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1. Ewoayoym

H moapodoa epyacio ekmoveitonr oTo TAOIGLOL TNG TTUYLOKNG TOL TUNHOTOS ZEVOV
IMNwocav, Metdopaong kot Atepunveiog tov loviov [avemotnuiov yia 1o akadnpoiko
étog 2020-2021. To 6épa g epyaciog ivar 1 HETAPPOOT KOl O GYOALOCUOS TOL
apbpov “Hypoglycemia, Hyperglycemia and Astaxanthin: An in Vitro Alzheimer’s
Disease Model” .ITpokeitor yio. éva GpBpo to omoio peletd pio mbavy ovvdeon
avdpeca otn vooo Altoyayep kot to owfrtn. H pedétn avtn etvan dtabéoiun yio to
KOwo 010 dtadiKTvo
(https://www.scirp.org/journal/paperinformation.aspx?paperid=97872).

To amoteAéopota TG LEAETNG OVAPOPIKA LLE TN GYECT TOL VIAPYEL LETAED TNG VOGOV
Altoyduep kot tov dwaPntn eivon evivnmotlokd. Emmpocheta, 1o evolagépov Tov
apBpov drteton ™G coPoapdtnroc Tov Bépatog. ITo cuvykekpéva, TOGO0 1 VOGOG
Altoyduep 600 Kot 0 dafntng amoteAodv acBEVEIEG Ol Omoleg TANTTOLV UEYOLO
UEPOG TOL TANOVLGLOV Kol Ol OTTOiEg KO LEAETOVVTOL TOGO MG TPOG TIG EMTTOCELG
TOVG OGO KOl G TPOG TOVG TOPBEYOVTIES TOV TIG YEVVOUV.

O tpoémoc ypaeng Tov apbpov ival emoTNUOVIKOS, TEPAapuPavel TAN00G opoloyldv
OVCLMV KOl O1adTKAGIOV ®GTOCOo givar amAd Kot Katovontd. To keipevo gppavilet
OPIOUEVEG OVOKOAIEG Y10 TOV HEGO OVAYVMGTY TOV POPOVV KVPIME TOLG OPOLS TOV
YPNOLUOTOLOVVTAL, OGTOGO vl KOTAAANAO Y10 E101KOVS GTOV TOUEN TNG LYEING TOV
LEAETOVV TO GVYKEKPLUEVO OEpLaL.
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2.I1potoéTomo

Abstract

Alzheimer’s Disease is projected to increase to 30 million people in the next 30 years
and the rate of diabetes mellitus is projected to rise also. Hyperglycemia is commonly
observed in patients with diabetes mellitus, and hypoglycemia is a common
consequence due to insulin therapy. Previous research has shown a potential link
between Alzheimer’s disease and diabetes. This study sought to determine if
Astaxanthin (ATX) could prevent mitochondrial dysfunction from the compounded
effects of amyloid § (A5) plaque and hypoglycemia or hyperglycemia. Growth
patterns, ATP production, and ROS generation were examined in 2 uM, 5 uM, 25 uM
(hypoglycemic groups), 2 mM, 5 mM (normal groups), and 25 mM glucose
(hyperglycemic group), and then treated with or without ATX or ApS. When
hypoglycemia groups and the hyperglycemia group were treated with ATX, their
growth patterns were either comparable to control or increased. ATX and Ap treated
cells demonstrated increased growth patterns over cells treated with Ag alone. Ag alone
treated groups overall had significantly less growth than controls (p < 0.05).
Hypoglycemic groups produced overall low levels of ATP, and the hyperglycemia
group produced high levels of ATP. Cells cultured with A demonstrated low levels of
average fluorescence generated by ROS production as determined by MitoSox assay
while ATX groups actually produced higher to normal levels of ROS. Cells grown in
the presence of Ag and AT X generally produced more ROS than just A5 groups. Thus,
hypoglycemia and hyperglycemia do appear to compound the effects of Apon
hippocampal cells. ATX treatment demonstrated promise with increased cellular
growth, which promoted usage of ATP by the cell and ROS production. This growth
was present even in the presence of Ap, suggesting that ATX is able to overcome the

negative effects of Ap.
1. Introduction

Alzheimer’s Disease (AD) is a neurodegenerative disease involving the progressive
loss of memory and mental function that affects approximately 5.8 million people in
the United States in 2019 [1]. Despite the prevalence of this disease, few treatment

options are available, and no cure exists [2]. A hallmark of AD is the presence of
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amyloid beta peptide (AB) deposition in the brain [3]. Ap peptidesare known to increase
reactive oxygen species (ROS) production [4] [5] [6]. APi-42 has also been shown to
enhance insulin receptor substrate phosphorylation, which an antioxidant known as
astaxanthin was able to reduce and to reverse the cognitive and memory deficits caused
by amyloidogenic effects in the hippocampus [7]. AP increases the number of
mitochondria with mutated mMDNA, contributing to higher oxidative stress [8] [9] [10].

ROS are produced from the partial reduction of O at the end of the electron transport
chain. When O is only partially reduced, it produces reactive oxygen species, such as
superoxide anion, hydrogen peroxide, and a hydroxyl radical, that change the structure

of proteins, lipids, and nucleic acids and lead to cell death [5] [11].

ROS production may vary due to the presence of high blood glucose levels
(hyperglycemia), typical of Diabetes Mellitus (DM). DM is a risk factor for
Alzheimer’s Disease; connecting diabetes-related mechanisms to actual AD pathology
[12] [13]. Interestingly, hypoglycemia and hyperglycemia have been shown to cause an
increase in ROS production and cognitive dysfunction [14] [15]. The signaling
pathways triggering hyperglycemia also play a part in DM symptoms by increasing
ROS, oxidative stress, and cellular death and necroptosis [16] [17] [18]. Hypoglycemia
in type 1 diabetes damages working and long-term memory as a result of oxidative
stress [19]. Hyperglycemia is a major contributor to ROS production and other damage
in type 2 diabetes [20].

Astaxanthin (ATX) is a carotenoid produced by aquatic microorganisms that is then
ingested into marine wildlife, including salmon, shrimp, lobster, and crayfish. AT X can
cross the blood-brain barrier and scavenge ROS in the brain [21]. AT X does accumulate
in the hippocampus 4 and 8 hours after a single dose and increases over time [22]. ATX
has also been shown to be neuroprotective against Api-s2-mediated toxicity in PC-12
neuronal cells and against hypoglycemic conditions [14] [23]. Under normal blood
glucose levels, ATX was found to ameliorate the mitochondrial dysfunction caused by
AP [14]. This paper looks at the effectiveness of ATX in reducing oxidative stress in
neurons as determined by ROS and ATP production under hypoglycemic and

hyperglycemic conditions.

2. Materials and Methods
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2.1. Cell Culture

A mouse hippocampal cell line (NE-4C) was purchased from ATCC (CRL-2925),
along with Eagle’s Minimum Essential Medium (EMEM) and Fetal Bovine Serum
Albumin (FBS). The EMEM was supplemented with Pen Strep at a concentration of
0.99% to reduce microbial growth. Once the cells were thawed, the EMEM and Pen
Strep medium was mixed with FBS to a final concentration of 15%. This total 20 mL
medium was prepared and warmed in a 37°C water bath. Warm EMEM/FBS medium
was then added drop-by-drop to the cell solution in a 1/10 dilution and mixed. Cells
were then spun down at 1K for 5 minutes, and the supernatant was removed, and warm
EMEM/FBS medium was added to the cell pellet in a 1/8 dilution and mixed. The cells
were incubated at 37°C, and the medium was changed every two to three days. Once
the desired cell population was reached, the cells were split and frozen in a —80°C

freezer.
2.2. Neuronal Differentiation

For the ATP and MitoSOX assays, the cells were thawed and then differentiated.
Neuronal differentiation was accomplished using retinoic acid (RA) at a concentration
of 1077 M for 24 hours [24], then cells were washed in warm PBS at 37°C. During the
24-hour retinoic acid exposure, the cells were grown in the EMEM/FBS medium in an
incubator at 37°C. After 24 hours, the cells were washed with warm PBS at 37°C and
challenged based on their conditional groups, either G, GAB, GATX, or GABATX for
2 UM, 5 pM, 25 pM, 2 mM, 5 mM, and 25 mM glucose groups. The cultures were
exposed to the group condition outlined above for 24 hours, washed with PBS at 37°C,
and then, either a luciferase assay or MitoSOX assay was performed.

For the GAB or GABAT X conditional groups, AB1-42 was obtained from Sigma Aldrich
and was then dissolved in sterile DMSO to make a 0.5 mM stock solution. Cells in the
GApB and GABAT X groups were incubated with a concentration of 2 uM A1.42 for 24
hours. Astaxanthin was also obtained from Sigma Aldrich and dissolved in sterile
DMSO to make a 0.1 pM stock solution. Cells were then incubated with ATX at a
concentration of 10 nM for 24 hours. Cells in the GATX and GABATX groups were

incubated with a concentration of 10 nM AT X for 24 hours.

2.3. ATP Luciferase Assay
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Cells for this assay were grown in Eppendorf tubes. Under hypoglycemic conditions,
only two challenges were performed due to the results obtained from controls. Based
on the exposure groups, the cells were incubated with their specific glucose and/or
treatment exposure, 2 uM of APB1.42, or 10 nM AT X for 24 hours. Glucose challenge
and glucose with ATX exposure groups were tested. This was due to the very small
luminescence of the groups compared to ATP concentrations. Intracellular ATP in the
cells of the different exposure groups were measured utilizing Firefly Lantern Extract
from Sigma-Aldrich and ATP hydrate from Sigma-Aldrich. 100 ul experimental and
control samples were boiled for 3 minutes at above 95°C. Samples were then removed
from the boiling water and cooled briefly, and the boiled sample was transferred to the

scintillation vials. This solution was then diluted with 1 mL double deionized water.

To each of these vials, Firefly Lantern Extract was added. After the addition of the
luciferase, the samples were capped and mixed and stood in the dark for five minutes.
Measurements were performed using a scintillation counter with 1-minute readings on
a wide band setting. Known concentrations of ATP were used for a standard curve to
help calculate the ATP concentration in each sample. ATP concentrations were then
plotted using this standard curve to determine differences between the different

experimental groups.
2.4. MitoSOX Assay

Cells for this assay were cultured on cover slips within petri dishes. Cells were exposed
to RA at 1077 M for 24 hours for cellular differentiation. The RA was added into the
EMEM/FBS medium. After the 24 hour-incubation period, the cells were washed with
warmed PBS at 37°C. Based on the exposure groups, the cells were incubated with their
specific glucose and/or treatment exposure group condition, 2 uM of ABi.42, or 10 nM
ATX for 24 hours. Before the end of the cell exposure period was over, the 5 mM
MitoSOX stock solution was made from vials obtained from Thermo Fisher Scientific.
At the end of the exposure period, cells were washed with warmed PBS at 37°C and
incubated at 37°C with a 5 uM MitoSOX solution for 10 minutes. Cells were then
removed from the incubator and washed three times with warmed PBS at 37°C, and
then suspended in warmed PBS. Cells were then imaged using a fluorescent
microscope. Obtained pictures were analyzed via Image Pro 6. Once images were taken,

the cover slips were prepped and mounted on slides.
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2.5. Data Analysis

Data was collected and analyzed using Image Pro 6 to obtain mean fluorescence values
for the entire image, and three-point region analysis was performed on the brightest
regions. Alterations in glucose and varied chemical challenges were compared by one-

way analysis of variance. A p-value of p < 0.05 was considered statistically significant.
3. Results

Cell growth, ATP production, and ROS production were measured and analyzed for
significant changes between the control and experimental groups. The following
presents the results of the four groups under hypoglycemic and hyperglycemic
conditions (G, GATX, GAB, and GATXAB) in 2 uM, 5 uM, 25 uM, 2 mM, 5 mM and
25 mM glucose.

3.1. Cell Growth

Cell growth was assessed based on the percentage of the total coverslip coverage. These
coverslips appeared sheet-like in growth. Cell growth was not significantly different
among the different glucose groups (Figure 1(a)), but cell growth was decreased among
groups treated with A (Figure 1(b)). The Ap and AT X group grew better than the AP
group, but still showed growth difficulties compared to the control (glucose) and

glucose AT X groups.
3.2. ATP Assay—Hypoglycemia

A Luciferase firefly assay was used to measure ATP output after growth. The 2 uM, 5
uM, and 25 puM glucose exposure groups had lower ATP concentrations than the zero
ATP concentration standards, and the values were corrected to zero. Cells challenged
with glucose demonstrated significantly different ATP output values. The
hypoglycemic exposure groups, 2 uM G, 5 uM G, and 25 uM G demonstrated very low
levels of ATP production when compared to the normal glucose concentrations of 2
mM G and 5 mM G.

3.3. ATP Assay—Hyperglycemia

When comparing the ATP production of the glucose-only groups, the 25 mM glucose
group produced more ATP than the 5 mM group. The 25 mM glucose group produced
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242.7% more ATP than the 5 mM group. The 25 mM glucose group with ATX
produced 255.8% more ATP than the 5 mM group. The 25 mM glucose group with Ap
produced 391.5% more ATP than the normal glucose group, the highest increase among
the four test groups (control, GATX, GAB, and GATXAR). Finally, the 25 mM groups
treated with AR and ATX demonstrated high ATP levels, but the levels of ATP
production fell between the 25 mM GAT X and the 25 mM GAp groups. Among the 5
mM G groups, the 5 mM control group produced the most ATP. Among the 25 mM G
groups, the 25 mM GAp group produced the most ATP.

