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AB, amyloid-B (1-42)

AD, Alzheimer's disease

PD, Parkinson’s disease
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BACEI, B-site amyloid precursor protein cleaving enzyme 1
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Abstract

1. Background and Objective

The population in the world was over 7.8 billion in 2019. Among them, the population
aged 60 years and over is expected to exceed 1 billion in 2019 and 2.1 billion by 2050
(World population ageing 2019). Currently, in some countries, like Japan, Switzerland,
and South Korea, the average life expectancy is over 80 years old. Ageing had become a
fundamental to some diseases, such as hearing loss, cataracts, diabetes, neurodegenerative
diseases, etc. Unlike other diseases, almost no effective treatments or drugs are available
for neurodegenerative diseases nowadays. In previous studies, some traditional Chinese
medicinal plants, have been reported had effect on neurodegenerative diseases in vivo

and vitro.

Here, | focused on amber, which is a fossil plant resin. Amber is commonly used as
jewelry and decorative object. However, the medicinal properties of amber, such as
mental stability, stoppage of bleeding, wound healing, and diuresis, have been mentioned
in the book from thousand year ago in China. Furthermore, in previous studies, amber
extract also has anti-allergic effects and melanin pigment reduction. In our laboratory, we
had clarified that amber extract has physiological effects such as anti-inflammatory and
reduction of fat accumulation. Although amber has been used to induce mental stability
in humans for thousands of years, no research evidence is available to date. Therefore,
this study aimed to investigate the protective effects of amber extract on

neurodegenerative diseases.

In this study | focused on Alzheimer's disease and Parkinson's disease. Alzheimer's
disease (AD), an irreversible and progressive brain disorder, is characterized by a slow
impairment of memory and thinking abilities. Eventually, the patients lose their ability to
perform basic daily tasks. Parkinson’s disease (PD) is the second most common
progressive neurodegenerative disease after Alzheimer’s disease and is characterized by
movement disorders such as resting tremor, bradykinesia, rigidity, and postural instability.

Both of these diseases have a strong relative with ageing.
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Therefore, in this study | used amyloid-p to establish an Alzheimer's disease model and
used 6-OHDA to establish a Parkinson's disease model and aimed to elucidate the
protective effects of amber extracts and the mechanism.

2. Results and discussion
2-1. The protect effect on Alzheimer's disease model in vitro

I used amyloid-p (1-42) and SH-SY5Y cell to establish an Alzheimer's disease model.
The result show that cell viability was significantly increased in the amber extract group
than in the amyloid- (1-42) group. Thus, it can be concluded that amber extract protected
the cells from amyloid-f (1-42)-induced cytotoxicity. Then, apoptosis assay used to
analyze cell apoptosis and cleaved caspase 3 protein level has also been detected. The
increased apoptosis cell and cleaved caspase 3 due to amyloid-p (1-42) were decreased
by amber extract. This is suggested that amber extract can protect cell from amyloid- (1-
42)-induced cell apoptosis. Then, anti-apoptosis and apoptosis relative gene, Bcl-2, and
Bax mRNA levels were measured. The expression of Bcl-2 decreased in amyloid-f3 (1-
42) group and increased in amber extract group compare with amyloid-f (1-42) group.
However, the expression of Bax showed no significant difference among the groups.
Additionally, the mRNA ratio of Bax/Bcl2 was significantly increased in the amyloid-
(1-42) group, and it was decreased in amber extract group. Then, ROS generation was
measured. ROS generation was increased in amyloid- (1-42) group. However, the
increased ROS were decreased in amber extract group. The results of ROS, Bcl-2, and
Bax mRNA levels demonstrated that amber extract reduces apoptosis via the ROS-

mediated mitochondrial pathway.

The BACEL protein level increased in the amyloid-f (1-42) group and decreased in
amber extract group. These results suggest that amber extract can downregulate amyloid-
B (1-42)-induced BACEL expression. In addition, autophagy relative proteins Beclinl and
LC3 have also been measured, amyloid-f (1-42) increased the protein levels of Beclin-1
and LC3 Il. The protein levels of Beclin-1 and LC3 Il were higher in the amber extract
group than in the amyloid-p (1-42) group. Furthermore, the protein ratio of LC3 11/LC3 |
show no different between amyloid-p (1-42) group and control group but increased in the

amber extract group. It is suggested that amber extract can promote autophagy. These
3



results revealed that amber extract may protect neuronal cells from the toxicity of amyloid

B.
2-2. The protect effect on Parkinson's disease model in vitro

I used 6-OHDA and SH-SY5Y cell to establish a Parkinson's disease model. The result
of cell viability and apoptosis show that amber extract reduced 60HDA-induced cell
apoptosis. Then, ROS generation and phosphorylated ERK protein levels were measured.
ROS generation and phosphorylated ERK protein levels were increased in 6-OHDA
group. However, the increased ROS generation and phosphorylated ERK protein levels
were decreased in amber extract group. These results suggest that amber extract regulates
cell death via the ROS and ERK pathways.

Autophagy relative proteins Beclinl and LC3 have also been measured. 6-OHDA
decreased the protein levels of Beclin-1, but no effect on LC3 Il. However, the protein
levels of Beclin-1 and LC3 Il were increased in the amber extract group. Furthermore,
the protein ratio of LC3 II/LC3 | show no different between 6-OHDA group and control
group but increased in the amber extract group. Which suggest that amber extract can
promote autophagy. These results revealed that amber extract may protect neuronal cells
from the toxicity of 6-OHDA.

These results indicate that amber can be potentially used as a novel treatment and

prophylactic candidate for neurodegenerative diseases.



General Introduction

1.1 Aging and Diseases

According to worldwide research results by United Nations, the worldwide population
in 2019 was 7.8 billion, of which about 1 billion of the population were over 60 years old.
And in 2050, the worldwide population will increase to 9.7 billion, and the population
aged 60 and over will reach approximately 2.1 billion(ONU 2019; ONU 2017). Usually,
in humans, physiological aging is started by the age of 60. As shown in this data, it is not
only the population but also the proportion of aging people were increased. It was
approximately 1/8 in 2019 and increased to 1/5 in 2050. In other words, in 2050, one in
five people will be over 60 years old. In addition, the aging rate of the country tends to
be higher in developed countries and lower in developing countries(ONU 2019). For
example, Japan entered an aging society in the 1970s (the population aged 65 and over
exceeded 7% of the total population), and in 2007 it entered a super-aging society (the
population aged 65 and over exceeded 21% of the total population), and in nowadays
Japan had the most highest proportion of aging people in the world(Muramatsu et al.

2011) .

Entering an aging society effect a lot of things, such as enormous expenses for medical
problems, etc. According to data from the Ministry of Health, Labor and Welfare, in 2019,
Japan's medical expenses were 44389.5 billion yen, with an average of 351,800 yen per
person, but the average number of aging people aged 65 and over was 754,200 yen per
person, and the average number of aging people aged 75 and over was 930,600 yen per

person, 2.65 times than the average.

Some diseases are more likely to occur in older ages. For example, Hearing loss,
Cataracts, Diabetes, Cardiovascular diseases, Cancer, Neurodegenerative diseases, etc.

and prevention of these age-relative diseases can lead to a healthy old age.



Neurodegenerative diseases are diseases in which neuronal cells undergo progressive
degeneration and finally lead to death. The basic structure of the nervous system is
neurons. Neurons usually do not replicate or replace themselves in humans. This means
if they are damaged or dead, they cannot be replaced by the body. Moreover, unlike other
diseases, the causes of neurodegenerative diseases are still unclear, and almost no
treatment has been developed that can slow or stop the progression of the disease.
Neurodegenerative diseases have several different kinds, such as, diseases that impair
cognitive function (Alzheimer's disease, etc.), diseases that unable to exercise smoothly
(Parkinson's disease, etc.), diseases that weaken muscles (Amyotrophic lateral sclerosis

(ALYS)), Diseases that difficult to balance the body (Spinocerebellar degeneration (SCD)).

In this study, | focused on age relative neurodegenerative diseases, Alzheimer's disease

and Parkinson's disease.
1.2 Amber

In recent years, some Chinese traditional drugs have been proven to be neuroprotective.
For example, Ginkgo, a maidenhair tree fruit, has been reported to have a protective effect
against Alzheimer's disease and Parkinson's disease (Shi et al. 2009; Yin et al. 2021).
Compare with the chemical substances, Chinese traditional drugs show the benefit on

multifunctionality, less cost and few side effects.

