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OZET

DENEYSEL NORODEJENERATIF HASTALIK MODELINDE AGOMELATININ
HT22 HIPOKAMPAL HUCRE HATTINA MUHTEMEL ETKISI IN VITRO
MODEL

Negwod Abdelghani Saeed ABDALLA

Ondokuz May1s Universitesi
Lisansiistii Egitim Enstitiisii
Histoloji ve Embriyoloji Ana Bilim Dali
Doktora, Temmuz/2023
Danigman: Dog. Dr. Mehmet Emin ONGER

Norodejeneratif hastaliklar (NDD'ler), antioksidan sistem dengesizligine bagl bir
ilerleyici néronal 6lum dizisidir. L glutamik asit (Glu), sinir sisteminde noroeksitator bir
transmitterdir ve agir1 hiicre dig1 tiretim hiicre 6liimiine neden olur. Agomelatin (AGO)
antidepresan bir ilagtir. Bu ¢calisma, HT22 hiicre hattinda néroprotektif ajan olarak kullanilan
AGO ve toksik madde olarak kullanilan Glu'nun uygun konsantrasyon ve doz siiresini
belirlemeyi amaglamaktadir. Ayrica, HT22 hipokampal hiicre hatt1 izerinde koruyucu bir ajan
olarak AGO'nun Glu kaynakli nérotoksisiteye karst in vitro modelde etkisini aragtirmaktir.

HT22 hiicre canliligini degerlendirmek i¢in MTT analizleri kullanildi. AGO 24, 48 ve
72 saat siireyle uygulandi. Hiicre canlilig1 oranlari, kontrol gruplarina kiyasla ortalama hayatta
kalma yiizdesi olarak ifade edildi ve ardindan ICsp degerleri hesaplandi. Optimum doz
belirlendikten sonra deney gruplari dokuza bolindii: Blank grup (Medium), Cont grubu
(Medium+ hiicre), Toksik grup (Glu 5mM), Tedavi 1 grubu (Glu 5SmM + 30 uM AGO), Tedavi
2 grubu (Glu 5mM + 60 uM AGO), Proteksiyon 1 grubu (30 uM AGO), Proteksiyon 2 grubu
(60 uM AGO), DMSO 1 grubu (3uL DMSO), DMSO 2 grubu (6uL DMSO).

Bulgular, AGO'nun 24 saat sonra HT22 hiicre canliligi Uzerinde 6nemli inhibitor etki
gosterdigini ve etkinin 25 M AGO konsantrasyonunda anlamli oldugunu ortaya ¢ikard: (p <
0,05). Ozellikle, daha diisiik AGO konsantrasyonlari, inhibitor etkilerde zamana bagl bir artis
gosterdi; veriler, 8 uM ve 2 uM dozlarinin, 48 ve 72 saat sonra hiicre canliligini1 6nemli 6l¢giide
azalttigin1 gosterdi (p < 0,001). AGO igin ICsp degerleri 24, 48 ve 72 saat sonra sirastyla 62,85
uM, 41,86 uM ve 26,65 uM olarak bulundu. Ote yandan, Glu uygulamasi, 2,465 mM dozda
hiicre canliliginda %50'lik bir azalmayla 6nemli ndrotoksisite gosterirken, daha yuksek Glu
dozlar1 (3, 4 ve 5 mM) ¢ok daha yiksek azalmaya neden oldu. AGO'nun Glu ile birlikte
uygulanmasi, Glu'nun neden oldugu ndrotoksisiteyi etkili bir sekilde bastirdi (p < 0,001).
Bununla birlikte, sitotoksisite sergiledigi ve kontrol grubuyla karsilastirildiginda énemli bir
etkiye sahip oldugu i¢in yiikksek DMSO konsantrasyonlarinda dikkatli olunmalidir.

Bulgular, AGO'nun HT22 hiicrelerindeki ndroprotektif etkilerinin doza bagl oldugunu
ve tedavi siiresinden etkilendigini gostermektedir. Diisitk AGO konsantrasyonlarinin hiicre
canlilig1 izerinde 6nemli koruyucu etkiler gosterdigi gozlemlendi. Bununla birlikte, orta ya da
yiiksek dozlarin hiicre canlilig1 lizerinde sitotoksisite gosterdigi ortaya kondu. Son olarak;
AGO uygulanmasi Glu norotoksisitesini azaltt1 ve hiicre canliligini arttirdi.

Anahtar Sozcukler: Norodejeneratif hastaliklar; Agomelatin; L Glutamik Asit; HT22 hiicre
hatti; MTT



ABSTRACT

THE POSSIBLE EFFECT OF AGOMELATINE ON HT22 HIPPOCAMPAL CELL
LINE IN EXPERIMENTAL NEURODEGENERATIVE DISEASE MODEL IN
VITRO MODEL

Negwod Abdelghani Saeed ABDALLA
Ondokuz Mayis University
Institute of Graduate Studies
Department of Histology and Embryology
Ph.D., July/2023
Supervisor: Assoc. Prof. Dr. Mehmet Emin ONGER

Neurodegenerative diseases (NDDs) are a series of progressive neuronal deaths due to
an antioxidant system imbalance. L glutamic acid (Glu) is a neuroexcitatory transmitter in the
nervous system, and excessive extracellular generation induces cell death. Agomelatine
(AGO) is an antidepressant drug. This study aims to define the appropriate concentration and
dose duration of AGO used as a neuroprotective agent and Glu as a toxic substance on the
HT?22 cell line. Furthermore, the effect of AGO as a protective agent on HT22 hippocampal
cell line against Glu-induced neurotoxicity in vitro model.

The MTT assay is used to assess HT22 cell viability. AGO was administered for 24, 48,
and 72 hours. The survival rates were expressed as the average percent of cell survival
compared to control groups then ICsy values were calculated. After the optimal dose was
determined, the experimental groups were divided into nine as: the Blank (complete media),
the Cont (complete media+ cell), the Toxic (Glu SmM), the Treated 1 group ( Glu SmM+ 30
uM AGO), the Treated 2 group (Glu SmM+60 uM AGO), the Protection 1 group (30 uM
AGO), the Protection 2 group (60 uM AGO), the DMSO 1 group (3uL DMSO), the DMSO 2
group (6puL. DMSO).

The findings revealed that AGO demonstrated significant inhibitory effects on HT22
cell viability after 24 hours and the effect was significant at 25uM AGO concentration (p <
0.05). Notably, lower AGO concentrations demonstrated a time-dependent increase in
inhibitory effects, the data showed that 8 and 2uM significantly reduced the cell viability after
48 and 72 hours (p < 0.001). The ICso values for AGO were 62.85 uM, 41.86 uM, and 26.65
uM after 24, 48, and 72 hours, respectively. On the other hand, Glu treatment showed
significant neurotoxicity, with a 50% reduction in cell viability at 2.465 mM, while higher Glu
doses (3, 4, and 5 mM) caused a very high reduction. Combining AGO with Glu treatment
effectively suppressed Glu-induced neurotoxicity (p < 0.001). However, caution should be
exercised with high concentrations of DMSO, as it exhibited cytotoxicity and had a significant
impact compared to the control group.

The findings suggest that the neuroprotective effects of AGO in HT22 cells are dose-
dependent and influenced by the duration of treatment. It has been observed that low
concentrations of AGO exhibit significant protective effects on cell viability. However,
moderate to high doses have demonstrated cytotoxicity on cellular viability. Finally; the
administration of AGO reduced Glu neurotoxicity and increased cell viability.

Keywords: Neurodegenerative diseases; Agomelatine; L-Glutamic Acid; HT22 cell line;
MTT
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1. INTRODUCTION

The word neurodegeneration comes from the prefix neuro part, which indicates
the neurons in the nervous system, while degeneration refers to any process that caused
the structure or physiological aspect of neurons or any organs or tissue to disappear.
Therefore, neurodegeneration is any morbidity affecting nerve cells (Dauer and
Przedborski, 2003, Przedborski et al., 2003). Neurodegenerative diseases (NDDs) are
irreversible and progressive disorder that potentially causes neuronal death in nervous
systems and are the main factor that causes motor and cognitive impairments (Amor
et al., 2014). Each NDDs has different clinical symptoms and a unique etiological
pathogenesis process (Gupta, 2022). NDDs are present in Alzheimer's (AD),
Parkinson's (PD), Huntington's (HD), and amyotrophic lateral sclerosis(ALS);
however, the main reasons are unidentified (Dauer and Przedborski, 2003). According
to progressive neuronal death, these diseases have many signs, including loss of
memory, impairment of mobility, and deficits in behavioural and cognitive emotions
(Mandemakers et al., 2007).

Furthermore, the mechanisms are unclear now, but some studies reported that
the pathogenesis of these diseases is related to oxidative stress (OS) and excitotoxicity
(Jiang et al., 2020). On the other hand, the homeostasis unbalance of the antioxidant
system plays a prominent role in producing reactive oxygen species (ROS), resulting
in neurotoxicity and OS; these play a critical role in NDDs (Barnham et al., 2004).
Another study noticed several intracellular molecular signs associated with these
diseases, including extensive oxidative damage to genes, lipids, and proteins. The most
common ROS responsible for manufacturing OS is superoxide and hydroxyl radicals
agents (Kim et al., 2017).

Oxidative stress refers to a situation where there is an imbalance between the
generation of ROS and antioxidant responses (Ma, 2014). These ROS are made from
aerobic mitochondrial metabolism via endogenous oxygen consumption or
exogenously from a foreign chemical substance (Ray et al., 2012). Additionally, ROS
are typically controlled or eliminated through the antioxidant systems and possess
physiologically critical roles in cellular signalling pathways. Moreover, ROS act to
regulate essential cellular processes such as cell proliferation, inflammation, immune
response, apoptosis, and gene expression, whereas the advanced ROS level causes
subjecting the cell to excessive ROS leads to chemical alteration in the cell such as
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damage in DNA, lipids, and proteins, and loss of their physiological functions (Ma,
2014, de Mello et al., 2016, Birben et al., 2012).

Moreover, calcium homeostasis, mitochondrial function, kinetics action, cell
morphology, receptor distribution, cell transcytosis, and energy balance are all affected
by OS (Tonnies and Trushina, 2017). The OS and an imbalance between the generation
of ROS and antioxidant system defences induced cell death and generated NDDs,
resulting in the morphological change features of cell apoptosis, including chromatin
condensation, DNA fragmented, and leading activity of some cysteine-proteases and
caspases (Radi et al., 2014). Cautionary, the OS contributes to different types of
diseases such as carcinoma, atherosclerosis, blood pressure, cardiovascular, diabetes,
acute respiratory distress syndrome, idiopathic pulmonary fibrosis, chronic obstructive
pulmonary disease, asthma, and ageing (Birben et al., 2012). Elimination of these
hazardous substances in organisms requires complex protection substances.
Exogenous antioxidants are a substance that can improve the normalization of OS in
the cell and reduce the possibilities of various neurological diseases (Singh and Singh,
2017).

Recently, tissue culture has been essential for maintaining and propagating
isolated cells, organs, or tissues from animals in an appropriate environment to grow
in vitro. It is also known as a method for maintaining cell survival and growth in the
optimal complete culture media. This field includes the cell culture as single cell
growth outside of the body in a suitable environment and no longer organized into
tissues in vitro. At the same time, the tissue or organ culture in vitro is essential to
maintain or develop the tissues or part of an organ; the benefit of tissue culture
promotes differentiation and maintains the structural and physiological properties of
the tissue (Fedoroff, 1967). Generally, the tissue culture grows in an appropriate
environment with complete media. This media contains nutrients, growth and
attachment factors, serum with suitable temperature, CO., and pressure, and
consideration of the aseptic and incubation condition (Philippeos et al., 2012, Verma
et al., 2020).

The cell culture isolates the cell from the tissue of animal or plant harvesting
directly through digestive enzyme treatment and subsequent collected and growth in a
complete culture media (Pham, 2018). Generally, the cell culture classifies into
anchorage-dependent cells, as the primary cell culture, human strain diploid cells, and

cell lines. These types grow and bind to solid or substrate surfaces, whereas anchorage-
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independent cells are non-adhesive cell cultures and are cultivated suspended in
culture media, like the cell lines and suspension cells (Mizrahi and Lazar, 1991). Cell
culture is divided into precursor, differentiated, and stem cell cultures. Cells in the
precursor cell culture are committed to differentiation; on the contrary, they can no
longer differentiate further in a differentiated cell culture. Whereas they can
differentiate into many types in the stem cell cultures (Vermaetal., 2020). Cell culture
techniques are used in the fields of vaccines, proteins, and monoclonal antibodies
manufacture and tissue transplantation (Pham, 2018).

The primary cell cultures are obtained from tissue or organs. After
passaging/subculturing, the cells are named the cell lines. In comparison, the strain
cell is generated explicitly from the primary or line cells and subculture clone. This
strain of cells required genetic change to initiate the parent cell line, and the clone is
the population of cells that arose from the individual cell (Handler et al., 1980).

The cell line is first a subculture or passage of the primary cell. Also, the
population of cultured cells has the same phenotypic and genotypic (Sarntivijai et al.,
2014). Based on the life span, the cell line is either finite or continuous. In the finite
cell line, the generation is limited, and the growth takes one to four days (Masters and
Stacey, 2007). On the contrary, the continuous or indefinite cell is obtained from
transformed cell lines in vitro or cancerous cells, grows as a monolayer or suspension
cell, and takes time to generate (Masters and Stacey, 2007). Several technologists in
scientific fields used this cell to make vaccines, therapeutic proteins, pharmaceuticals,
and anti-cancerous agents (Verma et al., 2020). They also investigated drug metabolic
and cytotoxicity, manufacture of antibodies, genetic expression function, and tissue
formation (Kaur and Dufour, 2012). According to several studies, these cells can help
recognize the hippocampus growth, plasticity, and the action of various receptors and
intracellular communication during mitotic division (Eves et al., 1995).

Immortalized cell lines are a type of transformation cell characterized by
chromosomal anomalies or mutations that induce the cell to divide indefinitely, such
as cancerous cells. They could also be engineered by genetic retrovirus to continuously
divide and produce several generations (Carter and Shieh, 2015). These cells do not
need animal extraction to live; therefore, they are used more in biological laboratories
and are accessible for growth and transformation. They give new cell lines by certain
continuous gene expressions and proteins. This anomalous gene expression never

appears in any cell in vivo (Carter and Shieh, 2015). Immortalized oncogenes in
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cultured labs could provide unlimited mitotic cells without changing gene tumor
properties, such as loss of contact inhibition. Scientists and researchers utilized the
immortalized cell line in vitro to increase numerous generations of cell culture.
Additionally, this cell type applies to different neuronal differentiation processes, such
as axonal selection and development (Carter and Shieh, 2015). Clinically, it assesses
the effectiveness of new anti-cancerous agents and predicts their therapeutic activities
(Sharma et al., 2010).

HT22 hippocampal cell line is an immortalized mouse hippocampal neuronal
cell (He et al., 2013). It originated from the parent HT4 hippocampal neural cell line
(Davis and Maher, 1994) and is immortalized commonly by simian virus 40 large T
(TL) oncoprotein (Bryan and Redder, 1994). HT22 cells rapidly grow, inexpensive,
and simple to identify their molecular and cellular mechanisms (He et al., 2013). They
are commonly used for investigating the neurons of the hippocampus area in vitro
(Alboni et al., 2014, Karri et al., 2018). Experimental studies indicated that the cell is
more sensitive to oxidative cytotoxicity of Glu due to a deficiency of ionotropic Glu
receptors (Sagara et al., 1998). It has physiological cholinergic properties and can be
used to define the cognitive deficit mechanisms in AD (Liu et al., 2009). It explains
the mechanism of OS generation, which causes neurotoxicity (Lee et al., 2019).
Architecturally, it mimics hippocampal neural precursor cells (Rossler et al., 2004).
Increasing the levels of Glu in the extracellular milieu is more effective in the HT22
neural line; it could block the cystine uptake by cystine-Glu antiporter and depletes
glutathione (Rossler et al., 2004, Tobaben et al., 2011, Li et al., 2009). The
differentiated type has exceptional properties like cholinergic protein markers. It is
more affected by the activation of nerve growth factor, helps the neurite outgrowth,

and increases the length during the S phase cell (Zhang et al., 2018).

Cell viability is the number of healthy cells (Adan et al., 2016). Another
definition is the percentage of live cells to entire cells (Nozhat et al., 2022). In an
experimental sample, cell proliferation or viability is a vital sign for understanding the
mechanisms of specific genes, protein synthesis, and different pathways associated
with cell survival or death after exposure to harmful chemicals or physical agents
(Adan et al., 2016, Aslanturk, 2018).