3.4. MitoSOXAssay—Hypoglycemia

Cells were imaged on a fluorescent light microscope at 5x intensity. High output of
fluorescence indicated high stress and high ROS output. All cells are expected to
fluoresce because any cell undergoing cellular respiration produces a small fraction of
ROS through the process, but this assay identified cells producing abnormally high or
low amounts of ROS. Some of the lowest levels of glucose produced the most
fluorescence, indicating the most ROS production, indicating high stress. 2 pM G
produced the greatest amount of fluorescence. When compared to the normal glucose
group 5 mM G, the only groups showing a significant difference were the 5 uM G and

25 UM glucose concentrations.
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Figure 1. Cells challenged in hypoglycemia glucose concentrations demonstrate altered
growth. (a) Cells exposed to different glucose concentrations did not show significant
difference in growth. The 2 uM and 5 mM G groups grew the best, while the 5 uM G,
2 mM G and 25 pM G demonstrated poor growth. (b) Cells exposed to AB exhibited
decreased growth, and the 2 mM GAp group grew the best. The 2 uM GAP group
demonstrated slightly decreased growth compared to the 2 mM GAP group, while the
25 UM GApB and 5 mM GAp demonstrated notable decreases in growth. (c) Cells
exposed to AT X grew well and showed statistical differences in growth. Cell exposed
to both Ap and AT X, exhibited increased growth for all glucose concentrations. The 2
uM GATXAB, 25 uM GATXAB, 5 uM GATXAB, and 2 mM GAT XAP demonstrated
decreased growth compared to the 5 uM group. (d) Hypoglycemia groups demonstrated
very low levels of ATP concentration compared to the 2 mMG and 5 mM G groups.
For the GAB, GATX, and GAT XA groups, only 2 mM and 5 mM groups produced
ATP concentrations high enough to be measured. () The 2 mM GAp groups showed
decreased ATP concentrations compared to the 5 mM GAP group. (f) The 2 mM
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GAT XAP group demonstrated lower ATP concentration than the 5 mM GATXAB. (9)
For ROS production, the 25 uM G and 5 puM groups demonstrated significant decrease
in fluorescence compared to the 2 uM G group, which is the lowest glucose
concentration and produced the most ROS. (h) All GAB demonstrated decreased ROS
production and were compared to 5 UM GAP due to its low to normal levels of ROS
production. The most significant decreases were seen for the 2 uM GAp and 25 uM
GAp, and the 2 mM group demonstrated a slight decrease. (i) Ap and ATX Group
demonstrated lower levels of fluorescence and ROS output across all glucose
concentrations. None of the groups were statistically different. 2 uM GATXAp and 2
mM GAT XA had the lowest ROS production. *indicates p < 0.05 when compared
with the control (5 mM). #indicates p < 0.01 when compared with the control. ~
indicates p < 0.05 when compared to 2 uM. “indicates p < 0.01 when compared to 2
MM,

These results indicate that cell growth, ATP production, and ROS production was
different among the different glucose groups. We also explored the other extreme of
glucose concentration: hyperglycemia or high blood glucose. The following results
come from treating the four experimental groups (G, GATX, GAB, and GATXAp) with

5 mM and 25 mM glucose levels.
3.5. MitoSOX Assay—Hyperglycemia

ROS production was determined by conducting MitoSOX (ROS) assays and measuring
mean fluorescence (Figure 2). ROS production was different for groups with different
glucose concentrations, Ap and/or ATX. The hyperglycemic
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Figure 2. (a) Groups exposed to hyperglycemic concentrations produced higher ATP
concentrations. The 25 mM G produced more ATP than the 5 mM G. The
hyperglycemia group exposed to ATX produced high ATP concentrations.
Hyperglycemia groups exposed to AB produced very high levels of ATP, as the 25 mM
group produced 391.5% more ATP than the 5 mM group. Hyperglycemia groups
exposed to both Ap and ATX produced lower levels of ATP. Bars indicate standard
error for each condition. e indicates the 25 mM treatment is significant from its
corresponding 5 mM equivalent. & indicates that the 25 mM ATX was significantly
different than the 5 mM AT X treatment. (b) ROS production was greatly decreased in
the 25 mM glucose group. The 5 mM control group produced more ROS than the 25
mM control group. ROS production was significantly decreased in the 25 mM GATX
group compared to the 5 mM GAT X group. ROS production was slightly decreased in
the 25 mM GAp group compared to the 5 mM GAp group. ROS production was greatly
decreased in the 25 mM GATXAP group compared to the 5 mM GATXAP group. (c)
Overall plate coverage varied between the two experimental groups. The
hyperglycemic control group grew less than its 5 mM counterpart. The 25 mM GAT X
group did not grow significantly more than its 5 mM counterpart. The 25 mM GAp and
GABATX groups both grew significantly more than the 5 mM GAP and GABATX

[12]



groups. # indicates the 25 mM treatment is significant from its corresponding 5 mM

equivalent.

group produced 89.6% less ROS than the normal glucose group (Figure 2(b)). The 25
mM glucose group treated with ATX produced significantly less ROS than the 5 mM
ATX group. The 25 mM glucose group treated with Ap produced 34.4% less ROS than
the 5 mM AP group. The 25 mM glucose group treated with ATX and AP produced
91.9% less ROS than the 5 mM ATX and AP group, but this difference was not

statistically significant.

Among the 5 mM glucose groups, the control group produced the most ROS, and there
was a significant reduction in ROS production observed in the 5 mM GAP compared
to the 5 mM control (p < 0.05). Among the 25 mM glucose groups, the Ap group
produced the most ROS, followed closely by the control group. Overall, the 25 mM
glucose groups produced less ROS than the 5 mM glucose groups.

4. Discussion

This paper sought to explore if astaxanthin could prevent mitochondrial dysfunction,
observed through mitochondrial ROS output, and cell viability as observed through
ATP production and cell growth. Under hypoglycemic conditions with AB treatment,
cells produced very low ATP concentrations, had increased ROS production, and
decreased cell growth. Introduction of astaxanthin in the GABAT X group indicated that

ATX may prolong neural cell viability under these conditions.

The results varied among the three hypoglycemia groups (2 uM, 5 uM, 25 uM). In the
severe hypoglycemia 2 uM glucose exposure group, the cells exposed to A exhibited
decreased growth and decreased fluorescence in the MitoSOX assay. The cells
therefore exhibited decreased ROS production, mirroring typical cell responses to Ap.
When exposed to AP, cells demonstrated increased mitochondrial dysfunction observed
by high levels of ROS production. Cells also typically showed decreased cellular
function with lower cell growth and low ATP production. When the 2 uM glucose
exposure group was exposed to both A and AT X, cell growth increased as did mean
average fluorescence compared to the 2 uM GAP group. This indicates that the cells
are likely not dead but may be in the process of dying, so ATX may help to prolong

neuronal cell viability in the presence of AB. ATP assays were not conduced for GAB
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or GABAT X groups, as G and GATX groups produced very low ATP levels at 2 uM.
This indicates that when glucose levels are exceedingly low, the cell is producing very
low levels of ATP, possibly the bare minimum amount of ATP required for cell

function.

Inthe 5 uM glucose exposure group, cell growth and ATP production were very similar
to the 2 UM exposure group. The 5 UM GATX grew the best and produced the highest
mean fluorescence average in the MitoSOX assay among the different glucose AT X
groups. Abnormally high or low ROS levels indicate cell stress, but the levels observed
among the 5 uM glucose groups indicate that the cells are flourishing and likely had
more functional mitochondria to produce normal ATP levels. Similar to the 2 uM GA
exposure groups, the 5 uM GAP challenged group again demonstrated the lowest
growth of all the 5 pM groups. The 5 uM GAP demonstrated increased mean
fluorescent levels compared to the 2 uM GAp indicating a cell stress response to cell
AB. The 5 uM GABAT X group exhibited both increased growth and mean fluorescence
levels. This increase in mean fluorescence and hence ROS production was likely due

to normal ATP production as opposed to cell stress.

The 25 puM glucose exposed group, similar to the other two hyperglycemia groups,
grew the least and produced very little fluorescence. This decrease in fluorescence may
be the result of decreased growth or increased cell death. The 25 uM G group exhibited
the least growth when compared to lower glucose concentrations (2 UM and 5 uM) as
well as very low ATP concentration and ROS production. The 25 pM GABATX did
however grow and produced low to normal fluorescence, showing that among the three
hypoglycemic conditions, the addition of AT X to AB-exposed groups protected against

ROS production and promoted cell growth.

The other two glucose groups (2 mM and 5 mM) grew well except for the 2 mM
GABATX group which exhibited the lowest ATP concentration and fluorescence
production (indicating the cells were viable and using the ATP produced). The 5 mM
GABATX group demonstrate increased growth, increased ATP and normal mean
fluorescence levels. The 2 mM GATX group grew the best among the 2 mM groups
and provided normal ATP concentration and fluorescence production totals. The 5 mM
GATX group exhibited decreased growth with slightly increased ATP concentration

and low fluorescence production. The 5 mM GATX cells were therefore able to produce
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more ATP and hence more ROS, but the ATX group did not display a decrease in
mitochondrial dysfunction compared to glucose exposed. The 2 mM GApP group grew
and produced the most ATP and fluorescence among the 2 mM groups, indicating the
presence of cell stress after being exposed to Ap. The ATP production indicated that
the cells were making ATP, which would increase ROS production, but the cells did
not appear to be using this ATP. The ATP that was produced but was not used may be
stored in vesicles, a question that should be explored in future studies. The 5 mM GApB
group exhibited the lowest growth, ATP concentration, and ROS production of the 5

mM groups.

The hyperglycemic groups demonstrated increased cell growth and ATP production
due to increased availability of glucose, but this availability also contributes to
increased ROS. Among the 5 mM glucose groups, the 5 mM GAP group exhibited the
least growth and the lowest ROS production, along with low ATP concentrations. The
low ROS production may relate to the lower rate of ATP production, and the low ATP
and ROS levels indicate the cells had died or were dying when the Luciferase and
MitoSOX assays were performed. Among the 5 mM glucose groups, the 5 mM
GABATX group ROS output was not statistically different from the 5 mM glucose
control. This indicates that the mitochondria in the 5 mM GABATX groups were
functioning similar to the control, leading us to conclude that ATX can protect the
neuronal cells from AP stress and mitochondrial dysfunction. The ATP concentration

ranged 1 uM - 80 uM for sample.

The 25 mM hyperglycemic groups exhibited similar growth. The 25 mM GAp and 25
mM GATX groups exhibited the most growth, and the 25 mM GAP produced more
ROS than the other groups, but the difference between the two groups was not
statistically significant. ROS production was very low, and 25 mM groups produced
more ATP than the 5 mM groups consistent with greater amount of glucose available
for the cells to use. Despite this difference between glucose groups, none of the 25 mM

glucose groups exhibited significant differences in ATP compared to one another.
5. Conclusions

The purpose of this paper was to demonstrate an in vitro model for Alzheimer’s Disease
could be used to investigate the effects of blood sugar concentration on the ability of

Astaxanthin to function as an antioxidant. When examining both hypoglycemic and
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hyperglycemic conditions, we noted that during the hypoglycemic part of this study, a
combination of Ap and hypoglycemia together cause an increase in ROS production,
likely by increasing mitochondrial dysfunction. While AT X may aid in reducing ROS
production and increasing growth of cells, its effects did not largely vary among glucose
concentrations. Among the GABAT X groups, the cells grew and produced ROS. An
additional study may be required to explore the number of cells responsible for ROS
production. Cell counts and cells assays will need to be performed. Our laboratory will
proceed with cell death assays to test if cells are viable. The hyperglycemic part of this
study indicated that AT X does bear neuroprotective effects against Ap and can improve

mitochondrial function.

Our laboratory has therefore demonstrated Astaxanthin’s ability to promote cell growth
in vitro in hypoglycemic, normal glucose, and hyperglycemic solutions as well as when
challenged by AB. The data presented in this study therefore supports ATX’s role in
promoting cell growth in both normal, DM (hypoglycemia and hyperglycemia), and
AD (AP) disease states. This data also supports recent rat model studies demonstrating
the neuroprotective effects of ATX. ATX has been shown to promote adult
hippocampal neurogenesis in the hippocampus in a concentration-dependent manner
and to increase spatial memory in mouse models [25]. AT X has been shown to reduce
inflammation and reduce cognitive deficiency in diabetic mice [26]. ATX had been
shown to be neuroprotective against hippocampal insulin resistance, a consideration for
DM patients. Our study therefore supports previous research in the field calling for
further investigation into the use of ATX as a potential treatment for Alzheimer’s

Disease.
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3.Metagpaopa,
Xovoyn

H vocog Altoydupep mpoPAémetan va awvénbet oe 30 exotoppvplo ATopa To ETOUEVQ
30 ypdvia Kot T0 TOGOGTO TOL GaKYaPOON SNt TpoPAéneton eniong va avénbel. H
vepyAvkopio mopatnpeitor cuvnlog oe acBevelg pe cokyapddn dStafntm Kol m
vroyAvkopioo eivor po ocvyvy ovvénew Adyw G Oepameiog pE  VGOLALIVT.
[Tponyovpeveg Epevveg €xovv deiéetl pa mbav oyéon petald g vocov AAtoydipep
Kol TOL dtoPnTn. Avti N peAétn enediwée va kabopicet eqv n actagoavlivn (ATX) Oa
UTOPOVGE VO ATOTPEYEL T LUTOXOVOPLOKT] SLGAEITOVPYIN OO TIC GUVOETEG EMMTOCELS
™G mAGKOG apvAiogdons B (ABR) ko g vroyAvkoipiog 1 g vrepyAvkopioc. Ta
npoTLTa avamTuéng, n Tapaywyn ATP ko n mtapaywyr ROS eéetdomkay og 2 uM, 5
UM, 25 uM (VOYAVKOUIKEG OLAOEG), 2 UM, 5 UM (puotoAoyikég opddeg) kot 25 uM
yAvKkOING (vepyAvkopukn opdda) Kol otn cuvexel LVToPANONKay ce Bepameio pe 1
xopic ATX 11 AP. Otav ot opddeg vmoyAvkopiog kot 1 opdoo vrepyAvKopiog
vroPAOnkav o Oepaneio pe ATX, To TpOTLTTO AVATTLENG TOVE NTOV EITE GLYKPIGILA
pe tov éreyyo eite avénuévo. Ta kottapa mov Erafav Oepameio pe ATX kot AP
enedelav avEnpéva TpOHTLIO AVATTLENG GE GYEON e Ta KOTTOpa Tov EAafav Bepaneio
puovo pe AB. Ot opddeg mov EAafav Bepameio poévo pe AP elyav GLVOMKA GMULOVTIKA
pkpdtepN ovamTLEN Ao 6,1t o1 opddeg edéyyov (p < 0,05). Ot vroylvkapikég opdadeg
wapnyoyov cuvorkd younid enineda ATP, eved n opdda vrepylvkorpiog Tapiyaye
vynid enineda ATP. Ta kdttapa mov KaAlepynOnkav pe AP mopovciocov yopunid
enimedo péoov @OBopiGpov mov mapdyovior amd TV mapaywyn ROS, omwg
npocdlopiotnke pe ™ odokpocio MitoSox, evad ot opddeg ATX mapnyayoav otnv
TpaypoTikdTNTo. VYNAOTEPA €0G QUGloAoywkd emimeda ROS. Ta wOttapa mwov
KoAMepynOnkav tapovoio AP kot ATX mapnyayav yevikd nepiocdtepeg ROS anod 0,11
ot opddec povo AP. ‘Etot, 1 vroyAvkoupio Kot 1 vrepyAvkaipio oivetot vo EXLteivouy
T1G emMOPAcelS TNG AP ota kuTTapa Tov wrnodkaumov. H Oepaneia pe ATX £0€1Ee moALG
VIOGYOUEVT HE OVENUEVT] KVTTOPIKY OvATTUEN, 1 omoia TpodBnoe T xpnomn tov ATP
amo 1o KVTTOpo Kot TV mapaywyn ROS. Avtn n avantuén Nrav mapovsa axodun Kot
napovcia AP, yeyovog mov vrodniavel 0t 1 ATX eivar oe 0éon va Eemepdoet Tig

apVNTIKEG EMOPACELS TOV AP.