Another traditional drug that has been used for a long time in China is amber, which is
a fossil plant resin. Amber is commonly used as jewelry and decorative object. In the
book, Lei's Treatise on the Preparation of Medicinal Substances (Lei Gong Pao Zhi Lun,
around C.E. 5th century), the medicinal properties of amber, such as mental stability,
stoppage of bleeding, wound healing, and diuresis, have been mentioned. Recently,
research on amber is being extensively conducted, and its antiallergic action (Maruyama
et al. 2018), suppression of melanin production, and promotion of collagen production
have been reported (Suzuki et al. 2020). Although amber has been used to induce mental

stability in humans for thousands of years, no research evidence is available to date.



Therefore, in this study, | aimed to investigate the protective effects of amber extracts on

neurodegenerative diseases, Alzheimer's disease and Parkinson's disease, in vitro.
1.3 Aim for this study

1. Used amyloid-B to establish an Alzheimer's disease model and aimed to elucidate

the protective effects of amber extracts and the mechanism.

2. Used 6-OHDA to establish a Parkinson's disease model and aimed to elucidate the

protective effects of amber extracts and the mechanism.



Chapter I. Role of amber extract in protecting SHSY5Y cells

against amyloid p1-42-induced neurotoxicity

2.1. Introduction

Alzheimer's disease (AD), an irreversible and progressive brain disorder, is
characterized by a slow impairment of memory and thinking abilities. Eventually, the
patients lose their ability to perform basic daily tasks. According to a worldwide survey
conducted in 2006, the number of patients with AD was 26.6 million. By 2050, a four-
fold increase in the number of patients is predicted, i.e., 1 in every 85 people worldwide
will be living with the disease (Brookmeyer et al. 2007). Risk factors of the development
of Alzheimer's disease are including old age, family history, head injury, gender, etc., but
the most important risk factor is age. The prevalence of Alzheimer's disease is
approximately 5.3% at the age of 65-74 and increases to 34.6% at the age of 85 and
older(Mount et al. 2006; Anon 2021). Nevertheless, few treatment options are currently

available for AD.

Amyloid-f precursor protein (APP) is a transmembrane protein that is enriched in
neuronal tissues. When APP is cleaved by B-site amyloid precursor protein cleaving
enzyme 1 (BACE1) and y-secretase, amyloid-f is generated (Bi et al. 2019), this is called
the amyloidogenic pathway. In a normal brain, a balance exists between the production
and clearance of amyloid-. However, examination of the brain of patients with AD
revealed abnormal aggregates and amyloid plaques (Roychaudhuri et al. 2009). Initially,
a theory, called the amyloid cascade hypothesis, was proposed; this theory stated that the
formation of neurofibrillary tangles, also known as amyloid plaques, in the brain is
triggered by the deposition of amyloid-p, ultimately causing the death of the neuronal
cells (Hardy et al. 2002). This theory has been supported by many researchers since its
proposition. The amyloid hypothesis has become an important model to understand the

etiology of AD, leading to the development of potential treatments. Later, an oligomer
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hypothesis was also reported. According to this hypothesis, a small aggregation of
amyloid-p (3 to n molecules) in neuronal cells causes more damage than the amyloid

plaques, which is commonly speculated to be a critical cause of AD (Walsh et al. 2002).

Tau protein aggregation has also been found in the brain of patients with AD. Tau
protein is a type Il Microtubules Associated Proteins (MAP), mainly located in axons. In
a normal condition, tau protein interacts with motor proteins and is hard to aggress, which
is one kind of soluble protein. However, in the pathological condition, Tau protein can
self-assemble into insoluble structures, also known as the paired helical filaments

(PHFs)(Goedert 1999; Toral-Rios et al. 2020; Jouanne et al. 2017).

Many studies have reported the role of autophagy in amyloid-p degradation (Cho et al.
2014). Autophagy is a lysosome-dependent process that degrades proteins to release
energy, indicating that autophagy might play an important role in AD (Uddin et al. 2018).
According to the proposed hypothesis, treatment strategies targeting amyloid-f have been
developed. One treatment strategy is to suppress the production of amyloid- by
inhibiting the catalytic activity of BACE1, and the other is to eliminate the aggregated
amyloid-p by inducing autophagy.

The effects of many therapeutic substances on AD have previously been reported.
Among them, the substances derived from plants have attracted attention (Zeng et al.
2019). Some particular traditional Chinese drugs, such as Huperzia serrata (Qian Ceng
Ta), Rhizoma anemarrhenae (Zhimu), Ginkgo biloba (Ginkgoaceae), etc., show the
potential ability in AD’s therapy (Pei et al. 2020; Yan et al. 2007). Compared to chemical
substances, traditional Chinese drugs/herbs have several advantages such as
multifunctionality, few side effects, and prolonged effects. For example, in previous
studies, Polygala tenuifolia (Wang et al. 2019) and Ginkgo biloba extract (Shi et al. 2009),
the traditional Chinese medicinal plants, have been reported that suppress the production
of amyloid-p and promote autophagy to protect neuronal cells from amyloid B-induced
apoptosis. In the clinical trials using traditional Chinese medicine, the cognitive functions

of AD patients have been significantly improved (Yu 2012; Dong et al. 2016).
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Another traditional drug that has been used for a long time in China is amber, which is
a fossil plant resin. Although amber has been used to induce mental stability in humans
for thousands of years, no research evidence is available to date. Therefore, in this study,
| aimed to investigate the protective effects of amber extracts on amyloid-B-induced

neuronal cell apoptosis.
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2.2. Materials and Methods

2.2.1 Materials

Amyloid-B1-42 (human) was purchased from the PEPTIDE INSTITUTE, INC(Osaka,
Japan). Dulbecco's modified eagle medium/nutrient mixture F-12 (DMEM/F12) and 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenylterazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Mitotracker Red was purchased from Thermo
Fisher(Waltham, MA, USA) Fetal bovine serum (FBS) was purchased from Hyclone
Laboratories (Logan, UT, USA). Penicillin, streptomycin, DPPH, and all-trans-retinoic

acid (RA) were purchased from Wako (Tokyo, Japan).

Apoptosis/Necrosis detection kit (blue, green, red) and DCFDA/H2DCFDA Cellular
ROS Assay Kit were purchased from Abcam (Cambridge, UK). Antibodies (BACEL,
Beclin, caspase 3, cleaved caspase 3, and LC3A/B XP) and LumiGLO reagent were
purchased from Cell Signaling Technology (Danvers, MA, USA). RNAiso Plus was
purchased from Takara Bio (Shiga, Japan). The THUNDERBIRD SYBR gPCR Mix was
purchased from TOYOBO (Tokyo, Japan).

2.2.2 Amber/Amyloid f (1-42)

Baltic amber (Kaliningrad, Russia) was crushed, powdered, and extracted in 50%
ethanol at 40 °C for 1 h with stirring and double filtration. The extracted solution was
depressurized and freeze-dried to form a powder (Kohaku Bio Technology Co. Ltd,
Tsukuba, Japan). Amber extract powder was dissolved in dimethyl sufoxide (DMSO),
and the mixture was stored at -80 °C. Amyloid-p (1-42, Peptide Institute, Osaka, Japan)

was dissolved in DMSO, and the resulting solution was stored at -80 °C.
2.2.3 Cell culture

SHSY5Y cells were cultured in DMEM/F12 medium with 10% FBS, penicillin, and
streptomycin, and subsequently, the medium was replaced by DMEM/F12 medium

containing 10 uM RA and 1% FBS. The cells were incubated for 6 days, and the medium

11



was changed every 3 days. After 6 days of differentiation, cells were pre-treated with
amber extract for 24 h, and following this, they were treated with amyloid-f3 and amber
extract for another 24 h. Cells were maintained in a humidified atmosphere under 5%
COz at 37 °C.

2.2.4 MTT assay

Cell viability was measured using the MTT assay. The medium was replaced with 90%
DMEM/F12 and 10% MTT, and the cells were cultured at 37 °C for 4 h. Subsequently,
10% sodium dodecyl sulfate (SDS) was added, and the mixture was kept at room
temperature overnight. The absorbance was measured at 570 nm using a microplate reader

(BioTek, Tokyo, Japan).
2.2.5 Apoptosis assay

The apoptosis/necrosis detection kit (blue, green, red) was used to measure

apoptotic/necrotic/live cells. The cells were washed by buffer, and then replaced into
Apoptosis buffer, for 20 mins at r.t., then, washed in buffer. The images were captured

using a fluorescence microscope (KEYENCE, Tokyo, Japan).

