Received: 14 Dec 2022 | Accepted: 10 Apr 2023

Genel Tip Derg. Volume 33/Issue 2 (April), 162-168

DOI: 10.54005/geneltip.1219084

ORIGINAL ARTICLE

Apigenin-7-Glucoside AttenuatesHydrogenPeroxide-Induced Oxidative
Stress and Neuronal Death in SH-SY5Y Cells Via Activation of Antioxidant
Enzymes System and Inhibition of Caspases Genes Expression

Apigenin-7-Glikozit Antioksidan Enzim Sisteminin Aktivasyonu ve Kaspaz
Genlerinin Ekspresyonunun Inhibisyonu Yoluyla SH-SY5Y Hucrelerinde
Hidrojen Peroksit Induklu Oksidatif Stresi ve Noronal Olumu Azalhr

'Ebru GUclU

'Department of Medical Biology, Meram
Faculty of Medicine, Necmettin Erbakan
University, Konya, Turkey

Correspondence

Ebru  GU¢li, Necmettin  Erbakan
University, Meram Faculty of Medicine,
Department of Medical Biology, Konya/
TUrkiye

E-Mail: ebruavc.87@gmail.com
How to cite ?

GU¢ly E. , Cinar Ayan 1. Apigenin-
7-Glucoside  Attenuates  Hydrogen
Peroxide-Induced  Oxidative  Stress
and Neuronal Death in SH-SY5Y Cells
Via Activation of Antfioxidant Enzymes
System and Inhibition of Caspases
Genes Expression. Genel Tip Dergisi.
2023; 33(2): 162-168.

Introduction

,Nilknur Cinar Ayan

ABSTRACT

Aims: In this study, it was aimed to investigate the possible neuroprotective effect of Apigenin-
7-Glycoside (AP7Glu), a natural product with known anticancer and anti-inflammatory activity,
against hydrogen peroxide (H202)-induced oxidative stress in SH-SY5Y cells.

Methods: The effect of H202 and AP7Glu on cell viability was determined by XTT analysis. SOD and
catalase analyses were performed to determine antioxidant enzyme activities. Expression levels
of olnﬁ_oxidcm defense system-related genes and caspase genes were evaluated by gRT-PCR
analysis.

Results: After treatment of 300 uM H202 to SH-SY5Y cells for 24 hours, cell viability was determined
as 63.18% and this dose was used to induce oxidative stress. H202 treatment in the presence of
different concentrations of AP7Glu increased cell viability compared to H202-treated cells. And,
H202 decreased SOD and catalase enzyme activities compared to the control group. With the
freatment of H202 in the presence of AP7Glu, an increase was observed in these enzyme activities
compared to H202-freated cells. In addition, H202 decreased the expression levels of genes
associated with the anfioxidant defense system and increased the expression levels of Caspase
genes. And, H202 treatment in the presence of AP7Glu increased the expression levels of genes
associated with the antioxidant defense system and decreased CASP8 expression compared to
H202-treated cells.

Conclusion: AP7Glu has a neuroprotective effect against H202-induced oxidative stress and
neuronal cell death.

Keywords: Apigenin-7-Glycoside, Hydrogen peroxide, Oxidative stress, SH-SY5Y

oz

Amacg: Bu calismada antikanser ve anti-inflamatuar etkinligi bilinen bir dogal Grin olan Apigenin-7-
Glikozitin (AP7Glu), SH-SYSY hicrelerinde hidrojen peroksit (H202)-indUkIU oksidatif strese karsi olasi
noroprotektif etkisinin arastinimasi amaglandi.

Yoéntem: H202 ve AP7Glu’nun hicre canliigi Uzerine etkisi XTT analizi ile belirlendi. Antioksidan enzim
aktivitelerinin belilenmesine yénelik olarak SOD ve katalaz analizleri gerceklestirildi. Antioksidan
savunma sistemi ile iliskili genler ile Kaspaz genlerinin ekspresyon seviyeleri gRT-PCR analizi ile
degerlendirildi.