1.LEwayoy
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H vdéoog tov Alzheimer (NA) givar pio veupoekLAIGTIKT VOGOG TOL GUVETAYETAL TNV
TPOOSEVTIKT] ATMAELD TNG LVIUNG KO TOV VO TIK®V AEITOVPYLOV Kot EXNpedlel mepimov
5,8 exatoppdpro atopa otig Hvopévee ITolteieg to 2019 [1]. Tapd tov emmoracud
avTtng TG vooov, eivar dwbéoiueg Alyeg Bepamevtikés emAOYEG KOl gV LTAPYEL
Oepaneio [2]. Xapoaktnpiotikd yvopiopo e NA eivor n mapovsio evamodfeong
nentdiov apvAioeldods Bnta (AP) otov eyképadro [3]. Ta mentidio AP elvar yvwotod ot
avEAVOLY TV Topay @M 0 pacTIK@V 10mV 0Euyovou (ROS) [4] [5][6]. To AP1-42 éxer
emiong amodeybel O6TL EVIoYVEL T POGEOPVAIMCT] TOV VITOGTPMUATOS TOL VITOOOY ENL
WGOLAIVIC, TNV omoia éva avTIoEeWwTIKO YVmoTo 0¢ actasovlivn ftav oe BEon va
LELDCEL KO VO, AVTIOTPEYEL TO YVOOTIKA EAAEipOTO Ko To EAAEIppaTO LVAUNG TTOV
TPOKAAOVVTOL Ad TIG APLAOEW0YOVEG EMOpAoelg oTov mrdKaumo [7]. To AP av&dvet
Tov 0plOud TV prtoyovopiov pe petailaypévo mDNA, copfdilovtog o€ vYynAOTEPO
ofemtiko otpeg [8] [9] [10].

O1ROS mapdyovtat amd ™ pepikn avaywyn tov O2 6to T€A0G TNG AALGIONG LETAPOPES
niektpoviov. Otav to O2 avdyetonr povo &v pEPEL, TOPAYEL OVTOPACTIKG €OM
o&uyovov, Omm¢ 10 aviov vrepoieldiov, To vepoleidio Tov VOPoYOVOL Kat pto pila
VOpoELALoL, Ta omoio. oAAGCovV TN doun TV TPOTEIVAOV, TOV ATV Kol TOV

VOUKAETKAOV 0&€mV Ko 00MYyodV 6Tov KutTaptko Odvato [S][11].

H mopaywyn ROS umopel va mowidder AOy®m g mopovciog wwnAwv emmédwmv
yAvkOnG oto aipa (vepyAvkoipia), YopaKINPIGTIKO TOL Zoakyopmon Awpntn (ZA).
O ZA amotelel mapdyovta KvoHvou yia ) voco Alzheimer- cuvdéovtog punyavicLovg
mov oyetilovton pe Tov dafnn pe Ty Tpaypatiky taboroyio tov XA [12] [13]. Eivat
eVOLQEPOV OTL M LToyAvKopia Kot 1 vrepyAvkopio Exel amoderyfel 0Tl TpoKalovLV
avEnon g tapaywyng ROS kot yvootikn dvsiettovpyio [14] [15]. Ta onpatodotikd
LOVOTATIOL TOV TVPOSOTOVV TNV LIEPYAVKUia TailovV emioNg POAO GTO GLUTTMOUOTO
™ NA avéavovtog tig ROS, 10 0£edmTIKO GTpEG Kol TOV KLTTOPIKO BAvato Kot
vekpontoon [16] [17] [18]. H vroyivkopio otov dwfrjtn tomov 1 PAdamter v
epyalOpevn Kot TN LoKpompdOEG U LV (G ATOTEAEGILO TOV OEEOMTIKOV oTpeg [19].
Hvrepylvkapio copfairet onpovtikd oty mapoaywyn ROS kot o€ dAres fAéPeg otov
dwapn toHmov 2 [20].

H oaotagavBivn (ATX) eivor €va kapotevoeldée mov mopdyetor omd vopoPiovg

HIKPOOPYaVIGHOUG KOl OTN GuvExel mpocAapfPdvetor amd OBaldccio dypo (oa,
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CUUTEPIAAUPAVOUEV®OV TOV GOAOLOV, TV YOPIO®MV, TOL OGTAKOD Kol TWV KapaBidowmv.
H ATX pmopet va 0100)I0EL TOV QUUATOEYKEPOAIKO POy Kol VO OTOUOKPOVEL TLG
ROS otov gyxéparo [21]. To ATX cvoowpeletan otov immokauno 4 Kot 8 dpeg Letd
amd P eanas 06on kot avsdvetal pe TV mapodo Tov ypovov [22]. To ATX €xet
eniong omodeyBel OTL elvar veLPOTPOCTATELTIKO Evavil NG TOEIKOTNTAG TOV
npokadeiton and 10 AB1-42 og vevpovikd kbttapa PC-12 kot Evavtt vroyAvkopukmy
katootdoewv [14] [23]. Yo puorioroyikd enimeda yAukolng oto aipa, n ATX Bpébnke
va BeATidvEL TN HTOoXOoVOplokn dVGAEITOVPYio TOV TpokoAeital omd to AP [14]. H
napovoa epyacio eetdlel v amoteAecpatikotnta g ATX ot peioon tov
o0& MTIKOD GTPEG GTOVG VEVPAVES, OTMG TPocolopiletarl amd tnv mapaywyn ROS kat

ATP v7t6 vroyAvKopKES Kot VITEPYAVKAIKES GLVONKEGS.
2. Y ka kot M£Bodor

2.1. Kvtrapua Karépyero

M cepd kuttdpov mrokapnov wovikoy (NE-4C) ayopdotnke amd tmv ATCC
(CRL-2925), pali pe erdyioto amopaitnto péco Eagle's Minimum Essential Medium
(EMEM) ko epPpoikn oApoopivn opov Boocdav (FBS). To EMEM cuunAnpmdnke
pe Pen Strep oe ocvykévipwon 0,99% yuo ) peiwon g pikpofrokng avdmtuéne. Mol
T KVTTOPA ooy VyOnkav, To péco EMEM kot Pen Strep avapiyOnke pe FBS o tedikn
ovykévipmon 15%. Avtd 10 cuvvoAikd péco tov 20 mL mopockKevdoTnKe Kot
Oepudvinke oe voatorovtpo 37°C. To Oepud péoco EMEM/FBS mpootébnke ot
ouvéXEll oTayOvVa-oTaydva o6To dtddvua TV Kuttdpov oe opaiwon 1/10 ko
avapeiydnke. X ovvéyeln, ta KoTTopa mepotpdenkayv otovg 1K yo 5 Aentd, 10
vrepkeipevo omopakpovOnke kot to Oepud péco EMEM/FBS mpootébnke oto
KLTTOPIKO 6parpidio og apaimon 1/8 ko avapeiydnke. To kOTTOPO ETOAGTNKOY GTOVG
37°C ko1 10 péco aAlale kdBe dv0 £mg tpelg Muépes. MoOMg emtvyyavotay o
emBountodg KuTTaPKog mANOVoUOS, Tar KOTTApPO YwPiloviay Kol KoToyHYoVIaV GE

katayvk -80°C.
2.2.Nevpovikn Atapopomoinon

INa g dokipacieg ATP ko MitoSOX, ta k0tTapa amoyvydnkay Kol ot cuveEXEln
drapopormomOnkav. H vevpwvikn d10popomoinct emtedydnke e T xpNnomn PETVOIKOD

okéog (RA) ot cvykévipwon 107 M yua 24 dpeg [24], ot cvvEyelo Ta KOTTOPO
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mAOnkav oe (eotd PBS otovg 37°C. Katd t ddpkela g 24wpng éxbeong oe
pETVOTKO 0&V, T KTTOpa avanticoovtay oe péco EMEM/FBS og enmactipa 6Tovg
37°C. Metd and 24 dpec, to kutTapa mAvOnkav pe Ceotd PBS otovg 37°C ko
wpokANOnkav pe fdon Tig opadeg vd cuvOnkm, gite G, GAB, GATX, eite GABATX
Yo Tig opadeg 2 uM, 5 uM, 25 uM, 2 mM, 5 mM o 25 mM yAokolng. OrkaAMEpyeleg
extéOnkav ot ocvvinkn ng opddag mov mePypdonke mapamdve Yoo 24 ®peg,
mobnkav pe PBS otoug 37°C ko ot cvvéyela mpaypoatonondnke gite dokyocio

Aovcipepdiong eite dokipacio MitoSOX.

INa tic opddec vrd ocvvOnkn GAP M GABATX, to AB1-42 eAqebn oand ™ Sigma
Aldrich kot ot cvvéyeta StohvOnKke og anooctelpopévo DMSO yia va mopackevactel
ddhvpa amoBépatog 0,5 mM. Ta kodtrapa otic opddec GAP kot GABATX enwdotnrov
pe ovykévipoon 2 uM AB1-42 yia 24 opeg. H acta&avOivn eAnedn eriong and ™
Sigma Aldrich kot dtohvOnke ce amootelpopuévo DMSO yia va TopackevaoTel Eva
ddhvpo amoBépatog 0,1 uM. Ztn ovvéyela, ta kuTtapa enwdotnkav pe ATX og
ovykévipoon 10 nM ywa 24 opeg. Ta kottapa otig opddes GATX ko GABATX
enwdotnKay pe cvykévipmon 10 nM ATX yia 24 dpeg.

2.3. Aoy Aovorpepaong ATP

Ta k0TTOpa Yoo ™ doki vt avartoyOnkav oe coinvapia Eppendort. e cuvOnkeg
vroyAvkopiog, Tpoypotonodnkay Lovo 600 TPoKANGES AGY® TOV OMOTEAECUATOV
mov TPoEKLYaAV amd Tovg eAéyyovs. Me PBdon Tig ouddeg éxbeong, ta KVTTAPA
ENMACTNKAV [LE TN GLYKEKPUEVT €KBEoN oTn YALKOLN N/Kan T Bgpameio Tovg, 2 uM
AB1-421 10 nM AT X v 24 dpec. EEetdotnkay o1 opdoeg mpokAnong te YAvkoln ko
ot opadeg éxbeong oe yYAvkoln pe ATX. Avtd oQelhOTOV GTNY TOAD HIKPT QOTAVYELD
TV opad®V og ovyKplon pe Tig ovykevipmoelg ATP. To evdokvttdpio ATP ota
KOTTOPO TOV OPOpmV Opddmv €kOeomg UETPNONKE YPMNOLLOTOIOVTAS EKYVAGHO
Firefly Lantern Extract tng Sigma-Aldrich ko évudpo ATP g Sigma-Aldrich. 100 ul
TEPOUATIKOV OEYHATOV Kol OEYUATOV €AEyyov Ppdotnkav yio 3 Aentd o€
Beppokpacio ave tov 95°C. 1 cuvéreln, Ta deiypota amopakpovOnkay and to vepd
Bpacpod kot yoynkav yioo Ayo Kot to Bpacpévo delypo petapépinke oto QloAidia
omwvOnpiopov. To dtddlvpa awtd apoiddnke otn cvvéyeta pe 1 mL SimAd omovicpévov

VEPOU.
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Ye kaféva amd ovtd Ta elroiidie mpootédnke exyvAopo eavov Firefly. Metd v
TPOCONKN TNG AOLGLPEPACTS, TO EIYLOTA KOADQON KAV Kot ovopeiyOnkay kot Epevoy
070 OKOTAOL Y1 TEVTE AETMTA. O1 LETPNOELG TPAYUATOTOMONKAV LLE TN XPNOT LETPNTY
onvOnpiopov pe petpnoelg 1 Aemtov oe pvduon evpelag (dvng. XpnoyomomOnkay
YVoOoTéc ovuykevtpaoelg ATP yio pio mpodTumn kopumvAn Tov fordnce 6tov vroAoyiouo
™G ovykévipwong ATP oe kébe delypa. Ot ovykevipaooelg ATP ansikovionkav ot
CUVEYEWL HE TN YPNOT OVTNG TNG TPOTLANG KOUTVANG Y10 TOV TPOGOOPIGUO TMV