2.2.6 DPPH assay

DPPH was purchased from Sigma-Aldrich (St. Louis, MO, USA) and dissolved in
EtOH as a concentration of 0.04 mg/ml. Vitamin C and BHT were dissolved in 70 %
EtOH to concentration of 1 mg/ml and 2 mg/ml separately, amber solution was diluted
into 2mg/ml by 70 % EtOH.

Vitamin C was diluted to 10, 20, 50, 100, 200 ug/ml, BHT and Amber were diluted to
100, 200, 500, 1000 and 2000 pg/ml. 20 pl of solution from Vitamin C, BHT and amber
added into 96-well plate, following this, 180 pl of DPPH solution was added in each well.
Then, incubation at room temperature for 30 min in Dark. The absorbance was measured

at 517 nm using a microplate reader (BioTek, Tokyo, Japan).

20 pl of 70 % EtOH + 180 ul EtOH was considered as blank, 20 ul of 70 % EtOH +

12



180 ul DPPH was considered as positive control. The raw data was calculated as:
scavenging activity = (1 — Sample OD/Positive control OD) x 100 %

2.2.7 Reactive oxygen species (ROS) assay

DCFDA/H2DCFDA Cellular ROS Assay Kit was used to measure intracellular ROS
concentration. The cells were washed by buffer, and then replaced into DCFDA, for 20
mins at 37°C. Then, washed in buffer. The images were captured using a fluorescence

microscope (KEYENCE, Tokyo, Japan).
2.2.8 Mitochondrial membrane potential( MMP) assay

Mitotracker red Assay Kit was used to measure mitochondrial membrane
potential(MMP). The medium was replaced by Mitotracker red solution, for 30 mins at
37°C. Then, replaced the solution with fresh medium. The images were captured using a

fluorescence microscope (KEYENCE, Tokyo, Japan).
2.2.9 Western blotting

The cells were collected via centrifugation, washed twice with cold phosphate-buffered
saline, and lysed using RIPA buffer (150 mM NaCl, 1 mM EDTA, 50 mM Tris-HCI, 10
mM NaF, 1 mM NasVOs, 1% Triton X-100, 0.1% SDS, 0.5% Na-deoxycholate, and
protein inhibitor). After electrophoresis and transfer, the membrane was incubated with
primary antibodies, including BACEL, Beclin, caspase 3, cleaved caspase3, and LC3 A/B
XP. Then, the membrane was incubated with horseradish peroxidase (HRP)-conjugated
secondary antibody at room temperature for 1 h. The LumiGLO reagent was used to
detect HRP. The bands were captured using an AE-9300 Ez-capture MG system (Atto
Corporation, Tokyo, Japan). Protein expression levels were quantified using the ImageJ

software.
2.2.10 Real-time PCR

Total RNA was extracted using RNAIso Plus, and 1 ug RNA was reverse transcribed

using the PrimeScript™ RT reagent kit with gDNA eraser (Takara Bio).

13



Thermal Cycler Dice Real-Time System Lite (Takara Bio) was used for PCR

amplification. Subsequently, 5 uL THUNDERBIRD SYBR gPCR Mix was added to the

PCR tube along with 0.5 pL forward primer, 0.5 pL reverse primer, and 4 uL cDNA

sample. The PCR amplification protocol was as follows: 95 °C for 30 s, followed by 40

cycles of 95 °C for 5 s and 60 °C for 30 s, followed by 95 °C for 15 s, 60 °C for 30 s, and

95 °C for 15 s.

Relative gene expression was normalized using [3-actin gene expression.

The primer sequences used were:

Tablel. The primer sequences used in this expriment

Forward Reverse
Bax TCTGACGGCAACTTCAACTG GGAGGAAGTCCAATGTCCAG
Bcl-2 ATGTGTGTGGAGAGCGTCAA GCCGGTTCAGGTACTCAGTC
SOD1 CAGTGCAGGTCCTCACTTTA CCTGTCTTTGTACTTTCTTC
SOD2 TACGTGAACAACCTGAACGT CAAGCCATGTATCTTTCAGTTA
CAT AGGGGCCTTTGGCTACTTTG ACCCGATTCTCCAGCAACAG
BACE1 TCTGTCGGAGGGAGCATGAT GCAAACGAAGGTTGGTGGT
Beclin-1 CCATGCAGGTGAGCTTCGT GAATCTGCGAGAGACACCATC
LC3 AACATGAGCGAGTTGGTCAAG GCTCGTAGATGTCCGCGAT
B-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT

2.2.11 Data analysis

All experiments were repeated at least thrice. The results are expressed as the mean +

SD. The one-way ANOVA post hoc tukey’s test was used to compare data among the

groups. P < 0.05 was considered statistically significant.

14



2.3. Results

2.3.1 Amber extract protects against Af (1-42)-induced cytotoxicity in SHSY5Y

cells

Cell viability was measured using the MTT assay. Low concentrations of amber extract
(below 15 pg/mL) showed no cytotoxicity. However, 20 and 25 pg/mL amber extract-
treated groups showed significantly decreased cell viability compared to the control group

(Fig. 1A).

Significant decrease were observed in the viability of cells treated with 1, 2, 4 uM
amyloid-p1-42, then 2uM amyloid-p1-42 have been choosed in the further experiment
(Fig. 1B).

A significant decrease was observed in the viability of cells treated with 2 uM amyloid-
B1-42 as compared to that in the control group, and treatments with 5, 10, and 15 pg/mL
amber extract showed a protective effect against amyloid-p1-42-induced cytotoxicity (Fig.

1C).
2.3.2 Amber extract decreases Af (1-42)-induced apoptosis in SHSY5Y cells

Cells treated with 2 uM amyloid-p1-42 showed a significant increase in cell death as
compared to the control group cells, and the level of apoptosis was lower in the amber
extract-treated than in the amyloid-p1-42 group (Figs. 2A & B). To confirm and
investigate the signaling pathway of apoptosis, the level of cleaved caspase 3 protein was
detected (Fig. 3A & B) and the mRNA levels of Bax and Bcl2 were also detected (Figs.
3C & D).

Compared with the levels in the control group, Bcl-2 mRNA levels were significantly
decreased, and cleaved caspase 3 protein levels were increased in the amyloid-f1-42

group, suggesting that amyloid-1-42 induces apoptosis through the caspase pathway.

A significant increase in Bcl-2 mMRNA level and decrease in cleaved caspase 3 protein
level were observed in the amyloid-p1-42 and amber extract-treated groups compared to

15



those in the amyloid-B1-42 group. Additionally, the expression of Bax showed no
significant difference among the groups. However, the mRNA ratio of Bax/Bcl2 was
significantly increased in the amyloid-B1-42 group, and it was decreased after amber
extract treatment (Fig. 2E), suggesting that amber extract has an inhibitory effect on

apoptosis.
2.3.3 Amber extract decreases Ap (1-42)-induced ROS level in SHSY5Y cells

Then intracellular ROS were measured. Cells treated with 2 uM amyloid-p1-42
showed a significant increase in ROS levels as compared to the control group cells;
however, the increased ROS levels due to amyloid-B1-42 were decreased after amber

extract treatment (Figs. 4A & B).

Then, | measured the chemical scavenging activity of amber extract in vitro by DPPH
assay. Vitamin C (\Vc) and butylated hydroxytoluene (BHT) , two kinds of antioxidant
reagent, were used as positive control. In the result, the scavenging effect of amber, in the
low concentration of amber (used in cell experiment) show no chemical scavenging
activity, but in high concentration of amber, 2000 ug/ml show a little chemical scavenging

activity(Fig. 4C).

Subsequently, the expression levels of SOD1, SOD2, and CAT were analyzed (Figs.
3D, E & F). As compared to those in the amyloid-p1-42 group, the mRNA levels of SOD1
and SOD2 were significantly increased in the amber extract-treated group, suggesting that

amber extract can promote the antioxidative capacity of cells.

