondrial mem-
brane potential (MMP), the isolated mitochondria was
diluted to the same protein concentration using the buffer
without EGTA and 5mM pyruvate, 5mM malate, and
1uM JC-1 were added to the buffer. The mixture was
incubated for 20min and measured with a fluorescence
microplate reader (Infinite 200) at 530 nm (excitation filters)
and 590 nm (emission filters).

2.9.4. ATP Measurement. The measurement of the ATP con-
tent of isolated mitochondria was conducted with an ATP
bioluminescence assay kit in accordance with the manufac-
turer’s process and measured using a luminescence micro-
plate reader (GloMax-Multi+ Detection System, Promega
Corp., Madison, WI, USA). The ATP content was calculated
using a standard curve.

2.10. Western Blot Analysis. The brain tissue of the experi-
mental animals (n = 3) was homogenized to extract protein
using a bullet blender (Next Advance Inc.) with ProtinEX
Animal cell/tissue containing a 1% protease inhibitor cocktail
(PPI-1015, Quartett, Berlin, Germany). This homogenized
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brain tissue was centrifuged at 13,000 g for 15min. The
protein samples were loaded with the same concentration
of protein and separated by SDS-PAGE gel. Then, the protein
was transferred to a polyvinylidene difluoride membrane.
The membrane was blocked with 5% skim milk in TBST
buffer (20mM Tris-HCI, 137 mM sodium chloride, and
0.1% Tween 20; pH7.6) for 1h. The blocked membrane
was reacted in diluted (1:1,000) primary antibodies includ-
ing p-JNK, p-Akt, BAX, p-Tau, and f-actin and gently
shaken overnight. Then, the membrane was washed using
TBST and soaked in a secondary antibody for 1 h. The mem-
brane was then completely washed with TBST. Finally, the
level of protein was detected using TMB solution (Thermo
Scientific, Rockford, IL, USA). Band images were obtained
using an Epson scanner (L655 series, Epson, Suwa, Japan),
and the image was analyzed using ImageJ (National Institutes
of Health, Bethesda, MD, USA).

2.11. Analysis of Bioactive Compounds. The main bioactive
compounds of AEEF were analyzed using ultraperformance
liquid chromatography/quadrupole time-of-flight tandem
mass spectrometry (UPLC-Q-TOF-MS, Vion, Waters Corp.,
Milford, MA, USA). The AEEF dissolved in methanol was
eluted by linear gradient of acetonitrile for 8 min and
dwindled acetonitrile for 8-10min with a flow rate of
0.4mL/min using a C,; column (100x 2.1 mm, 1.7um,
Waters Corp.). The physiological compounds were analyzed
by negative electrospray ion (ESI) mode to gain MS data. The
conditions used for the ESI source were as follows: ramp
collision energy, 20-45 V; oven temperature, 40°C; capillary
voltage, 3kV; and mass range, 50-1200 m/z.

2.12. Statistical Analysis. Result expression was presented as
mean and standard deviation (SD). The statistical relation
of groups was verified by one-way analysis of variance with
Duncan’s new multiple-range test (p <0.05) with SAS 9.4
(SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Neuronal Cell Protective Effect. DCF-DA and MTT
assays were conducted to measure cellular oxidative stress
and cell viability against ethanol and H,O,, respectively.
The DCF-DA results (Figures 2(a) and 2(b)) indicated that
the ROS content was increased by ethanol (129.28%) and
H,0, (115.25%) compared to the control group (100.00%),
whereas AEEF treatment showed a remarkable reduction in
oxidative stress induced by both ethanol and H,O, at all
concentrations. As the AEEF concentration was increased,
the intracellular ROS content induced by both ethanol and
H,O, was decreased. Treatment with 50 yg/mL (49.46 and
55.15%, respectively) and 100 ug/mL (45.76 and 51.08%,
respectively) of AEEF led to a decreased cellular ROS
compared to vitamin C (62.97 and 60.36%, respectively).
The results of cell viability to ethanol and H,O, are
shown in Figures 2(c) and 2(d). The cell viability of the etha-
nol group (86.49%) and H,O, group (22.67%) decreased sig-
nificantly relative to the control group (100.00%). However,
all AEEF groups showed improved cell viability compared
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to the negative groups. In particular, the 100 ug/mL concen-
tration of AEEF showed similar or higher cell viability
(170.95% and 74.48%, ethanol and H,0O,, respectively) com-
pared to the vitamin C group (136.49% and 75.86%, ethanol
and H,0,, respectively).