SLPOP®V HETAED TOV SLOPOP®V TELPAUATIKOV OUAO®V.
2.4. Aoxipacio MitoSOX

To kOtTOpa Yo T doKiun avtn KoAAepynOnkav og Kodlvrtipla péoa o€ TpuPAia Petri.
Ta kottapa extédnkav e RA og 10-7 M yua 24 dpeg Yoo KOTTAPIKT O10pOPOTOINGT).
To RA mpooténke oto péco EMEM/FBS. Metd v mepiodo enmaong tov 24 wpdv,
to KOTTapa TAvOnKay pe Oepparvopevo PBS otoug 37°C. Me Baon tig opdioeg éxbeong,
TO. KOTTOPO EXOACTNKOAV UE TN GLYKEKPUEVT oLvOnK™ ™G ouddag €kBeong o
yAvkoln ko ) Oepameia Tovg, 2 uM AB1-42 1 10 nM ATX yia 24 dpeg. [Ipv and
T0 TEAOG NG TMEPLOO0VL £KOEONG TV KLTTAP®V OAOKANP®OONKE M TOPACKELT] TOL
arofépatog dtodvpoatog S mM MitoSOX and guoiidie mov amokTnOnkav amd v
Thermo Fisher Scientific. £to 1éhog g TepPLOd0L £kBeGNC, TO KOTTOPO TAVONKAV LE
Oeppovopevo PBS otovg 37°C xor emwdotnkav otovg 37°C pe didAvpo 5 pM
MitoSOX vy 10 Aemtd. Xt ocvvéxewn, ta KOTTAPO OTOpoKpLVONKay omd Ttov
ENMACTNPA Kot TAVONKOV Tpelg gopég pe Beppavopevo PBS otovg 37°C ko ot
ouvéyew owopndnkav oe  Beppovopevo PBS. Xty ovvéxela, to  kvtTapa
amewovionkay pe N ypnon wpkpookomiov @Bopiopov. Ov Anebeiceg ewoveg
avaAvOnkav pécw tov Image Pro 6. Agod MeOnkav ot gwoves, to KaAvmTipLo

TPOETOLUACTNKAV Kol TOTOOETHONKAY GE AVTIKEYULEVOPOPOVG TAAKEG.
2.5.Avdivon Agdopévav

Ta dedopéva cLAAEYONKay kot avalvOnkav pe ™ ypnon tov Image Pro 6 yw va
ANeBovv ot péceg TES POOPIGLOD Yio. OAOKATPT TV EIKOVA KOl TPOYLOTOTOLONKE
avAALON TTEPLOYDV TPLOV ONUEi®V OTIS TO QOTEWVES TeEpPLoxés. Ot petaforés ot
YALKOLN Kol GTIG TOIKIAES YMNIKES TPOKANGELS GLYKPIONKAY He avAALGT SLOKVUAVONG

pag KatevBovvong. Mia tyun p < 0,05 Bepnnke GTATIGTIKA O LLOVTIKT.
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3.AnoteréopoTa

H xvttapwn avantoén, n mapayoyn ATP kor n moapaywyn ROS petprinkav kot
avoAOONKay Yoo oNUOVTIKEG UETOPOAEG HeTOEDL NG OUAdNG EAEYYOL Kol NG
TEPUUATIKNG OLADOC. TN GUVEYELN TOPOVGIALOVTOL TOL AMOTEAEGLLOTO TOV TEGGAPWOV
opad v vd vVroyAvKokEG Kot vrepylvkokés cvuvinkeg (G, GATX, GAB kot
GATXAB) e 2 uM, 5 uM, 25 uM, 2 mM, 5 mM ko 25 mM yAvkding.

3.1.Kvtrapua Avartoén

H avéntuén tov kuttdpov ektiundnke pe faon 10 T0G0GTO TS GUVOAKNG KAALYNG
tov coverlip. Ta ev Aoym kodvrtiplo epeaviovtay e Loper] GUALOL ®G TPOS TNV
avantuén. H avantoén tov kuttdpov 0ev 01€@epe onUOvVTIKAE PETAED TV d1apOpOV
opad wv yAvkolng (Ewéva 1(a)), aAhé 1 avanTuéEn Tov KTTap@V HELOOINKE LETOED TOV
opdad wv mov vroPAndnkav ce emeEepyacio pe AP (Ewova 1(B)). H opdda AP kan ATX
avantoydnke KoAvtepa amd v oudoa AP, aArd eEakorlovbodoe va mapovclalet

dvokoMeg avantuéng oe cOykplon pe TIG opdoeg eAéyyov (YAvkoln) kot yAvkolng
ATX.

3.2.Aoxipocio ATP-Yroylvkapio

INo ™ pérpnon mg mapaywyng ATP petd v avantoén ypnoorombnke n dokipacio
Luciferase firefly. Ot opddeg éxbeong oe yAvkoln 2 uM, 5 uM ko 25 uM eiyav
YounAoteEpEG ovyKevtpwoels ATP and ta mpdtuma undevikng cvykévipmong ATP ko
oL TéS O1opfmONKay oto undév. Ta kHtTapa TOL SOKIUAGTNKAY e YAVKOLN enédei&av
onpavTikd dtopopeTikés THES Tapaywyns ATP. Ot opddeg éxBeong oe vroyAvkaiptia,
2 UM G, 5 uM G ko 25 uM G enéder&av moAd younAd eminedo mtopaywyne ATP og
OVYKPLOT UE TIG KOVOVIKES GUYKEVTPMGELS YAVKONG 2 uM G ko 5 uM G.

3.3.Aoxpocio ATP-Yrepylokopia

Koatd tn ovykpion g mapoaywyng ATP tov opddmv mov mapdyovv poévo yAvkoln, n
opada tov 25 mM yivkolng mapfyaye mepitocdtepo ATP amd v opdda tov 5 mM.
H opdda tov 25 mM yivkolng mopryaye 242,7% nepiocdtepo ATP amd v opdda
tov 5 mM. H opdda 25 mM yrlvkoing pe ATX mapiyoye 255,8% nepiocdtepo ATP
a6 v opdda S mM. H opdda 25 mM yivkolng pe AB mapnyaye 391,5% neprocotepo
ATP oand v opdda koavovikng yAvkolng, v vymAdtepn ovénomn pHeTa&d TV
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1E66Ap®V opdd®v dokiung (reyyoc, GATX, GAP kot GATXAP). Téhog, ot opadeg 25
mM mov vropAnOnkav o Oepancia pe AP ko ATX enédei&av vynia eninedo ATP,
aALG ta emineda mapaywyng ATP peimbnkav peta&d tov opddwv 25 mM GATX kot
25 mM GAB. Meta&d tov opddwv 5 mM G, n opdda eAéyyov 5 mM mopryaye to
neptocotepo ATP. Meta&y towv opddwv 25 mM G, n opdda 25 mM G AP mapniyaye to
neptocotepo ATP.

3.4.Aoxipocia MitoSOX-Yroyhokapia

To kotTOpo amewkovioTnKay o€ UIKPookoOmo ¢Bopiopod oe évtaon 5x. H vynan
Topoymy] eOopPIopnod LLOJEIKVLE VYNAO GTpeg Ko LYNAN Ttapaymyr] ROS. Ola ta
KotTapa avopévetor va eopilovv eneldn kdbe KOTTOPO TOV VIOPAAAETAL GE KUTTAPIKT
avamvon mopdyst éva pikpd kAdopo ROS péow g dwdwaciog, oArd ooty m
JOKIUOGT0 EVTOMIGE KOTTOPO TOL TOPAYOVV AGLVIOIGTA VYNAES )| XAUNAEC TOCOTNTEG
ROS. Opwopéva and ta younrdtepa emimeda YALKOING Tapniyoyov Tov HEYOADTEPO
@Bopiopd, vrodekvvovtag TV pHeyaAvtepn mopaywyn ROS, yeyovog mov vwodonilavet
VYNnAo otpec. Ta 2 uM G mapiyayav ™ peyarvtepn mocotnta eHopiopov. Xe
oUYKPLON HE TNV OMAdO TNG Kavovikhg YAukoing 5 mM G, ot pdveg opddeg mov

TOPOLGIOG AV CNULOVTIKT 10pOpE NTaV 01 GVYKEVTPOGELS S UM G ko 25 M yAvkolng.
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Ewoéva 1. Ta kOTTOPO TOV VTOPAAAOVTOL GE VITOYAVKOLUKES GUYKEVIPOGELS YAVKOING
Tapovctdovv aAAOL®UEVN avarTLED. (o) To KOTTOpa TOL EKTEOMN KAV GE SLOPOPETIKES
OLYKEVIPMGELS YAVKOLNG dEV TapOLGTIACHY GMUAVTIKY d10popd 6TV avanTuén. Ot
opadeg Tv 2 uM ka1 S mM G avartoyOnkay koidtepa, evod ot opddeg tov S uM G,
2 mM G kot 25 uM G rmapovsiacav etoyn avantuén. (B) Ta kdtrapa Tov ektédnkoy
oe AP mopovciacav petopévn avantuén, evo 1 opddo 2 mM GAP avartdybnke
kaAvtepa. H opdda 2 uM GAP enédei&e ehappds LeElPLEVN avAmTuEn 6€ GVUYKPLOoT
pe v opdda 2 mM GAR, evd ot opnddec 25 pM GAP kot 5 mM GAP enéder&av
aloonueiom peiwon g avamtuéng. (y) Ta kdtrapa Tov ektédnkav oe ATX
avamTuyOnKov KoAQ Kol Topouciacay GTATIOTIKEG OLaPOopEG otV avantuén. Ta
KOTTOpa oL eKTEOMKAV 1660 68 AP 600 Kot e ATX, mapovsiacav avénuévn
AVATTLEN Yo OAES TIC GVYKEVIPOGELS YAVKOLNG. Ot opnddeg 2 uM GATXAR, 25 uM
GATXAB, 5 uM GATXAP ka1 2 mM GATXAP enédeiav petdpévn ovantuén o
oVYKPLoT HE TNV opada Tv 5 uM. (8) Ot opddec vroyAvkopiog ETESEIENY TOAD

yopnAd enineda cvykévipoong ATP e ohykpion pe 11 opddeg 2 pMG ko 5 uM G.
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INa g opddeg GAP, GATX ko GATXAP, pévo ot opddec 2 mM ko S mM
napnyayov ovykevipooelg ATP apketd vyniéc dote va pmopovv va petpnbovv. (g)
Ot opdoeg 2 mM GAP mapovsiacav petopéveg cvykevipooelg ATP oe chykpion pe
v opdda S mM GAPB. (o1) H opdoa 2 mM GATXAP mapovciace younidtepn
ovykévipmon ATP and v opdda S mM GATXAPR. (§) I'a v tapaywynq ROS, ot
opadeg 25 uM G kan 5 uM G enéder&av onpovtikn peioon tov ehopiopod ce
ovyKplomn pe v opdda 2 uM G, n omoia givor 1 YopUNAOTEPT] GLYKEVIPWOT YALKOLING
Ko wopnyaye tig neplocotepeg ROS. (1) Oleg o1 opdoeg GAP emédei&ov petwpévn
napoymy ] ROS kot cuykpiOnkav pe 11g opdoeg S pM GAB Adym TV YounAodv £mg
QLOOAOYIKAV emMEd®V mapoy®yng ROS. Ot o onpavtikés petdoels
napotnpnOnkav yo tig opdodeg 2 puM GAP ko 25 uM GAR, eved n opdda twv 2 mM
napovciace pkpn peioon. (i) H opdda AP ko ATX enédeiée youmAotepa emineda
@Bopiopod kot mapoaywyng ROS g 6Aec T1g ouykevtpdoelg YAvkolng. Kapio amd tig
opaodeg 0ev 01€pepe otatioTikd. Ot opddeg 2 uM GATXAR kan 2 mM GATXAP eiyav
™ youniotepn tapaymyn ROS. *vrooniavet p < 0,05 o cOykpion pe tov EAeyyo (5
mM). #omodnrovel p < 0,01 o€ cbykpion pe tov Eheyyo. ~ vrodewvoel p < 0,05 og

ovykpilon pe ta 2 pM. *orodnimvel p < 0,01 og ovykplon pe 2 uM.

Ta amoteléopata avtd deiyvouv 6Tt 1 KLTTOPIKN avantuén, n mwopaywyn ATP ko n
nopoywy] ROS nMrav dgopetikés pHeETaED ToV do@dépwv opddmv  yALKOING.
Alepgvvnoape emiong 10 GAALO GAKPO TNG CVYKEVTIPOONS YAVKOING: vIepyAvKopia 1
vynAn YAvkoln aipotoc. Ta akdAovba amotelécpata Tpoépyoviat and T Bepaneio
TV 1e060pwV TEPApaTikav opddmv (G, GATX, GAB kar GATXAP) pe emineda
yAvkolng 5 mM kou 25 mM.

3.5.Aoxipacia MitoSOX-Yrepylokapia

H mopaywyn ROS npocdiopiotke pe m deaywyn dokipmv MitoSOX (ROS) kot
pétpnon tov pécov eopiopov (Ewova 2). H mapaymyn ROS tav dtapopetikn yio Tig
OULAOEG LE SLOPOPETIKEG GVYKEVTPMGELS YAVKOING, AP kaw/n ATX. H vrepyAvkaipikn
opado wopryoye 89,6% Arydtepec ROS amd v opdda pucstodoyikng yAvKOnS (Zynuo
2(B)). H opada 25 mM yivkolng mov vroPAndnke oe Oepancio pe ATX mopnyaye
onpavtikd Arydtepeg ROS amd v opddo 5 mM ATX. H opada 25 mM yAvkding mov
vroPAnOnke oe Bepancio pe AP mapnyaye 34,4% Ayodtepeg ROS amd v opdoda S mM
AB. H opdda 25 mM yAvkolng mov vroPAnOnke oe Oepaneio pe AT X ko AP mapryaye
91,9% Ayotepeg ROS amd v opdda 5 mM ATX ko AB, oAAd 1 dStapopd ot dev
NTOV GTATIGTIKO GNUAVTIKY.
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Meta&0 Tov opadwv S mM yAvkolng, 1 opdoo EAEYYOV TOPNYAYE TIG TEPIGCOTEPES
ROS kot mapatnprnke onuovtiky peimon g napaywyng ROS oty opdda S mM
AAB og o0yKkpion pe v opdda eA&yyov S mM (p < 0,05). Meta&d tmv opddwv
yAvkolng 25 mM, n opndda ABP mapnyaye tig meprocdtepec ROS, axolovBovuevn
oTEVA OO TV OULAdO EAEYYOVL. ZVUVOAIKA, 01 OpAdES YALVKOING 25 mM mapnyoyov
My6tepeg ROS amd 11 opddeg yAvkoing S mM.