2.3.4 Effect of amber extract on Mitochondrial membrane potential( MMP) in
SHSY5Y cells

To confirm the effect of amber extract on the mitochondrial function, mitochondrial
membrane potential were measured. Cells treated with 2 pM amyloid-p1-42 showed a
significant decrease in MMP as compared to the control group cells; however, the
decreased MMP by amyloid-f1-42 were recovery after amber treatment (Figs. 5A &
B).
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2.3.5 Effect of amber extract on BACE1 expression levels in SHSY5Y cells

To confirm the effect of amber extract on the amyloid-B production pathway, the
expression levels of BACE1 mRNA and protein were quantified. Inconsistent with my
expectations, BACE1 mRNA levels did not show a significant difference in any group
(Fig. 6A). However, the BACEL protein level significantly increased after amyloid-p1-
42 treatment, and it decreased after amber extract treatment (Fig. 6B & C). These results

suggest that amber extract can downregulate amyloid-p1-42-induced BACE1 expression.

2.3.6 Effect of amber extract on autophagy-related gene expression in SHSY5Y

cells

To confirm the effect of amber extract on autophagy, the mRNA and protein expression
levels of autophagy-related genes, Beclinl and LC3, were measured. | observed that
amyloid-p1-42 did not regulate Beclin-1 and LC3 gene expression at the mRNA level
whereas amber extract significantly increased their mMRNA levels (Figs. 7A & 8A). Unlike
the mRNA level, amyloid-1-42 increased the protein levels of Beclin-1 and LC3-I1; the
protein levels of Beclin-1 and LC3-11 were higher in the amber extract-treated group than
in the amyloid-B1-42 group (Figs. 7B, C & 8B, C). Furthermore, | observed no significant
difference in the protein ratio of LC3II/LC3I, another marker for autophagy, between the
amyloid-B1-42 and control groups. However, the protein ratio of LC3II/LC3I increased
in the amber extract group (Fig. 8D). These results suggest that amber extract promotes

autophagy in SHSY5Y cells.
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2.4. Discussion

Cell viability was significantly increased in the amber extract-treated group than in the
amyloid-B1-42 group. Thus, it can be concluded that amber extract protected the cells

from amyloid-p1-42-induced cytotoxicity.

Amber is a fossilized plant resin, which has been used in Chinese traditional medicine
to stabilize the mind, stop bleeding, and heal wounds. In recent years, many medicinal
effects of amber, such as the antiallergic effect (Maruyama et al. 2018), suppression of
melanin production, and promotion of collagen production (Suzuki et al. 2020), have been
investigated. However, its effect on neuronal cell protection has not been elucidated till
date. Therefore, the purpose of this study was to focus on the effects of amber on AD. To
clarify this hypothesis, | used amyloid-p to establish an Alzheimer's disease model, and

analyzed the effect of amber in this model.

The apoptosis assay was performed to confirm the effects of amber extract on cell death
due to amyloid-B1-42. Since the number of apoptotic cells increased due to amyloid-p
and decreased due to amber extract, caspase 3 and cleaved caspase 3 levels were measured.
Caspase 3 and cleaved caspase 3 play distinct roles in amyloid-B-induced apoptosis
(Harada et al. 1999). I observed that the cleaved caspase 3 level increased after amyloid-
B1-42 treatment, which was consistent with previous studies (Awasthi et al. 2005; Wang

et al. 2009; Zhang et al. 2010), and it decreased after amber extract treatment.

Several studies have shown that ROS is involved in the apoptotic mechanism of
amyloid-f (Behl et al. 1994; Cheignon et al. 2018). | observed that intracellular ROS
levels increased after amyloid-f1-42 treatment, which was consistent with the findings of
previous studies (Wang et al. 2009; Zhang et al. 2010), and these levels decreased after
amber extract treatment. SOD is an important antioxidant enzyme, which superoxides to
oxygen and hydrogen peroxide. Three types of SOD have been characterized in mammals.
SOD1 is found in intracellular cytoplasmic spaces, SOD2 is found in mitochondrial

spaces, and SOD3 is found in extracellular spaces (Zelko et al. 2002). Specifically, |
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measured the SOD1 and SOD2 levels. Their mRNA levels increased in the amber-treated
group, which suggests that amber extract can scavenge ROS by upregulating SOD1 and

SOD2, thereby decreasing oxidative stress and apoptosis.

Apoptosis occurs through two different pathways: intrinsic and extrinsic (Ghobrial et
al. 2005). Since our result is related to mitochondria and ROS, there is a possibility that
it may be related to the intrinsic (mitochondria) pathway. To prove this hypothesis, |
measured the mRNA levels of the anti-apoptotic protein Bcl2 and the pro-apoptotic
protein Bax. According to the results, the mRNA level of Bcl2 decreased in the amyloid-
1-42 group, but it increased in the amber-treated group. In contrast, Bax mRNA levels
increased in the amyloid-p1-42 group and decreased in the amber-treated group at low
concentrations. However, at high concentrations, Bax mRNA levels were the same in
both groups; no significant difference was observed between the groups. These results
prove that amber extract decreases apoptosis via the ROS-mediated mitochondrial

pathway.

BACEL is one of the enzymes that cleaves APP, which is a membrane protein that
produces amyloid-p by BACEI and y-secretase (Fig.9). An increase in amyloid-f is
associated with the development of AD (Bi et al. 2019), thus suggesting the possibility of
AD exacerbation by promoting the amyloid-p-APP pathway (Son et al. 2016). Therefore,
the regulation of BACEL is a strategy for AD therapy (Toh et al. 2016). In this study, the
effect of amber extract on BACE1 mRNA and protein expression in the amyloid-p-APP
pathway was evaluated. | observed that amyloid-B1-42 and amber extract did not affect
the mRNA level of BACEL; however, the level of BACEL protein increased due to
amyloid-B1-42; the protein level was decreased due to amber extract in a concentration-
dependent manner. These results suggest that amber extract can inhibit the amyloid-f-
APP pathway. In several clinical studies, BACEL inhibitor has been shown to decrease
amyloid-p level; however, no pathological improvement has been observed (Vassar 2014;
Moussa 2017). Additionally, it has been reported that BACE1 inhibitors may lead to

abnormalities in neuronal functions. Hence, it is very important to maintain a balance

19



between a reduction in BACE1L level and maintenance of neuronal functions. Low
concentrations of amber extract maintained a similar BACEL1 level in the amber-treated
group as in the control group; hence, low concentrations may have a better effect on

neurological protection than the high concentration.

In a previous study, amyloid B was shown to induce autophagy (Cho et al. 2014).
However, the cell's autophagic response to amyloid-p production may not be able to
completely eliminate amyloid-p. Incomplete elimination of amyloid-p leads to neuronal
cell apoptosis and eventually results in the onset of AD (Watson et al. 2005). Therefore,
the regulation of autophagy is a new possibility for AD treatment. In this study, amyloid-
[1-42 increased autophagy in SHSY5Y cells; this observation was consistent with that in
previous studies (Singh et al. 2017; Lv et al. 2009). In addition to this, amber promoted
autophagy. Amber shows a similar effect on autophagy as other plant extracts, such as

tenuifolin (Cao et al. 2016).

Previous studies have shown that overexpression of Beclin-1 can activate autophagy
and improve the etiology of neurodegeneration (Swaminathan et al. 2016). However, in
acute nutritional deficiency conditions, Bcl-2 can bind to Beclinl and inhibit autophagy.
Bcl2 regulation may help maintain autophagy and prevent cell death from excessive
autophagy (Pattingre et al. 2005). In this study, all experiments were conducted in the
presence of FBS. Therefore, it can be considered that autophagy may not be inhibited,
which is also proved by the result of LC311 ratio. Additionally, amber decreased apoptosis,

which suggests that amber may promote autophagy to decrease apoptosis.