Several assays were applied to assess cell viability in vitro to correlate cellular

behavior and activities, depending on the enzyme interaction, the permeability of



plasma membrane, cell adherence, ATP energy, and nucleotide uptake activity
(Kamiloglu et al., 2020, Parimelazhagan and Thangaraj, 2016). They assess the
number of living cells via cytotoxicity assays. One of these assays is trypan blue, which
represents an inexpensive and commonly used assay to determine vital and total
accounts of the cells. In this assay, the dead cells lose their membrane capability to
block the absorption from the surrounding environment; thus, they appear blue
(Stoddart, 2011). Besides, the tetrazolium dye, also known as 3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, is a broadly popular tool for assessing cellular
metabolic activity. It converts MTT (yellow colour) into formazan crystals (purple) in
a living cell. The action of this assay depends on the mitochondrial dehydrogenase
enzyme (Kamiloglu et al., 2020, Stockert et al., 2012, Wang and Jokerst, 2016).

Agomelatine (AGO) is an atypical antidepressant drug, a unique analogous
melatonin, known as S20098 (Wiley et al., 1998). The most common brand name is
valdoxan (Vorob’eva, 2013). It is a compound of naphthalene designated chemically
as N- [2-(7-methoxy naphthalene-1-yl) ethyl] acetamide. The molecular formula is C1s
Hi7 NO2 (Srinivasan et al., 2012). It composes of an antagonist serotonergic 5-HT2C
receptor and agonist MT1 and MT2 melatoninergic receptors (Ying et al., 1996). The
activity of MT1 and MT2 controls sleep regulation. The serotonin 5-HT2C is
concerned with increasing the level of norepinephrine and dopamine in depressive
pathologies in the brain (Vorob'eva, 2012). The interactions of these receptors improve
circadian rhythms, promote normal sleep, help mood disorders, and enhance
locomotor activity (Fornaro et al., 2010, Conboy et al., 2009, De Berardis et al., 2013).

AGO enhances hippocampal neurogenesis by promoting brain-derived
neurotrophic factor (BDNF) expression and diminishes depression (Racagni et al.,
2011). It is demonstrated in many preclinical studies of depressive animal disorders,
including chronic mild stress and regular psychosocial stress tests (Popoli, 2009).
Moreover, AGO can improve cell proliferation and stimulation of the neurogenesis
stages in the dentate gyrus by maintaining cell survival (Banasr et al., 2006, Dagyté et
al., 2011). Also, it possesses direct neuroprotective function via anti-inflammatory
besides antioxidant properties (Cankara et al., 2021). Some studies reported that AGO
possesses therapeutic neuroprotective benefits against OS, which maintain the brain
endothelial cell's survival after exposure to inflammation and toxicity substances
(Cheng et al., 2020).



AGO can regulate sleeplessness in autism spectrum disorder and enhance
thinking in adult patients (Ballester et al., 2019). It improves biological and
behavioural anxiolytic abnormalities, depression, and memory in prenatal stress rates
(Marrocco et al., 2014). Interestingly, AGO does not affect sexual function compared
to other antidepressants (Montejo et al., 2010). It has been reported that it can increase
liver enzymes (Sansone and Sansone, 2011) and improve complications associated
with epilepsy disorders (Vimala et al., 2014)

The antagonism of AGO promotes an anxiolytic function (Millan et al., 2005).
It has potential anticonvulsant effectiveness and antioxidant characteristics against the
seizure disorder model (Aguiar et al., 2012, Aguiar et al., 2013). It features the
antioxidant effect, which increases gene expressions such as cellular transcription and
(BDNF). These factors are essential to avoid stress-induced hippocampal memory
impairment (Gumuslu et al., 2014). Moreover, it reduces severe apathy signs in
frontotemporal dementia disorder via the 5HT2C antagonistic receptor action
(Callegari et al., 2016). Administration of it in preclinical experiments significantly
improved neuron plasticity (Paizanis et al., 2010).

In clinical trials, AGO can improve acute complications associated with diabetic
disease (Can et al., 2018). Some studies showed that AGO could modulate intracellular
signalling pathways to prevent cellular apoptotic (Akpinar et al., 2014). Atanasova et.,
al (2021) noted that AGO has the ability to reduce neuroinflammatory and promote
neurogenesis in the hippocampal dentate gyrus (Atanasova et al., 2021). Moreover, in
AD, AGO prevents neuronal senescence induced by amyloid precursor protein (Wang
etal., 2021).

Glutamate (Glu) is a naturally free and non-essential amino acid. It is an
abundant endogenous in the brain. It is formed by different body systems such as the
brain, skeletal muscle, liver, kidney, and Langerhans of the pancreas. It is an essential
excitatory neurotransmitter in the central nervous system (Park et al., 2019, Fukui et
al., 2009). During brain growth and development, it plays a critical role in neuronal
transmission, evolution, plasticity, cell differentiation, and migration (Kritis et al.,
2015). Exogenously, Glu is the salt of a sodium glutamic acid known as monosodium
Glu, it is characterized by solid and white crystallized form. It is used as a flavour or
enhancing taste in many foods and plays a vital role in protein metabolization (Zhou
and Danbolt, 2014).



Consequently, sodium-Glu transporters on neuronal and glial cell surfaces
maintain average extracellular Glu concentrations (Tan et al., 2001). The abnormality
of extracellular Glu level behaves as an excitotoxic neurotransmitter in the cell, leading
to irregularity production of OS, which is the primary source of most NDDs (Coyle
and Puttfarcken, 1993). It may lead to several disorders, including
olivopontocerebellar degeneration, epilepsy, and hypoglycemia (Greenamyre, 1986).
It may also cause AD, HD, AIDS, and LSA (Lipton and Rosenberg, 1994).

The excitotoxicity mechanisms of Glu occur in the synaptic regions of the brain
through two main methods. The first is due to the overproduction of OS, known as
oxidative Glu toxicity, while the other method is an excitotoxicity-independent
intermediary via N-methyl-D-aspartate (NMDA), known as ionotropic Glu receptors
and other Glu receptors (Coyle and Puttfarcken, 1993, Han et al., 1997). The release
of OS due to an excessive level of extracellular Glu inhibits cystine uptake and
promotes glutathione reduction in the cell (Tan et al., 1998, Han et al., 1997).
Altogether, these mechanisms of the Glu are assumed to be primary sources of
disability of neuronal function and degeneration (Han et al., 1997, Tobaben et al.,
2011). Subsequently, the Glu is the principal agent for generating several NDDs (Park
et al., 2015).

The excitotoxicity pathway initiates via the activity of the NMDA Glu receptor,
resulting in NDDs associated with the excessive synthesis of ROS production (Han et
al., 1997, Bazzett et al., 2000). Numerous experiments have demonstrated that a high
concentration of extracellular Glu level acts as a neurotoxic substance. It promotes
neuronal cell death via different pathways, such as increased OS levels in various types
of neural cell lines and primary cell cultures such as HT22 hippocampal cell lines (Kim
et al., 2017, Fukui et al., 2009, Jeong et al., 2007), C6 glial cells (Han et al., 1997),
PC12 cell (Kawakami et al., 2011, Tan et al., 2013), and HT4 cells (Tirosh et al., 2000,
Kobayashi et al., 2000). The Glu toxicity causes the glutathione depletion observed in
different experimental studies, for example, in the neuronal hybridoma cells (Murphy
etal., 1989).

Another study concluded that Glu-induced ROS level could lead to
mitochondrial membrane dysfunction, glutathione depletion, and stimulate apoptosis
in glial cells (Park et al., 2019). Therefore, studies reported that Glu concentration
levels above average could produce neurotoxicity and lead to neuronal damage in

PC12 neuronal cells and hippocampal cell lines, whereas the lowest dose of Glu may

7



enhance cell viability (Bhavnani et al., 2003). Exposure to the Glu can damage primary
cortical cells, such as glial and neuronal cells (Koh and Choi, 1987). Some studies
demonstrated that Glu promotes PCD in the HT22 cell line. The effectiveness of Glu
depends on inducing necrotic cell death in a short time, while exposure for a long time
encourages the apoptosis process (Tan et al., 1998, Fukui et al., 2009).
1.1 Justification of the Study
NDDs are common. Conversely, AGO is available and frequently used in
clinical therapy. Previous research recommends conducting further studies to
investigate the protective effect of AGO against OS production and glutathione
depletion associated with molecular signalling pathways in the cell. The study aims to
identify the main properties of AGO action mechanisms that prevent cellular death,
thus maintaining cellular viability. Its protective mechanism against neurotoxic
substances is not well understood. There is a lack of studies regarding the
neuroprotective and antioxidant effect of AGO agents against Glu-induced toxicity in
the HT22 neural cell. Additionally, broad strategies around the Glu antagonistic
neurotoxicity are needed to create modern treatments with the highest efficacy and the
lowest adverse effects on brain function.
1.2 The Objective of the Study
1.2.1 General Objective
Assess the neuroprotective effect of AGO on HT22 hippocampal neural line
cells in vitro-induced experimental neural disease model.
1.2.2 Specific Objective
Investigate the effectiveness of AGO on NDDs -the induced model in HT22
hippocampal neural cell line through the following:
1. Evaluate the cell counting, viability, and proliferation.
2. Distinguish and detect the cellular morphological change after exposure to
different doses of Glu toxicity.
3. Determine features of the neural cell line culture treated with AGO, AGO +

Glu, Glu alone, and the control groups under the inverted microscopic.

This study suggests that AGO has different characteristics, such as antioxidant
and anti-apoptotic properties, which can aid in avoiding intermittent disruption of
molecular signalling pathways inside the cell culture. Also, the study aims to

understand the actual intracellular events associated with the morphological changes



in the cell resulting from cell toxicity. Glu can induce neurotoxicity in HT22 cell line
in vitro models and is critical in cell damage and death leading to NDDs.

The novelty of my study suggests that since the AGO possesses high potential
antioxidant, anti-apoptotic, and anti-inflammatory activities, it may promise us

innovative neurotherapeutic medicine to improve the NDDs in the future.



2. GENERAL INFORMATION AND SUMMARY OF
LITERATURE REVIEW

2.1. Introduction and Historical Background

Studying animal and human cell cultures is essential in many scientific
approaches. It is not a new field; however, animal cell culture techniques were
developed in the 1900s. Moreover, the cell line is sourced from a specific tissue or
organ and maintained uniquely. This technique was developed in the eighteenth
century (Verma, 2013). Therefore, the historical background of the cell culture
technique assists us in recognizing how this cell culture started and how it applies to
future cell culture technology. Subsequently, this section summarizes some successful
fundamental events in cell culture development. The first attempt at animal cell culture
was conducted in 1902 by Leo Loeb; in vivo culture, he tried to culture the tissue from
the inside to the outside of the body. This procedure at that time was known as the
cultivation of the tissue culture within the body. However, it was not considered a
classical type of cell or tissue culture due to grafting the tissue fragments and fluid
inside the living animals (Jedrzejczak-Silicka, 2017).

In vitro, the most effective technique of cell culture started in the year 1907 by
Ross Harrison, using fragments of the nerve fiber from a living embryonic frog tissue
and propagating in the hanging drop technique of the lymphatic sac and enclosing by
glass plate on slides cover to observe the growth of neuronal processes (Harrison,
1906). In 1909, the hanging-drop technique was used again to maintain the tissue
fragments of warm blood animals such as chick embryos, dogs, and cats (Ambrose,
2019). In addition, in the year 1910, Carrel and Montrose Burrows made a great effort
to improve the hanging drops technique of Harrison by replacing the lymphatic sac
fluid with animal blood for cell culture and using different tissue fragments from chick
embryos and various mammals and also tumor tissues, and produces coagulant media
for suitable mammalian cell culture (Carrel and Burrows, 1910). In 1912, Alexis Carrel
manufactured the flask of tissue culture technology, which is used broadly now. He
also invented the aseptic technique for the cell culture lab (Carrel, 1923). Enders and
his colleagues 1949 extracted the vaccine from the poliomyelitis virus (Macdonald,
1990). Then, in 1951, the first and most widely used model of a human tumor or
immortal cells, denoted as the HeLa cell, originated from a patient diseased with

uterine cervical carcinoma (Korch and Capes-Davis, 2021).
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The cell culture media, especially the Eagle's basal culture media, was developed
in 1955 by Harry Eagle (Mizrahi and Lazar, 1991). Then, in 1961, Hayflick and
Moorhead attempted to establish the first finite cell line culture known as the fibroblast
human from the carcinogenic cell (Earle, 1943) (Macdonald, 1990). In 1975, Kohler
and partner Milstein achieved remarkable significance in isolating the hybrid cell line
and utilized it to produce monoclonal antibodies (Mizrahi and Lazar, 1991). 1976, the
growth media, including growth factors and hormones, was designed (Mizrahi and
Lazar, 1991). In 2012, the first new brand of therapeutic gene intervention for treating
different diseases-associated with aging was described (Bernardes de Jesus et al.,
2012). Entirely derivative of the embryonic stem cell lines in 1981 from mice and 1998
from humans (Solter, 2006) and the pluripotent-induced stem cells developed in 2006
(Takahashi and Yamanaka, 2006).

2.2. Definition and Application of the Cell Culture

The cell culture allows prokaryotic or eukaryotic cells to grow in a suitable
artificial environment (Segeritz and Vallier). The cell culture is the most common
route targeted in the tissue culture and initiates via gathering or obtaining the cell to
grow out of the primary explant tissue. The cells cultured on a specific substrate
surface as monolayers adherent, or the cells may float free in culture media, referred
to as an independent cell suspension. These cells are collected via enzymatic treatment
or specific dissociated mechanisms (Fedoroff, 1975). The cell culture has a wide range
of valuable applications, from simple applications, including testing the cytotoxic
effects of drugs and candidate compounds, manufacturing pharmaceutical products
such as enzymes, and developing growth factors. Also, it is used to study the main
biological activities of the cell, such as the cell cycle process, cell-cell communication,
and cellular matrix interactions (Segeritz and Vallier, 2017). In addition, it is utilized
to detect average growth and maturation of the tissue, such as gene therapy, by
replacing non-functional genes with functional genes. Also, it is used to determine the
main characteristics of cancer cells, viruses, and radiation in carcinoma, the production
of monoclonal antibodies and pharmaceutical drugs (Verma, 2013), and in complex
applications such as tissue engineering techniques.

2.3. Types of the Cell Culture
There are three types of cell culture: the undifferentiated precursor cell that can
differentiate and develop. The differentiated cell culture which can never be modified

to another cell. The stem cell which is undifferentiated and can be distinguished into
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various cells (Verma et al., 2020). In another classification, cell culture is classified
according to its origin into the primary, human strain diploid, and line cells. Also,
according to the cell growth properties, they are classified as anchorage-dependent and
independent cells. The anchorage-independent cells include the cell line, while the
anchorage-dependent cells include the primary cell and the cell strain (Mizrahi and
Lazar, Fedoroff, 1975). The strain cell generates from the subculture of a specific
primary or line cell. The clonal cell refers to the population of cells that arise from the
individual cell (Handler et al., 1980). However, in biological labs, the cell is three
types: primary, transformed, and stem or self-renewing cells (Segeritz and Vallier,
2017). A different kind of cell culture according to rearrangement and recombination
of the cell structures in simulated tissue to produce new organs, keep them functional
and permit differentiation (Fedoroff, 1966). This type includes the histotypic
propagation of the cell line and increases at a high density in a three-dimensional
matrix. In contrast, organotypic is the interaction of more than two types of cells to
generate new organ components under specific ratios and spatial relationships
(Freshney, 2006, McAteer and Douglas, 1979).

2.3.1. Primary Cell Culture

2.3.1.1 Definition and Properties

It is isolated and obtained from tissues or organs by unique mechanical means
and digestive enzymes. Generally, the cell proliferates in suitable equipment
containing complex supplementary growth media under the appropriate condition
culture (Khan and Gasser, 2016). When the cell occupies all the available substrate
surface (confluence stage of the cell growth), then the cell should be subcultured or
passage to the new vessels, which contain the fresh growth media. Low growth rates
and heterogeneous cells are characteristic of the primary cell culture and challenging
to harvest primary cells, and it is a finite lifecycle; the most significant disadvantage
of these cells is easy exposure to viruses and bacteria contamination (Verma et al.,
2020). Additionally, it differs from the cell line, which can grow indefinitely. The
primary cell is characterized by dividing once or twice before being subjected to the
senescence process or being transformed to become a continuous cell line. It requires
a constant supply and re-establishes ongoing growth. Also, these cells have a finite
number of cell divisions and cannot expand (Khan and Gasser, 2016). It classifies into
two Anchorage-dependent adherent cell cultures and needs to grow on the substrate

surface for adherent and replication (McAteer and Douglas, 1979). On the contrary,
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anchorage-independent suspension cell culture is non-adhesive cells and growth
floating free in a culture medium without needing a solid surface for attachment or
proliferative (Philippeos et al., 2012).