(

z

Overall ROS Production ?_{ ATP Production
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m —
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Ewoéva 2. (00) O1 opLddeg TOV EKTEOMKOV GE VITEPYAVKOUIKEG CVYKEVTPMOGELS TPy LYoV
vynAdtepeg ovykevipooelg ATP. To 25 mM G napryaye nepiocotepo ATP and to 5
MM G. H opdoda vrepyrvkopiog mov ektédnke oe AT X mapryaye vyniég
ovykevipmoelg ATP. Ot opddeg vrepyAvkopiog mov ektédnkay o AB mapnyoyov
ol vynAd emineda ATP, kabdg n opdda twv 25 mM napryoye 391,5%
neptoc0tepo ATP amd v opdoa twv 5 mM. Ot opddeg vrepyAvKopiog Tov
extédnkav t6co oty AP 600 ko otnv ATX mapryayav youniotepa eninedo ATP.
O1 paPdot VTOSEIKVHOLV TO TUTIKO COAALLO. Y10 KAOE GUVONKT). ¥VTOJEIKVVEL OTL |
Bepaneio Tov 25 mM eivor onpoavtikny and v avtictoryn Oepaneio tov 5 mM.
#vwodetkvoel 0Tt 1 Oepaneia Tov 25 mM ATX d1€pepe onpovtikd ard ) Oepomeio
tov 5 mM ATX. (B) H napaywyn ROS peiddnke onpavtikd oty opdda pe 25 mM
yAvkolne. H opdda eléyyov S mM mapryaye neprocotepeg ROS amd v opdda
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eléyyov 25 mM. H napaywyn ROS peiddnke onuavtikd oty opdda 25 mM GATX
og ovykplon pe v opdda S mM GATX. H mapaymyn ROS ntav ehappdg petopévn
otV opddo 25 mM GAP oe chykpion pe v opdoda S mM GAPB. H tapaywyn ROS
peltodnke onpoavtikd otnv opdda 25 mM GATXAP oe cOykpion pe v opdda S mM
GATXAB. (y) H cuvolikn kdhoyn g TAGKaG S1EQePE HETASD T®V dVO0 TEIPOUATIKMDV
opddwv. H opdda eréyyov pe vrepylvkopio avanthyOnke Ayotepo amod v
avtiotoym opdda twv S mM. H opdda tov 25 mM GATX dev avantoyOnke
ONUAVTIKG TEPIOCOTEPO OO TNV avTicToyn opada twv S mM. Ot opddeg twv 25 mM
GAP xar GABATX avoamthydnkov Kot o1 300 GNUAVTIKA TEPIGSOTEPO AT TIC OULAOES
tov 5 mM GAP kot GABATX. *vmodeucvoet 0t 1) Ogpaneia twv 25 mM eivar

onNUavTikn and TV avtiotoyn tov S mM.

4.Xv{ntmon

H mapodoa epyacio mpoondbnce va diepevvnoet av 1 actasavlivn Oa propovce va
OTOTPEYEL TN UITOYOVOPLOKT] OVGAELTOVPYIO, TOV TOPATNPEITOL LECH TNG TAPUYMYNS
pitoyovoplokmv ROS, kot v kuttapikn Prooctpdtra, Onmg mapoatnpeitor p€cw e
nopoymyng ATP kot Tng kuttapikng ovantuéng. Yo VIToyAVKAUKEG CUVONKEG e
Oepaneio. AP, to KOTTOPO TOPNYayov TOAD YounAég ocvykevipwoel ATP, elyav
avénuévn mopaywyn ROS kot peiopévn kvttapikn avémtoén. H  swcayoyn
acta&avlivng oty opdoa GABATX &deiée 6Tt 1 ATX umopel va mapateivel
BloctodTTO TOV VELPIK®V KVTTAP®OV VIO QLTS TIG CLVONKEG.

To amoteréopata S1€pepay petatd TV TPLOV Opddwv vroyAvkopiag (2 uM, 5 uM, 25
uM). v opdoda coPfapng vroyAvkaipiog 2 uM €kBeong oe yAvkoln, Ta KOTTOPO TOV
exténkav oe AP moapovcioacov HEIOUEVN aVATTLEN Kol PElopEVO @Bopiopd ot
dokipacio MitoSOX. Zuvenmg, to kuTTapa Tapovsiacay petwpuévn tapaymyn ROS,
avTIKaTonTPiovTag TIg TUTIKEG amoKpioels Twv Kuttdpov otnv APB. Otav ektébnkav
oe AP, to xOTTOpPO TOpOVGIACAV OVENUEVI TOXOVOPLOKYT OVOAELTOVPYiDL TTOV
mapotpnOnke amd vymid ernineda mopaywyng ROS. Ta kottapa €deiav emiong
TUTIKG UELOUEVT] KVTTOPIKN AEITOLPYIOL HE YOUNAOTEPT KLTTOPIKN OVATTLEN Kol
younin tapoaymyn ATP. Otav n opdda £kBeong og yAvkoln 2 uM extédnke 1060 o€
AP 0600 ko e ATX, 1 xvttopikn avamtoén avénbnke, Ommg Kot 0 HEcog UEGOG
@Bopiopog oe oOykplom pe v opdda 2 uM GAPB. Avtd vrodnimvetl 6Tt Ta KOTTOPO
TOavmg dev givarl vekpd oAAd pmopel va Ppickoviar o dadikacio Bavatov, ondte N
ATX umopet va fondnocel oty mopdrtacn e PLOCILOTNTOC TOV VEVPIKAOV KVTTAP®OV
napovsia APB. Otv avaivoelg ATP dev mpaypoatomromOnkay yio 11 opadeg GAP 7
GABATX, kabng ot opddec G ko GATX mapnyayav moAd yapnid enineda ATP ota
2 uM. Avto deiyvet 6TL Otav To emimeda YALKOING efvon eEapeTIKA YOUNAA, TO KOTTAPO
mapdyel TOAD yaunid enineda ATP, evoeyopévag v eldyiotn mocotnta ATP mov
OTOLTELTON Y10, TNV KLTTOPIKY AElTovpyio.
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2y opdda ékBeong oe YAukoln 5 uM, 1 Kuttapikn avantuén kot n tapaywyn ATP
Ntav ToAD Tapopoteg pe TNV opdoda Ekbeong oe yAvkoln 2 uM. H opada GATX tov 5
UM avamtoyBnke KoAbTEPO KO TOPNYAYE TOV VYNAOTEPO HEGO Opo POopioHoD 61N
dokipacio MitoSOX peta&d tov dtapopwv opadwv YAvkoing ATX. Ta acvviBiota
VYNAA N younAd emineda ROS vrodnimvouy kuttopikd oTpeg, aALd o ETimeda TOLV
wopotpnONKay pHeTaEd TV opadwv yAuvkoing S uM vrodnidvovy 61l Ta KOTTOPO
€LooKIHOVV Ko mlavoToTa elyav TEPIGGOTEPA AEITOLPYIKE TOYXOVOPLOL Yo TNV
Tapay®y” euctoloyik®v emmédmv ATP. Tlapopow pe tig opddeg £kbeong oe 2 uM
GAPB, n opdda mwov vroPAndnke oe 5 UM GAP enédeiée ko mwhAr ™ YopunAoTEPN
avantoén and OAeg Tig opndodeg Tv S uM. H opdda tov 5 uM GAP enédeiée oavénuéva
péca emineda pOopiopod oe chykpiomn pe v opdada tewv 2 uM GAR, vrodeucviovtog
pio amOKPLoT| TOV KVTTAPOL 6T0 6TPES TOL KLTTApov AP. H opdda twv 5 uM GABATX
napovciace 1660 avénuévn avantvén 6co kol péco emimedo @Bopiopov. Avti 1M
avénon tov pécov EHOPIGHOD KO, GULVET®MS, NG Tapaywyns ROS oeesihotov
mhavotata otn eLoOA0YIKY Tapaywyn ATP og avtiBeon e 10 KutTOpIKd GTPEC.

H opdda mov extébnke oe yAvkoln 25 uM, mapopolo pe 115 GAAEG OVO ORAOEG
vrepylvkoipiog, avartiynke Alyotepo Ko mapnyaye moAd Alyo @Bopiopd. Avti
peiwon Tov eOopIoov pmopel va eivorl amoTELEGLO LELOUEVNG OVATTVENG 1) CVENUEVOL
Kuttaptkov Bavdtov. H opdda tov 25 pM G mapovciace ) pukpodTepT avantuén o€
OVYKPIOT UE TIG YOUNAOTEPES CLYKEVTPMOGELG YAVKOING (2 uM kan 5 uM), kaBmg ko
TOAD yopnAn ovykévipoon ATP kot mopaywyn ROS. H opdda towv 25 uM GABATX
®oTOGO avamtHyOnKe Kol wapyaye xapnAd £0¢ ELGLOAOYIKO POOPIoUO, YEYOVOS TOV
delyvel 6Tt petalh TV TPLOV VIOYAVKOUIKGOV cuvOnKodv, 1 tpochnkn ATX otig
opadeg mov ektéONKa oe AP Tpoctdtevce amd v mopaywyn ROS ko tpoddnce v
avantuén TV KuTTépov.

Ot éAAeg 800 opadeg YAukoing (2 mM kot 5 mM) avarntdyOnkov Kadd, eKTOg omd TV
oudda 2 mM GABATX, n onoia mapovciace 1 younidtepn cvykévipmon ATP kot
napoymy] ¢Bopwopov  (vmodeikvboviag OtL Ta KUTTApo MTov  Pldcluo Kot
ypnoponotovoav to mapoayopevo ATP). H opdda 5 mM GABATX mapovcioce
avEnuévn avamtoln, avénuévo ATP kot pucstoloyikd péca emimeda eBopiopov. H
opdda 2 mM GATX avartiyOnke kahvtepa petald Tov opddmv Tov 2 mM kot mopeiye
@VooA0YIKT ovykévipwon ATP kot gucslodoykd covora mapaymyng ebopiopov. H
oudda 5 mM GATX moapovcioce pelopévn oavamtudn pe eAa@p®g ovEnuUEvn
ovykévipoon ATP kot younin mapaywyn elopiopod. Eropévmg, ta kdtrapa 5 mM
GATXntav og Béon va tapdayovv teptocdtepo ATP kan cuvenag neprocdtepeg ROS,
oAAG M opdoa ATX Oev epueavice pelwon TG HTOXOVOPLOKNG OVGAEITOVPYIONG OE
oVYKplomn pe TV opdda mov ektédnke otn yAvkoln. H opdda 2 mM GAP peydrooe
Kol wopniyoye 1o mePlocoTepo ATP ko @Bopiopd petald tov opddwv 2 mM,
VIOOEIKVVOVTAG TNV TOPOVGTA KLTTOPKOD 0TPEG Letd v €kbeon oe AB. H mopaywyn
ATP &dei&e 611 10 kOTTOpO Tapryoyav ATP, to omoio Ba adEave tnv mapaywyr ROS,
aALG o KOTTOPA OV Qaivetal va ypnoiporoovy avtd o ATP. To ATP mov mapnydn
aALG dev ypnotpomomOnke pmopel va amodnkedetol 6 KuoTidia, £va epOTNLL TOV Oa
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npénel va dtepevvnBel oe peAlovikéc perétec. H opdoa tov S mM GAP mapovsiace
™ YoUNAOTEPT avantuén, cvykévipwon ATP kot mapaywyn ROS and 1ig opdoeg twv
5 mM.

Ot vrepyAVKOYKEG OUAOEG EMESEIEAV AVENUEVT] KVTTOPIKT] OVATTLEN KoL TOPOY YT
ATP Aoym g avEnuévng dwbeoipdtnrog yAukoing, aAld n dwbecipotra ot
ovuPaiietl emiong oty avénon tov ROS. Metald towv opddwv yAvkdlng S mM, n
opada 5 mM GAP mapovcioce ™ kpOTEPN AVATTLEN KO TN XOUNAOTEPT] TOPAY YN
ROS, pali pe yapunAiéc ovykevipwoeig ATP. H youniq mopaywyn ROS umopei va
oyetileton pe tov yaunAdtepo puoud mapoymyng ATP ko ta younid enineda ATP ko
ROS vrodewcvioouvv 0t To kOTTOpO €YoV TEDAVEL 1) TEO VALY OTOY TPy LaTtomolOnKo
ot dokwpacieg Luciferase kon MitoSOX. Megta&d tov opddov 5 mM yAvkdlng, n
napoymy ] ROS mc opddoc 5 mM GABATX dev 01€pepe GTATIGTIKA amtd TV OpLAdQ
erléyyov S mM yAvkdolng. Avtd delyvel 0tL Ta putoyovopia ot opades S mM GABATX
AELTOVPYOVC OV TAPOLLOL LLE TOV EAEYYO, YEYOVOS TTOL LOG 001YEL GTO GUUTEPAGLLO. OTL
N ATX pmopel vo TPOGTATEVGEL TA VELPWVIKA KVTTAPL and TOo otpeg AP Ko
proyovoplokn dvoiertovpyio. H ocvykévipoon ATP kvpovotav and 1 uM - 80 uM
Yo T delypa.