Bulgular: SH-SY5Y hicrelerine 24 saat siresince 300 uM H202 uygulamasi sonrasinda hicre
canliigr % 63.18 olarak belilendi ve oksidatif stresin indUklenmesi icin bu doz kullanildi. Farkli
konsantrasyonlarda AP7Glu varliginda H202 uygulamasi sadece H202 ile muamele edilmis
hUcrelerile karsilastinldiginda hicre canliigini artirdi. H202 SOD ve katalaz enzim aktivitelerini kontrol
grubuna gére azalttt. H202'nin AP7Glu varliginda uygulanmasi ise sadece H202 ile muamele
edilmis hUcreler ile karsilastinldiginda bu enzimlerin akfivitelerini arfirdi. Ayrica, H202 antioksidan
savunma sistemi ile iliskili genlerin ekspresyon seviyelerini azaltirken Kaspaz genlerinin ekspresyon
seviyelerini artirdi. Sadece H202 ile muamele edilmis hicreler ile karsilastinidiginda ise AP7Glu
varliginda H202 uygulamasi antioksidan savunma sistemi ile iliskili genlerin ekspresyon seviyelerini
arttirdi ve CASP8 ekspresyonunu azaltti.

Sonug: AP7Glu H202 ile indUklenmis oksidatif stres ve néronal hUcre 8lumuUne karsi néroprotektif bir
etkiye sahiptir.

Anahtar Kelimeler: Apigenin-7-Glikozit, Hidrojen peroksit, Oksidatif stres, SH-SY5Y

Although neurodegenerative diseases such as Oxidative stress occurs as a result of the insufficiency

Parkinson’s disease (PD)

and Alzheimer's disease of these systems against increased ROS production (6).

(AD) are characterized by various disease-specific Accordingly, ROS accumulatesin the celland damages
pathologies, it is also known that oxidative stress electron-rich biomolecules such as nucleic acids and
contributes to the development of these diseases (1,2). lipids (7). The brain is heavily affected by the increased
Reactive oxygen species (ROS) are produced in the ROS production because it needs a great deal supply
cell depending on the functions of the mitochondrial of oxygen and is rich in peroxide-sensitive lipids (8). As a
fransport chain, endoplasmic reticulum, and plasma result, increased ROS production also damages neuronal

membrane  (3-5).

Cellular

antioxidant defense cell functions and induces neuronal cell death. This

systems are involved in the detoxification of ROS. may result in the development of neurodegenerative
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diseases associated with oxidative stress (9). ROS that
are effective in the neurodegeneration process are
hydrogen peroxide (H202), superoxide anion (O2-),
and hydroxyl radical (HO) (10). Also, treatment of
H202 to neuronal culture cells causes an imbalance
between ROS production and antioxidant defense
systems. Therefore, H202 is frequently used to induce
oxidative sfress and cell death in neuronal cell lines
(11,12).

Antioxidants are very important in the prevention
and freatment of various chronic diseases induced
by oxidative stress, especially neurodegenerative
diseases. The anfioxidant defense system in the cell
consists of anfioxidants such as glutathione, vitamin
C, and vitamin E, as well as antfioxidant enzyme
systems such as catalase, superoxide dismutase
(SOD), glutathione peroxidase (GPx), glutathione
reductase (GR) and glutathione S-tfransferase (GST)
(13). In addition, recent studies draw attention to the
antioxidant effects of various natural products with
pharmacological properties and their protective
roles against oxidative stress. These natural products
may also have a potential role in the prevention and
freatment of neurodegenerative diseases, especially
in ferms of preventing neurogeneration and supporting
the antioxidant defense systems in the cell (14,15).

Apigenin is a flavonoid found in vegetables such
as celery, artichokes, and parsley, and has been
shown to have anticancer (16), antioxidant (17),
antibacterial (18), and anti-inflammatory (19) effects
in various studies. And, apigenin-7-glucoside (AP7Glu),
a glycoside form of apigenin, is a natural product with
similar properties to apigenin, but with better solubility
compared to other flavonoids such as apigenin.
It has been reported that AP7Glu, which has an
anti-inflammatory effect like apigenin, is especially
effective against upper respiratory infections (20).

Considering the role of oxidative stress in
neurodegenerative diseases and the antioxidant and
neuroprotective effects of natural compounds, it is
very important to elucidate the molecular mechanisms
of the effects, such as supporting antioxidant defense
systems or preventing neuronal cell death. In this study,
we aimed fo investigate the possible neuroprotective
effect of AP7Glu against H202-induced oxidative
stress. For this, we evaluated the effects of H202 and
AP7Glu tfreatments on cell viability, SOD, and catalase
enzyme activities in SH-SY5Y human neuroblastoma
cells. We also investigated the changes in the
expression levels of genes associated with apoptosis
and antioxidant defense system at the mRNA level.