3.2. Effect of AEEF on Behavioral Tests. In Figure 3(a), the
results of the Y-maze test showed that the alcohol group
(56.19%) had decreased space perceptual ability compared
to the control group (68.94%). However, the AEEF 50
(63.43%) and AEEF 100 (64.22%) groups showed statistically
similar alternation behaviors as the control group. The num-
ber of arm entries was not statistically different among all
groups (approximately 22.77 times). In the path tracing
results (Figure 3(b)), the alcohol group mainly entered one
arm, while the control and AEEF groups showed relatively
equal entry into the three arms. To confirm the ameliorating
effect on short-term memory impairment, a passive avoid-
ance test was conducted (Figure 3(c)). The step-through
latency time of the alcohol group (42.60 sec) was markedly
decreased relative to the control group (300.00 sec), whereas
the AEEF 50 and 100 groups recovered to 105.40 and
138.40 sec, respectively. A Morris water maze test was con-
ducted to validate learning ability and long-term memory.
During the training period, the escape latency time of all
groups gradually decreased as the training progressed
(Figure 3(d)). Nonetheless, the alcohol group (respective
decrease, 30.82%) was significantly different from the other
groups (respective decrease: control: 72.15%, AEEF 50:
60.10%, and AEEF 100: 68.65%) in the last training. A probe
test was conducted by recording the swimming route of mice
without a platform, and the results of recorded path tracing
established the cognitive function of the mice through move-
ment. The alcohol group exhibited movement in the whole
area (Figure 3(e)) and less retention time (18.11%) in the
platform zone (the N zone) compared to the control group

(54.76%) (Figure 3(f)). In contrast, there was a considerable
improvement of cognitive function from alcohol-induced
impairment in the AEEF 50 (58.13%) and AEEF 100
(49.65%) groups.

3.3. Ameliorating Effect of AEEF in MDA and SOD Content.
MDA content was used as a definitive marker of lipid
peroxidation. The MDA content of the alcohol group
(4.16 nmole/mg of protein) significantly increased compared
to that of the control group (3.72nmole/mg of protein),
whereas the AEEF groups (AEEF 50 group, 3.75nmole/mg
of protein) remarkably reduced MDA production in the
brain tissue (Figure 4(a)). In particular, the AEEF 100
(3.56 nmole/mg of protein) group effectively inhibited lipid
peroxidation compared to the control group. Also, the SOD
content of the alcohol group showed decrease (2.77 U/mg
of protein) compared with that of the control group
(3.71 U/mg of protein) (Figure 4(b)). However, AEEF treat-
ment showed a statistically small increase (AEEF 50 group:
3.33, AEEF 100 group: 3.25 U/mg of protein).

3.4. Ameliorating Effect of AEEF in Cholinergic System. To
confirm the ameliorating effect of AEEF in the cholinergic
system, the content of ACh and activity of AChE were mea-
sured (Figure 5). The alcohol group showed excessive AChE
activity (126.99%) and lower ACh content (0.26 mmole/mg
of protein) in the brain tissue compared to the control group
(100.00% and 0.32 mmole/mg of protein, respectively).
However, both AEEF treatment groups showed an amelio-
rated cholinergic system, resulting in similar levels of both
AChE activity (104.93 and 102.70%) and ACh content (both
0.30 mmole/mg of protein) compared to the control group.

3.5. Effect of AEEF on Mitochondrial Activity. Mitochondrial
activity was evaluated through the ROS level, MMP level, and
ATP content to confirm the ameliorating effect of AEEF on
alcohol-induced mitochondrial dysfunction. In Figure 6(a),
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the ROS levels in mitochondria isolated from the brain tis-
sue of the alcohol group (196.65%) had significantly
increased, approximately two times more than the control
group (100.00%). However, both AEEF groups (141.28 and
139.25%, AEEF 50 and AEEF 100, respectively) showed a
substantial decrease in ROS production compared to the
alcohol group. The MMP level and ATP content were
reduced in the alcohol group (74.75% and 98.89 pmole/mg
of protein, respectively) relative to the control group
(100.00% and 165.64 pmole/mg of protein, respectively)
(Figures 6(b) and 6(c)). Although administration of AEEF
50 (79.06 %) did not significantly improve the MMP levels
in alcohol-induced mitochondrial dysfunction, both AEEF
groups exhibited elevated ATP content (139.17 and
165.47 pmole/mg of protein, AEEF 50 and AEEF 100,
respectively) that was statistically similar to that of the
control.