O vrepylvkoaykés opddes Tv 25 mM mapovoiocay mapopota avamtuén. Ot opddes
25 mM GAP kot 25 mM GATX moapovciocav tn peyadrdtepn avantuén kot 1 opada
25 mM GAB mapnyoaye nepiocdtepeg ROS amd tic dAheg opddeg, oAdd 1 dapopd
peta&d Tv 000 opdd®V 0V NTaV 6TATIOTIKA onpavTiky. H mtapaywyn ROS frav moAd
YOUNAN Kot ot opades Tov 25 mM wapnyayav nepiocotepo ATP and i opddeg tmwv 5
mM, yeyovog Tov cuvadel pe peyarhtepn mTosotnTo YALKOINS Tov NTav dtafésiun yia
xpnon omd ta kottapa. [apd avty ) dpopd pHetald Twv opadwv yAvkolng, kopio
amd TG opadeg YAvkoIne 25 mM dev mapovciace onuavtikeég otopopég oto ATP og
ovykpion petald tovg.

S5.Xvpunepaopara

YKOmHG TNG TOPOVGAG EPYOsiog NTav va Katadei&el 0Tt £val in vitro LOVTEAO Y10, TN VOGO
Altoyduuep pmopel va. ypnoyomombel yuu T OlEPELVNOY TOV EMUTTOCEMV TNG
OLYKEVTPMONG GAKYAPOL GTO aipla 6TV IKavOTNTO TG aoTaaviivig va Asttovpyel og
avtioéedmtikd. Koatd v efétaon 1060 TOV VITOYALKOIUIK®V OGO KOl TOV
VIEPYAVK UKDV GLUVONK OV, TApATNPNOOUE OTL KATA TO VITOYAVKOUIKO HEPOG QLTS
™G LEAETNG, O GLVOLAGHOS TOV AP Kot TnG vroyAvkopiog pali Tpokalovv adENCT TGS
napoymyng ROS, mbavotata pécm tng avEnong e HItoyovo plakng SVGAEITOVPYIOG.
Evo n AT X pmopel va Bondnoet ot peiwon g napaywyng ROS kot oty adénon g
avATTLENG TOV KLTTAP®V, TO ATOTEAEGUATA TNG OEV O1EQEPAY GE LEYEAO Babod peta&y
TOV GUYKEVIPMOGE®Y YALKOING. Metald tov opadwv GABATX, 1o xitTOpa
avartoyOnkav kot tapnyoayov ROS. Evoéyetan va amatteiton mpdobetn peAétn yio
dtepedvnon tov aplfov Tev Kuttdpwv mov gvfvvovtor yia v tapaywyn ROS. Oa
TPENEL Vo, TpAyHoTomondody HETPNOELS KLTTAP®V Kot doKipacieg kuttdpwv. To
ePYOoTNPLO Hog Bo Tpoywpnoel o dOKIHAGIEG KLTTOPIKOD Bavdtov yia va eAéyEetl av
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to. KOTTOpa etvar Brocipa. To vrepyAvkatpikd HEPog avTs g HEAETNG £0€1EE OTL 1)
ATX @€pel vELPOTPOSTATEVTIKES EMOPAGELS EVavTL TOV AP Ko puopet va BeATIDGEL TN
HTOYOVO pLokn Agttovpyia.

YVVETMGC, TO PYASTNPLO pag amedelée v Kavotnta g actaaviivng va mpodyet Tnv
avamtuén TV KLTTAp®V in Vitro 6€ LTOYALKOUUIKO, KOVOVIKG YALKOLNG Kot
VIEPYALKOUIKA StoAdpata, KaOde kol Otav mpokoAisitar amd AP. Xvvendg, Ta
dedopéva mov Tapovctdlovtal o€ avT TN HeAETn vrootnpilovy To poro g ATX otnv
TPo®ONG™M TG KLTTAPIKNG OVATTLENS TOGO GE PLGLOAOYIKEG KOTAGTACELS VOGou, DM
(vmoyAvkoupion ko vrepyAvkouio), 660 Kol o€ koataotdoelg vocov AD (AB). Ta
dedopéva avtd Voot pilovy emiong TPOGPAUTEG LEAETEC GE LOVTIEAN OPOVPOLWOV TOV
KOTOOEKVOOLV TIG VELPOTPOSTAUTELTIKEG emdpdoelg Tng ATX. H ATX €xetl amoderyBet
OTL TPOAYEL TN VEVPOYEVEGT TOL EVIAIKOL WTOKOUTOL GTOV MROKOUTO WE TP OO
e€ApPTOUEVO OO TN GLYKEVIPOON Kol OTL QVEAVEL TN YOPIKN UVIUN GE HOVTEAL
wovtikov [25]. H ATX éxet amodeybel Ot peldveEL TN QAEYHOVY] KOL HEWDVEL TN
YVOOTIKN ovendpkelo oe owapntikd wovtikio [26]. H ATX elye amodeyfel 6t givan
VEVPOTPOCTATEVTIKY] £VOVTL TNG OVTIGTOONG GTNV WGOLAIVI) TOL ROKOUTOL, Lo
okéyn vy Tovg acBeveig pe DM. Xvvenmg, n pelétn pog vrootnpilel mponyovpeveg
€PEVVEC GTOV TOWUEN OV OTOLTOVV TTEPOLTEP® dlepevivnon NG xpnons ™s ATX g
mhavng Bepoameiag yia ™ voco tov Alzheimer.
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4 Keypuevikn Avaivon

H ovykekpipévn epyoacio mpoyuoTeVETOL TN UETAPPACT] E10IKOV EPEVVITIKOV
KEWWEVOL UE YADGGO-TNYN TNV 0y YAMKN Kot YADOOGa-0TdY0 TV EAANVIKT. ITpoketton yio
GpBpo to omoio cvvtdyOnke 1o 2019 Kou dnpooievTnke 610 TEPLOdIKO Advances in
Alzheimer’s Disease. To 0o tov kelpévov-mnyn sivarl 1 pekétn mbavng ovvdeong
avapeoa otn voco Alzheimer kot to dtafnn. To cvykekpévo keipevo meptiapfavet
OPKETN 1TPLKT] OPOAOYIQ, EUTEPLEXEL OVOLOGIES OLGLOV Kot dtadtkaciwv. EmmAéov, to
OLYKEKPUEVO KEIPEVO €TV E101KO, TANPOPOPLAKS KO TEPLYPOPIKO, ETOUEVMG KPIvETOL
avaykoio vo dwotnpnbel 1o mepleyOuevo Kol M EKQPACT] MGTE TO UETAPPOCLO VO
dratnpnoet to okond tov Tpwtdtumov (Reiss & Vermeer, 2014). To mpotdTLTO £YEL OC
OTOY0 VO TANPOPOPNGEL TOV OVOYVAOCTI OVOPOPLKAE LE TN oVVIEST TOV Pmopel va
vapyel peta&d tng vocov Alzheimer kot tov dwfpnt. EmumAéov, 1o mpwtodTLTO
OTOCKOTEL GTIV TOPOLGIOOT TNG TEPAUATIKNG dtodIKaciog Tov EAafe ydpa Katd Tnv

£PELVA KO TOV OTOTEAEGUATMV TOV TPOEKVYAV.

To VPog Tov KEWEVOL elvar AUECO Le AOYIKA emyelprjuata evd o Adyoc Paciletal
OTNV OVTIKEWEVIKOTNTA, OV KOVPALEL TOV OvayvmOT HE TEPITTEG TANPOPOPIES
TN PAOVTOG TNV EYKVPOTNTA TOV OGOV TAPOVGLALOVTAL GTO TEPAUOTIKO GTAS0. XTO
TPOTOTVTO Kelpevo evromileton exTeTOUEVI] ¥PNOT TOONTIKNG QOVAG 1M Omoia
VIOONADVEL AVTIKELEVIKOTNTA, OTmG o1 ek@pdoetg “Alzheimer’s Disease is projected”,
Hyperglycemia is commonly observed”, “Af peptides are known”, “ROS are
produced”, “ Cells for this assay were cultured”, “All cells are expected”. Xtnv
EMMNVIKN YADGG O 1 TOONTIKY Q®VY VTOONADVEL ETIONG AVTIKEILEVIKOTNTO KoL Y1 0UTO
T0 AOYO dTnpNOnNKe o610 UETAPPOCHO. AKOWO, OEIYHO OVTIKEWUEVIKOTNTOS OTNV
EMMNVIKN YADOGG O £IVOIL KO TOL OVGLUGTIKE OTTOTE OPIGUEVES ALY YAKEG PIUATIKEG PPACELS

amod0dnKav GTo EAMANVIKE LE Y PNOT] OVCLAGTIKMV.

To ovykekpipévo amdomacpa Eekva pe avaivon e vocov Alzheimer avaldovtog
oV TPOTO oL dpa M evamodeon Tov apvAogWovg menTdiov AR avédvovtog v
TPy Y] ovTdpacTiK®v e®mv o&uydvov ROS kataAnyoviag otn chvdeon pe mv
vrepyAvkatpio kot tov Zokyopndn Awfnm. Ev cuveyeio akohovbel mAnpng avaivon
™G nebodoloyiag mov Lafe xMdPa Yo TNV VAOTOINGT| TOV TEPALATIKOD LEPOLS KO
KOTOAYEL HE TNV TOPOVGIOON TOV OTOTEAECUATOV TOV Tepapotos. Emopévog, to
Kelpevo amevBuvetar o €101KOVG TOL €PELVOVV TO CLYKEKPLUEVO Bépa evd Ogv

Bempeitor E0KOAO TPOS AVAYVMOGT) Y10 TOV OTAG avayvmoTr eEattiag TG 0poAoyiog Tov
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nepthapufavel kol NG mopovoioong  wikevpévng  pebodoroyiag  deaymyng

TEPALATOC.

To xeipevo éxel ouvtoybel amd PLOIKOVS OMANTES TG AYYAMKNG YADOOHG KOl TO
TpofANUoTe TOV avadelyOnkay Katd TN ddKacio. TG UETAPPUONS OEV NTOV Kol
VYNNG OLOKOALOG. XVYKEKPEVO, TO TPOPANUATO QPOPOLV TNV amddOcN TNG
0poAOYiOG TOV TPMTOTLTLOV, TOVG OPOVG PE TOAAUTAES OMOOOGELS, TAL OKPWOVOULDL, TNV
EMewym 1oodvvapiog méveo and 1o eninedo TG AEEEIS KOl GUYKEKPLUEVA CUUPPACELS

KoL 1 S10THPNGT| TOL TEPLEXOUEVOV OALA OYL TNG LOPPNG KOt TEAOG TNV TAPAPPUCT).

5.Emni pépovg oyoma
5.1.0poroyia

211 HETAPPOOT TOAD GLUYVA GUVAVTATOL TO PUVOUEVO TNG VITOPENG GLYKEKPLUEVTG
0poAOYiOG OTO KEIPEVO-TINYY], TO OO10 OVIKEL GE VA GUYKEKPLUEVO €100G KELEVOL Kol
Katd TN dladikoaoio TG HETAPPOoNG TPETEL Vo, arodobel ot yAdooa-otdyo (Cabre,
1998). To cuYKeKPIUEVO KEIPEVO TOL UEAETATOL AVIKEL GTOV KAASO TNG LOTPIKNG Kot
€XE1G G 0TOYO VO TANPOPOPNGEL GUYKEKPLUEVT OUAO Ol AVAY VOGS TMV OIS OvVOoPEPOTKE
KoL 6TV KEWEVIKN avaAivon. H opoioyia mov ypnotiponoteiton ivan 1600 amAn 660 Kot
ovvhet. Ly evomta ['Awoodpt Tapovcialoviotl ektevdg 6Aot ot Opot pali pue v
amod00N TOVG, MGTOGO Ba avapepBohv evOEIKTIKG OpLoUEVEG OPOAOYIES, OMAES KoL
obvBeteg. AThoi dpot givar o “Astaxanthin” mov pumopei va 0mrod00ei oo EAANVIKA ®G
«acsta&avoivy, o “glucose” mov amodidetor wg «yAvkoin», 0 “proteins, lipids and
nucleic acids” mov amodidoviar ¢ «TPOTEIVES, Midta Kol vovkAeikd o&éo». [To
ovvOetn oporoyia epeaviletar otig exkppdoelg “ATP production”, ROS generation”,
“MitoSOX assay”, “amyloid beta peptide”, “mutated MDNA” kAx. "o T cOvOe
opoAroyia ypnoyorombnke g GLUPOVLAEVTIKO epyareio PACELS 1ATPIKNG Opoloying
kaBmg kot €wdwd Ae€ikd 1atpikng kol pukpofroroyioc. EmumAéov, efattiag tov
EMIGTNUOVIKOD VPOLG TOL KEWEVOL Ol OmOdOGES OPGUEVAOV cLVOETOV Opav
dltpnoayv TV TPOTOTLAN LOPPN TOLG KAOMG OEV VITAPYEL EMAPKNG OTOS0CT] TOVG

oV eAnvikn (m.y. MitoSOX, ATP, Firefly Lantern, Sigma-Aldrich kAmn.)

5.2.0por pe Morhamrég amodocerg ota EAAnvikd
AvoQoptkd Le TO KOUWUATL TG OPOAOYLNG, OEV ELPAVIGTNKAY CTIUOVTIKA TPOoPANpaT

O6pov pe TOAOTAEG amodocelc. Ovolaotikd, Hovo n cHvheTol oporoyio. omoTéAECE
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TPOKANGT, OTMG OVOADOMKE Kot 10 TAV® Y10 TNV OTOoi0 EXKOVPIKE Xp1GLLoToOnKe

AyyhoeAnviko Ae&ikd Blodoyik®v kot XnUiKov 0pmv.