Materials and Methods
Cell culture and treatments

SH-SYSY (ATCC® CRL-2266™) human neuroblastoma
cells were cultured in DMEM: F12 (Sigma-Aldrich,
Cat. no: Dé421) supplemented with 10% fetal
bovine serum, 2 mM L-glutamine and 1% Penicillin-
Streptomycin at 37°C in a humidified incubator with
5% CO2. H202 was freshly prepared from 30% stock
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solufion with the medium before each experiment.
AP7Glu (Sigma-Aldrich, 578-74-5) dissolved in a final
concentration of 0.1% DMSO.

Cell viability

The effect of H202 and AP7Glu on cell viability was
determined by the XIT cell proliferation fest. Cells
were seeded at 2x104 cells/well in ?6-well plates and
allowed to adhere for 24 hours. For the determination
of the neurotoxic effect of H202 on SH-SY5Y cells,
cells were treated with 100, 200, 300, 400, and 500 pM
H202 for 24 hours. To determine the effect of AP7Glu
on cell viability, cells were exposed to 5, 10, 15, 20, 40,
50, 75, and 100 uM AP7Glu for 24 hours. To defermine
the possible protective effect, pre-freatment was
performed with 5, 10, 15, 20, 40, 50, 75, and 100 uM
AP7Glu for 6 hours before treatment with 300 uM H202
for24hours. Afteralltreatments, 100 pl of XTT solution was
added to each well (Biological Industries - Cat. No.:20-
3001000). At the end of 4 hours, the absorbance value
in each well was measured at 450 nm wavelength in
a microplate reader. Cells not treated with H202 or
AP7Glu were used as a control group. The percentage
of cell viability was determined by dividing the dose
absorbance values by the control absorbance values
and multiplying by 100.

Determination of SOD enzyme activity

The possible protective effect of AP7Glu against H202-
induced oxidative stress was evaluated by determining
SOD enzyme activity according to the manufacturer’s
instructions (Biovision - Cat. No.:K335-100). For this,
control and dose group cells (5x105) were lysed with
0.1 M Tris/HCI, pH 7.4 containing 0.5% Triton X-100, 5
mM B-ME, 0.1 mg/ml PMSF on ice. Then, centrifugation
was performed at 14.000 x g for 5 minutes and
supernatants were collected. Sample, Blank 1, Blank
2, and Blank 3 wells were prepared in 96-well plates.
The supernatant containing 20 ul of SOD was added
to each sample and Blank 2 wells, and 20 ul of H20
was added to Blank 1 and Blank 3 wells. Then, 200 ul of
WST working solution included in the kit was added to
each well. Finally, 20 ul of dilution buffer was added to
Blank 2 and Blank 3 wells, and 20 pl of enzyme working
solution was added to the sample and Blank 1 wells.
Plates were incubated for 20 minutes at 370C, and
after incubation, a reading was performed at 450 nm
in a microplate reader. SOD activity was calculated
according to the following formula:

Determination of catalase enzyme activity

The possible protective effect of AP7Glu against H202-
induced oxidative stress was evaluated by determining
the activity of catalase, anotherimportant antfioxidant
enzyme, according to the manufacturer’s instructions
(Biovision - Cat. No.:.K773-100). Briefly, control and
dose group cells (1x106) were centrifuged with buffer
included in the kit at 10.000 x g for 15 minutes and the
supernatant was collected. For sample wells, 50 pl of
supernatant was added to a ?6-well plate and the total
volume was made up to 78 ul with buffer. Sample high
control (HC) wells were prepared by adding 28 ul of
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buffer to the same amount of supernatant. 10 ul of stop
solution was added to HC wells and catalase activity
of HC samples was inhibited by incubation at 25°C for
5 minutes. Meanwhile, 1 mM H202 was formed from
0.88 M H202 contained in the kit, and H202 standards
(0, 2, 4, 6, 8, 10 nmol/well) were prepared from this
concenfration. For the catalase reaction, 12 pl of 1
mM H202 was added to the sample and HC wells and
the reaction was started with incubation at 25°C for
30 minutes. Affer incubation, 10 ul of stop solution was
added to sample wells and the reaction was stopped.
Then, 50 ul of a mixture of buffer, OxiRed probe, and
HRP solution was added to the sample, HC, and
standard wells. After 10 minutes of incubation at 25°C,
readings were taken at 570 nm. In this analysis, catalase
first reacts with H202 to produce water and oxygen,
and then unconverted H202 forms a product with an
OxiRed probe that can be measured at 570 nm. As a
result, catalase activity is inversely proportional to the
generated signal. For the determination of catalase
activity, the difference between the HC absorbance
value and sample absorbance value was determined
and the amount of converted H202 was calculated
using the H202 standard curve. Catalase activity was
determined according to the following formula:

B . 3
soxv X Sample dilution factor =

nmol/min/ml = muU/ml

Catalase activity =

B is the decomposed H202 amount from H202
standard curve

Vis the sample volume
30 is the reaction time (30 minutes)

RNA isolation, cDNA synthesis, and Quantitative Real-
Time PCR (gRT-PCR)

The possible neuroprotective effect of AP7Glu against
H202-induced oxidative stress was determined at the
molecular level by evaluating the expression levels of
CASP3, CASP7, CASP8, and CASP9 genes associated
with apoptosis and the expression levels of SODI,
SOD2, SOD3 and CAT genes, which encode important
anfioxidants, by gRT-PCR analysis. For this, total RNA
was isolated from control and dose group cells and
cDNA was synthesized (Bio-Rad - Cat. No.:170-8891).
Primers for target and reference genes were designed
using IDT Primer Quest (https://eu.idtdna.com/ Prime
request/ Home/ Index) program, and forward and
reverse primer sequences are presented in Table 1.
The reaction components and PCR protocol were as
previously described (GUcIU et al., 2022). Threshold (Ct)
values of each reaction were recorded for analysis
and fold changes were determined using the 2-AACT
method in “RT2 Profiler ™ PCR Array Data Analysis”
software.

Statistical analysis

Results were presented as means + S.E.M. Statistical
analyses were performed by GraphPad Prism software
(Version 8.0.2, San Diego, CA) and the comparison
between groups was analyzed by using One-way
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ANOVA. P <0.05was considered statistically significant.

Table 1. Primer sequences of target and reference genes

Gene Forward primer (5'->3') Reverse primer (5'->3")

CASP3 CTCTGGAATATCCCTGGACAAC ACATCTGTACCAGACCGAGA
CASP7 GTCACCATGCGATCCATCAA CGCCCATACCIGICACTITATC
CASP8 GATTCAGAGGAGCAACCCTATT AGCAGAAAGTCAGCCTCATC
CASP9 CGACCTGACTGCCAAGAAA GACAGCCGTGAGAGAGAATG

SOD1 GATGAAGAGAGGCATGTTGGAG CTCCTGAGAGTIGAGATCACAGA

SOoD2 GGAGATGITACAGCCCAGATAG CGITAGGGCTGAGGTTTIGT
SOD3 TGTTCCTGCCIGCTCCT ACATGTCTCGGATCCACTCC
CAT AGGGTGGTGCTCCAAATTAC TGTTGAATCTCCGCACTICTC
ACTB GGACCTGACTGACTACCTCAT CGTAGCACAGCTICTCCTTAAT

Results

Effect of H202 and AP7Glu on cell viability of SH-SY5Y
cells

In this study, we investigated the protective effect
of AP7Glu against H202-induced oxidative stress in
SH-SY5Y cells. For this, firstly, we treated SH-SY5Y cells
with different concentrations of H202 for 24 hours and
determined percent of cell viability. Accordingly, after
freatment with 100, 200, 300, 400, and 500 uM H202,
% cell viability was 81.87%, 73.69%, 63.18%, 57.32%,
and 54.58%, respectively. In addition, % cell viability
significantly decreased compared to the conftrol
group at all doses (P < 0.0001) (Figure 1). Since cell
viability is inhibited by approximately 40-50% at doses
of 300 uM and higher, we decided to treat the cells
with 300 pM H202 for 24 hours to induce oxidative
stress and neurotoxicity in SH-SY5Y cells in subsequent
analysis.
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Figure 1. The Effect of H202 on the viability of SH-SY5Y cells. Cells
were treated with different concentrations of H202 for 24 hours.
Absorbance values were determined by XTT analysis and percent of
cell viability was calculated. # P <0.0001.