In summary, amber extract protected SHSY5Y cells from amyloid-p1-42-induced
apoptosis. Additionally, it decreased intracellular ROS level and BACEL gene expression
and promoted autophagy. These results indicate that amber may improve the etiology of

neurodegeneration.
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Chapter Il. Protect effect of amber extract on human
dopaminergic cells against 6-hydroxydopamine-induced

neurotoxicity

3.1. Introduction
3.1.1 Parkinson’s disease

Parkinson’s disease (PD) is the second most common progressive neurodegenerative
disease after Alzheimer’s disease and is characterized by movement disorders such as
resting tremor, bradykinesia, rigidity, and postural instability (Hoehn et al. 1967). The
prevalence of PD increases with age, affecting approximately 1% of the population
having the age of more than 60 and 2%—-4% of the population having the age of more than
80 (Pringsheim et al. 2014; Tysnes et al. 2017). Similar to many other neurological

disorders, the cause of PD is still not completely understood.
3.1.2 a-synuclein and autophagy

The death of dopaminergic neurons in the substantia nigra pars compacta, striatal
dopamine depletion, and presence of a-synuclein aggregates are the neuropathological
hallmarks of PD (Dauer et al. 2003; Poewe et al. 2017). Mitochondrial dysfunction,
neuroinflammation, and oxidative stress have also been reported to be associated with PD
(Exner et al. 2012; Dias et al. 2013; Hirsch et al. 2009). Recently, a-synuclein aggregation
has been identified as a therapeutic target for PD (Poewe et al. 2017). A previous study
reported that a-synuclein has two types of degradation pathways: proteasomal and
autophagic proteolysis (Webb et al. 2003; Dehay et al. 2010). Unlike unfolded proteins,
aggregated proteins are usually resistant to unfolding, and their degradation is highly
dependent on autophagy (Mizushima et al. 2011). The autophagy enhancer rapamycin
has been shown to have a protective effect on PD-related dopaminergic
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neurodegeneration (Dehay et al. 2010). According to a previous study, autophagy, which
eliminates aggregated a-synuclein, may represent a potential neuroprotective strategy in

PD (Zhang et al. 2012; Webb et al. 2003).
3.1.3 6-Hydroxydopamine induced Parkinson’s disease model

6-Hydroxydopamine (6-OHDA) is commonly used to develop an in-vitro model of PD
(Bové et al. 2005). The structure of 6-OHDA is similar to that of dopamine and it can
easily oxidize into hydrogen peroxide and para-quinone (Przedborski et al. 2005). It can
enter neuronal cells and generate intracellular reactive oxygen species (ROS), ultimately

causing neuronal cell death (Blum et al. 2000).

In previous study show that amber extract can upregulation the SOD1 and SOD2
MRNA level and finally decreased the ROS level. Then, | wonder, amber extract may
also have the potential ability on 6-OHDA induced neuronal cell death. In this study, |
aimed to investigate the protective effects of amber extracts against 6-OHDA-induced

neuronal cell apoptosis.
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3.2. Materials and Methods

3.2.1. Materials

Dulbecco’s modified Eagle medium/nutrient mixture F-12 (DMEM/F12) and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenylterazolium bromide (MTT) and 6-OHDA were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS) was
purchased from Hyclone Laboratories (Logan, UT, USA). Penicillin and streptomycin

were purchased from Wako (Tokyo, Japan).

Apoptosis/Necrosis Detection Kit (blue, green, red) and DCFDA/H2DCFDA Cellular
ROS Assay Kit were purchased from Abcam (Cambridge, UK). Antibodies such as
Beclin, caspase 3, pERK, extracellular signal-regulated kinases (ERK), and LC3A/B XP
and LumiGLO reagent were purchased from Cell Signaling Technology (Danvers, MA,
USA). RNAIiso Plus was purchased from Takara Bio (Shiga, Japan). The
THUNDERBIRD SYBR gPCR Mix was purchased from Toyobo (Tokyo, Japan).

3.2.2. Amber extract

Baltic amber (Kaliningrad, Russia) was crushed, powdered, and extracted in 50%
ethanol at 40 °C for 1 h with stirring and double filtration. The extracted solution was
depressurized and freeze-dried to form a powder (Kohaku Bio Technology, Tsukuba,
Japan). Amber extract powder was dissolved in dimethyl sufoxide (DMSO), and the

mixture was stored at -80 °C until use.
3.2.3. Cell culture

The human neuroblastoma cell line SHSY5Y (Riken Cell Bank, Tsukuba, Japan) was
used for the experiments. SHSY5Y cells were cultured in DMEM/F12 medium with 10%
FBS. After 24 h, the cells were pre-treated with amber extract for 24 h, followed by
treatment with 6-OHDA for another 24 h. The cells were maintained in a humidified

atmosphere under 5% CO2 at 37 °C.
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3.2.4. MTT assay

Cell viability was measured using the MTT assay. The medium was replaced with 90%
DMEM/F12 and 10% MTT, and the cells were cultured at 37 °C for 4 h. Then, 10%
sodium dodecyl sulfate (SDS) was added, and the mixture was kept at room temperature
overnight. Absorbance was measured at 570 nm using a microplate reader (BioTek,

Tokyo, Japan).
3.2.5. Apoptosis assay

SHSY5Y cells were cultured in DMEM/F12 medium with 10% FBS. After 24 h, the
cells were pre-treated with amber extract for 24 h, followed by treatment with 6-OHDA
for another 6 h. The apoptosis/necrosis detection kit (blue, green, red) was used to
quantify apoptotic, necrotic, and live cells, the cells were washed by buffer, and then
replaced into Apoptosis buffer, for 20 mins at r.t., then, washed in buffer. Fluorescence
was measured using a fluorescence microplate reader (BioTek, Tokyo, Japan), with
fluorescence intensities of EX/Em = 490/525 nm, EX/Em = 550/650 nm, and ExX/Em =

405/450 nm for apoptotic, necrotic, and live cells, respectively.
3.2.6. ROS assay

SHSYS5Y cells were cultured in DMEM/F12 medium with 10% FBS. After 24 h, the
cells were pre-treated with amber extract for 24 h, followed by treatment with 6-OHDA
for another 6 h. DCFDA/H2DCFDA Cellular ROS Assay Kit was used to measure
intracellular ROS concentration, the cells were washed by buffer, and then replaced into
DCFDA, for 20 mins at 37°C. Then, washed in buffer. Fluorescence was measured using
a fluorescence microplate reader (BioTek, Tokyo, Japan), at a fluorescence intensity of
Ex/Em = 485/535 nm.

3.2.7. Western blotting

The cells were collected via centrifugation, washed twice with cold phosphate-buffered

saline, and lysed using RIPA buffer (150 mM NaCl, 1 mM EDTA, 50 mM Tris-HCI, 10
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mM NaF, 1 mM NasVOs, 1% Triton X-100, 0.1% SDS, 0.5% Na-deoxycholate, and
protein inhibitor). After electrophoresis and transfer, the membrane was incubated with
primary antibodies including Beclin, caspase 3, pERK, ERK, and LC3 A/B XP. The
membrane was then incubated with horseradish peroxidase (HRP)-conjugated secondary
antibodies at room temperature for 1 h. LumiGLO reagent was used to detect HRP. The
bands were detected using an AE-9300 Ez-capture MG system (Atto Corporation, Tokyo,

Japan). Protein expression levels were quantified using the ImageJ software (NIH, USA).
3.2.8. Data analysis

All experiments were repeated at least thrice. The results are expressed as the mean +
SD. The one-way ANOVA post hoc tukey’s test was performed to compare data among

the groups. Statistical significance was set at a p-value of <0.05.
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3.3. Results

3.3.1. Amber extract protects SHSY5Y cells against 6-OHDA-induced cytotoxicity

Cell viability was measured using the MTT assay. Low concentrations of amber extract
(below 50 pg/mL) showed no cytotoxicity. However, cells treated with 100 pg/mL amber
extract showed significantly decreased viability compared with the cells in the control
group (Fig. 10A). Significant decrease were observed in the viability of cells treated with
50, 75uM 6-OHDA, then 75uM 6-OHDA have been choosed in the further
experiment(Fig. 10B).

Compared with the control group, a significant decrease in viability was observed for
cells treated with 75 pM 6-OHDA, whereas treatment with amber extract showed a

protective effect against 6-OHDA -induced cytotoxicity (Fig. 10C).
3.3.2. Amber extract decreases 6-OHDA-induced ROS generation in SHSY5Y cells

Cells treated with 75 pM 6-OHDA showed a significant increase in ROS levels
compared with the cells in the control group; however, the levels decreased with amber

extract treatment (Fig. 11A).

| also measured pERK protein levels, which are related to ROS generation. The
PERK/ERK ratio was increased in the 6-OHDA group compared with that in the control

group cells and decreased in the amber extract treatment (Fig. 11B &C).