3.6. Effect of AEEF on the Apoptotic Signaling Pathway. To
confirm the protective effect of AEEF against alcoholic
apoptosis, the expression of proteins associated with neuro-
nal cell apoptosis, such as phosphorylated p-JNK, p-Akt,
BAX, and p-Tau, was evaluated by western blot analysis.
The expression of p-JNK as proapoptotic proteins increased
21.52% compared to that of the control group (Figure 7(b)).
The AEEF 100 group showed the suppression of p-JNK
(85.39% compared to the alcohol group). In contrast, the
p-Akt expression level of the alcohol group was reduced
(a decrease of 21.21%) compared with that of the control
group (Figure 7(c)). The AEEF 100 group showed the
enhancement of p-Akt (169.15% compared to the alcohol
group). In common with the results of p-JNK, the expres-
sions of BAX (an increase of 34.66% compared to the control
group) and p-Tau (an increase of 55.92% compared to the
control group) were significantly upregulated compared to
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that of the control group (Figures 7(d) and 7(e)). However,
the AEEF 100 group showed the suppression of BAX
(89.21% compared to the alcohol group) and p-Tau
(80.50% compared to the alcohol group).

3.7. Analysis of Physiological Compounds with UPLC-Q-TOF-
MS. The major compounds in AEEF were identified using a
UPLC-Q-TOF-MS system (Figure 8 and Table 1). The base
peaks of main compounds were obtained at 353.09 mj/z
(compound A, RT: 2.01 min), 515.12 m/z (compound B,
RT: 2.76 min), and 793.44 m/z (compound C, RT: 4.16 min)
in the negative ion mode. The MS fragmentation ions in
the 40-60eV region showed compound A (191.06 m/z),
compound B (191.06 and 353.09 m/z), and compound C
(631.38 and 569.38 m/z). The main compounds A, B,
and C were identified as 1-caffeoylquinic acid (CQA),
3,5-dicaffeoylquinic acid (3,5-diCQA), and chikusetsusapo-
nin IVa, respectively [24-26].

4. Discussion

Alcohol directly causes neurodegeneration and indirectly
damages neuronal cells through several pathways such as

the production of ROS [4]. ROS is produced in various alco-
holic metabolic processes such as catalase and the CYP2E1
system [27]. As with the results of the DCF-DA assay, ROS
was increased by treatment with ethanol (Figure 2(a)). Exces-
sive ROS production compared to the antioxidant system
which cannot be eradicated in the body leads to lipid
peroxidation and mitochondrial dysfunction [7]. Eventually,
mitochondria lose the cell survival function, which leads to
the apoptosis of neuronal cells. A. elata contains various
bioactive components, including triterpenoid saponin and
the glycosidic form of flavonoids [28]. Dipsacus asper, which
contains a large amount of triterpene saponin, decreased
cytotoxicity in PC12 cells [29]. Also, Ishige et al. reported
several protective mechanisms of flavonoid protection
against oxidative stress in hippocampal cells [30]. Flavonoids
may increase the level of glutathione by removing ROS and
inhibiting Ca®* influx. Hence, the above results, namely, the
reduction of ROS and increase in cell viability, are also con-
sidered to be due to the biological components of A. elata.
Previous studies commonly used rodent models fed
alcohol for various periods to confirm the harmful effects
of chronic alcohol consumption [31, 32]. According to
Raghavendra and Kulkarni, Balb/C mice fed ethanol (15%,



10

Alcohol

Oxidative Medicine and Cellular Longevity

AEEF 100

Control

p-Akt

BAX

1.4

1.2 4 B B
1.0
0.8
0.6 -

0.4 4

p-JNK/B-actin relative expression

0.2 1

0.0

Alcohol
(b)