Similarly, to evaluate the effect of AP7Glu on cell
viability, we treated cells with different concentrations
of AP7Glu for 24 hours and determined % cell viability.
Accordingly, after freatment with 5, 10, 15, 20, 40,
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50, 75, and 100 yM AP7Glu for 24 hours, percent
of cell viability was 93.53%, 99.33%, 96.18%, 85.14%,
85.12%, 85.41%, 82.18%, and 72.27%, respectively. The
decrease in the percent of cell viability was significant
after treatment with 20, 40, 50, 75, and 100 uM AP7Glu
(P =0.0079 for 20 uM, P = 0.0078 for 40 uM, P = 0.0092
for 50 uM, P = 0.0014 for 75 pyM, P < 0.0001 for 100 uM)
(Figure 2).
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Figure 2. Effect of AP7Glu on the viability of SH-SY5Y cells. Cells
were treated with different concentrations of AP7Glu for 24 hours.
Absorbance values were determined by XTT analysis and percent of
cell viability was calculated. ** P <0.01, # P < 0.0001.

Figure 3. The effect of H202 and AP7Glu on the viability of SH-SY5Y
cells. Cells were pre-treated with different concentrations of AP7Glu
for 6 hours. Then, 300 uM H202 was added fo the wells. Absorbance
values were determined by XTT analysis and percent of cell viability
was calculated. * P < 0.05, ** P < 0.01, # P < 0.0001 vs control, a P <
0.0001 vs H202-treated cells.

To determine the possible protective effect of AP7Glu
against H202-induced neurotoxicity, cells were
pre-treated with 5, 10, 15, 20, 40, 50, 75, and 100 uM
AP7Glu for 6 hours. Then, 300 uM H202 was added to
the cells and the cells were incubated with AP7Glu
and H202 for 24 hours. According to XTT analysis, no
significant change was observed in cell viability after
H202 treatment in the presence of 5, 10, 15, 20, and
40 uM AP7Glu when compared to the control group
(P [10.05). After H202 freatment in the presence of 50,
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75, and 100 yM AP7Glu, the cell viability decreased
significantly compared to the control group, and it
was deftermined as 81.12% (P = 0.0064), 89.40% (P
= 0.0325) and 88.67% (P = 0.0194), respectively. In
addition, after the cells were freated with only 300
MM H202, cell viability (%)significantly decreased to
63.60% compared to the confrol group (P < 0.0001).
On the other hand, H202 treatment in the presence of
AP7Glu significantly increased cell viability compared
to H202-treated cells (P < 0.0001) (Figure 3). This result
shows the neuroprotective effect of AP7Glu against
H202-induced neurotoxicity.

Effect of H202 and AP7Glu on SOD and catalase
enzyme activities

As shown in Figure 2, the treatment of 5, 10, and 15 uM
AP7Glu has a nontoxic effect on SH-SYSY cells. Since 5
UM was the lowest nontoxic dose of these, it might not
have caused as significant an effect as other doses in
subsequent analysis. On the other hand, 15 uM was a
concentration close fo 20 uM, which was considered
a toxic dose for SH-SYS5Y cells. For this reason, it was
considered that it would be more appropriate to use
10 uM AP7Glu as an intermediate dose. Accordingly,
in subsequent analysis, cells were treated with 300 uM
H202 for 24 hours in the presence and absence of 10
MM AP7Glu. Then, the effects of H202 and AP7Glu on
SOD and catalase enzyme activities were evaluated.
According to SOD analysis results, freatment of H202
to cells alone orin the presence of AP7Glu significantly
reduced percent of SOD activity compared to the
control group (64.21% in H202-treated cells, P < 0.0001;
79.9% in cotreated cells with H202 and AP7Glu, P =
0.0025). On the other hand, the increase observed
in SOD activity after the cotreatment of H202 and
AP7Glu was significant when compared to cells
treated with H202 alone (P = 0.0025) (Figure 4A).

According fo catalase activity results, this enzyme
activity was 8.94 mU/mL in the control group while it
was 5.07 mU/mL and 8.49 mU/mL in the groups where
H202 was treated alone and together with AP7Gilu,
respectively. While H202 freatment significantly
decreased catalase enzyme activity compared to
the confrol group (P < 0.0001), cotfreatment H202
and AP7Glu did not cause a significant change in this
enzyme activity compared to the control group (P =
0.4884). On the other hand, the increase in catalase
activity was significant after the cotreatment of H202
and AP7Glu when compared to H202-treated cells (P
<0.001) (Figure 4B).