H Aé&n “involving” emdéyeton mAnbog amoddoewv, motOG0 Pdon Tov YEVIKOD
TAoGiov Tov GpOpPov N KAAVTEPT] OTOS0GT GOUPMVA. LLE TN POT| TOV AOYOVL elvarl 1 A&En
«ovverdyetawr. H AéEn  “solution” pmopei va petagpoaotel g «Avony (evog
TPOPANUOTOC) Kot MG «dGAVHO». AGY® TOV AVTIKEILEVOL TOL TTpayLoTEVETOL TO APOpO
N oot anddoon T AEENG eivar «dvarvpor. H AéEn “cells” emiong éxel nAn0og
amodocewv, ®oTOGOo Pdon ™G OepoToroyiog Kol TOL YEVIKOU VONUOTOS 1) COOTY
amodoon eivar «kvtrapa». H AéEn “identified” umopei va amodobel wg avayvapios 1
tovtomoinoe M wpoadiopice. 6TOGO, GTO GUYKEKPUEVO KEIUEVO MO KATAAANAN
Bewpeitar n amoddoon «evromieer. H AéEn “challenged” pmopei va amodobel pe ToAlEg
onwc oupiofntnOnke | mpoxinOnre. X epaon “ the 5 uM GAP challenged group”
petappdletol og «n opdda wov vmofinlnke o 5 UM GAP», evd otnv ékepoon “as
well as when challenged by AB.” arodidetor g «kabdg Ko 6tav mpokaieitar omd
APB». Emopévmg, yivetar katovontd OTL yioo T GLYKEKPUEVT AEEN emAyetan M
KOAVTEPN amddoon PACT TOV VONUOTOS KOl TNG GYXEONG TNG ME TIG LITOAOITEG AEEEIC
AVOQOPIKE e TNV caPn omddoon tov vonuatog. H Aéén “determined” pmopei va
arodofel mg kabopiotnke 1 Tpocsdlopictnke. EEartiag Tov emotnuovikoy Kot Guesov

VEOVG TOV APBPOL EMAEYETOL ] ATOS0CT O KTPOGOLOPICTNKEY.

g €vo YeVIKO TAOIG10 1 arr0d0GT] TOL KEYEVOL EYIVE LE TAPOLGLH TOV 1GOOVVALOV
OpoL OTN YAMGGA-GTOYO TOPEYOVING COPNVELN Kol OLQAVELNS TN HETOQPOOM

(Kehdvoprag, 2007).

5.3. Akpovipa
To mpotdTLNO KEIPEVO TTEPIEXEL OPIOUEVE OKPOVOULL TO. OTTOl0. KUPIMG ApOopovV

LOTPIKEG OPOAOYIEG KOIL TOL AKPMVOLLO VT 0mOTEAODV 10V 0poLoYia Yio TNV WOTPIKN
omoTE, PAON KOl TOV EMGTNUOVIKOD VPOVG TOV ApHpov daTnpodvTol Mg £YOVV GTNV
petdppaon. Opwopéva amd ovtd onwg too FBS, EMEM, DM «xam 10 AD
YPNCLOTOI0VVTOL TPOG Y APLY GuvToping Kot eEowovounong ypovov. o m cwot
amOd00T CLTMOV TV aKpmVVUimV xpnoorombnke Bondntikd AyyhoeAnvikd Ae&ikod

Buoloyikdv kot Xnpukav 6pmv. Evdeiktikd ta akpovopia givar:

o ATX: Acto&avOivn
e AB: Apvlogdég mentiow B
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e ROS: Avtidpaotika €idn o&vyovou

o  02:0&vyovo

e ATCC:

e EMEM: Opentikd vAkO ehdylotmv TpoQik®v omortoewv Eagle/
Eagle's Minimum Essential Medium

e  FBS: guppvikn arpovpivn opov fooctddv

e RA: Petivoixkod o&o

e PBS:Alatotyo pmcpopikd puhotikd didivua

e DMSO: Ayebvrocovipoleidio

e DM: Diabetes Mellitus - ZA: XZakyapmdng Atafmtng

e  AD: Alzheimer’s Disease - NA: Nocog Alzheimer

5.4 Elrewyn Ioodvvapiog [Iave and to Eminedo tng A&Eng

Y& Oleg TIG YAMGGEG 01 AEEELG cuvdvaovTal MoTE Vo Onpovpyoly doués. Ot Aé€elg
OVTEG TTPEMEL Vo oLVOLALoVTOL UE TETOLO TPOTO MOTE Vo cuvBéTouy éva vomua. H
ovvbeon tov vonpatog opiletar omd TEPLOPIGLOVGS TOV PEPEL N YADGSA. 26TOGO, TAV®
and 1o eninedo g AéENg mapatnpovvtal exavaropuPavopeva pHotifo mopd Kavovec.
21 Swdwkacio TG LETAPPACNS N dVGKOALD EVTOTILETOL TNV OTOS0CT VTV TOV
poTifmv. 0 HETAPPUCTNG KOAElTOL Vo eMAEEEL TV KATA AEEN amddoon TG AEENG N TNV
eAe00EPT LETAQPACT TPOG XAPLY KOADTEPNG amddoomg Tov Kewévov-inyn (Baker,
1992).

¥10 apBpo mov peretdron n EAAEWYN 1600VVOUING TAVE Ot TO eminedo TS AEENG
evtomiletan ot AéEN “sheet-like” n omoio dev pmopei va amodobei pe katd AéEN
HETAPPaoT). AVTL AVTOV EMAEYETOL 1) TEPLPPOUCTIKT OTOO0GT TG AEENG MG «GE PoPP1)

@OLAOLY.

5.5.Xvpepaoerg

Q¢ ovuepaoelg opiletor 1 Tdon OPIGUEVOV AEEEMV VOL GUVVTTAPYOVV GE L YADGGAL.
H ovwvdnapén tov AéEewv yuoo v vAomoinon ocvuedcewv dev oxetiletonr pe v
vonuatikn oxéon tov Aééemv. Me dAla Adyla dvo cuvmvopeg AéEelg dev elvat dSuvatov

VO GUVUTTAPYOLV TAVTA LE TNV 1010 AEEN TPOKEWEVOL VO SLLOVPYNIGOVY GUUPPAGELS
(Baker, 1992).
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H éxoppoon “stock solution” wg avtoleei petdepacn mpokdmtel amdbepo Avong,
KGTL To omoio dev Pondd 6TOo VONUA, MGTOGO Ol dVO AVTEG AEEEIC dMOVPYOVV i

CUUPPACT] N OTol0L OTOSIOETOL MG «omODEU SLAADUATOC).

5.6. Iowopatikéc Exgpdoeig

[Swpatikég exppdoeic 1 Wiopoticpol opifovrol ot 6tabepég evioelg AEEemV Y10 TIg
OTO1EG 1GYVOVV Ol LOPPOCVVTOKTIKOL, GLVTOYLOTIKOL KOl GTULOGIOAOYIKOL KOVOVEG TMV
elevbepwv evoewv AéEewv. To ouykekpiévo dpbpo mov peretdton dev meptiapPavet

WOLOUATIKEG EKPPACELS.

5.7. Avatipnon tov epreyopévov, aria oL Tng Mopong

H petdopaon og dwadikacio tepthapfavel m peta@opd Pnvopatos and T yAOsso-
YN ot YA®GG-6T0Y0. Q0T6G0, OTMG avVaPEPONKE KOl TLO TAV®, O HUETOPPOUCTNG
KOAEITOL VO AVTILETOTIOEL TANOOC TPOPANUATOV KATA TN ey YN TG LETAPPACTG.
‘Eva and avtd ta mpoPfAnuata givar n éAlenyn woodvvapiog og exinedo TG LOpPTG.
Eéottiag tov Swpopetik®dv doumv mov gueaviCouv ot YAMGGES TOAAEG (POPEC
KkafioTator SVGKOLO KATH TN LETAPOPE TOL UNVOLATOG TOL TPMOTOTLTTOL Vo, dtoTnpn0el
N popen tov. OVCCTIKA, TOPATNPEITOL SUTHPNOT TOL TEPIEXOUEVOD AAAG OYL TG
popoene. Ta ototyeio g popeng Eemepvovv TO KeEIPEVO GUVOETOVTOG Mol KOAAITEXVIKT
ékppoorn mov etvor Waitepn Kot pmopel vo amodobel ot YA®ooH-6ToOY0 1 ovaAoyEg
popeég Ekppaonc. Emopévmg, n Asttovpyio kepaong o€ ol YAMGCO TPETEL VoL PEPEL
ovaioyn pHopen otn petdepacrn oote vo OBswpnbel mwpaypotikd 1GoduvVaun HE TO
npwtotumo (Reiss & Vermeer, 2014). Zougova pe ) Kotd AEEn petaepacn e€ottiog g
TOTOTNTOC KO TNG OTEPOG MeTdppaons sivor dvvoatdv va datnpnbel 1 popen Tov
TPOTOTLTTOV MOTOGO VO PNV GLUTEPIANPOOHV oTOLYEIDL TOL TTEPLEYOUEVOL. XE OvTifETn
TEPIMTOON, 1 €AEVOEPN UETAPPOOT] OTOUNKPVUVETAL OO TNV TPOTOTLAN HOPPT| TOV
UNVOLOTOG Kol e KAOE PEGO EMTLYYAVEL TN HETOPOPA TOL Vo LaTos. Kabmg to dpbHpo mov
UEAETATAL OTOGKOTEL GTNV TANPOPOPTON 1) EAEVOEPT LETAPPaOT) BempeiTon KATAAANAN Yo

OPIOUEVEG EKPPACELG DOTE VO LNV X0BoLV GTOLYEID OO TO TEPLEYOUEVO.

Tvuykekpéva, n Ekppaon “the cognitive and memory deficits” dev eivar epuktd va
LETOPPOOTEL SLOTNPOVTOG GVTOLGLO TN HOPEN NG, OVTIL ovTov péc® NG ehevbepng
LETAQPOOTG OTOSIOETAL (O «TO YVOOTIKA EALEIPPOTO KOU TO EAASIUPOTO PVIENS)
CUUTANPOVOVTAG TO VoMU eNaKPPdg Omwg to mpwtdtuvmo. Emiong, n €keppacn *

connecting diabetes-related mechanisms to actual AD pathology” dev givai duvatov
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VO HETOPPOACTEL OVTOVGLO SLOTNPOVTOG TNV TPOTOTLAY LOPPN TS Kabmg oev Oa
VIAPXE VOMUATIKY) oLvoyn. AVTIOETOC petappdletol eAevbepa o€ «GUVOEOVTOG
PN OVIGROVS TOV oyeTilovTon pe Tov SwaPfntn pe v apoypotiky waboroyia Tov
YA». Mo akOpa EKepact mov dev UTopel Vo, S1TNPNOEL TV TPOTOTLTN HOPPT TNG
Katd TN dladikacio ¢ petappaocng ival “ to be neuroprotective against Api-e-
mediated toxicity in PC-12” 1 omoia amodidetol m¢ «Eival VEVPOTPOGTUTEVTIKO
EvavT TG TOEIKOTNTAS TOV TPOKUAEiTOL 00 T0 AB1-42 6€ VEVPOVIKA KOTTOPO

PC-12». EmumAéov, n ppdon, “only two challenges were performed due to the results

obtained from controls” anodideton w¢ «mPEYRATOTOWONKAY HOVO VO TPOKANGELS

AOY® TOV 0TOTEAEGPUATOV TOV TPOEKVYAY OO TOVG EAEYYOVS» AKOUO, N Opdon

“and then, either a luciferase assay or MitoSOX assay was performed.” amod66nke

®G «OTN OUVVEYEW TPOYROTOTOMONKE ¢£ite OoKpaoio Aovorwpepdong E&ite

doxpocia MitoSOX.» H o¢pdon “Glucose challenge and glucose with ATX
exposure groups were tested” omodidetor wg «E&eTdoTnKay o1 opddeg TPpoKAnoNg
pe YAokoln kol or opdoes ékBeong og yYAvkoln pe ATX». Mo axdpo epacn mov
droTnpeiton 10 TEPLEXOUEVO AL Oy 1) Lopen TG sivar “After the 24 hour-incubation
period,” n omoio amodideTon ¢ «META TNV TEPI0d0 EMDUSNS TOV 24 OPOVH.
Emundéov, n opaon . “Before the end of the cell exposure period was over, the 5 mM
MitoSOX stock solution was made from vials obtained from Thermo Fisher
Scientific”, arodidetol wg «Iptv amd To TEhog TS TEPLOSOV £KOEGNG TOV KVTTAP®V
0AOKAMPpOONKE N TOPaoKEL] TOV omodipaTog droidparog 5 MM MitoSOX améd
QwLidro wov amoxktOnkav azmé tqv Thermo Fisher Scientific». Emnpocheta, n
epaon “and three-point region analysis was performed on the brightest regions”
amodidETAl OC € TPAYROATOTOMONKE GVAAVON TEPLOYOV TPLAOV CNUEIOV GTIS TLO
QPOTEWVEG TTEPLoYES». Mia axopa pdomn oty omoin dotnpeitan T0 TEPLEYOUEVO OALA
ot n nopon sivan “ A Luciferase firefly assay was used to measure ATP output
after growth” n onoia amodidetanr g «IMa ™ pérpnon ™ nopoyoyns ATP peta

™V avantoén ypnopomon)dnke n doxipaocio Luciferase firefly».