3.3.3. Amber extract decreases 6-OHDA-induced apoptosis in SHSY5Y cells

To evaluate the effect of amber extract on apoptosis, the apoptosis assay was performed
and the protein expression levels of caspase 3 were measured. Cells treated with 75 uM
6-OHDA showed a significant increase in cell death and cleaved caspase 3 protein level
when compared with cells in the control group. In contrast, apoptosis and cleaved
caspase-3 protein levels were lower in the amber extract-treated group than in the 6-

OHDA group (Figures 12A, B, and C).
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3.3.4. Effect of amber extract on autophagy-related gene expression in SHSY5Y

cells

To confirm the effect of amber extract on autophagy, the protein expression levels of
autophagy-related genes, Beclinl, and LC3 were measured. | observed that 6-OHDA
decreased the protein levels of Beclin-1, but had no significant effect on LC3-1I levels.
However, the protein levels of Beclin-1 and LC3-1l were higher in the amber extract-
treated group than those in the 6-OHDA group (Fig. 13A, B &14 A, B). Furthermore, |
measured the LC3 1I/LC3 | ratio as another marker for autophagy. Cells treated with 6-
OHDA showed no significant differences in the LC3 II/LC3 | ratio compared with cells
in the control groups. However, the LC3 II/LC3 | ratio was increased in the amber extract
group (Fig. 14C). These results suggested that amber extract promotes autophagy in
SHSY5Y cells.
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3.4. Discussion

6-OHDA can take up by the dopamine transporter (DAT) into cell and generate active
oxygen, which causes the death of neuron (Blum et al. 2000; Schober 2004). In our
previous study, amber extract can upregulate the mRNA level of SOD1 and SOD?2 to
downregulate ROS generation (Luo et al. 2021). Therefore, the purpose of this study was
to focus on the effects of amber on 6-OHDA induced generate active oxygen and neuron

death.

Cell viability was not different in the amber extract group (up to 50 ug/mL); however,
it was significantly increased in the amber pre-treatment group compared with that in the
6-OHDA group. Thus, I concluded that amber extract protected the cells from 6-OHDA-
induced cytotoxicity. Moreover, this result considered that amber may has preventive

effect under 6-OHDA cytotoxicity.

Apoptosis assay was performed to confirm the effects of amber extract on 6-OHDA
induced cell death. The fluorescence intensity of apoptotic cells to healthy cells was
increased in the 6-OHDA group, which is consistent with a previous study (Woodgate et
al. 1999), and decreased in the amber pre-treatment group. Moreover, the protein levels
of caspase 3 and cleaved caspase 3 were measured. The results of the amber group showed
that cleaved caspase 3 showed a concentration-dependent decrease compared with that in
the 6-OHDA group. This result suggested that amber has a protective effect against 6-
OHDA-induced cell death.

In recent years, many studies have suggested that mitochondrial dysfunction (Gu et al.
1998) and oxidative stress (Dias et al. 2013; Annunziato et al. 2003) play important roles
in PD. 6-OHDA can enter neuronal cells and generate intracellular ROS, causing neuronal
cell death (Blum et al. 2000; Schober 2004). In my study, the increase in ROS in the 6-
OHDA group weas clearly observed, this observation was consistent with that in previous

studies (Bernstein et al. 2011). And increased ROS were decreased by the amber
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treatment. Therefore, amber reduced cell apoptosis because of the possible effect of ROS

scavenging.

In a previous study, oxidative stress induced by ROS generation led to apoptosis via
caspase 3 activation (Annunziato et al. 2003). However, unlike cleaved caspase 3, ROS
generation was not significantly different between the cells treated with various
concentrations of amber extract. This suggested that in addition to its ROS scavenging
effect, amber may exert its effect via another signaling pathway to protect cells from

apoptosis.

ERK1/2 have been reported as important regulators of neuronal responses (Chu et al.
2004; Subramaniam et al. 2010). Activation of the ERK signaling pathway may be related
to cell death (Chu et al. 2004). In vitro and postmortem studies have shown that ERK1/2
activation plays an important role in 6-OHDA-induced cell death (Kulich et al. 2001; Zhu
et al. 2002). Therefore, 1 measured the protein levels of pERK and ERK. The results
showed that the phosphorylation of ERK in the 6-OHDA group was significantly
increased, consistent with a previous study (Chu et al. 2004), whereas amber inhibited the
phosphorylation of ERK. This also suggested that amber extract decreases apoptosis via

the ROS-mediated ERK signaling pathway.

In a previous study, a-synuclein aggregates were found to be a neuropathological
hallmark of PD (Poewe et al. 2017). One of the important degradation pathways of a-
synuclein is autophagic proteolysis (autophagy) (Webb et al. 2003; Dehay et al. 2010).
Autophagy is an intracellular degradative process. It is usually occurring in stress
conditions, such as the presence of abnormal proteins and nutrient deficiency, etc.(Yun
et al. 2018). Rapamycin, a inducer of autophagy, has been shown to have a protective
effect on PD-related dopaminergic neurodegeneration (Dehay et al. 2010). These studies
showed that autophagy may represent a potential neuroprotective strategy in PD. In our
previous study, amber was shown to promote autophagy (Luo et al. 2021). Therefore, |
detected the protein levels of Beclinl and LC3, which are autophagy-related markers. The

results showed that Beclinl expression in the 6-OHDA group decreased significantly, ,
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whereas no significant change was observed in LC3I1 expression, which was consistent
with that in previous study (He et al. 2018). However, the amber group showed a

significant increase in Beclinl and LC3II protein levels.

These results suggested that amber extract can protect neuronal cells against 6-OHDA-
induced cell apoptosis by upregulating autophagy. Interestingly, an amber concentration
of 50 pg/mL did not show the highest values of results in autophagy, whereas a
concentration of 25 pg/mL induced higher protein levels of both Beclinl and LC3lI
(Figs.13B & 14C). However, in LC3 II/LC3 | ratio, a marker of autophagosome formation,
showed the same effect on 25 pg/mL and 50 pg/mL group (Fig.14C). This indicated that

a low concentration of amber extract may have a better therapeutic effect.

As Fig.15 showed, 6-OHDA also can induce neuroinflammation, upregulation of the
INOS, and NO production (Zhang et al. 2011), which mean may have the relative with
inflammatory, in this experiment, the NO production and iNOS protein level are not
measured, but in our previous study, amber has the ability on anti-inflammatory (Tian et
al. 2021). This is suggested that amber may also protect SHSY5Y cells from iNOS/NO

signaling pathway.

In summary, amber extract protected SHSYS5Y cells from 6-OHDA-induced apoptosis.
Additionally, it decreased intracellular ROS and phosphorylation of ERK, and promoted
autophagy. These results indicated that amber can be potentially used as a novel

therapeutic and prophylactic candidate for PD.
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General Discussion

4.1 Active compound in amber

Amber is a type of fossilized resin obtained from plants. Nowadays, the largest known
deposit of amber is in the Baltic region. Baltic amber is the most popular and commonly
used in folk medicine in Russia (Mills et al. 1984). In previous studies, many effects of
Amber, such as the anti-allergic effect (Maruyama et al. 2018), promotion of collagen
production, and suppression of melanin production (Suzuki et al. 2020) have been
investigated. In our previous studies, we found that amber extract also has anti-
inflammatory effect (Tian et al. 2021), the ability to reduce fat accumulation (Sogo et al.

2021).

Amber contains many bioactive compounds, such as monoterpenes succinic,
monoterpenoids, sesquiterpenoids, and other compounds (Mills et al. 1984; Yamamoto
et al. 2006). Monoterpenes and Monoterpenoids are a series of chemicals that are widely
diffused in plants, the basic structure is composed of two bound isoprene units (Kabir et
al. 2020). Monoterpenes have been reported to have antioxidant, anti-inflammatory, anti-
diabetic, hepatoprotective, anti-tumor activities and can modulate autophagy
(Ashrafizadeh et al. 2020). Monoterpenoids also have been reported to have anti-
inflammatory effects (Bi et al. 2017) and one kind of treatment for chronic pain (Perri et
al. 2020). Moreover, Sesquiterpenoids also have been reported to have anti-inflammatory
effect (Hoang et al. 2016) and neuroprotective Effects (Xu et al. 2018). Some compounds
have shown the protect effect on inflammatory, oxidant and neurol. However, there are
still have many other unknown compounds in amber. Further study will focus on
identifying all compound of the amber extract and elucidating the compound that have

the potential effect on neuroprotective effects.
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4.2 Neuroinflammatory

Neuroinflammatory also became an important part of neurodegenerative diseases, such
as PD and AD (Hirsch et al. 2009; McKenzie et al. 2017; Gelders et al. 2018). In a
previous study, neuroinflammatory has become an important role in AD (Leng et al.
2021), and the number of neuronal cells that died of neuroinflammation was far more
than that of amyloid-B. In previous studies, kujigamberol, which is isolated from kuji
amber, has anti-allergic effects (Kimura et al. 2012; Maruyama et al. 2018). Moreover,
other bioactive compounds, such as monoterpenes succinic, monoterpenoids and
sesquiterpenoids also been found to have anti-inflammatory effect (Ashrafizadeh et al.
2020; Bi et al. 2017; Hoang et al. 2016). According to these knowledge, it is suggested
that the protective effect of amber extract may possible not only by one single component

but also by the combined action of many different types of compounds.