Figure 4. Effect of H202 and AP7Glu on A) SOD and B) catalase
enzyme activities in SH-SYSY cells. ** P < 0.01, *** P <0.001, # P <0.0001.
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Effect of H202 and AP7Glu on expression levels of
caspases and antioxidant enzyme activity-related
genes

The effects of H202 and AP7Glu on the expression
levels of CASP3, CASP7, CASP8, and CASP9 apoptotic
genes, and SOD1, SOD2, SOD3, CAT genes associated
with anfioxidant enzyme activity were evaluated by
gRT-PCR analysis. And, the data were normalized with
the ACTB housekeeping gene, and the results were
presented as fold change compared to the control
group. Accordingly, when compared to the control
group, H202 freatment significantly decreased SODT,
SOD2, and CAT expression levels at 2.53 (P =0.001720),
1.75 (P = 0.035174) and 5.37 (P = 0.000025) fold,
respectively and significantly increased CASP7, CASPS,
and CASP9 expression levels as 1.47 (P =0.038901), 2.93
(P =0.044876) and 1.7 (P = 0.049646) fold, respectively.
On the other hand, AP7Glu treatment did not cause
a significant change in the expression level of these
genes (Figure 5).

Figure 5. Effect of H202 and AP7Glu on expression levels of caspases
and antioxidant enzyme activity-related genes in SH-SYSY cells. Ct
values of each gene were normalized with Ct values of the ACTB
housekeeping gene. * P < 0.05, ** P < 0.01, *** P < 0.001, # P <0.0001.
ACTB is used as the housekeeping gene.

In addition, when compared to H202-treated cells
affer cofreatment of H202 and AP7Glu, expression
levels of SODI1, SOD2, and CAT genes significantly
increased as 3.49 (P = 0.004214), 1.83 (P = 0.03831¢)
and 7.52 (P = 0.002587) fold, respectively, and, CASP8
gene expression significantly decreased as 2.24 (P =
0.048676) fold (Figure 6).

Discussion

In this study, we investigated the protective effect of
AP7Glu against H202-induced oxidative stress and
neuronal cell death in neuroblastoma cells. SH-SY5Y
human neuroblastoma cells are widely used for in
vitro oxidative stress model, and oxidative stress and
neuronal cell death are induced by H202 (11,12).

Firstly, we performed cytotoxicity analysis to find the
dose that inhibited cell viability by approximately 40%-
50% in SH-SY5Y cells, and as a result, we found that 300
MM H202 freatment for 24 hours significantly inhibited
cell viability by approximately 40% in SH-SY5Y cells. In
other studies, aimed at inducing oxidative stress in SH-
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SYS5Y cells, cells were generally treated with 200 uM
or 300 uM H202 for 24 hours. And, in these studies, it
has been shown that H202 treatment at these doses
inhibits cell viability by 40-50%, similar to our study
(22,23). As a result, we treated SH-SY5Y cells with 300
MM H202 for 24 hours to induce oxidative sfress and
neuronal cell death in subsequent analyses.

Natural products may have anticancer effects as
well as many pharmacological properties. AP7Glu
has also been reported to have anticancer effects
on colon cancer and cervical cancer cells. The
IC50 values of AP7Glu for 48 hours in HCT116 colon
cancer and Hela cervical cancer cells were 15
MM and 47.26 pM, respectively (24,25). However,
the dose that has a neuroprotective effect against
oxidative stress-induced neuronal cell death should
be non-toxic. According fo the cytotoxicity analysis
results, the treatment of 5, 10, and 15 yM AP7Glu for
24 hours has no significant effect on SH-SY5Y cells
viability. However, the treatment of AP7Glu at doses
of 20 uM and above significantly reduced cell viability
compared to the control group. When compared to
H202-treated cells, H202 treatment in the presence
of different concentrations of AP7Glu significantly
increased cell viability. This finding shows that AP7Glu
may have a neuroprotective effect against H202-
induced neurotoxicity. And, we observed the highest
% viability in cells freated with H202 in the presence of
10 M AP7Glu. Considering the nontoxic effect of 10
UM AP7Glu tfreatment on SH-SY5Y cells, the cells were
freated with 300 uM H202 in the presence of 10 uM
AP7Glu for 24 hours in subsequent analyses.