Control AEEF 100

1.8 1

15 1 T

1.2 4

AB

0.9

0.6 1

BAX/B-actin relative expression

0.3 4

0.0

Alcohol
(d)

Control AEEF 100

1.6 -

1.4 4
1.2 4 AB
1.0 4

0.8 4 T

0.6 A

0.4 1

p-Akt/B-actin relative expression

0.2 1

0.0

Alcohol
(c)

Control AEEF 100

2.0 q

1.5 1 AB

1.0

0.5 4

p-Tau/f-actin relative expression

0.0

Alcohol
(e)

Control AEEF 100

FIGURE 7: Regulating effect of the ethyl acetate fraction from Aralia elata (AEEF) on apoptotic signaling in the brain homogenate of chronic
alcohol-treated mice. Relative expression of p-JNK (b), p-Akt (c), BAX (d), and p-Tau (e). Result expressions are mean and standard deviation
(n=3). Statistical differences of data were verified at p < 0.05 and, in consequence, indicated as different capital letters in the graph.

2g/kg) for 24 days showed cognitive deficits and memory
impairment [33]. In the mice model of the current study,
the behavioral experiment results also showed impairment
of cognitive function. Alcohol consumption causes declined
judgment and impaired memory. One of the reasons for
these defects is the reduction of the brain-derived neuro-
trophic factor (BDNF), which is a growth factor for neuronal
cells. Repeated exposure to alcohol induces a decline in
BDNF and inhibition of neurogenesis, which causes difficul-
ties in memory formation [34]. In addition, alcohol damages

the hippocampus, which plays an important role in memory
formation [35]. This damage induces the loss of hippocampal
CA1 and CA3 pyramidal neurons and transient changes in
the granule cell number in the DG [36]. Therefore, impair-
ment of the hippocampus leads to trouble in learning
ability and space perceptual ability. Also, alcohol causes
difficulty in neurotransmission with the diminishment of
the acetylcholine level, a neurotransmitter in the cholinergic
system [37]. Therefore, in the above behavioral findings,
the reduction of cognitive function such as learning ability,
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space perceptual ability, and memory ability is considered
due to the alcohol intake, whereas phenolic compound
and saponin activate the survival pathways and expression
of BDNF, and they have protective effects in the cognitive
function with the protection of the neuronal membrane
[38]. Moreover, Socci et al. reported that the administration
of antioxidants improves impaired cognitive function [39].
Considering that A. elata contains various saponins and
phenolic compounds, the administration of AEEF protects
the neuronal cell and ameliorates the alcohol-induced
impairment of cognitive function.

The process of energy generation occurs naturally in the
production of oxidative stress, and it is eliminated by the
antioxidant system such as glutathione, catalase, and SOD.
SOD reduces oxidative stress by converting superoxide to
oxygen or hydrogen peroxide by using the metal ions they
have. This property effectively blocks the cascade of cellular
oxidation [40]. However, chronic alcohol intake causes
damage to antioxidant systems that eradicate these oxidative
stresses in the brain tissue [6]. Also, the brain contains rich
polyunsaturated fatty acids which are vulnerable to lipid
peroxidation by ROS. However, alcohol-induced lipid perox-
idation induces the death of neuronal cells and ultimately
induces cognitive decline. Therefore, inhibition of lipid per-
oxidation contributes to cognitive function, and the status
of antioxidants is also involved in it [41], whereas AEEF
upregulates SOD activity and the inhibition of MDA produc-
tion in the cerebral tissue. According to Chung and Jung, the

ethanol extract of A. elata has considerable antioxidant
properties and enhances the SOD activity in Sprague Dawley
rats treated with benzo(a)pyrene [14]. On the other hand,
alcohol increases the overgrowth of intestinal gram negative
bacteria that produce LPS. This increased LPS produced by
intestinal microorganisms stimulates Kupffer cells to pro-
duce tumor necrosis factor-alpha (TNF-«) [8]. TNF-a can
enter the blood-brain barrier (BBB) and increase the immune
response in the brain. Also, TNF-« upregulates the expres-
sion of inducible nitric oxide synthase, which creates nitric
oxide and various cytokines [23]. However, a previous study
showed that the saponins of A. elata reduce oxidative stress
via downregulation of inflammatory signaling such as
interleukin- (IL-) 6, IL-1f3, and TNF-a eNOS and iNOS
[42]. Consequentially, although alcohol-induced oxidative
stress caused neuronal inflammation and damage, cognitive
dysfunction could be protected by administrating AEEF
containing the various physiologic compounds.