2.3.2. The Stem Cells and Different Types

They are pluripotent cells generated from different parts of organisms and renew
themself continuously. It resembles the immortalized cell line and is identical to the
primary cell, as both originated directly from a living organism. According to the
source, stem cells could be divided into embryonic, adult, and induced pluripotent stem
cells. Another classification involves neural stem, Hematopoietic stem, and skin stem
cells (Verma et al., 2020). Embryonic stem cells are differentiated into mesenchymal
stem, brain-derived neural stem, and induced pluripotent stem cells (Takahashi and
Yamanaka, 2006). The function of mesenchymal stem cells is to release protective
compounds that promote immigration and facilitate the rebuilding of the malignant
inflammatory tissue. These cells mainly arise from many areas, like adipose tissue,
bone marrow, and partially from the placenta and blood of the umbilicus cord and jelly
Wharton's (Hass et al., 2011). The induced pluripotent stem cells mainly originate from
fibroblasts of the adult dermis and are modified genetically to transform into another
type of stem cell (Duncan and Valenzuela, 2017).

2.3.3. The Cell Line and Immortalized Cell Line

It is a specific population of cells characterized by reserving and extending for a
long time with unchanging phenotypes. The clonal cell line descends from a single
progenitor cell (Li, 2011). At the same time, the immortalized cell lines are either
cancerous cells that never stopped dividing or initiated from indefinite cells and can
be subcultured for several generations (Phelan and May, 2017). The vital benefits of
immortalized cells are homogeneous, a genetically analogue population, rapid
development, and no need for living animal extraction (Phelan and May, 2017).
However, the disadvantage of these cells is that they are not classified as normal cells
because they can remain indefinitely in artificial environments (Jedrzejczak-Silicka,
2017). Frequently, they possess particular gene pattern expression and can be passaged
to generate new altered cells from the normal cell (Phelan and May, 2017). They are
essential in vitro as the study model and critical to understanding the fundamental role
of neurobiological development, such as neuronal axonal selection and growth.
Additionally, they can generate astrocyte, neuronal, and oligodendrocyte cells in vitro
and in vivo (Whittemore and Onifer, 2000, Frederiksen et al., 1988).
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2.3.4. Immortalized Cell Line

The immortal cell is a transformed cell line characterized by impairment of the
checkpoint cell cycle and can be isolated from tumorous cells. Several approaches to
transform or infect the cell to provide the immortal cell line, including (temperature-
sensitive simian virus 40 (LT) antigen, Epstein-Barr virus, adenovirus E1A,
papillomaviruses, saimiri herpesvirus, T-cell leukaemia human virus, telomerase
reverse transcriptase) (Soice and Johnston, 2021). Generally, the most common
vectors utilized to generate cell transformation are SV40 and Human papillomavirus
(McKay et al., 1988). This oncogene causes the inactivation of regulatory factor genes
like p53 and retinoblastoma, which control cell cycle genes. It leads to the proliferation
of the cells for a limited number of populations after the normal cells are subject to
senescence (Bryan and Redder, 1994, Freed et al., 2005). In contrast, telomerase gene
expression causes genome expression instability, generating cell mutation that
transforms into immortal cells (Freshney, 2015). Immortality is potentially significant
in determining several life processes, including cellular proliferation and
differentiation (Kohno et al., 2011). Also, it is used to clarify malignant cancerous
intercellular signalling pathways. The benefits promote tissue regeneration in
medicine (Irfan Magsood et al., 2013). It is a valuable tool for developing regeneration
therapy for patients with periodontitis and for studying cementogenesis (Saito et al.,
2005).

2.4. Normal Morphological Appearance of the Cell Culture

The cell cultures' morphological features contain epithelial-like, fibroblast-like,
and lymphoblastoid-like, broadly describing the cell morphological characteristics
focused on natural observations. Many elements may be essential to determine if the
cell type is a fibroblast, epithelial, or lymphoblast.

2.4.1. Fibroblast-like

It is bipolar or multipolar, stellate-shaped, and grows on the substrate aspect
(Schaeffer, 1979, Nims and Reid, 2017).

2.4.2. Epithelial-like

The epithelioidal cells are flatted or cuboidal in shape, cobble, and appear as
polygonal shape (Schaeffer, 1979, Nims and Reid, 2017).

2.4.3. Lymphoblastoid-like

The suspension cell usually appears to have rounded or spherical growth as

single or cluster suspension cells without being attached to the substrate surface.
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Besides these types, there are other types of cells regarding the microscopical
morphological changes that develop due to infection by certain viruses or the progress
of PCD, like apoptosis or cytotoxicity (Nims and Reid, 2017).
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Figure 2.1. Showed some normal morphological appearance of the cell culture under an
inverted microscope (20x, 20x, 40x, and 100x magnifications, respectively, from
left to right) (Nims and Reid, 2017).
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2.5. The Cell Cycle Phases for Growth

All different types of cell culture pass through four distinctive culture phases,
including the lag, log, plateau, and decline phases, respectively (Ravi et al., 2016).

2.5.1 The Lag Phase

The initial stage is when cells adapt to new environmental conditions without
dividing. This phase depends entirely on the cell type, seeding, cell density, medium
culture components, and cell treatment (McAteer and Douglas, 1979).

2.5.2. The Log or Exponential Phase

It is characterized by increasing the cellular number exponentially to cover the
whole growth substrate (reach confluency). The cells are subculture or passage before
they become entirely confluent. Also, the maximum metabolic activity is indicated in
this stage (McAteer and Douglas, 1979).

2.5.3. The Plateau Phase

In this phase, the cell growth rates break down, and some events occur, like
discontinuous cell proliferation and the stationary phase.

2.5.4. The Stationary Phase

It is known as the plateau phase, where cell growth reduces from 0 to 10. Several
alterations in molecular and physical markers of the cell, especially protein synthesis,
are observed (Verma et al., 2020).
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Figure 2.2. The growth curve and maintenance of cell concentration versus time from
subculture displayed the lag phase, exponential phase (confluence), plateau,
and identifying the best periods for subculture and feeding (Freshney,
2005).

2.6. The Environmental Conditions of Culture Cell

The environment differs from one cell to another. Usually, a suitable
environment to maintain the cell is created by complete fresh culture media with
additional elements, serum, hormone, the factor of growth, amino acids,
carbohydrates, vitamins, minerals, nitrogen, mineral salts, nucleotide precursors,
antibiotics, oxygen consumption, the pH balance, and buffering product (Mizrahi and
Lazar, 1991). The cell culture incubates at 37 °C, 5% CO3, and humidity 95%. The
oxygen level is essential to keep and regulate pH (Freshney, 2015).

2.7. Aseptic Condition

It is essential to prevent the cell from contamination by bacteria, fungi, and
viruses. Because the contamination alters the physiology functions of the cells and
may cause cell death. An aseptic technique is necessary for all people working in cell
culture, and daily sterile of the instrument is essential. The biosafety cabinet hood is
the appropriate environment for animal cell culture (Freshney, 2015).

2.8. The Hippocampus

2.8.1. General Structure and Functions of Hippocampus

In humans, the hippocampus is neural, an elongated structure located deep within
the temporal lobe. It is an integral part of the limbic system and is highly associated
with learning and memory functions. It participates in the formation of the
hippocampal formation. It is more C-shaped and prominent in the inferior horn of the
cerebrum lateral ventricle. Anatomically, the hippocampus is formed mainly by four

areas: dentate gyrus, entorhinal cortex, Cornu ammonis, and subiculum
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complex(Schultz and Engelhardt, 2014). The proper hippocampal area is known as
Cornu Ammonis and is usually formed by four main anatomical areas, including (CA1,
CA2, CA3, and CA4) (Sweatt, 2004). At the same time, the dentate gyrus and Cornu
Ammonis structures are the hippocampal formations (Lothman et al., 1991).
Another region is the para-hippocampal, which divides into the rostral region (head),
which curves dorso-caudal to form the uncus and lies on the medial part of the temporal
lobe. In comparison, the caudal portion (tail) divides into the fimbria that runs
ventrodorsally to the corpus callosum and the gyrus fasciolaris that becomes the fornix
and indusium griseum (Destrieux et al., 2013). The One-way direction of the sensory
pathway interconnects all the hippocampal structures. So initially, the cortical sensory
input enters the hippocampal via the dentate gyrus. The information comes mainly
from the entorhinal cortex via the perforant path input (Knierim, 2015). Subsequently,
the dentate granular cell sends the fibers of mossy into the CA3 region of the
hippocampus. The neuronal pyramid in the CA3 area gives some axonal fibers to end
in this CA3 as a collateral association, and remnants of axonal fibers input terminate
in the CAL hippocampus. This CA1 pyramidal neuron is the central region of the
hippocampal neuronal output, containing glutamic neurotransmitter axons. It acts to
distribute the information from the hippocampal proper by the Schaeffer securities
fibers to contralateral and ipsilateral of entorhinal, subiculum, and subcortical
structures (Knowles, 1992, Amaral and Witter, 1989). However, the output from CA1
neurons also projects into the contralateral hippocampus via the fornix and distributes
to different areas such as anterior stria and mammillary bodies (Sweatt, 2004). CA1
neuronal returns to project into the entorhinal cortex again, forming a complete
hippocampal circuit known as the trisynaptic loop (Knierim, 2015). In the adult brain,
the dentate gyrus plays a vital role in hippocampal cell proliferation and neurogenesis,
and the cell can differentiate into new neuronal and glial cells (Nyberg et al., 2005).

2.8.2. The Hippocampal Function

It denotes a unique and vital functional part of the brain due to the neurogenesis
process, which is generated continuously in the adult brain. Also, It plays a
fundamental role in long-term memory, learning, and spatial navigation because it
connects with the neocortex (Stella et al., 2012). In addition, it has been associated
with olfactory function for a long time since it receives direct input from the secondary
olfactory blub (Soudry et al., 2011). Moreover, it plays an essential role in motor

behaviour because it is the central part of the ventral striatal loop. It also can regulate
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emotional behaviour. Therefore, the hippocampus fibers projected into the
hypothalamus and influenced the function of the hypothalamus by affecting the
secretion of adrenocorticotropic hormones. The hippocampus has bilateral tasks as part
of the limbic system. Hence, it plays a fundamental role in learning and memory
functions (Tsukahara et al., 2006, Milner and Klein, 2016). The hippocampus and
other cortical structures assist with predictions of future events while making
decisions, planning, and envisioning a novel scenario. However, certain studies on
amnesic individuals indicate that this function is impaired during hippocampal injury
(Buckner, 2010).

2.8.3. Hippocampal Neurogenesis

It occurs during the embryonic period and is completed after birth (Kriegstein,
2005). It is a continuous process that follows throughout postnatal life and can generate
new neurons for memory operational process circuits in the adult brain of the
mammalian (Zhao et al., 2008, Valero et al., 2017). In addition, neurogenesis remains
exclusively in the hippocampus in the dentate gyri and the bulb of olfaction of the adult
brain. The hippocampal has a unique heterogeneous neuron that can reorganize its
synapses and dendrites. The structural alteration associated with neuronal growth
continues from birth to early adulthood and into middle age and senescence (Leuner
and Gould, 2010). The hippocampal neurogenesis is affected by many NDDs
connected with cognitive dysfunction, such as depression, epilepsy, cerebral ischemia,
AD, and PD (Zhao et al., 2008).

The assessment of the hippocampus growth and regulation of trophic
interactions are essential in supporting and maintaining the growth of synaptic inputs
because the synaptic inputs are necessary for controlling the cognitive function that is
relatively associated with many neural diseases (Eves et al., 1995). It is used as a model
to study malignant diseases (Capes-Davis et al., 2010).

2.8.4. Stages of the Adult Hippocampal Neurogenesis

Generation of new neurons in adult hippocampal passes through precursor cell
early survival, postmitotic maturation, and late survival stages (Kozareva et al., 2019).

2.8.4.1. Precursor Stage

New neurons originate from stem cells like glia or precursor cells. This precursor
is frequently divided into progenitor cells and can differentiate into immature
neuroblasts or glioblasts (Kempermann et al.,, 2015, Encinas et al., 2011). that

subsequently differentiate into mature dentate granule neuron(Gongalves et al., 2016)
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2.8.4.2. Early Survival Phase

This stage indicates that by exiting from the cell cycle, the most significant
number of the newborn cells after birth are eliminated or die by apoptosis or maybe
survive to continue their functional and morphological maturation (Valero et al.,
2017a, Chancey et al., 2013).

2.8.4.3. Post Mitotic Maturation Phase

The newborn, lineage-committed cells exit the cell cycle and enter a maturation
stage. Through this stage, dendrites grow and extend into the molecular layer, while
axons grow to reach CAS3, as this stage is characterized by synaptogenesis.

2.8.4.4. Late Survival Phase

The adult-born dentate granule cell matures into highly excitable neurons, which
integrate with the existing circulatory of the dentate gyrus and increase synaptic
plasticity (Valero et al., 2017, Kozareva et al., 2019).

2.9. HT22 Hippocampal Neural Cell Line

These cells are generated by retrovirus infection of the primary hippocampal cell
culture and established from the embryonic animal at 18 days old. It subcloned HT4
immortalized cell lines (Frederiksen et al., 1988, Lendahl and McKay, 1990). The
HT22 cell line resembles neuronal cells and lacks ionotropic Glu receptors. It uses
laboratory experience as an appropriate neural cell line to study the disorders induced
by Glu toxicity (Kimetal., 2017, Rossler et al., 2004). Also, it is a cholinergic neuronal
cell used as a model to study the cognitive deficits of AD (Liu et al., 2009) and to
investigate the neuronal diseases associated with OS (Rao et al., 2013).

2.10. Neurodegenerative Diseases

These diseases serve as a severe problem that is threatening human health in the
world (Gitler et al., 2017). The pathophysiological signs are still not fully understood.
The components that may contribute to the pathophysiology include PD, AD, and
ALS. These disorders are complex in many cellular milieus, such as neurons,
oligodendrocytes, Schwann's cells, and muscle cells, which gradually deteriorate until
degenerating in a wide range of pathological symptoms affecting the nervous and the
muscular systems (Radi et al., 2014). Additionally, some study explains that the
leading causes of these diseases are associated with the deposition of protein screening
in the cell cytoplasm, followed by toxicity and damage of the cell, which leads to
impairing memory, dysfunction of synapses, and cognitive defect (Pathak et al., 2022).

The result is in many NDDS developments (Gupta et al., 2021). The most common

19



causes are excessive production of ROS and OS levels more than the antioxidant
defence system (Niedzielska et al., 2016). Mitochondrial malfunction, protein
misfolding, heavy metal toxicity, and disruption of energy supply (Gupta, 2022). Other
risk factors for this disease include environmental chemicals and genetic abnormalities
in numerous genes (Mandemakers et al., 2007). Progressive OS and DNA
mitochondrial alteration are dangerous factors and contribute to aging, which is the
leading cause of neurological disorders (Lin and Beal, 2006).

Further insufficiency in ATP synthesis accompanies inappropriate ROS
production, buffering calcium ions, and uncontrolled apoptosis of cells. All these
irregular processes lead to CNS degeneration (Mandemakers et al., 2007). The
essential proteins associated with these diseases involve B- amyloid, prion protein, tau,
a-synuclein, and TDP-43 (Kovacs et al., 2013).

2.11. Oxidative Stress

They are associated with high quantities of ROS, such as oxygen, free hydroxyl
radicals, and deficiency of the oxidant or antioxidant system balance. DNA
fragmentation, lipids, and protein can initiate excessive ROS production, which
eventually induces apoptotic and necrosis processes and causes the tissue to die (Singh
etal., 2019, Prasad et al., 2014). OS potentially causes cellular malfunction or damage
(Birben et al., 2012). Generally, ROS compounds are natural products in all different
organisms and act as defence mechanisms in the body (Kim et al., 2017).

2.12. Antioxidant

The word antioxidant refers to a substance inhibiting oxygen consumption (Ma,
2014). It is necessary for the survival of plants and animals, also known as chemical
molecules that prevent the risk of unpredictable molecules such as free radicals, by
reducing or inhibiting the oxidation of substances that produce these free radicals
(Hamid et al., 2010). The human antioxidant system prevents tissue from being
damaged by toxic substances and comprises exogenous and endogenous antioxidants.
These exogenous and endogenous antioxidants are biologically enzymatic and non-
enzymatic (Pisoschi and Pop, 2015). It also contains minor antioxidants, such as
antioxidant proteins and ROS-metabolizing enzymes. In addition, this antioxidant can
regulate proteins that influence oxidant stress reactions (Ma, 2014). Functionally, the
system has resistance ability against unregulated production of free radicals and
stimulated oxygen species or prevents their interactions with biological cellular

structures (Chaudiere and Ferrari-1liou, 1999). The essential antioxidant enzyme is

20



superoxide dismutase, mainly transformed to H>O>, and protects cells from damage
(Prasad et al., 2014). Subsequently, inhibition of this enzyme's activity can increase
the superoxide that induces the cellular apoptosis process (Prasad et al., 2014). Another
function of this system is protecting the neuronal cells from OS and maintaining the
brain tissue from damage by encouraging antioxidant defence to inhibit ROS
production (Lee et al., 2020). It also reduces cell damage by elevating the activity of
antioxidant enzymes or interacting with free radicals (LU et al., 2010).