5.8.IMapagppaocn

2T HETAQPUCTIKN O1001KAGI0L 0 HETAPPACTNG GV VA ¥pnoiponotel ) uébodo g
TAPAEPACNG TPOKEUEVOD VO ATOdMGEL OGO TO dLVOTOV KOADTEPA TO TPOTOTLTO
KEIUEVO 0T YADGG-GTOYO GTLG TEPMTMGELS OOV GLVAVTATOL EALELYT) 1GOOVVOLING GE

enimedo popeng ko Aééne. H mapdppaon amotedel v k@poact (o epacng N Hog
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AEEe1C pe d10popeTIKE A0y, X Evol KEIPEVO 1 TOPAPPACT) UTOPEL VA XPNOIUEVTEL MG
emeENynon, dtevkpivion, kabopiopd, petaeopd 1 avadopyavoon. Otav éva Keipevo
VoKeLTOL o€ TOPAPpacT dALAlEL 1 Aeikomoinon KAvovTog To VONUa TanToypova id10
Kol OlpopeTikd amd 10 mpwtotumo. [loapdepaocn pmopel va ypnoyomombel oe
TEPMTAOOCEL OMOL VILAPYEL TOAITIGHKO KEVO OVAUEGO OTN YAMGGO-TNYY Kol TN
YADGGO-GTOHYO N G€ TEPUTTAOGELS OOV TO TPOTATLTO TPAYLATEVETOL £VOL GVYKEKPLUEVO
0ép0 o omoio eival yvwotd 61N YAMGGA-GTOY0 MGTOGO OeV £xel TparyLotomotnOel amin
Ae€ucomoinon. Akoua Tapaepacn UTopel v xpnoomombetl yioo TNV amdd00T UG
AEENG amd TN YAMGGA-TNYN 0T YAMGGA-GTOYO TPOKEUEVOL VA YiVEL KOTavonTol omo
T0 €VPL KOWO. Axkoua M moapdepocn pmopel va ypnowwomombBel mpokeévon va
aroeevyBel 1 emavdAnyn mov umopel vo Kataothosl 1o keipevo Paperd. Baokn
Tpobmobeon elvarl va EMTPENEL TO TPMTOTLMO KEIUEVO TNV TOPAPPACT YWPIG Vo

aAlotdvetor To vonud tov (Danielsson, 2007).

H éxppoon “ATX and Ag treated cells demonstrated increased growth patterns

over cells treated with Ag alone” péocw mapappacng omodddnke wg «Ta koTTope

nov éhafav Ogpomeio pe ATX kot AP erédarilav avénuéva TpoTuTa avanTEng o€

oyxéon pe ta KuTTOpo mov EhaPav Oepomeio povo pe Ap». EmmAiéov, n ékoppaon

“Ap alone treated groups overall had significantly less growth than controls (p <

0.05)” mapappdommke ©g «Ov opddec mwov éhafoav Ogpomeio pudévo ne AP eiyav

GUVOMKG ONUOVTIKG piKpOTEPT avanTLVEN 0o 0,TL 01 OpadES EXEY YOV (P < 0,05)».

Axopa, 1 epdon “suggesting that ATX is able to overcome the negative effects of

AL, ne ypnom e Hebddov TaPAPPOoTG OTOOIOETUL MG KYEYOVOS TOV VTOOINAAVEL

otin ATX givan o€ 0éon va Egmepaoer TIS apvNTIKES EMOPAcelS Tov AP». Emutiéov
n epdon “few treatment options are available, and no cure exists”, mapoappaleton
¢ «gival dwbéopeg Aiyeg Oepamevtikég emhoyég Kal dgv vapyer Ogpameio». H

epaon “ connecting diabetes-related mechanisms to actual AD pathology”

TOPAPPALETOL MG KGVVOEOVTUS PNYOVIGUOVS TOV Y ETILOVTOL PLE TOV OLafnTn pne Ty

apoaypotiki radodroyia Tov XA». H epdon “Hyperglycemia is a major contributor

to ROS production and other damage in type 2 diabetes” mapagppdaletor wg «H

vrepyivkonio coupdairer onpovrikd oty wropaymyn ROS ko g dhieg PraPeg

otov owfiTn TOTOL 2». o okOpo @pdacn mov VroPANOnKe oe moapdepacn sivor
“Once the desired cell population was reached”, n onoio amodidetor wg «Moig

EMTLYYOVOTOV 0 EMOVUNTOS KVTTAPLKOS TANOVGpHOC,». AkOua, n epdon “and then,
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either a luciferase assay or MitoSOX assay was performed.” IToapoagppdotnke Kot

amod0ONKE OC «GTN GLVEYELD TPUYNOTOTOWONKE €ITE OOKINUGIO LOVGLPEPAONS

gite doxpacio MitoSOX». Emmpocbeta, m opdon “but still showed growth
difficulties compared to the control (glucose) and glucose ATX groups”

mopoPpaletor g &N «arha e£ako0AovO0VGE VU TAPOVGLALEL OVOKOMES AVATTVENS

O€ GUYKPLOT PE TIC OpdOES EAEYYOV (YAVKOLN) Kat YAvkOLng ATX».
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6.Emiloyog

Ao TV aveTEP® OVAAVOT TPOKVTTTEL OTL 1] LETAPPOACT TOV GLYKEKPIUEVOL ApOpov
elye pétpla dvokoMa Ko ypeldoTnke va aglepmbel ToAOS ¥pOdvog Kupiwg Yoo Tov
TPOGHIOPICUO KoL TNV amOd0CN TNG €OKNG opoloyiag. Q0TOG0, ®¢ dadtKacio
OTOOELYTNKE OLNTEPMOG EVOLAPEPOVLG A KOl EMUOPPOTIKY. MEGA amd Tr GVYKEKPIUEV
epyocio, amocapnviotnkov ot apxég TG MHETAPpacng TS omoieg Katopbmca va

EQOPUOG® GE OAN TNV £KTACT TNG EPYACING.
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7.I'hoccapro

Opog oto Keipevo- | Opog oto Keipevo- IIny AlopopeTIKEG Emloyn cvykexpipuévng
IInyn 210%0¢G Omod0GELG amdd0oNg
Alzheimer’s vococ Altoyouuep | (Ehrlich, et al.,
Disease 2021)
Hyperglycemia vepyAvkatpio (Ehrlich, et al.,
2021)
Hypoglycemia VIOYAVK ool (Ehrlich, et al.,
2021)
Insulin therapy Bepaneia ue | (Ebrlich, et al.,
WVGOLAIVY 2021)
Astaxanthin(ATX) | aocta&avlivn (Ehrlich, et al.,
(ATX) 2021)
Mitochondrial LLLTOYOVO PLOKT (Ehrlich, et al.,
dysfunction dvoAettovpyia 2021)
Amyloid B plaque | Tidkag (Ehrlich, et al.,
ApVAOELBOVG B 2021)
Growth patterns npotono avamtoéng | (Ehrlich, et al.,
2021)
ATP production napaywyn ATP (Ehrlich, et al.,
2021)
ROS generation napayoyn ROS (Ehrlich, et al.,
2021)
Glucose IMokdin (Ehrlich, et al.,
2021)
Cell Kvttapo (Ehrlich, et al., | kel KoataAAnAotepn Loyw
2021) VONLLOLTOG
Average Mécog pBopiopog | (Ehrlich, et al.,
fluorescence 2021)
MitoSOX assay Awdikacio (Ehrlich, et al.,
MitoSOX 2021)
Hippocampal cells | xotropa tov | (Ehrlich, et al.,
ITTOKOUTTOV 2021)
Amyloid beta | [Tentidio (Ehrlich, et al.,
peptide AUVAOELBOVG B 2021)
Reactive  oxygen | Apootikd gion | (Ehrlich, et al.,
species (ROS) o&uyovou 2021)
Insulin receptor | pwcpopviimon tov | (Ehrlich, et al.,
substrate vrooTpduatog Tov | 2021)
phosphorylation VI0d0YEN
WGOLAMVNG
Amyloidogenic OLVAOELDOYOVES (Ehrlich, et al.,
effects in  the | emdpdoeig  otov | 2021)
hippocampus MIOKAUTTO
Mitochondria Mutoy6vdpia. (Ehrlich, et al.,
2021)
Mutated mDNA MetaAlaypévo (Ehrlich, et al.,
DNA 2021)
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Oxidative stress O&edwtkd otpeg | (Ehrlich, et al.,
2021)
Reduction of O Avayoyn tov | (Ehrlich, et al.,
o&uydvou 2021)
Electron transport | AAvcida (Ehrlich, et al.,
chain LETAPOPAG 2021)
nAekTpovimv
Superoxide anion | Avidv vrepo&eidiov | (Ehrlich, et al.,
2021)
Hydrogen peroxide | Ynepo&eidio  tov | (Ehrlich, et al.,
VOPOYOVOL 2021)
Hydroxyl radical PiCa vépo&vriov (Ehrlich, et al.,
2021)
Proteins [Mpwreiveg (Ehrlich, et al.,
2021)
Lipids Ao (Ehrlich, et al.,
2021)
Nucleic acid NovkAeika o&éa (Ehrlich, et al.,
2021)
Diabetes Mellitus | Zaxyoapmdng (Ehrlich, et al.,
dwaPmmg 2021)
Cognitive I'vootikn (Ehrlich, et al.,
dysfunction dvclettovpyio 2021)
Cellular death Kvtropikog (Ehrlich, et al.,
Bévatog 2021)
Necroptosis Nekpontwon (Ehrlich, et al.,
2021)
Working and long- | Epyalopevn  «ou | (Ehrlich, et al.,
term memory LOKPOTTPODEG N 2021)
pviun
Carotenoid Kepotevoetdég (Ehrlich, et al.,
2021)
Agquatic Y dpopiot (Ehrlich, et al.,
microorganisms LKPOOPYAVIGLLOL 2021)
Blood-brain barrier | Awwatoeykepoiwkd | (Ehrlich, et al.,
S Pporypdg 2021)
Neuroprotective Nevponpootatevtt | (Ehrlich, et al.,
KO 2021)
Neuronal cells Nevpovikd (Ehrlich, et al.,
KOTTOpO 2021)
Mouse oepd  wvttapov | (Ehrlich, et al.,
hippocampal cell | utmokdpmov 2021)
line TOVTIKOV
Eagle’s Minimum | ®pentikd vAwo | (Ehrlich, et al.,
Essential Medium | eAdyiotwv 2021)
TPOPIK MOV

anarthoswv Eagle
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Fetal Bovine | gufpvuikn (Ehrlich, et al.,
Serum Albumin aAiPovpivn  opov | 2021)
Boogddv
Microbial growth | pixpopiokmng (Ehrlich, et al.,
avanTuENg 2021)
Medium HECO (Ehrlich, et al.,
2021)
Cell solution Addopo kvttpov | (Ehrlich, et al.,
2021)
Cell population Kvuttapikog (Ehrlich, et al.,
TAnOvoude 2021)
Neuronal VELPOVIKN (Ehrlich, et al.,
differentiation dtapopomoinom 2021)
Retinoic acid Petvoiko o&v (Ehrlich, et al.,
2021)
Incubator Enmactipog (Ehrlich, et al.,
2021)
Luciferase assay Aokacio (Ehrlich, et al.,
Aovopepdong 2021)
Sterile Amootelpouévo (Ehrlich, et al.,
2021)
Stock solution Amdbepa (Ehrlich, et al.,
LAV LOTOC 2021)
Eppendorf tubes SoAnvapla (Ehrlich, et al.,
Eppendorf 2021)
Luminescence dotavyeln (Ehrlich, et al.,
2021)
Intracellular Evdoxvttdpilo (Ehrlich, et al.,
2021)
Firefly Lantern | Exyohoua Firefly | (Ehrlich, et al.,
Extract Lantern 2021)
Scintillation vials | oLidwa (Ehrlich, et al.,
omvOnpiopon 2021)
Deionized water Amoviopuévo vepo | (Ehrlich, et al.,
2021)
Samples Agtypota (Ehrlich, et al.,
2021)
Scintillation Metpntng (Ehrlich, et al.,
counter omvOipLouon 2021)
Wide band setting | PoBuion  evpeiag | (Ehrlich, et al.,
Lovne 2021)
Standard curve [Tpotunn kapmvAn | (Ehrlich, et al.,
2021)
cover slips Kolvrmpia (Ehrlich, et al.,
2021)
petri dishes TpPAia petri (Ehrlich, et al.,
2021)
cellular Kvtrapwn (Ehrlich, et al.,
differentiation dapoponoinon 2021)
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fluorescent Mikpookonio (Ehrlich, et al.,
microscope @Oopiopod 2021)
Mean fluorescence | Méoeg nwwéc | (Ehrlich, et al.,
values pBopiopov 2021)
one-way analysis | AvéAvon (Ehrlich, et al.,
of variance dwakdpavon  puag | 2021)
Katevhuvong
Cell growth Kvttopikn (Ehrlich, et al.,
avantuén 2021)
sheet-like Y& popen @vAlov | (Ehrlich, et al., | Zav 0o KataAAnAotepn Loyom
2021) gnionuov HEovg TOoV
apBpov
Luciferase firefly | Aoxipooio (Ehrlich, et al.,
assay Lusiferase firefly 2021)
fluorescent  light | Mikpookonio (Ehrlich, et al.,
microscope @Oopiopod 2021)
cellular respiration | Kvttopikn (Ehrlich, et al.,
avomTvon 2021)
concentration SVYKEVTPOON (Stavropoulos &
Hornby, 2007)
In vitro model povtéLo in vitro (Stavropoulos &
Hornby, 2007)
Involving Yvvenayeton (Stavropoulos & | ITeptlapfavet KataAAniotepn Adyo
Hornby, 2007) Yyetileton VPOVG KOl TEPLEY OUEVOD
SUUUETEYEL ToV apbpov
Apopd
solution AdAvpao (Stavropoulos & | Avon KataAAnAotepn Aoyom
Hornby, 2007) VONLOLTOG
Identified Evtémoe (Stavropoulos & | Avayvopioe KataAAnAotepn Loyom
Hornby, 2007) TPOGIOPIOE VPOVS Kot TEPLEYOLEVOV
oV GpOpov
Challenged YroPAnonke/npox | (Stavropoulos & | Apgpisprtnoe KoataAAnAotepn Loym
aAgiton Hornby, 2007) Aekdiknoe VPOVG, VONLLOITOG KOl
TEPLEYOUEVOL TOV ApHPOL
determined TPOGOLOPIoTNKE (Stavropoulos & | Kafopiotnke KataAAnAotepn Aoy
Hornby, 2007) Opiotnke VPOVG, VONLLOITOG KOl
Amopaciotke TEPLEYOLEVOV TOV APHPOL
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