In cell, also have one kind of apoptosis, called contagious apoptosis. This is one kind
of process that one cell death can affect another cell nearby and lead to another cell death
(Li et al. 2000; Friedlander 2003). And contagious apoptosis also happened in the neuron
system. In previous study, during the neuronal cell death process, the level of
inflammatory cytokines, such as IL-1p, TNF-a were increased (Yuan et al. 2000). In our
study group, amber has anti-inflammatory effect on LPS induced inflammatory cell
model (Tian et al. 2021). This is suggested that amber may have the ability on anti-
neuroinflammatory. Furthermore, may not only stop the apoptosis on one cell, but also
inhibitor the inflammatory cytokines, etc., to release. And finally decreased contagious
apoptosis. Further study will focus on inflammatory cytokines, such as IL-1p, TNF-a, and

INOS, NO production which relative to inflammatory.
4.3 ROS

Reactive oxygen species (ROS) play an important role in our life. A low concentration
of ROS is relative to some physiological functions such as cell cycle progression and

proliferation, etc. but the high concentration of ROS can damage the protein, membranes,
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and finally activation of the cell death processes. In mammals’ cells have several different
antioxidant enzymes, such as superoxide dismutase (SOD), catalase, glutathione
peroxidase, and peroxiredoxins (Redza-Dutordoir et al. 2016). In some preview studies,
ROS was increased in some neurodegenerative diseases, such as AD and PD (Kehrer et
al. 2015; Brieger et al. 2012; Ghezzi et al. 2017). In the results of ROS level, amyloid-f
and 6-OHDA upregulated the ROS level which was decreased by amber extract. However,
the results of the DPPH assay, show that a low concentration of amber (concentration
used in experiments) has no chemical scavenging activity, this is suggested that amber
decreased the ROS level are not by amber itself. The treatment of amber showed the
upregulation of the mRNA level of SOD1 and SOD2 which are two kinds of important
enzymes on antioxidants. This is suggested that amber may have the ability to suppress
the abnormal ROS level by upregulation of the antioxidant enzymes. Because 90% of
intracellular ROS are generation from mitochondria (Zhang et al. 2019). In Capture Il the
Bcl2 and Bax mRNA levels and mitochondrial membrane potential were measured, and
results show that amber protects the cell from apoptosis through the mitochondria
pathway. Further study will focus on the activation of Nrf2, which is relative to the ROS

level and inflammatory, and the effect of amber on other antioxidant species in the cell.
4.4 Autophagy

Autophagy is an intracellular degradative process. It is usually occurring in stress
conditions, such as the presence of abnormal proteins and nutrient deficiency, etc. In
many neurodegenerative diseases, such as AD, PD, and Amyotrophic lateral sclerosis
(ALS), etc., are found the abnormal protein aggregation (Guo et al. 2018). Dysregulated
autophagy has a strong relative with many neurodegenerative diseases, therefore the
regulation of autophagy become one of the potential therapeutic targets of
neurodegenerative diseases (Menzies et al. 2015; Menzies et al. 2011; Sarkar 2013).
Autophagy occurs through two different pathways: mTOR dependent and independent
pathway (Sarkar 2013). The central core of mTOR has two distinct complexes, mTOR
complex 1 (mTORC1) and mTORC2. mTORCL1 promotes protein synthesis and is a

33



major negative regulator of autophagy, mTORC2 also plays a negative regulator of
autophagy (Ballesteros-Alvarez et al. 2021). mTOR independent pathway is regulated
other signaling pathway and finally activation autophagy. In this experiment, | measured
Beclinl and LC3, which are involved in autophagosome formation. As the results showed
in amyloid-p model, amyloid-p, as one kind of protein that is easy to aggregation,
increased autophagy, which was consistent with previous studies (Singh et al. 2017; Lv
etal. 2009). And in 6-OHDA model, 6-OHDA, one kind of drug can take up by dopamine
transporter into the cell and generate active oxygen, impair the function of autophagy,
which was consistent with the previous study (He etal. 2018).  And in both experiments,
amber extract shows the ability to upregulation the protein level of Beclinl and LC3IlI,
which means promoted the autophagosome formation. Further study will focus on
upstream signaling pathways, such as mTOR, AMPK, PI3K/AKT, and MAPKI/Erk

signaling pathways.
4.5 Chinese traditional medicine

In nowadays, many medicines for neurodegenerative diseases are being developed. For
the best effect, sometimes require the combination of several different medicines.
However because of the side effect, recently, the development of multifunctional drugs
Is gathering attention. These medicines should have at least 2 different effects. Such as
cholinesterase inhibitor, anti-inflammatory, antioxidant, anti-apoptotic, activation of
mitochondrial-dependent cell-survival genes and proteins, etc. (Youdim et al. 2005). Also,
some medicine like levodopa, for the treatment of PD, and Donepezil, for the treatment
of AD, may cause many side effects. However, Traditional Chinese medicine shows the
potential ability on neurodegenerative diseases due to the multifunctional effect and few
side effects (Hu et al. 2019). Some natural compounds isolated from Chinese traditional
medicines, such as curcumin, epigallocatechin gallate, ginsenosides, etc. were reported to
have the multifunctional effect, such as anti-inflammatory, antioxidant, autophagy
regulation, etc. both in vitro and in vivo (Luo et al. 2019; Basnet et al. 2011; Jakubczyk

et al. 2020; Choi et al. 2016). In this experiment, | used another traditional Chinese
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medicine, Amber. Similar to other natural compounds, the extract of amber shows the
effect on anti-apoptosis, antioxidant, autophagy regulation, and in amyloid-f induced cell
death model show the effect on BACEL production (Yang et al. 2005; Choi et al. 2016;
Rezai-Zadeh et al. 2005). This suggests that amber may have multifunctional effect,

however, still need more evidence to prove this theory.
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Future prospects

In this experiment, | found and determined that amber extract can protect SHSY5Y cell
from amyloid-3 and 6-OHDA cytotoxicity by decreased the ROS level and promoted
autophagy. However still have a lot of things that have not been clarified. | am looking

forward to further experiments to perfect this theory.

The first is that identifying all compound of the amber extract. The amber solution used
in the experiment are mixture. And which component is most effect is still unknow,
because several different compounds show the potential ability on antioxidant and
inflammatory, | expect to find all the active component, and find the best ratio of each

component.

Secondly, | will focus on neuroinflammatory, which have relative with
neurodegenerative diseases. | expect to measure some inflammatory cytokines, such as

IL-1B, TNF-a, and iNOS, NO production.

Thirdly, 1 will focus on signaling pathway are involve in autophagy. Because Beclinl
and LC3 were clarified. So, | expect to measure upstream signaling pathway protein, such
as mTOR, AMPK, etc. Also will to measured the protein level of aggregation protein,

such as Tau protein and a-Synuclein.