As an oxidative sfress inducer, H202 causes the
formation of hydroxyl radicals that damage structural
molecules such as lipid, protein, and DNA. As a result,
an imbalance occurs between antioxidant and
cellular oxidants, and the increase in cellular ROS
production leads to oxidative stress (26). GPx, SOD, and
catalase are antioxidant enzymes that inhibit ROS and
thus protect the cell against oxidative stress. Among
them, SOD catalyzes the dismutation of superoxide
anion free radical (O2-) to molecular oxygen and
H202 (27.28). Catalase enzyme found in peroxisomes
reduces cellular damage of free radicals by breaking
down H202 into water and molecular oxygen (29). It
is known that H202, which is used to induce oxidative
stress, reduces antioxidant enzyme activities (30-32).
Similarly, in our study, H202 treatment significantly
decreased SOD and catalase enzyme activities in
SH-SYSY cells compared to the confrol group. On the
other hand, an increase was detected in the presence
of AP7Glu in decreasing SOD and catalase enzyme
activities after H202 treatment.

In this study, we also evaluated the effects of H202
and AP7Glu on the antioxidant defense system at
the molecular level and determined the expression
levels of SOD1, SOD2, SOD3, and CAT genes by gRT-
PCR analysis. Among them, the SOD1 gene encodes
the monomeric SOD1 protein of homodimeric
metalloprotein containing copper and zinc, which
is the major cytoplasmic antioxidant enzyme found
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mainly in the cytoplasm, but also detected in the
nucleus, lysosome, and mitochondria (33,34). The SOD2
gene encodes manganese superoxide dismutase
(Mn-SOD), an antioxidant enzyme found in the
mitochondrial matrix (35). And, SOD3 gene encodes
extracellular matrix SOD, which is rarely found in most
tissues (36,37). CAT gene, located on chromosome
11 in humans, encodes the tetrameric catalase
protein, each subunit consisting of four domains (38).
According to gRT-PCR analysis results, H202 treatment
significantly decreased mRNA levels of SOD1, SOD2,
and CAT genes compared to the control group in SH-
SY5Y cells. This finding supports our results of enzyme
activity analysis and reveals the oxidative stress-
inducing effect of H202 at the molecular level. On
the other hand, this effect of H202 was inhibited by
AP7Glu tfreatment, and an increase in mRNA levels
of SOD1, SOD2, and CAT genes was detected when
compared to H202-tfreated cells. When this finding
is evaluated together with our anfioxidant enzyme
activity results, it supports the protective role of AP7Glu
against H202-induced oxidative stress.

There are not many studies on the protective effect
of AP7Glu against oxidative stress. However, AP7Glu
has been shown fo have a protective role against
lipopolysaccharide-induced acute lung injury in mice.
Researchers explained this effect with the increase
in antioxidant enzyme activity affer AP7Glu pre-
freatment, similar to our results (20).

Oxidative stress is known to cause DNA damage in
cells. In particular, the accumulation of DNA damage
in the promoter regions of protein-coding genes
prevents the franscription of active genes. Thus,
cellular function is impaired and ultimately apoptosis is
induced (39). The main proteins that are at the center
of apoptosis and are responsible for the transmission
of cell death signals are caspase family members
consisting of cysteine proteases. The caspase family
is divided info two subfamilies as proapoptotic and
proinflammatory caspases. Proapoptotfic caspases
associated with cell death are Caspase 2, -3, -6, -7, -8,
-9, and -10 (40,41).

In this study, the protective effect of AP7Glu on H202-
induced oxidative stress and neuronal cell death was
evaluated at the molecular level by determining
the expression levels of CASP3, -7, -8, and -9 genes
associated with apoptosis. According fo gRT-PCR
analysis  results, H202-induced oxidative stress
increased the expression levels of CASP7, CASP8, and
CASP9 genes. And, H202 tfreatment in the presence
of AP7GIlu did not cause a significant change in the
expression levels of these genes when compared to
the control group. In addition, the cotreatment of
AP7Glu and H202 significantly decreased the mRNA
level of CASP8 compared to H202-freated cells.

When all the results are evaluated together, this
study shows that AP7Glu has a neuroprotective
effect against H202-induced oxidative stress and
neuronal cell death by increasing antioxidant enzyme
activities and decreasing the expression of Caspase

167

genes. Considering the role of oxidative stress in the
development of neurodegenerative diseases, this
result suggests that AP7Glu may have a potential
effect on the protection of neurodegeneration.
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