2.13. Agomelatine

It is an innovative and new anti-depressive drug that recently acquired
authorization from the European Medicines Agency to treat severe episodes of
depression in adults (Tardito et al., 2012). The mechanism results from the interaction
of melatonergic receptors and 5-HT2C serotonin receptors. The AGO promotes
neurogenesis and cell viability (Tardito et al., 2012). AGO treatment boosted
neurogenesis outgrowth, increased the number of granular cells, and expedited the
maturity and lifespan of new cell granules (Soumier et al., 2009). AGO improves the
expression of pre and post-synaptic neurons and microtubular proteins of the
cytoskeleton and BDNF (Ladurelle et al., 2012). The prior experimental study
suggested that AGO therapy can prevent cardiovascular system disorder by
suppressing the action of proinflammatory cytokines and chemokines. That can inhibit
the activity of angiotensin Il, facilitating the adhesion of endothelial and monocytic
cells and leading to endothelial disorder (Hong et al., 2021). Another study uses AGO
to inhibit proinflammatory cytokine activities in murine macrophage cell lines (Hyeon
et al., 2017). Several types of research have highlighted that AGO treats depression
and anxiety mainly through the melatoniergic receptors and 5-HT2C antagonistic
receptors and regulates circadian rhythm (Rainer et al., 2012). Some findings indicate
that agomelatine therapy has antioxidant ability alone or combined with other
antidepressants. That leads to suppression of intracellular signalling molecules that
cause the cell to be apoptotic, such as oxidative stress production caspase-3, caspase-
9, mitochondrial membrane depolarization, reduces glutathione, and lipid
peroxidation, as well as blocking voltage-gated of Ca?* Channel in neuronal PC12
Cells (Akpinar et al., 2014). Another recent study has shown that AGO therapy
inhibits macrophage cell migration and prevents brain endothelial cell damage by
improving the strength of the tight junctions of the cell and preventing permeability of

the blood-brain barrier (Cao et al., 2021). In addition, it plays a pivotal role in reducing
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the growth and migration of breast cancer cells more than melatonin (de Carnevale
Galeti et al., 2021). A previous study showed that the antidepressant prevents the
negative effect of stress on hippocampal memories and induces the systemic storage
of memory in responses to experimental learning (Conboy et al., 2009). It also
demonstrated the sub-chronic treatment of it to promote brain energy metabolism and
reduce OS markers (de Mello et al., 2016). Indeed, clinical therapy reveals that AGO
more effectively affects depression, enhances the normal circadian rhythms and
delayed sleep phase syndrome, and improves the disorganization of sleep-wake beats
(Popoli, 2009). In addition, it has a vital role in preventing peripheral neuropathy
(Yucetas et al., 2019). Many articles report that AGO is effective in the chronic mild
stress study by protecting the neurogenesis process and neonatal cell life in
hippocampal rat models. Also, It acts in the dentate gyrus to regulate doublecortin
protein synthesis (Dagyté et al., 2011). However, it can prevent amyloid beta to induce
tau phosphorylation and oxidative damage in PC12 cells that may affect AD progress
(Yaoetal., 2019). The AGO significantly minimizes neuropathic pain hypersensitivity
via melatonergic and 5-HT>c receptors in several experimental animals (Chenaf et al.,
2017).

2.13.1. Chemical Composition of Agomelatine

AGO is a nonionizable amide compound that is poorly soluble and acts as a
melatonergic antidepressant drug (Skotepova et al., 2017). It has a structural formula
resemblances to melatonin. It is a naphthalene compound. It is a agonist MT1 and MT>
melatonin receptor and antagonistic 5-HT2c serotonin receptor (Srinivasan et al.,
2012). Its properties are weakly soluble in water, poor bioavailability, and
pleiomorphisms (Liao et al., 2016). In humans, the half-life of AGO is greater than
melatonin, about 2 hours (Srinivasan et al., 2012). Additionally, it is more
differentiated from melatonin because it has higher affinities with 5-HT2C and 5-
HT2B receptors than 5-HT2A (Millan et al., 2003).
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Figure 2.3. Chemical structure of agomelatine (Markl and Zlotos, 2011)

2.13.2. Discovery of Agomelatine

It is a new and novel non-SSRI for treating major depressive disorders. It was
discovered and developed by the European Pharmaceutical Company Servicer
Laboratories Limited in 1992 (Su et al., 2023). In 2005, it was refused by the Agency
of European Medicines, submitted again in 2007, and approved in 2009 (Liu et al.,
2016). To treat the depressive disease. This year, it was also approved in different
countries, for example, Canada, South America, and Australia (Skoiepova et al.,
2017).

2.13.3. Absorption and Distribution of Agomelatine

Eighty percent of AGO is absorbed rapidly after oral administration in the
gastrointestinal tract (Sansone and Sansone, 2011). It is mainly absorbed in parts of
the small intestine, such as the duodenum and jejunum, through passive diffusion (Liao
et al., 2016). It has a short life span in blood plasma, just between one to two hours. In
vitro, the ratio of AGO to plasma in blood concentration is 5:1. Less than 95% of AGO
bounds directly with plasma proteins such as albumin and a-1 acid glycoprotein and
contributed 35% and 36%, respectively (Sansone and Sansone, 2011). It has moderate
distribution throughout the body with a volume of about 35L. It has greater
bioavailability in women than in other genders, and food intake does not affect the
absorption or bioavailability of AGO (Sansone and Sansone, 2011).

2.13.4. Agomelatine Metabolism Process

The metabolism process initiates in the liver via hepatic CYP 1A2 of the
cytochrome P450 isoenzyme system and is expelled through the urine. More than 80%
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of the AGO is hydroxylated metabolically through this enzyme to form (S-21540) and
3,4-dihydrodiol (S-22380) (Hong et al., 2021). The primary metabolic process of AGO
is known as hydroxylation and demethylation (Green, 2011). The remanent of
metabolism occurs via 7-O-demethylation such as CYP2C 9 or CYP2C19 to produce
(S-21517) (Zupancic and Guilleminault, 2006, Saiz-Rodriguez et al., 2019). About
eighty percent of this substance is expelled through urinary excretion, While small
parts of the metabolites are eliminated through fecal (Green, 2011).

2.13.5. Melatonergic Receptors of Agomelatine

They are classified as G protein-coupled melatonergic receptors in seven specific
trans-membrane domains (Tardito et al., 2012). There are two mammalian melatonin
receptors, MT1 and MT2 melatonin subtypes (von Gall et al., 2002). The MT1 receptor
prevalence is significant in the brain tissue that is associated with the dopamine
signalling pathways such as the suprachiasmatic nucleus, hippocampus, retina, basal
ganglia, the nucleus of accumbens, substantia nigra, and ventral tegmental region (De
Berardis et al., 2013). Also, they are scattered in some parts: the paraventricular,
periventricular, supraoptic, and tuberomammillary nucleus, Broca's diagonal band, the
nucleus of Meynert's, sexually dimorphic nucleus, and mammillary body (Wu et al.,
2006). However, MT2 receptors frequently are distributed in the hippocampal region,
the suprachiasmatic nucleus, and the retina. MT1 receptors may appear in another body
tissue, while the M T2 receptors distributed are more constrained. Also, these receptors
are present in the thalamus, cerebellum neurons, and glial cortex (De Berardis et al.,
2013, Tardito et al., 2012, von Gall et al., 2002). These agonists receptors act as
neurogenic and anti-depressant receptors through the inhibiting of the acid
sphingomyelinase, that leads to reduced ceramide and pro-inflammatory cytokines or
elevated the level of monoamine oxidase in the hippocampal region (Boiko et al.,
2022).

2.13.6. Serotonergic 5S-HT2C Agomelatine

Also known as serotonin 2C receptors, it belongs to the 5-HT family receptor. It
iIs expressed through serotonergic postsynaptic terminals on GABAergic,
glutamatergic, and dopaminergic neurons. The anatomical distribution is prevalent in
broad brain areas, including hypothalamic nuclei, hippocampus, ventral midbrain,
striatum, nucleus accumbens, and amygdala (Jensen et al., 2010). They are
enhancement the norepinephrinergic activity in some parts of the brain at the locus

coeruleus (De Berardis et al., 2015).

24



Table 2.1. AGO Different Concentration Doses Effected in Different Types of The
Cell Culture Previous Studies

Agent Dose Duration  Assay Cell types Reference
0.1,0.5,1,5, 10, 50,
AGO and 100 uM 24 h MTT for  Brain Endothelial (Cheng et
But (5, 10 uM) Are 4h Cells al., 2020)
optimized dose
(1-100 uM) for
various times (1-24 h). i Neuronal PC12 (Akpinar et
AGO The optimal dose is 20 1-24h cell al., 2014)
UM after 24 h
AGO 2 uM, 20 uM,200 Mm 24 hours PC12 cells (Yggf;)a"'
MTT (1 HT-22 mouse (Cankara
AGO 1 ul\/l\l/,l inlﬂvigl LIt/IM, 8 hf')ﬁ'rs mg/ml) hippocampal etal.,
H H 4h neuronal cell line 2021)
RAW?264.7
AGO (0, 100, 200, 400 and 24 h MTT for murine (Hyeon et
600 uM) 2h macrophage cell al., 2017)
line,
concentrations of 1.5,
3, 15, 30, 150, 300,
AGO and 500 uM the 24 h Human SH-SY5Y (Wang et
optimal dose is 15 and neuronal cells al., 2021)
30 uM
Human umbilical
vascular
endothelial cells& (Hong et
AGQ 10 282 UM 24h human monocytic al., 2021)

Leukemia cell line
THP-1 cells

2.14. Glutamate

Glu is an amino acid that is thought to be the primary excitatory signal negotiator
and is noticeable in the majority of functions of the brain, such as memory, learning,
and understanding (Danbolt, 2001). The metabolism of Glu is introduced in protein
synthesis, ATP generation, and ammonia and acts as a neurotransmitter in synaptic
neurons. It reaches the synaptic vesicle through a Glu transporter and is expelled by
exocytosis transport (Danbolt, 2001). The abnormality of Glu is known as the
excitotoxicity process, which causes toxicity to neuronal cells. This excitotoxicity
occurs in the Long-term action of ionotropic Glu and over-stimulus of NMDA
receptors, which promote Ca?* influx thought to be the main cause of neuronal death
(Jazvinséak Jembrek et al., 2018). The overproduction of Glu level suppresses OS and
promote neuronal death in both types of immature primary cortical neuron and HT22
cell line (Park et al., 2020, Stanciu et al., 2000, Ma et al., 2021). Also, another study

observed that Glu-induced ROS elevation and glutathione depletion in C6 glial cells
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caused apoptosis cell death (Han et al., 1997). In neuronal pc12 and hippocampal line,
cells had reported the neurotoxic effect of Glu in a typical dose-related manner. The
result found that the lowest dose of Glu can promote cell viability (Bhavnani et al.,
2003). The Glu significantly induced neuronal cell death or OS in HT22 due to
preventing the uptake of cystine into the cells via the cystine-Glu transporter system,
thus leading to the depletion of glutathione (Rassler et al., 2004). A recent study
showed that Glu caused neurotoxicity by producing ROS, accumulating around 9
hours after HT22 cell culture Glu exposure (Fu and Koo, 2006).

o o
Ho)l\/\l/u\oH
NH.

Figure 2.4. Chemical structure of L glutamic acid

2.14.1. Glutamate Neurotoxicity Process

Glu neurotoxicity passes through three sequential induction, amplification, and
expression stages. Each one may be deceptive to interference therapy. Excessive Glu
receptor stimulation induces the Ca?* and Na* inside cells (Choi, 1990). The most
common approaches to prevent the induction of Glu by blocking antagonizing
postsynaptic Glu receptors, the extenuating release of Glu from presynaptic terminals,
and accelerating Glu removal from synaptic clefts, as well as obstructed or stopped
Ca?" influx and stores. Abnormal intracellular free Ca?" concentrations may cause

damaging cascades and neuronal degeneration (Choi, 1990).
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Figure 2.5. L glutamic acid

2.14.2. Glutamate Receptor

The brain tissue's Glu action mediates by activating ionotropic and metabotropic
receptors (Kew and Kemp, 2005). These receptors are abundant in the CNS on both
neuron and glial cells, facilitating speedy excitatory Glu transmission. These receptors
control many processes in the brain, spinal cord, peripheral nervous system, and retina
(Traynelis et al., 2010). Specific receptors found on the surface of neurons selectively
bind with Glu. It is generated through other neurons, triggering the events that lead to
the activation of the postsynaptic neuron (Dingledine and Conn, 2000).

Moreover, these Glu receptors have been identified, as the metabotropic are
associated with second messenger enzymatic through G proteins and routinely act to
regulate a variety of cellular operations involving genetic transcriptional and
phosphorylation of ligands and channels of voltage-ion gated. In contrast, ionotropics
are responsible for the passaging of sodium and calcium ions through a pore. The
ionotropic Glu receptors are three agonists kinetic acid, a-amino-3-hydroxy-5-methyI-
4-isoxazole propionic acid (AMPA) and NMDA (Dingledine and Conn, 2000, Asztély
and Gustafsson, 1996).

These receptors, when activated, permit the positively charged ions to move into
the cell. Not all these variant subtypes of Glu receptors contributed to excitotoxicity.
Exclusively, most neuronal cell death briefly accompanies exposure to Glu NMDA
receptor activation (Choi, 1992). The NMDA receptor plays an essential role in
regulating the brain's adaptation to environmental conditions and is critical for the
growth of new synapses. Also, they are linked to various neurological illnesses,
including retinal dystrophy, cerebellar ataxia, autism spectrum disorder, intellectual
disability, paraparesis, and schizophrenia (Burada et al., 2020). The effective
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functioning and expression of many Glu receptors and transporters are necessary for
competent Glu transmission (lovino et al., 2020). The NMDA receptor is vital in early
brain growth, while AMPA and kinetic receptors associate with the mid-gestation of
the fetus. Malfunction of Glu receptors is associated with developing brain disorders
or may later extend the brain in adults (Egbenya et al., 2021).

2.14.3. Glutamate Uptake

The uptake mechanism is essential to reducing extracellular concentrations of
Glu. The Glu proteins transporter achieves uptake. The neuronal cell releases Glu into
the cleft of the synapse and is attractive to both receptors to transmit an excitatory
message. Astroglia cell uptake of Glu released from neural synapses occurs through
sodium-dependent and independent transport pathways and is crucial for preventing
toxic extracellular accumulations of Glu (Danbolt, 2001).

2.14.4. Metabolism of Glutamate

Extracellularly, enzymes never metabolize Glu, but it is taken up through the
glial and neuronal cells from the extracellular fluid around its receptors (Trotti et al.,
1998). After being taken up by cells, the Glu can be recycled as a transmitter or used
for physiological activities like protein synthesis, carbohydrate metabolism, and
ammonia fixation (Danbolt, 2001). Glu is released by cellular exocytosis from an axon
terminal and connected with transporters in pre and post or extra-synaptic astroglia
cells. Astroglia cell is responsible for detoxifying Glu to convert it into glutamine by
synthetase enzyme of glutamine (lovino et al., 2020). This glutamine is released by
the glial cell and uptake by neurons. This neuronal cell can transform glutamine into
Glu (Danbolt, 2001). Another study suggested that the tricarboxylic acid cycle
metabolizes a small amount of the Glu, and the remnant is stored as glutamine
(McKenna et al., 1996). The Glu is terminated and released as ammonia in the liver,
then detoxifies into urea. In pancreatic Beta-cells, the Glu should be oxidated as an
amino acid to stimulate insulin release. Glu is a neuroexcitatory transmitter in the CNS
(Kelly and Stanley, 2001).