Finally, in this experiment, | only used one kind of medicine to induce cell apoptosis.
I plan to different kind of medicine to induce cell apoptosis, and finally use a mouse
model to verify the efficacy of amber extract/component in vivo. This proves whether

amber extract/component can use as a effective medicine for AD and PD.
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Fig.1. Effect of amber extract on amyloid-p (Ap) (1-42)-induced cytotoxicity. Control:

(AP amber) - -, AB: (AP amber) + - (A) Cytotoxicity of amber extract. (B) Cytotoxicity
of AP (1-42). (C) Effect of amber extract on AP (1-42)-induced cell death. Cell viability

was determined using MTT assay. The results are expressed as mean = SD. N>3, *

P<0.05 vs. Control, *** P<0.001 vs. Control, #P<0.05 vs. AP, ##P<0.01 vs. AP.
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Fig.2
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Fig. 2 Effect of amber extract on AP (1-42)-induced cell apoptosis. Control: (A amber)

- -, AB: (AP amber) + - (A) Apoptosis analyzed using a fluorescence microscope. The
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images were captured using fluorescence microscopy. Green: apoptotic cells, blue: live
cells. (B) The fluorescence intensity of apoptosis was quantified using ImagelJ. The

results are expressed as mean + SD. N>3, * P<0.05 vs. Control, ** P<0.01 vs. Control,

#P<0.05 vs. AP, ##P<0.01 vs. AP.
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Fig.3
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Fig. 3 Effect of amber extract on AP (1-42)-induced cell apoptosis. Control: (A amber)
- -, AB: (AP amber) + - (A) Representative western blot image of caspase 3 and cleaved
caspase 3. (B) The protein bands of cleaved caspase 3 were quantified using ImageJ. (C)
MRNA levels of Bax, (D) mRNA levels of Bcl-2, (E) mRNA levels of Bax/Bcl-2 ratio,
and they were normalized to the control. The results are expressed as mean + SD. N>3,

* P<0.05 vs. Control, ** P<0.01 vs. Control, #P<0.05 vs. AB, ##P<0.01 vs. Ap.
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Fig.4
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Fig.4 Effect of amber extract on AP (1-42)-induced intracellular reactive oxygen species
(ROS) generation. Control: (AP amber) - -, AB: (AP amber) + - (A) ROS analyzed using
a fluorescence microscope. The images were captured using fluorescence microscopy.

(B) The fluorescence intensity of intracellular ROS generation was quantified using
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Imagel. (C) Scavenging activity of Vitamin C, BHT and Amber extract on free radical
procedure. (D) mRNA levels of SOD1, (E) mRNA levels of SOD2, (F) mRNA levels of
CAT, and normalized to the control. The results are expressed as mean + SD. N>3, *

P<0.05 vs. Control, #P<0.05 vs. AP, ##P<0.01 vs. AB, ##P<0.001 vs. Ap.
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Fig.5
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Fig. 5. Effect of amber extract on Mitochondrial membrane potential (MMP). Control:
(AP amber) - -, AB: (AP amber) + - (A) Mitochondrial membrane potential (MMP)
analyzed using a fluorescence microscope. The images were captured using
fluorescence microscopy. (B) The fluorescence intensity of MMP was quantified using
ImageJ. The results are expressed as mean + SD. N>3, * P<0.05 vs. Control, #P<0.05

vs. AB.
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Fig.6

.0

oo oo
=

[§%]

0
Ap
Amber

BACET] relative value/ f-actin
Fold of control

B C 1.8 - ®
1.6 1
- 1.4 1
5= 1.2 # 4
@ O
s | O 20
= #
o= 0.8 A
SR
< =06
f-actin 1 1 1 J | M 0'4
AB - + + + + 0:27

Amber - - 5 10 15 pg/ml

Ct | Ap Amb,

er
pg/ml

Fig.6 Effect of amber extract on BACEI expression. Control: (Ap amber) - -, AB: (A
amber) + - (A) mRNA levels of BACEL, normalized to the control. (B) Representative
western blot image of BACEL. (C) The protein bands were quantified using ImageJ.
The results are expressed as mean + SD. N>3, * P<(.05 vs. Control, #P<0.05 vs. AB,

##P<0.01 vs. AB, ##P<0.001 vs. AB.
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Fig.7
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Fig.7 Effect of amber extract on autophagy gene expression. Control: (A amber) - -,
AB: (AP amber) + - (A) mRNA levels of beclinl, normalized to the control. (B)
Representative western blot image of Beclinl. (C) The protein bands were quantified
using ImagelJ. The results are expressed as mean £ SD. N>3, * P<0.05 vs. Control,

#P<0.05 vs. AP, ##P<0.01 vs. Ap.
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Fig.8 Effect of amber extract on autophagy gene expression. Control: (A amber) - -,
AB: (AP amber) + - (A) MRNA levels of LC3, normalized to the control. (B)
Representative western blot image of LC3. (C) The protein bands were quantified using
ImagelJ. (D) The relative ratios of LC3 II/LC3 I bands density. The results are expressed
as mean + SD. N>3, * P<0.05 vs. Control, #P<0.05 vs. AR, ##P<0.01 vs. Ap.
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Fig.9
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Fig.9 Signaling pathway of amyloid-f. BACEL is one of the enzymes that cleaves
Amyloid-f precursor protein (APP) and finally produced amyloid-B. Amyloid-f is easy

to aggregation, and ROS formation, finally cause cell apoptosis.
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Fig.10
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Fig.10 Effect of amber extract on 6-hydroxydopamine-induced cytotoxicity. Control:
(6-OHDA amber) - -, 6-OHDA: (6-OHDA amber) + - (A) Cytotoxicity of amber
extract. (B) Cytotoxicity of 6-OHDA (C) Effect of amber extract on 6-OHDA -induced
cell death. Cell viability was determined using MTT assay. The results are expressed as
mean £+ SD. N>3, * P<(.05 vs. Control, ** P<0.01 vs. Control, #P<0.05 vs. 6-OHDA,
##P<0.01 vs. 6-OHDA.
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Fig.11
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Fig.11 Effect of amber extract on 6-OHDA -induced intracellular reactive oxygen
species (ROS) generation. Control: (6-OHDA amber) - -, 6-OHDA: (6-OHDA amber) +
- (A) ROS analyzed using a fluorescence microplate reader. (B) Representative western
blot image of pERK and ERK. (C) The protein bands were quantified using ImageJ.

The results are expressed as mean + SD. N>3, * P<0.05 vs. Control, #P<0.05 vs. 6-
OHDA, ##P<0.01 vs. 6-OHDA.
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Fig.12

A 1.6 .
14 # 4
g 12 ' " it
EQC 1
[ S
% 08
22 0.6
e
5 04
=
o 02
0
6-OHDA - + + + +
Amber - - 15 25 50
Ct [6-OHDA Amber
ng/ml
B C
= 35 ~ ok
g 30 #
Caspase 3 m S _ 25 -
A =
Cleaved 32201
! o ° |
Caspase 3 z= 15 i s
_ S 210 ‘
B-actin B .
= 0
= 0
6-OHDA - + + * + GOHDA | - + + + +
Amber - - 13 25 50 pg/ml Amber - - 15 25 50
Ct  |6-OHDA Amber
pg/ml

Fig. 12 Effect of amber extract on 6-OHDA -induced cell apoptosis. Control: (6-OHDA
amber) - -, 6-OHDA: (6-OHDA amber) + - (A) Apoptosis analyzed using a
fluorescence microplate reader. (B) Representative western blot image of caspase 3 and
cleaved caspase 3. (C) The protein bands of cleaved caspase 3 were quantified using
ImageJ. The results are expressed as mean + SD. N>3, ** P<(.01 vs. Control, #P<0.05
vs. 6-OHDA, ##P<0.01 vs. 6-OHDA.
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Fig.13
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Fig. 13 Effect of amber extract on autophagy gene expression. Control: (6-OHDA
amber) - -, 6-OHDA: (6-OHDA amber) + - (A) Representative western blot image of

Beclinl. (B)The protein bands of Beclinl were quantified using ImagelJ. The results are
expressed as mean £ SD. N>3, * P<0.05 vs. Control, #P<0.05 vs. 6-OHDA, ##P<0.01
vs. 6-OHDA.
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Fig.14
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Fig.14 Effect of amber extract on autophagy gene expression. Control: (6-OHDA
amber) - -, 6-OHDA: (6-OHDA amber) + - (A) Representative western blot image of
LC3. (B) The protein bands of LC3II were quantified using ImagelJ. (C) The relative
ratios of LC3 II/LC3 I bands density. The results are expressed as mean + SD. N>3, *
P<0.05 vs. Control, #P<0.05 vs. 6-OHDA, ##P<0.01 vs. 6-OHDA.
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Fig.15
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Fig.15 signaling pathway of 6-OHDA. 6-OHDA can take up by the dopamine (DA)

transporter into cell and generate active oxygen, and finally cause cell apoptosis.
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