ACh plays an important role in the cholinergic system in
cognitive function as a neurotransmitter [43]. ACh is synthe-
sized from acetyl CoA and choline by acetylcholine transfer-
ase. The ACh released from synapses stimulates receptors for
neurotransmission and opens the ion channels of postsynap-
tic nerve cells. After the function of the neurotransmitter is
completed, ACh is decomposed to acetate and choline by
AChE [44]. However, overactivated AChE makes neuro-
transmission difficult due to the excessive decomposition of
ACh [45]. Chronic alcohol consumption causes changes in
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the cholinergic system [46]. Arendt et al. reported that a
decrease in the activity of the cholinergic system was seen
over time in Sprague Dawley rats fed 20% (v/v) ethanol for
different periods of time [19]. In particular, significant
differences were seen when those rats were treated for
8 weeks. Chronic alcohol consumption showed decreased
ACh content and increased AChE activity in almost the
whole brain [46]. Also, alcohol promotes lipid peroxidation
in the brain tissue. AChE, which has a cell membrane-
bound structure, is reported to be more active due to lipid
peroxidation [47]. However, it is known that such disorders
of the cholinergic system are ameliorated by polyphenolic
compounds. The deterpenoids contained in Aralia cordata,
which belongs to the same family (Araliaceae) as A. elata,
have an inhibitory effect on AChE and a cognitive function
improvement effect [48]. In addition, dicaffeoylquinic acids
(diCQAs) such as 1,5-diCQA, 3,5-diCQA, and 4,5-diCQA
have been reported to help improve the cholinergic system
and inhibit the activity of AChE [49]. Although the precise
mechanism between the AChE structure and CQA deriva-
tives is unknown, the above results suggest that AEEF
helps improve the cholinergic system and improve cogni-
tive function.

Mitochondria which perform a critical role in energy
production are an important factor in the apoptosis pathway.
Excessive alcohol-induced ROS impairs mitochondrial mem-
brane function through mitochondrial lipid peroxidation
and the alteration of mitochondrial membrane properties
[7]. These changes include the reduction of MMP in the
electron transport chain and decline of energy generation
[50]. Moreover, chronic alcohol intake increases not only
mitochondrial ROS but also nitric oxide, which is produced
by alcohol-induced nitric oxide synthase. This oxidative
stress inhibits mitochondrial function by combining with
mitochondrial respiratory chain enzymes, and modulates
mitochondrial ion channels [51]. Continuous mitochondrial
dysfunction becomes the cause of apoptosis progress, and
cytochrome c located in mitochondria is released to the cyto-
sol. On the other hands, various phenolic compounds, which
act as antioxidants, can reduce mitochondrial oxidative stress
[52]. The phenolic compounds protect cells from alcohol-
induced cytotoxicity by inhibiting inappropriate changes that
can trigger mitochondrial permeability transition and block-
ing apoptotic pathways [50]. Also, in the results of Zhang
et al., the polysaccharide of A. elata protects the mitochon-
dria from H,O, and inhibits the release of cytochrome c in
H9c2 cells [53]. Also, manganese SOD, one of the SOD
species, is mainly located in the mitochondrial matrix [40].
Manganese SOD also removes the mitochondrial superoxide,
and the mitochondrial ROS result is considered to be asso-
ciated with previous results and improvement of the SOD
level by AEEF (Figure 4(b)). Therefore, these results sug-
gest that AEEF attenuates abnormal energy metabolism
through the protection of the mitochondrial function in
chronic alcohol-induced neurodegeneration.