2.15. The Cell Death

It commonly plays a significant role in average growth in living animals (Clarke,
1990). There are three main types of cell death. The first one is hetero phagocytosis;
in it, the cell dies and degenerates without any detectable role being destroyed by its
lysosomes, but the lysosomes of other cells kill its fragments. The second type is

autophagocytosis; the cell is destroyed and degraded with its lysosomes. And the third
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type is the cell destroyed without lysosomes (Clarke, 1990). The cell death may be
apoptosis, also known as PCD or necrosis and autophagy cell death, or associated with
different proteases, caspases, and immunology disorders (Galluzzi et al., 2007, Duprez
et al., 2009). Cell death is also connected to protein aggregates, damage to axon

transport, and synaptic dysfunction (Andreone et al., 2020).
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3. MATERIAL AND METHOD

3.1. The Daily Routine of Experimental

All procedures of the cell culture are carried out by using an aseptic technique
to prevent biohazard chemical substances, guaranteeing the environmental working
area of the cell line culture is safe, including a laminar flow cell culture hood, and an
incubator, with clothing, personal protective equipment, (PPE) such as labs coats and
nitrile gloves. The decontamination of the surface room culture must be sterilized by
70 % (v/v) ethanol. Any contaminated cell, changed media, or potential pathogenesis-
containing solutions must be drained into the trash. Additionally, all disposable
vessels, flasks, and pipettes dispose of them after use. Wipe down bench surfaces with

70 % ethanol alcohol.

Table 3.1. The equipment required in the laboratory cell culture.

Materials for the experiment consumables:

Latex gloves & wipes Pipettes and Pipette tips (10 ul/  Sterile cell culture 96, 24,12,6
200 ul/ 1000 pl) and well-plates
stereological tip (5,10,25ml)
gun pipette
Sterile conical tube 50&15ml Cell culture Flasks (T25, 75, Waste container
175cm?)

2. Electronic equipment

Laminar flow / microbiological safety cabinet

Model MN120, serial NO, 02-0461, class Il EN 12469:2000, HEPA % 99.999 POWER 760 W
AC MAINS 230 v.50Hz

Coz Incubator: (5% of atmospheric CO2 in 95% humidified at 37°C) with UV system installed. It
is made in Japan. Sanyo Electric Co. Ltd serial no: 11100425 model: MCO 18ac. Internal volume:170
. rated voltage: ac220-240 v, frequency 50 Hz, amperage max: 1.4, power consumption max: 310 w,
net weight: 92 kg.

Aspiration pump (peristaltic or vacuum) - centrifuge

Refrigerator -20°C

Elisa absorbance reader

Inverted ELISA microscope

3. Software: Excel, graph pad prism version 9.5.1(733)

4. Reagents:

Dulbecco’s modified Eagle’s Trypsin-EDTA was purchased Dulbecco’s phosphate-
medium (DMEM) high from (Biological Industries buffered saline (PBS)
glucose4.5g/ID-glucose was Israel Beit Haemek Ltd.)

purchased from (Biological
Industries Israel Beit Haemek

Ltd.)

Fetal bovine serum. 10,000 U/ml penicillin 10mg/ml  L-glutamine 200 mM
streptomycin (Biological (29.2mg/ml) (Biological
Industries Israel Beit Haemek Industries Israel Beit Haemek
Ltd) Ltd)

DMSO MTT assay
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Figure 3.1. The cabinet flow hood
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Figure 3.2. CO; Incubator 5% of atmospheric carbon dioxide in 95% humidified at
37-C
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Figure 3.3. Different types of well-plate a= 96. b=24. c=6 well-plate for cell culture
seeding

Figure 3.4. Showed different tools are used in laboratory culture 1- serological pipette
tip 2- 3- pipette tip 200l  4- pipette tip 20ul.

Figure 3.5. Microbiological safety cabinet and centrifuge
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3..2. The cell culture

This study was conducted at the Ondokuz Mayis University at the Department
of Histology and Embryology for Cell Culture Laboratory (Samsun, Turkey). All
experiments were performed in the HT22 hippocampal cell line (Figure 3.6) in a
laminar flow hood cabinet under aseptic conditions. The cells were kindly gifted by
the Histology and Embryology Department - Ondokuz Mayis University-Samsun -
Turkey.

Figure 3.6. Showed the HT22 hippocampal cell line in the culture cell flask at the
confluence stage.The image was captured by an inverted microscope Evos
Xl core (AMG, WA, U.S.A) at 40um x magnification.

3.3. Freezing HT22 Hippocampal Neural Cell Line for Long Storage

After the HT22 hippocampal cell line culture reached the 70 to 80% confluency
stage, it dissociated using trypsin EDTA, as described in the steps below. Centrifuged
the cell at 3500 xg for 5 minutes and removed all the supernatant. We resuspended the
pellet in freezing media, formed by (900 pl complete fresh media +100 pl DMSO).
The counting number of cells for freezing in each vial is according to the number of
cells in the flask. If the cells seeding in the flask 25cm?, the cell number about 200.000
cells, then the vial contained the same number in this flask. Then we distributed the
re-suspended cell in many cryovials if needed and started the steps of cooling slowly
to vials by transferring them into ice, then to —20 °C, then to —86 °C, and lastly, the
next day, storing them in a liquid nitrogen container if possible.
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Figure 3.7. HT22 hippocampal cell line in a cryovial and freezing at —86 °C.

3.4. Thawing of the HT 22 Hippocampal Cell Culture

Cells were thawed immediately after being removed from the liquid N2, shaken
slightly at room temperature, and we waited until all contents of the vial were thawed
wholly; the suspended cells were put in a 15 ml falcon tube and added 5 ml of complete
fresh DMEM. The cells were centrifugated at 3500 rpm for 5 minutes, then removed
the supernatant and resuspended the pellet in 5ml of growth media. Then, cells are
ready for seeding in a flask containing suitable growth media. After 24 hours, we
removed all the complete media and replaced them with another to eliminate any
debris and remnants from DMSO.

3.5. Preparation of Complete Media

The fresh complete media formed by adding some supplementary reagents to
80% of Dulbecco's Modified Eagle Medium (4 ml of DMEM), 20% fetal bovine serum
(Aml of FBS), 50 microliter L glutamine, 50 microliters penicillin-streptomycin

antibiotics solution at room temperature (Phelan and May, 2015).

Figure 3.8. Dulbecco's Modified Eagle Medium (DMEM) with supplementary (FBS,
L glutamine, penicillin-streptomycin solution).
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3.6. HT22 Hippocampal Cell Line Maintenance

Before beginning the experimental treatment with AGO or Glu. The HT22
hippocampal cell line maintained in 4 ml 80% of complete Dulbecco's Modified Eagle
Medium (DMEM) (Biological Industries Israel Beit Haemek Ltd)) media containing
50 microliter L-glutamine (Biological Industries Israel Beit Haemek Ltd) and also
supplemented with 1ml 20% fetal bovine serum (Gibco Company), and 50 microliter
penicillin/ streptomycin (Biological Industries Israel Beit Haemek Ltd), the cells were
placed horizontally in an incubator under conventional cell culture conditions 5% of
atmospheric carbon dioxide in 95% humidified at 37-C to allow the cells to settle and
attach to the surface of the culture flask. All my experiments were performed on the
cell cultures when the cells reached the 70 — 80 % confluent or exponential stage of
the cell cycle, which was detected under the inverted microscope. Then, the cells were
dislodged from the flask or substrate surface by 1 to 2ml trypsin-EDTA 25% for 3
minutes (Biological Industries Israel Beit Haemek Ltd).

3.7. Trypsinization and Passaging of the Cell Culture

The HT22 hippocampal cell line is used in all investigations of this methodology
chapter in passaging between cells 5 and 13. The cell passage in the biology laboratory
refers to the number of times the cell divides to grow. For instance, passage 9 means
the cell can split into a ninth cell splitting. Before the cell passage, it disassociated
from the flask or substrate surface, emptied the flask from all growth culture media,
and washed twice with phosphate-buffered saline (PBS). Then, the cells were exposed
to 1 ml of 0.25% (v/v) trypsin-Ethylene Diamine Tetra Acetic Acid (EDTA) solution
(Biological Industries Israel Beit Haemek Ltd). Put 5 ml of new growth media or FBS
to deactivate trypsin.

When all the cells were detached, the Pipetting sterile was used to transfer the
cell culture from the flask and put it inside the falcon tube. Removed the media slightly
and put 2ml of media inside the falcon tube, then used the Pipette sterile again, put the
cell inside the new flask, added complete growth media to cover the flask, and finally
returned the flask to the incubator. After cell counting, cell suspensions were either
split in a ratio of 1 to 10 into a cell culture flask or seeded into well- plates to be used
for subsequent experiments. The cell was incubated at 37°C, 5% CO., and 95%
humidified.
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Figure 3.9. 0.25% Trypsin EDTA used to disassociate the cell culture from substrate
surface of the flask culture

Figure 3.10. Inverted microscope Elisa system for cell culture investigation

3.8. The Determination of the Optimized AGO & Glu Concentration

Dosage

To determine the optimal and more neuroprotective effective concentration dose
of AGO and Glu as a toxic substance, an MTT assay was to assess the cell viability of
HT22 hippocampal cell line and calculated ICso of each agent after being the cells
treated with AGO or Glu at different concentrations and different duration times.

3.8.1. AGO Stock Solution Preparation

AGO is an antidepressant agent purchased as a powder from the pharmacy in
Samsun -Turkey; different concentration therapy doses in range (2, 4, 8, 16, 25,
50,75,100, 150, and 200 puM) were administrated to HT22 hippocampal cell line
culture treatment, in each well- plate group for a different duration. We prepared a
200 UM stock solution of AGO by adding 1.2mg powder of AGO to dissolve ina 5 ml

36



volume of DMSO according to the molecular weight of the AGO, which is equal to
243. 30g, then taken 1 ml from the stock of AGO solution and diluted in 9 ml of fresh

complete media. The dose concentration is represented in (Table 3.2.).

Table 3.2. AGO concentration dosages preparation for experiments

AGO The dose taken Diluted by
concentration from the stock Comp[ete Comp_lete (Dilution)%
doses_ added to the well Media solution (UM)
preparation plate (uL) (uL)
stock (1 uM) (uL)
200 200 0.00 200 200
150 150 50 200 150
100 100 100 200 100
75 75 125 200 75
50 50 150 200 50
25 25 175 200 25
16 16 184 200 16
8 8 192 200 8
4 4 196 200 4
2 2 198 200 2

3.8.2. Stock Solution Preparation for Determination Toxicity Dose of Glu

Glu is a neurotransmitter purchased from (Biological Industries Israel Beit
HaEmek Ltd) as L glutamic acid. The cell was administered with different
concentration doses (from 1 to 5 mM). I first dissolved this reagent as 11mg of Glu in
15 mL of distilled water. At a stock concentration or molarity, 5 mM and stored at
—20°C. Each concentration dose was diluted with the corresponding cell culture media.
The molecular weight of the Glu is 146.12g. These dose concentrations are shown in
(Table 3.3.).

Table 3.3. The preparation of L glutamic acid concentration doses

Glu Complete The dose is taken from the complete (Dilution)%
concentration media solution and added to the well plate (mM)
(50 mM) (ki) (ul)
Stock)
5 0.00 250 5
4 50 200 4
3 150 150 3
2 150 100 2
1 200 50 1
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3.8.3. Protocol of the Cell Seeding

Before starting the MTT assay, the cells were seeded in a 96 well-plate. The
HT22 hippocampal cell line was first expanded in 25cm? culture flasks in a complete
growth media until it reached 70-80 % confluency. After completing the growth, the
flask 25cm? contained about 200.000 cells, and these cells were distributed equally in
number for seeding in each well plate, which included maximumly from 5000 to 6000
cells and growth in 200 pl of complete media. Then, the cell was incubated overnight
or for 24 hours at 37°C under an atmosphere of 5% CO2 and 95% humidity. Before

treated with substances.

Table 3.4.Protocol of cell Seeding in the well-plate

0. Steps
We removed all the complete media.
Rinsed the cell with 3ml of PBS without Ca?*/Mg?*
Added trypsin EDTA 1 to 3ml (according to flask volume) for 3 minutes
Added 4 to 5 ml fresh complete media to deactivate the trypsin reaction
Transferred the cell using a pipette, put it in a falcon tube, and centrifuged at 3500
rpm for 5 minutes.

arwdPREZ

6.  We removed all the supernatant, added 3.5 or 4 ml of new complete media, pipetted
the cell in the falcon tube, and then distributed it to the 96 well -plate.
7. We then incubated it for 24 hours to attach.

8. Serial dilutions of different AGO or Glu concentrations were prepared within
complete culture media or distilled water. After incubation, the culture media in a 96-
well plate was removed gently and washed with PBS or 200 ul fresh media with
various drug concentrations; this step was triplicated.

9.  We returned the well plate to the incubator for 24 hours or more according to the
experimental duration needed. All experiments were conducted within 5-13 passages
of original thawed cell culture stocks.

10. We added an MTT Kit, but it must be prepared before use.

3.8.4. Formation of the Experimental HT22 Cell Line Groups

The cell samples were subdivided randomly into nine well plate groups for
treatment in the present study. In all experiments, cells were seeded in well-plate
groups triplicated and remained for 24 hrs. to grow at 37 °C, 5 % CO3, and 95%
humidity before the cell treatment when the cells received the treatment also incubated
again (37 °C and 5 % CO.). We used the MTT assay analysis to determine the cell
viability.
Plate (1) group: This plate is blank, or the background contains complete media only.
Plate (2) group: This plate includes cell + cell media.
Plate (3) group: This plate was treated with the Glu
plate (4) group: This plate was treated with Glu and a low dose of AGO.
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Plate (5) group: This plate was treated with Glu and a high AGO dose.
Plate (6) group: This plate was treated with AGO low dose

Plate (7) group: This plate was treated with an AGO high dose.

Plate (8) group: This plate was treated with a DMSO low concentration.

Plate (9) group: This plate was treated with a DMSO high concentration.

Blank or
background -ne
cells
Negative control
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

1 2 3 4 5 6 7 8 9 10 11 12
Cells Calls
Cell= + + Cells Cells DM50 DMS0
A | Bl Media Cells . Tosic Toxic - . of of Blank Blank
Toxic - - Low dsse Hish dese Low dose High dase
Low dase Hizh dase
Cells Calls
Calls + = Celtz Cellr DMSO DMS0
B Bimk Media Cells - Texic Toi + + of of Blank Blazk
Toxic + B Low dase Hizh dose Low dose Hizh dose
Low dose Hiigh dose
Cels Cells
Cells - - Cells Cells Dus0 DMS0
C| Bu Media Cells + Teme T - - of of Blank Blank
Toxie - - Low dose High dose Low dose Hushdoe
Low dose Hizh dose

Figure 3.11. The picture represented the 96 well-plate of the AGO neuroprotective
effect against Glu neurotoxicity on the HT22 cell line.

Table 3.5.The experimental design well-plates groups of the HT22 neural cell line.

NO. Group Details of each group

This background contained 50 ul complete fresh media without
1. Blank

cells.
5 Control This plate group was positive and did not treat contained cell+

complete fresh media.

This plate group contained cells in 50 pl complete media and was
3. Toxic treated with Glu (5 mM concentration of Glu as a toxic substance
for 1 hr.) before adding the protection substance.

This plate group contained cells in 50 pl complete media and was
treated with Glu (for 1hr) and added.

This plate group contained cells in 50 pl complete media and was
5. Treated 2 treated with Glu (for 1hr) and added with a high dose of AGO (Glu
5 mM + AGO 60 uM) for 24 hrs.

This plate group contained cells in 50 pl complete media and was
6. Protection 1  treated with AGO (AGO 30 uM as a low dose) for 24 hours of

4. Treated 1

incubation.
Protection 2 This plate group contained cells in 50 pl complete media and
[ treated with AGO (AGO 60 uM as a high dose) for 24 hrs.
8 DMSO 1 This plate group contained cells in 50 pl complete media and
' treated with DMSO (3 pl low concentration) for 24 hours.
9 DMSO 2 This plate group contained cells in 50 pl complete media and

treated with DMSO (6 pl high concentration) for 24hrs
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3.8.5. MTT Assay for Dosage Determination

In this study, we subjected the HT22 neural cell line to various concentration
dosages of AGO and Glu agents and commonly used the MTT assay (Biological
Industries Israel Beit Haemek Ltd) to evaluate the cell viability Known as (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium). The MTT is used for multiple
applications such as cell viability, cytotoxicity, cell proliferation, and cell activation.
The mechanism depended on the ability of the mitochondria of viable cells or the
cellular metabolic activity to convert water-soluble, yellow tetrazolium salt into a
water-insoluble, purple formazan. These results did not occur in dead cells (Uguz and
Naziroglu, 2012). We quantified the number of viable cells using an Elisa microplate
reader at 570 nm. In addition, The primary objective of this study is to calculate the
ICso value for different duration dosages of AGO and Glu, representing the

concentration at which 50% of the cell’s viability is affected.

3.8.5.1 MTT Assay Preparation

100 pl (MTT+ DMSO) during triplicated the experimental needed = 36 well x
100 ml =3.600 ml = 4 ml for all well- plate.
20% of stock = 2ml MTT+ 8 ml complete media = 10 ml.
Iml MTT+4 ml complete media = 5 ml complete media. If the MTT is powder, |

dissolved 5mg MTT in 1 ml PBS and then diluted with 9 ml complete fresh media.

Figure 3.12. MTT kit (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium)
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In this current study, we used the cells that did not administrate with any
treatment dose as the control group (untreated group), whereas the blank group, also
known as background, contains only the complete DMEM media or DMSO. Then, we
used MTT 110 pl to treat each group of cells and the control and incubated for a proper

result of approximately 2 to 4 hours.

Table 3.6. MTT assay Protocol

Steps of MTT assay

1 500 ml MTT +500 ml PBS =1 ml MTT (each cell in the well-plate received 110 pl
of MTT).

2 We removed all the media from the well- plate, washed the cell with PBS, and Added
an MTT concentration of about 110 pl after preparing the cell in the well- plate and
placed it in the incubator for 2 to 3 hours.

3 Removed all solution, carefully added 110 pl of DMSO, and pipetted for 10 minutes.

4 We read the cell viability absorbance in the 570nm ELISA reader.
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Figure 3.13. The HT22 neural cell seeded in the 96 well-plate administrated with
different substance dosages of AGO and incubated for 24 hours to assess
the effect of AGO concentration doses by MTT assay.
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Figure 3.14. HT22 neural cell administrated with 110ul MTT and incubated 2hrs, after
being treated with the dose concentrations for 24hrs

3.8.5.2. Dimethyl Sulfoxide Solution (DMSO)
We removed the purple formazan crystallization that formed after adding the
MTT solution. We dissolved them in a solubilization solution such as DMSO by
adding 110 ul in seeded cells for 10 minutes and pipetted carefully after the purple

crystal precipitated, clearly visible under the contrast inverted microscope.

Figure 3.15. The HT22 neural cell was Administered with DMSO 110 ul for 10
minutes and incubated for formazan crystals dissolved.
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3.8.5.3. Elisa Absorbance Reader

We measured the cell viability samples absorbance (calorimetric measurement
of MTT reduction) and recorded by Elisa microplate absorbance reader 570 nm. All
experimental treatments of HT22 neural cells were triplicated and seeded. The mean

value of the cell viability was calculated from these three triplication.

Figure 3.16. Elisa absorbance reader 570 nm to determine the number viable cells and
give the data in Excel sheet for analysis.

The cell viability (%) was calculated using this formula:
The viability (%) = (sample absorbance/ control absorbance) x100

3.9. Statistical Analysis

Each calculation of the cell viability of triplicated well-plate analytical results
was expressed as average * standard deviation values. In the current study, the data
was analyzed by the SPSS 26.0 program, Microsoft Excel 365, GraphPad Prism
version 9.5.1, one-way ANOVA application, and Tukey's multiple comparisons test
used in the present study. The significance of the p-value was compared with the

results of the samples less than 0.05.
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4. RESULTS

The study aimed to investigate AGO therapeutic and neuroprotective effects on
NDDs in HT22 hippocampal cell line model. It aimed to investigate AGO cell
protective effect against Glu-induced excitotoxicity. This study assessed the impact of
AGO and Glu effect on the HT22 cells. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide) Assay was utilized to determine the viability of the
cells, Elisa absorbance reader was used to calculate the optical density of the cells.
The findings of the study were represented as mean, standard deviation and standard
errpt of means in tables and graphs. One way anova was used to compare between the
experimental groups.

4.1. The Finding of MTT Assay for HT22 Cell Viability

4.1.1. Determination of the Optimal Neuroprotective Doses of AGO and

the ICso Value for Different Duration

The cells were seeded in 96-well plates at a density of 5000-6000 cells per well,
with even distribution. After 24 hours, the cells were exposed to various concentrations
of AGO (2, 4, 8, 16, 25, 50, 75, 100, 150, and 200 uM) for durations of 24, 48, and 72
hours. Cell viability was assessed using MTT assay and the ICso for AGO was

calculated.

4.1.2. The Effect of various Concentrations of AGO on HT22 Cell Viability
and the I1Cso Value for 24hrs
The mean and standard deviation of the cell viability of HT22 subjected to
different doses of AGO after 24 hrs. (Table 4.1. ; Figure 4.1.).

Table 4.1. Shows the mean value and the standard deviation (SD) of cell viability in
different concentration dosages of AGO for 24h.

Groups/AGO uM  Mean value of cell viability % + SD

Cont 100 +0.000
2 92.7 +4.038
4 106.6 +12.06
8 88.49 £15.1
16 85.39 £5.291
25 79.91 £3.629
50 66.1 +2.105
75 46.24 £3.711

100 31.7 +4.399

150 8.223 +2.149

200 3.979 +1.163
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Table 4.2. Shows the significant degrees of different concentrations doses of AGO after
the HT22 neural cell was treated with AGO for 24 hours.

AGO uM Significance
Ovs.2 0.9457
Ovs. 4 0.9710
Ovs.8 0.5601

Ovs. 16 0.2509
0vs. 25 0.0347
0 vs. 50 0.0001***
0vs. 75 <0.0001***

0 vs. 100 <0.0001***

0 vs. 150 <0.0001***

0 vs. 200 <0.0001***

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates

significance at 0.001.

The statistical analysis results for the cell viability of the HT22 cells exposed to

different concentration doses of AGO for 24 hrs showed no significant impact (p >

0.5) for the doses between 2 and 16 uM. Whereas the viability started to decrease

clearly at the dose 25uM where it showed significant impact (p < 0.05). Whereas the

cytotoxicity effect of AGO on the cell viability was highly significant from the dose

50uM up to 200uM when compared with control groups (p < 0.001). The 1Cso was
calculated for AGO after 24hrs. and the findings showed that 50% of the cells were

viable at 62.85uM (Figure 4.2.).

Table 4.3. Shows the mean number of the cell viability, the standard deviation (SD),
and the Error of Mean of AGO as neuroprotective in different concentrations

for 24 hrs.
AGO uM Mean Std. Deviation Std. Error of Mean
0 100 0.000 0.000
2 92.7 4.038 2.332
4 106.6 12.06 6.963
8 88.49 15.1 8.721
16 85.39 5.291 3.054
25 79.91 3.629 2.095
50 66.1 2.105 1.215
75 46.24 3.711 2.143
100 317 4.399 2.54
150 8.223 2.149 1.241
200 3.979 1.163 0.6712
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Figure 4.1. Neuroprotective effects of AGO on the HT22 neural cell line after exposure
to different concentration dosages for 24 hrs. The values are given as the mean
+ standard deviation. The significant difference at p < 0.05 was indicated by
*, whereas the highly significant at p <0.01 was indicated by **, and the very
high significance at p < 0.001 indicated ***.
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Figure 4.2. Shows the ICs value of HT22 after the AGO was administrated for 24 hrs.
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Table 4.4. lllustrate the degree of significance between different concentration doses
of AGO on HT22 cell viability after 24 hrs.

AGO (uM)  Significance | AGO (uM)  Significance | AGO (uM)  Significance
0vs.2 0.9457 4vs. 8 0.0748 16 vs. 150  <0.0001***
0vs. 4 0.971 4vs. 16 0.022* 16 vs. 200  <0.0001*%**
0vs. 8 0.5601 4vs. 25 0.0022%%* 25 vs. 50 0.3185
0vs. 16 0.2509 4 vs. 50 <0.0001%** 25vs. 75 0.0001*%**
0vs.25 0.0347* 4vs. 75 <0.0001*** | 25vs. 100  <0.0001%**
0vs. 50 0.0001%** 4 vs. 100 <0.0001*** | 25vs. 150  <0.0001%**
0vs. 75 <0.0001*** 4 vs. 150 <0.0001*** | 25vs.200  <0.0001%***

0 vs. 100 <0.0001*** 4 vs. 200 <0.0001*** 50 vs. 75 0.038%*

0vs. 150 <0.0001*** 8 vs. 16 >0.9999 50 vs. 100 <0.0001***

0 vs. 200 <0.0001%*** 8 vs. 25 0.8661 50 vs. 150 <0.0001***
2vs. 4 0.3086 8 vs. 50 0.0136* 50 vs. 200  <0.0001***
2vs. 8 0.9991 8 vs. 75 <0.0001*** | 75 vs. 100 0.2564
2vs. 16 0.9453 8 vs. 100 <0.0001*** | 75vs. 150  <0.0001%***
2vs. 25 0.4172 8 vs. 150 <0.0001*** | 75vs.200  <0.0001%***
2 vs. 50 0.0023** 8 vs. 200 <0.0001*** | 100 vs. 150 0.0086**
2vs. 75 <0.0001*** 16 vs. 25 0.9923 100 vs. 200 0.0014**
2 vs. 100 <0.0001%*** 16 vs. 50 0.0478* 150 vs. 200 0.999

2 vs. 150 <0.0001*** 16 vs. 75 <0.0001%***

2 vs. 200 <0.0001*** | 16vs. 100  <0.0001***

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates significance
at 0.001.

4.1.3. The Effect of various Concentrations of AGO on HT22 Cell
Viability and the ICso Value for 48 hrs.
The cells were seeded in 96-well plates at a density of 5000-6000 cells per well,
with even distribution. After 24 hours, the cells were exposed to various concentrations
of AGO (2, 4, 8, 16, 25, 50, 75, 100, 150, and 200 uM) for durations 48 hours. Cell

viability was assessed using MTT assay and the 1Cso for AGO was calculated.

Table 4.5. Showed the mean value and the standard deviation (SD) of cell viability in
different concentration dosages of AGO for 48h.

AGO (uM) Mean value of cell viability % + SD
Cont untreated 100 +0.000

2 88.99 £3.877
4 95.95 +10.85
8 75.22 +12.84
16 72.58 +4.497
25 67.92 £3.085
50 56.19 +1.789
75 39.3 +3.155
100 26.94 £3.739
150 6.99 +1.827
200 3.383 +£0.988
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Table 4.6. Showed the mean number of the cell viability, the standard deviation (SD),
and the Error of Mean of AGO as neuroprotective in different concentrations

for 48hrs.
AGO (UM) Mean  Std. Deviation  Std. Error of Mean
0 100 0 0
2 88.99 3.877 2.238
4 95.95 10.85 6.266
8 75.22 12.84 7.413
16 72.58 4.497 2.596
25 67.92 3.085 1.781
50 56.19 1.789 1.033
75 39.3 3.155 1.821
100 26.94 3.739 2.159
150 6.99 1.827 1.055
200 3.383 0.9882 0.5705

Table 4.7. Showed the degree of significance between different concentration doses of
AGO and control groups of protection doses in HT22 cell viability after 48 hrs.

AGO (uM) P Value
Ovs. 2 0.431
Ovs. 4 0.998
Ovs. 8 <.001***

Ovs. 16 <.001***
0vs. 25 <.001***
0vs. 50 <.001***
0vs. 75 <.001***
0vs. 100 <.001***
0vs. 150 <.001***
0 vs. 200 <.001***

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates

significance at 0.001.
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Figure 4.3. Neuroprotective effects of AGO on HT22 cells viability for 48 hrs. No
significant impact was observed at doses 2 and 4, but the significance was
observed at AGO concentrations of 8 uM. The significant difference at p <
0.05 was indicated by *, whereas the highly significant at p < 0.01 was
indicated by **, and the very high significance at p < 0.001 indicated ***.

48



Regarding statistical analysis of the cell viability for 48 hrs., no significant
impact was detected at concentrations 2uM and 4puM when compared with the control
group. However, the viability of the cell decreased, the death clearly observed from
dose 8 uM and the higher concentrations with very high significant impact (p < 0.001).
The 1Cso calculation of AGO showed that 50% of the cells were lost by the dose of
41.86 uM (Table 4.5.; Figure 4.7.).

4.1.5. The Effect of various Concentrations of AGO on HT 22 Cell

Viability and ICso Value for 72 hrs.

The HT 22 cells were treated with using different doses of AGO (2, 4, 8, 12,16,
25, 50, 75, 100 and 200 puM) and incubated for 72 hrs, the mean and standard deviation
of HT2 cell viability, and 1Cso of AGO were calculated.

Table 4.8. Showed the mean value and the standard deviation (SD) of cell viability in
different concentration dosages of AGO for 72h.

Groups/ uM AGO Mean value of cell viability % + SD

Cont untreated 100 +0.000
2 85.43 £3.722

4 86.36 +9.768

8 63.93 £10.91

16 61.69 +3.822

25 57.73 £+2.622

50 47.76 £1.521

75 33.41 £2.681
100 22.9 £3.178

150 5.941 £1.553

200 2.875 +0.8399

The statistical findings of MTT assay for cell viability after 72hrs showed
significant difference at 2 uM (p < 0.05) and highly significant difference from 8 uM
and higher doses (25 uM, 50 uM, 75 uM, 100 uM,150 uM, and 200 uM (p < 0.001)
(Table 4.10.).
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Table 4.9. Showed the degree of significance between different concentration dosages
of AGO and control groups in HT22 cell viability after 72hrs

AGO (uM) P Value
0vs.2 0.04*
Ovs. 4 .078
Ovs.8 <.001***
Ovs. 16 <.001***
Ovs. 25 <.001***
0vs. 50 <.001***
Ovs. 75 <.001***

0 vs. 100 <.001***
0 vs. 150 <.001***
0 vs. 200 <.001***

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates
significance at 0.001.
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Figure 4.4. Neuroprotective effects of AGO on HT22 cells viability for 72 hrs. The
values were given as the mean + standard deviation. Significance was observed at
AGO concentrations 2 doses, and very high significance started from 8 uM
compared with the control group. Very high significance showed from 8 uM at (p
<0.001) and determined by (***).

4.1.6. The ICso Values for Different concentrations and Durations of AGO
on HT22 Cells
The 1Cso of AGO was calculated for 24, 48, and 72 hours drug administration.
It was determined to be 62.85, 41.86, 26.65uM for 24, 48, and 72 hours respectively
(Table 4.11.).

Table 4.10. Showed the result of inhibitor concentration doses of AGO for different
times.

1Cso After 24 hrs. After 48 hrs.  After 72 hrs.

[Inhibitor] vs. normalized

. 62.85 41.86 26. 65
response — Variable slope
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Figure 4.5. Showed the comparison of the inhibitory concentration value of AGO after
different durations of 24, 48, and 72 hrs. ICso = 62.85uM, 41.86uM, 26.65uM
respectively, these concentration doses dropped the cell viability or growth
into 50 percent, it was determined by non-Lin fit from the absorbance line of
the cell and crossed with the concentration curve line.

4.1.7. Determination of Toxic Dose of Glu on HT22 Cell Viability and
calculate the I1Cso
In this study, the toxic effect of Glu on HT22 cell viability was assessed,
different concentrations of of Glu (1, 2, 3, 4, and 5mM) were applied for 24 hours,
MTT assay was used to evaluate the cell viability, and the ICso value was calcuated.
The the cell viability of of Glu different concentration doses were presented as mean
and the standard deviation (SD) (Table 4.12.).

Table 4.11. Showed the mean value and the standard deviation (SD) of cell viability in
different concentration dosages of Glu.

Glu (mM) Mean Value of cell viability % + SD
0 100 £ 0.000
1 88.63 £18.04
2 66.72+20.14
3 40.16 +19.64
4 9.681+1.546
5 10.71 £4.043

One way Anova and Post-hoc Tukey were conducted, no significant difference
was observed at low doses; however, it was found that the cell viability reduced by
more than half the total number at concentration 3mM with very high significance (p
< 0.001). While the doses 4 and 5mM killed over 50% of the cells compared to the
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control group (p < 0.001) (Figure 4.6.). On ther other hand, Glu ICso value was
calculated and determined to be 2.465 mM (Figure 4.7).

Table 4.12. Showed the significant degrees of cell viability in different concentrations
of Glu for 24 hrs. of cell treatment.

Glu (mM) P value
Ovs. 1 .846
0vs.2 .031%*
0vs.3 <.001***
0vs. 4 <.001***
0vs.5 <.001***
1vs.2 263
1vs.3 .001**
1vs. 4 <.001***
1vs.5 <.001***
2vs. 3 117
2vs. 4 <.001***
2vs.5 <.001***
3vs. 4 .055
3vs.5 .067

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates
significance at 0.001.
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Figure 4.6. The concentration-dependent effect of Glu on HT22 cells viabilityin a 24h,
a: multiple group comparison and b: individual concentration values and
means.