Apoptosis is programmed cell death, which is associated
with changes to several proteins. The prominent apoptotic
route is known as the phosphorylated c-Jun N-terminal
kinase (JNK) pathway. JNK is phosphorylated by various
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stresses, such as UV radiation, inflammatory stimuli, and
ROS [54]. Several studies suggest that phosphorylated JNK
(p-INK) phosphorylates proapoptotic proteins such as the
Bim protein, which activates BAX through the inactiva-
tion of Bcl-2 in the mitochondrial apoptosis pathway
[55]. Following the cell death signal, BAX translocates
to the mitochondria and permeabilizes the mitochondrial
membrane by inducing the opening of the mitochondrial
voltage-dependent anion channel which reduces the MMP
and releases cytochrome c to the cytosol [50]. Released cyto-
chrome c initiates activation of the caspases which induce the
apoptosis in the cells. Moreover, phosphorylation of JNK
stimulates the phosphorylation of the Tau protein which
leads to the death of neuronal cells via disintegration of the
microtubules and formation of Neurofibrillary tangles [55].
Contrary to this mechanism, activated Akt eliminates the
proapoptotic feature of the Bcl-2/BAX complex by inactivat-
ing BAD, which is the Bcl-2 associated with the death pro-
moter [56]. As a result of apoptotic signaling, AEEF
reduced the expression of p-JNK, BAX, and p-Tau which
cause apoptosis and increased the expression of p-Akt, as
an antiapoptotic factor. Similar to these results, Luo et al.
reported that saponins of A. elata suppress the increased
phosphorylation of JNK and inflammatory cytokines in
ApoE knockout mice [57]. Also, 3,5-diCQA lowered the ratio
of BAX/Bdl in neurons, reducing neuronal cytotoxicity and
reducing the release of Ca®* from the cells [58]. Taken
together, administration of AEEF prevents apoptosis of
neuronal cells with the upregulation of Akt and inhibition
of p-JNK, which phosphorylates the Tau protein in chronic
alcohol-induced neurodegeneration (Figure 7).

CQA and 3,5-diCQA, the main physiologic com-
pounds of AEEH, are known as phenolic compounds
commonly found in plants and perform antioxidant and
anti-inflammatory activities [59]. In particular, 3,5-diCQA,
derived from a (-)-quinic acid and a transcaffeic acid,
stimulates the overexpression of phosphoglycerate kinase
1 (PGK1) involved in glycolysis as a glycolytic enzyme
that catalyzes the conversion of 1,3-diphosphoglycerate to
3-phosphoglycerate and increases ATP levels in SH-SY5Y
neuronal cells [60]. Moreover, 3,5-diCQA has a neuropro-
tective effect in SH-SY5Y cells and also improves spatial
learning and memory in SAMP8 (senescence-accelerated)
mice. Also, chikusetsusaponin IVa, an oleanolic acid sapo-
nin, is mainly isolated from ginseng and A. elata [57].
Moreover, these saponins have been reported to have neu-
roprotective effects, such as the inhibition of cognitive dys-
function and improvement of the cholinergic system [61].
Chikusetsusaponin IVa also protects neuronal cells against
H,0,-induced oxidative stress via activation of SOD and
glutathione and upregulates the Sirtl/Foxo3a/Mn-SOD
pathway [62]. Therefore, various physiological activities
such as the neuroprotective effect and improvement of cog-
nitive function of AEEF have been attributed to its various
physiologically active compounds. However, in order to
confirm which of these compounds has a high contribution
to the physiological activity of AEEF, individual experi-
ments of each compound should be conducted in the
future.
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5. Conclusion

This study suggests that AEEF ameliorates chronic alcohol-
induced neurodegeneration with the improvement of cogni-
tive function and protection of brain tissue. Chronic alcohol
intake causes oxidative stress and neurodegeneration.
However, AEEF exerts a protective effect on neuronal cell
survival and significantly improves cognitive functions,
such as spatial cognition, memory, and learning ability in
ethanol-administrated mice. These ameliorating effects are
considered to be due to improvement of the cholinergic
and antioxidant system and the reduction of oxidative
stress in the brain tissue. In addition, AEEF enhances mito-
chondrial activity through the inhibition of p-JNK expression
and oxidative stress and downregulates the apoptotic path-
way in neuronal cells. CQA, 3,5-diCQA, and chikusetsusa-
ponin Iva, the main compounds identified in AEEF, may
be considered the bioactive components of A. elata, and
the physiological activity of AEEF is presumed to be due
to these compounds. Therefore, A. elata has significant
potential as a natural agent to ameliorate alcohol-induced
neurodegeneration.
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