4.1.8. The Toxic Effect of Glu on HT?22 cells after 24 hrs Administeration
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Figure 4.7.The ICso values of Glu at (2.465mM) concentration dose after 24h exposure

53



4.1.9 The protective effect of AGO against Glu toxicity on HT22 Cell
Viability

In this study, to ensure HT22 toxicity, variuos doses of Glu induced cell death
was exmined, the results showed that the ICso value of Glu was (2.465mM). To ensure
mimicing the neurodegenerative model even higher dose was considered. Thus, the
cells were administered with 5 mM Glu.

HT22 cells were seeded in 96 well-plates in nine groups and the cells were
seeded equally in each group in 100ul complete media. In the blank (first) group, it
involved only media to calculate and deduct the background effect. In the Cont
(second) group, the cells were not treated with any substances; In the toxic (third)
group, the cells were administrated with 5mM of Glu. In the treated 1 (toxic + low
AGO / fourth) group, the cells were administrated with 5mM of Glu for one hour, and
then 30 uM of AGO for 24 hours. In the treated 2 (toxic + high AGO / fifth) group,
the cells were administrated with 5mM of Glu for one hour, and then 30 uM of AGO
for 24 hours. In the protection 1 (low AGO / sixth) group, the cells were administrated
with 60 uM of AGO for 24 hours. In the protection 2 (high AGO / seventh) group, the
cells were administrated with 60 uM of AGO for 24 hours. In the DMSO groups 1
and 2 (eighth and nineth) groups cells were administrated 3 and 6 ul of DMSO
respectively. These doses of DMSO were applied based on the volume used to dissolve
AGO.

4.2. The Finding of MTT Assay of the Experimental Groups

The mean number of the cell viability of diverse groups and the degree of
significance are visible below in the following table and figure (Table 4.15. ; Figure
4.8.).

Table 4.13. Represented the mean value and the standard deviation (SD) of cell

viability
Group Doses Mean cell viability % + SD
Cont only cells 100 +0.000
Toxic Glu 5mM 8.705 +£0.5698
Treated 1 Glu 5mM +AGO 30uM 46.04 £5.431
Treated 2 Glu 5SmM AGO 60uM 39.59 £0.5426
Protection 1 AGO 30 uM 73.01 £1.626
Protection 2 AGO 60uM 56.17 £1.928
DMSO 1 DMSO 3uL 51.15 +6.034
DMSO 2 DMSO 6uL 43.98 £0.6029
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Table 4.14. lllustrates the degree of significance between various groups of HT22 cell

viability.
Group P value

Cont vs. Toxic <.00]***

Cont vs. Treated 1 <.00]%***
Cont vs. Treated 2 <.00]***
Cont vs. Protection 1 <.00]%**
Cont vs. Protection 2 <001 %
Cont vs. DMSO 1 <001 %
Cont vs. DMSO 2 <001 %

Toxic group: Glu 5mM, Treated Group 1: Glu + AGO 30uM, Treated Group 1: Glu + AGO 60uM,
Protection Group 1: AGO 30uM, Protection Group 2: AGO 60uM, DMSO Group 1: DMSO 3uL, DMSO
Group 2: DMSO 6puL.

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates significance at 0.001.

Table 4.15. Showed the significant degrees of cell viability in different treated groups.

Group Sig. Group Sig.
Cont vs. Toxic <.001 Treated 1 vs. Treated 1 <.001
Cont vs. Treated 1 <.001 Treated 1 vs. Treated 2 0.015
Cont vs. Treated 2 <.001 Treated 1 vs. DMSO 1 0.471
Cont vs. Protection 1 <.001 Treated 1 vs. DMSO 2 0.988
Cont vs. Protection 2 <.001 Treated 2 vs. Protection 1 <.001
Cont vs. DMSO 1 <.001 Treated 2 vs. Protection 1 <.001
Cont vs. DMSO 2 <.001 Treated 2 vs. Protection 1 0.005
Toxic vs. Treated 1 <.001 Treated 2 vs. Protection 1 0.64
Toxic vs. Treated 2 <.001 Protection 1 vs. Protection2  <.001
Toxic vs. Protection 1 <.001 Protection 1 vs. DMSO 1 <.001
Toxic vs. Protection 2 <.001 Protection 1vs. DMSO 2 <.001
Toxic vs. DMSO 1 <.001 Protection 2 vs. DMSO 1 0.493
Toxic vs. DMSO 2 <.001 Protection 2 vs. DMSO 2 0.003
Treated 1 vs. Treated 2 0.221 DMSO 1 vs. DMSO 2 0.137

Toxic group: Glu 5mM, Treated Group 1: Glu + AGO 30uM, Treated Group 1: Glu + AGO 60uM,
Protection Group 1: AGO 30uM, Protection Group 2: AGO 60uM, DMSO Group 1: DMSO 3uL, DMSO
Group 2: DMSO 6pL.

* indicates significance at 0.05, ** indicates significance at 0.01, *** indicates significance at 0.001.
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Figure 4.8. Showed the difference in the cell viability of HT22 cell line for the
experimental groups.The significant difference at p < 0.05 is indicated by *,
whereas the highly significant at p < 0.01 is indicated by ** and the very
high significance at p < 0.001 indicates ***. The means values and bars
represent standard deviation.

One-way ANOVA accompanied by Tukey's multiple comparisons test were
used to compare between the experimental groups. The results revealed very high
significant neurotoxic effect of Glu on HT22 (p < 0.001). Similarly, there were highly
significant differences between the low and high AGO in compared with Glu toxic
group (p < 0.001) indicate AGO protective effect. Additionally, there were highly
significant differences between the pretection groups 1 and 2 in compared with Glu
toxic group (p < 0.001). On the controary, DMSO at both doses (3 and 6ul produced
high toxicity, when compared to the control group, the statistical analysis showed very
high significant difference (P < 0.001).

4.2.1. AGO as Neuroprotective Agent Against HT22 Cell Cytotoxicity

Induced by Glu

The results were presented as the mean and SD of HT22 cell viability (Table
4.15.; Figure 4.8.).

4.2.2. Effect of Glu Toxicity Induced Death in HT22 Neural Cells Line

The treatment of the HT22 cells with 5 mM Glu for 1 hr. ultimately reduced the
cell viability to less than 10% . It caused a significant change in the cell morphology,

and the neurites shortened or disappeared (Figure.4.12.).
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4.2.3. Effect of Low Dose of AGO on HT22 Cell Viability Against Glu-
Induced toxicity
The cells were treated with 5 mM Glu for 1hr, and then with 30 uM AGO as low
neuroprotective doses. The findingd showed that the low dosage of AGO inhibited the
Glu-induced death of HT22 cells, prevented cellular morphological appearance and
decreased cell death rate (Figure 4.12.).
4.2.4. Effect of High Dose of AGO on HT22 Cell Viability Against Glu-
Induced toxicity
The cells were treated with 5 mM Glu for 1hr. and then with 60 uM AGO as
high neuroprotective doses. The result showed enhanced cells morphology and higher
cell viability rate compared to the Glu group. The results showed that this dose
significantly protected the cells and blocked Glu-induced morphological alterations in
HT22 neural cells (Figure 4.12.).
4.2.5. Effect of Low Dose of AGO on HT22 Cell Viability
The low dosage of AGO produced significant effect on cell viability compared
to the cont group (Figure 4.12.).
4.2.6. Effect of High Dose of AGO on HT22 Cell Viability Against
The high dosage of AGO also produced significant effect on cell viability
compared to the cont group (Figure 4.12.).
4.2.7. Effect of Low DMSO Dose on HT22 Cell Viability
These doses of DMSO (3ul) caused a significant decrease in cell viability
compared to the cont group, however, no significant effect was observed when
compared with low AGO group (Figure 4.12.)
4.2.8. Effect Of High DMSO Dose On HT22 Cell Viability
These doses of DMSO (6ul) caused a significant decrease in cell viability
compared to the cont group, however, no significant effect was observed when
compared with High AGO group (Figure 4.12.).
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4.3. The histological Finding Different Phase Under the Inverted

Microscope

Figure 4.9.Showed dissolved formazan crystallization by DMSO after exposure of the
cell with MTTassay.

4.3.1. The Finding of Different Concentration Doses of AGO

Regarding the morphological analysis of the HT22 neural cell after
administration with different concentrations of AGO ( 2, 4, 8, 16, 25, 50. 75, 100, 150,
and 200 uM). In the control group, healthy and viable cell was observed. When the
cells treated with 2uM of AGO, the cells were slightly detached from the surface but
mostly were healthy and with no change in morphology. With dose increase (4, 8 and
16 uM) AGO, more cells detached from the surface with few morphological changes.
At higher AGO (25,50,75,100 uM) doses, there was changes in the cells” morphlogy
with many cells losing their attachment indicating higher death rate in compare to the
lower doses, the morphological changes become more obvious in the high doses. The
cell viability decreased even more at 150 and 200 uM, with cellular membrane
changes, and reduced sizes. Moreover, the dendrites of cells became short and thin and
the cell number dropped (Figure 4.10.).
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Figure 4.10. A Photomicrograph was taken from the HT22 neural cell line after exposure
to different concentrations of AGO as neuroprotective doses for 24 hrs.
The cell viability started to decrease in number from dose 16uM and
change in morphological appearance compared clearly with the untreated
group. Additionally, large spaces represented detachment and death of the
cells, also observed to reduce the cell size and loss of their neurites.

4.3.2. The Finding of Different Concentrations of Glu on HT22

As microscopical analysis of the HT22 neural cell after administration with
different concentrations of Glu as the toxic ( 1, 2, 3, 4, and 5 mM), we observed that
the cells in all different doses appeared to have a morphological change in shape and
size. The shape changed from a typical spindle to oval or rounded and became very
little or dropped in viability; it also lost most organelles, such as the nucleus and cell
membrane. Furthermore, the cell’s dendrites became short and thin; all this change

showed under the contrast phase of an inverted microscope (Figure 4.11.).
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Figure 4.11. Showed the HT22 neural cell exposure to different concentration doses of
Glu-induced cell toxicity and morphological cell change and death control
group (OmM) the cell is expected, the cell treated with 1mM, and 2 mM
were slightly reduced viability, cells administrated with 3mM, 4mM, and
5mM led to reduce cell viability and change in morphological appearance
compared with untreated group.

4.3.3. Microscopic Findings of Cell Viability for the Experimental Groups

In the morphological analysis of the Cont group, we observed the cell had a
normal morphological appearance and spindle in shape and grew rapidly to reach the
confluence stage. The nuclear membrane surrounded the cell membrane and the
nucleus, and a considerable number of neurites were synapsis. Whereas the Glu+ a low
AGO and Glu a high AGO groups revealed that the cells had defined morphological
appearance of these groups was clear, and the structure of neurons is commonly well
preserved, the numerical density of the cell viability in these groups was higher than
in the Glu group. Furthermore, the Glu dose led to the degeneration and death of some
cells in Glu+ low AGO and Glu+ High AGO, but the effect was fewer than in the Glu
group. On the other hand, many cell death and large spaces that suggested the
detachment and death of the cell decreased the cell number, appeared in black, lost all
organelles, and terminated by lysed were observed in this group treated with Glu. The
cells reduced in size and number and lost most of their neurites in each DMSO
concentration, which was lower than that of the Cont and protective groups. The
regular cells became small and lost the neurites determined by (white arrow), and
degenerated cells are depicted by (blue arrow) changed in shape, and reduced viability
that was observed in the low AGO and High AGO groups compared to the Glu group
(Figure 4.12.).

60



4 5
] A
".;\'!

<

P

=0

e T g

o
2 neural cell line after exposure
to Glu toxicity and AGO as neuroprotective doses.The large spaces
indicated detachment and cell death, while the black spots indicated the
degeneration of the cell and reduced viability, and some cells in the toxic
group were losing their neurites. The contrast phase of the inverted
microscope assessed the image.

2
200 ©
e Qo o © o o
? ‘o o o X9 Ooco Pos8E°F° g
S R ®° O 0 _ g¥ o°
8 prel g)o o OOO% 2 00, o o o
° % o © O o o
, 08 %OQ °°°°ocp° C;D 5 o O%
% .\ ‘:&0 Q% 0o L o £ < OO~
0%, Lo’ qf oé’ ° 2 %o 5 ey
o’ g9 5.9 o P s 90 0.°0%..0 rﬁrﬂ:

Figure 4.13. Showed the HT22 neural cell line was subculture in a new flask with fresh
complete media after being detached by trypsin and centrifugated under an
inverted microscope (4 x magnification) and put at 37°C and CO; 5% and
humidity 95%in incubator.
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Figure 4.14. Photomicrograph taken from the routine and healthy attached HT22 neural
cell line,after seeded in flask 25cm? the cell in the level of growth and
proliferative noted the development of the many neurites determined by
(white arrow), and cell membrane (star) and nucleus of the cells
surrounded by nuclear membrane are depicted by (black arrow). The
contrast phase of the inverted microscope assessed the picture.

Figure 4.15. HT22 at the confluence stage under the inverted microscope.
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Figure 4.16. This image shows that the HT22 neural cell line reached 100% of the
confluence cell cycle stage under the contrast inverted microscope with
10x magnification, ready for treatment or splitting again.

Figure 4.17. The HT22 neural cell line reached 90% of the confluence cell cycle stage
under the contrast inverted microscope with 40x magnification, the
synapse between cells and cytoplasm and cell nuclei very clear.
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Figure 4.18. Showed that the HT22 neural cell line reached 90% of the confluence cell
cycle stage under the contrast inverted microscope 40 magnification

Figure 4.19. Photomicrograph was taken from the HT22 neural cell line after seeded in
flask 25cm? complete culture media and showed under an inverted phase
contrast microscope, incubated in environmental condition at a
temperature 37° C, 95% humidity, 5% of CO,. The cell is obvious and
healthy with organelles like cell membrane and nucleus indicated by (head
arrow)
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Figure 4.20. A Photomicrograph taken from the usual and healthy attached HT22 neural
cell line after seeded in flask 25cm? cell culture, the cell at the beginning
of mitotic division and growth determined by (white arrow). Developed
the neurites, and some appeared as long as determined by (head arrow);
this is assessed of the image by the contrast phase of an inverted
microscope.
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5. DISCUSSION

NDDs are a variety of irreversible and more progressive disorders that
potentially cause neuronal death of the central or peripheral nervous systems and are
recognized as the main factor that causes motor and cognitive impairments (Amor et
al., 2014). More than thirty million people are affected by these diseases, which result
in death and disability (Radi et al., 2014). The most common NDDs involve PD, AD,
HD, and ALS, but the causes are unclear (Dauer and Przedborski, 2003).

Common signs of these disorders include impaired mobility, loss of memory,
and behavioural and cognitive deficiencies due to progressive neuronal death
(Mandemakers et al., 2007). The leading causes are excessive OS levels and an
imbalance between the free radicals release and antioxidant defence system, which are
associated with cell death and neurological diseases (Radi et al., 2014). Each NDDs
condition has a different etiology, pathophysiology, and specific clinical signs (Gupta,
2022). Generally, in these diseases, severe oxidative disturbance can cause cell death
by several mechanisms, either by inhibiting essential cellular activities or stimulating
harmful substances (Barnham et al., 2004).

In vitro studies, toxic substances simulate the NDDs observed in these diseases
and attempt to investigate the mechanism triggered by neuronal damage and cell death
(Huang et al., 2018). Glu is commonly used as a model system to stimulate cell
excitotoxicity that generates the NDDs according to the overproduction of (OS) and
excessive glutamic receptor action that causes neuronal damage(Coyle and
Puttfarcken, 1993). Besides this harmful toxicity influence, in this current study, we
attempted to intervene with AGO as the neuroprotective substance to minimize Glu
neurotoxicity in the cell line by combining this protection substance with Glu toxicity.
This combination approach may be promising with beneficial therapeutic effects on
NDDs. Hence, this study was designed to explain the possible neuroprotective effect
of AGO on HT22 neural cell line in vitro to protect against the Glu neurotoxicity that
induced the depletion of the antioxidant system and signalling molecules pathways
associated with neuronal cell death.

To assess the effectiveness of AGO and Glu with different concentration doses
in the HT22 cell line, we selected some of the methods in this study to determine the
viability and metabolic activity of the cell after administration with different
concentration doses either from AGO or Glu, these methods are including MTT assay
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which is colourimetric analysis a commonly used to determine the appropriate affected
concentration doses of substance on the cell viability through the calculation the 1Cso
value which is a measure used in pharmacology to determine the concentration of a
drug that inhibits 50% of cell viability.

Besides, this method used the Elisa absorbance reader at 570nm to measure the
number of cell survival and obtained the data as an Excel sheet.

The viability is the ratio of living cells to total cells (Nozhat et al., 2022). This
viability of cell culture is frequently evaluated through the metabolic mitochondrial
activity of cells (Vega-Avila and Pugsley, 2011). The MTT assay is a sensible,
accurate, and credible test. It acts based on the capacity of the mitochondria
dehydrogenase enzyme in viable cells to reduce the yellow water-soluble MTT
bromide substrate into a purple or dark-crystalized formazan that is insoluble in water
(Vega-Avila and Pugsley, 2011). DMSO was then added to dissolve the crystallization.

Statistical analysis is used to collect quantitative data to provide reliable results.
This present study was conducted in HT22 neuronal cell lines among various
investigation tools, which is the primary and most used in vitro model for relevant
mechanistic and pharmaceutical studies (Davis and Maher, 1994, Karri et al., 2018,
Alboni et al., 2014). Experimental studies indicated that the HT22 hippocampal cell
line is more sensitive to oxidative Glu neurotoxicity due to a deficiency of ionotropic
Glu receptors (Sagara et al., 1998).

The first part of this current experimental study is to determine the appropriate
effect of the concentration dose of both substances AGO as neuroprotective and Glu
as neurotoxicity on the HT22 neural cell line. Different concentrations of Glu were
administered against the viability of HT22 for different durations, and an MTT assay
and ELISA reader were used to assess the cell viability and calculate the ICso,

In this study, we attempted to measure the effect of AGO in various dosages
depending on time and concentration on cell viability and determined 1Cso on 24h,
48h, and 72hrs at a concentration (2, 4, 8, 16, 25, 50, 75, 100, 150, 200 uM).

The current study found that ICsp of AGO value increased from 62.85uM at 24
hours to 41.86 uM at 48 hours and then decreased to 26.65uM at 72 hours. These
results suggested that the AGO potency may vary over time, potentially impacting its
therapeutic efficacy. These findings indicate that the effectiveness of AGO may vary

depending on the duration of exposure.
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These results are consistent with a study conducted by Yang, J et al. (2016), who
explored the time-dependent efficacy profile of AGO in vitro hypothalamic slice
preparation (Yang et al., 2016). It was perceived that AGO has a dose-dependent
therapeutic outcome on depression and anxiety caused by Fluoride intoxication in mice
(KARADEMIR, 2023). Limited research has been conducted to investigate the impact
of AGO on HT22 cell viability in vitro.

In this study, we focus on understanding how various concentrations and
durations of AGO agents influence cell viability. The objective is to underscore the
significance of studying the effects of AGO drugs on cellular health.

Our study investigated the effect of AGO administration on HT22 cells at various
concentrations. Interestingly, we did not observe any significant differences in the cell
viability between doses ranging from 2 uM to 16 uM (p > 0.05) compared to the
control group for 24hrs, whereas at 48 hrs., the significance began from 8uM.

These findings indicated that the range of 2 uM to 16 uM doses is safe and
possesses neuroprotective properties for 24 hrs. compared with the control group, This
finding suggests that the range of 2 uM tol6 pM doses are safe and include
neuroprotective properties. This study aligns with several studies demonstrating that
AGO could improve cell proliferation, stimulate neurogenesis in the dentate gyrus,
and maintain cell survival (Banasr et al., 2006). The neuroprotective effect of AGO to
minimize cytotoxicity and improve hippocampal cell integration is mediated through
its anti-inflammatory and antioxidant (Cankara et al., 2021). Another study
demonstrated that AGO can increase cellular transcription and BDNF to enhance
neurogenesis in the brain's hippocampus region (Gumuslu et al., 2014). Additionally,
investigations showed that AGO therapy has an antioxidant impact and the capacity to
change the brain's metabolism ATP energy (de Mello et al., 2016). Another research
analysis showed that the administration of AGO encourages cytokine production and
stabilizes the glutathione level and glutathione peroxidase activity (Demirdas et al.,
2016).

However, when the dose was increased and extended from 25 to 200 uM, there
was a noticeable decrease in cell viability compared with the untreated control group
(p <0.001) after 24 and 48 hours.

Regarding the effective dose of AGO in HT 22 cell viability for 72 hrs., only low
concentrations dose 4uM AGO administration showed safety and neuroprotection

compared to the control group (p > 0.05). Moderate doses of AGO (2 uM) displayed a
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noticeable decrease in cell viability compared to the control group with a p-value <
0.05. The doses, such as those at levels of 8uM up to 200 uM, significantly impacted
cellular viability compared to untreated control (p < 0.001). These findings strongly
suggest that cytotoxicity or adverse effects are dose-dependent and associated with
increased concentrations of AGO.

Glu is a major CNS excitatory neurotransmitter and vital in many physiological
processes. Excessive Glu production might be implicated in several acute and chronic
neurological disorders, including cerebral ischemia, AD, PA, and HD. Glu low
concentration dose between 10 to 100 uM exerts its cytotoxic effects through receptor-
mediated excitotoxicity and non-receptor-mediated oxidative toxicity (Tan et al.,
1998). OS caused by glutathione depletion after prolonged exposure to high
extracellular concentration among 10 to 100 mM of Glu inhibited cystine transport and
led to a form of NCD that exhibits apoptosis and necrosis (van Leyen et al., 2005).

In this current study, the statistical analysis measured the ICso value of Glu at
2.645 mM and showed that it led to the destruction of 50% of the cell. At the same
time, other little concentrations of Glu did not exhibit significant cytotoxicity
compared with the untreated control for 24h. However, for one day of treatment, the
cell viability significantly decreased at high doses 3mM, 4 mM, and 5mM of Glu.
These findings strongly suggested that cytotoxicity or adverse effects are dose-
dependent and associated with increased concentrations of Glu and affect the cell
appearance and intracellular structure by reducing the cell size according to findings
present under the inverted microscope. We showed a higher significant level began
from low concentrations dose 1 mM, which significantly increased excessively when
the concentration was elevated, affecting the cell appearance and reducing the cell size
under the microscope. Dose 4 and 5 mM, the viability dropped significantly compared
with the control group (p <0.001).

These results align with those previously published the Glu toxicity in C6 cells,
induced cell death via inhibit cystine transport (Han et al., 1997). Another study was
supportive of the hypothesis that the treatment effect of the high concentration level of
extracellular Glu acted as a neurotoxic substance and promoted neuronal death by
increasing OS levels, causing a deficit in the antioxidant system in various types of
neural cell lines and primary cell cultures (Kim et al., 2017, Fukui et al., 2009, Jeong
et al., 2007).
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Another comparative study supported and reinforced that Glu toxicity
stimulated neuronal apoptosis cells (Han et al., 1997, Murphy et al., 1989).
Furthermore, the subsequent study reported that Glu concentration levels were more
than average and able to activate neurotoxicity and led to neuronal damage also in
PC12 neuronal cells and hippocampus neural cell line, whereas the lowest dose of Glu
does not appear to affect the cell clearly (Bhavnani et al., 2003). Exposure to Glu can
damage the primary cortical cells, such as glial and neuronal cells (Koh and Choi,
1987). Another study showed that Glu caused neurotoxicity by producing ROS in the
cell line culture (Fu and Koo, 2006). An early decrease in intracellular glutathione
precedes Glu-induced cell death.

Furthermore, this resulted in an agreement with previous reports, indicating that
Glu can induce cell death and damage (Schelman et al., 2004). Other findings suggest
Glu toxicity in cell death due to an apoptotic mechanism (Nishi et al., 1999). Excessive
extracellular stimulation induced death in HT 22 by inhibiting or activating some
proteins related to cell death (Lee et al., 2021). Glu-induced mitochondrial dysfunction
in HT22 cells and reduced membrane potential releases cytochrome ¢ and causes cell
death (Fukui et al., 2009). In addition, the excitotoxicity of Glu can increase
autophagic genetic proteins that are associated with neuronal death (Kulbe et al.,
2014). Some studies support our results of the Glu-induced excessive production of
OS and mitochondrial dysfunction (Jeong et al., 2022). Much of the data from the
above research appears to be consistent with the present study's findings, which
indicate that Glu has a neurotoxic influence on cell viability and causes cell damage
and death.

Based on the beneficial outcome of AGO on neuronal cell viability and its acts
as the substance that supports the endogenous antioxidant defence system and after
determining the ICso of AGO substances in this current study, we attempted to examine
the possible effect of AGO to mitigate the negative impacts of the Glu induced
neurotoxicity on the HT22 neural cell line. In addition, we used two concentration
doses of AGO neuroprotective effect to determine the 1Csp value is 60 uM as a high
neuroprotective dose, and half of 60 uM dose as a low neuroprotective concentration
dose 30 uM

In comparison, to reach the high impact of Glu neurotoxicity that induced the
cell death, we used a high concentration dose, such as 5mM of Glu toxicity, to give

an elevated effect to decrease the cell viability instead of the 1Csg value 2.465mM dose.
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As MTT assay results showed, significant statistical differences among the cell
groups treated with the different doses of AGO (30 uM and 60uM) could protect the
cell viability and survival compared with the group treated with Glu toxicity in the
mean of the total number of absorbance cell viability. These results are at the same
level as other studies that reported that AGO therapy could increase neuronal survival
and proliferation (Banasr et al., 2004).

Furthermore, AGO promotes neuronal maturation ratio, and enhanced outgrowth
of hippocampal granular cells' neurite might accelerate the growth in different phases
of neurogenesis (Soumier et al., 2009, Tardito et al., 2012). According to some
research, AGO regulates cell survival by collaborating with the action of MT1/MT2
and 5-HT2C receptors, whereas cell proliferative control through the activity of the 5-
HT2C is antagonistic (AlAhmed and Herbert, 2010). There is widespread agreement
that AGO can potentially treat AD since it reduces OS and the inflammatory response
and prevents cellular senescence via regulating SIRT 6 (Wang et al., 2021). Some
studies published by Soumier et al. reported that AGO therapy enhanced the neuronal
cell's proliferation, maturation, and survival (Soumier et al., 2009). In this case, we
suggested that AGO resembles melatonin, which can act by the exact mechanism of
melatonin to produce antioxidant and anti-inflammatory properties. Another study
supported our findings that AGO administration can promote neurogenesis and
prevent cell death in stress hippocampal rats (Yucel et al., 2016). In addition, the
results showed a significant decrease in cell viability was observed in the Glu group
compared with the control and neuroprotective groups and the significant presence at
(p <0.001). This cell viability may be inhibited because Glu acted as a neurotoxic
substance and promoted neuronal cell death by increasing oxidative stress levels (Kim
et al., 2017, Fukui et al., 2009, Jeong et al., 2007).

According to several previous studies, our study suggested the positive result of
AGO as neuroprotective typically had many benefits and positive outcomes to improve
the proliferative and enhanced neurogenesis and maintain cell viability. There remains
a substantial degree of significance When comparing the low and high levels doses of
AGO groups with the Glu toxicity group (p <0.001).

These findings underscore the considerable impact of AGO treatment on cellular
viability as neuroprotective. These findings support and align with some research by
Akpinar et al. (2014) that AGO treatment reduced OS generation and prevented the
death of PC12 cells. Additionally, this study omitted previous research on AGO,
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which has been shown to have an anti-inflammatory response triggered by the
suppression of pro-inflammatory cytokines. (Hong et al., 2021a, Hyeon et al., 2017).

Further assessment confirms and strengthens my findings that AGO had effects
resembling melatonin to reduce Ca?* influx from the endoplasmic reticulum mitigated
Glu excitotoxicity (Chanmanee et al., 2022).

In line with previous studies, AGO promotes neuronal regeneration, prevents the
nuclear morphological change in the cell, and has an anti-inflammatory effect in the
hippocampal area. Recently reported studies showed that it would have therapeutic
neuroprotective benefits against OS to maintain the brain endothelial cells' survival
after exposure to inflammation and toxicity (Cheng et al., 2020).

Additionally, these findings disagree with some studies investigating AGO's
potential hepatotoxic effects on immortalized human hepatic cell line L02. Results
show significant suppression of cell survival in both concentration-dependent and
time-dependent manners (Jia et al., 2019).

Another study was conducted that AGO effectively inhibited colorectal
adenocarcinoma cell proliferation and reduced G1 phase cell number in HCT-116 and
HCT-116 p53 null cells, its potency compared to melatonin in vitro in dosages and
time-dependent manner (Moreno-SanJuan et al., 2023). In addition, AGO led to
elevated protein oxidation levels and reduced the number of neurons in the rats' brain
tissue striatum (Giinaydin et al., 2019).

The DMSO is an amphipathic molecule consisting of two nonpolar methyl
groups and a polar domain sulfinyl group, and it may switch hydrophobic barriers and
lead to solubilizing both polar and nonpolar molecules (de Abreu Costa et al., 2017).
It is frequently used to solubilize medical medicines. Besides, these groups also treated
cells with different doses of DMSO; one group was given 3ul, and the other group of
the cells administrated 6 ul This dose depends on dilution of AGO in the DMSO
solution to detect the toxicity impact in this current study.

The statistical analysis showed that the cell death induced by Glu toxicity was
significantly higher than that caused by DMSO toxicity, as evidenced by a reduction
in cell numbers. When comparing these concentration doses of DMSO with the control
group, the significant degree was at (p <0.001). Some study reinforces, supports, and
are in the same line with my findings. At the same time, some previous studies showed
that DMSO caused retinal apoptosis when used at low concentrations (5 ul), and the

toxicity demonstrated clearly in retinal neuronal cells (Galvao et al., 2014). On the
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other hand, some studies showed that a 10% concentration of DMSO did not affect the
viability of human peripheral blood mononuclear cell culture (De Abreu Costa et al.,
2017). More than 10 percent of DMSO suggested unaffected the apical membrane's
permeability or the tight junction of the cell (Da Violante et al., 2002).

73



6. CONCLUSION

Our findings concluded that the neuroprotective effects of AGO in HT22 cells
are dosage and duration dependent. The study indicates that lower concentrations of
AGO have shown notable benefits in maintaining cell viability. However, higher doses
appear to adversely affect cellular viability as they exhibit cytotoxicity. These results
emphasize the importance of carefully considering the concentration and length of
treatment with AGO when assessing its potential neuroprotective properties. Further
research is needed to determine the optimal concentration and duration for achieving
the desired outcome without causing harm to cellular viability.

Based on MTT assay and statistical analysis, Glu treatment significantly reduced
the viability of cultured HT22 cells. Also, treatment with either low or high AGO
concentrations in the neural cell significantly exhibited neurotoxicity and increased
cell viability compared to the Glu-treated group (p < 0.001). Also, we found that
dimethyl sulfoxide at high concentrations dosage is slightly cytotoxic compared with
a Glu group. Our findings suggest that the AGO administration may inhibit Glu
neurotoxicity and increase cell viability compared with a toxic group.
Recommendation

e Administration of AGO may heal the neurodegeneration caused by Glu
toxicity.

e Further investigations, additional data on the determination of reactive oxygen
species release, the level of glutathione associated with Glu cytotoxicity, and
oxidative stress activity will be beneficial to support our result for the AGO
protection on cell viability.

74



7. REFERENCES

Adan, A., Kiraz, Y. and Baran, Y. (2016). Cell proliferation and cytotoxicity assays. Current
pharmaceutical biotechnology, 17(14), 1213-1221.

Aguiar, C. C., Almeida, A. B., Araujo, P. V., Vasconcelos, G. S., Chaves, E. M., Do Vale, O.
C., Macédo, D. S., De Sousa, F. C., Viana, G. S. and Vasconcelos, S. M. (2012).
Anticonvulsant effects of agomelatine in mice. Epilepsy Behav, 24(3), 324-8.

Aguiar, C. C., Almeida, A. B., Araujo, P. V., Vasconcelos, G. S., Chaves, E. M., Do Vale, O.
C., Macédo, D. S., Leal, L. K., De Barros Viana, G. S. and Vasconcelos, S. M. (2013).
Effects of agomelatine on oxidative stress in the brain of mice after chemically
induced seizures. Cell Mol Neurobiol, 33(6), 825-35.

Akpinar, A., Uguz, A. C. and Naziroglu, M. (2014). Agomelatine and duloxetine
synergistically modulates apoptotic pathway by inhibiting oxidative stress triggered
intracellular calcium entry in neuronal PC12 cells: role of TRPM2 and voltage-gated
calcium channels. The Journal of membrane biology, 247(5), 451-459.

Alahmed, S. and Herbert, J. (2010). Effect of agomelatine and its interaction with the daily
corticosterone rhythm on progenitor cell proliferation in the dentate gyrus of the adult
rat. Neuropharmacology, 59(6), 375-379.

Alboni, S., Montanari, C., Benatti, C., Sanchez-Alavez, M., Rigillo, G., Blom, J. M. C.,
Brunello, N., Conti, B., Pariante, M. C. and Tascedda, F. (2014). Interleukin 18
activates MAPKs and STAT3 but not NF-xB in hippocampal HT-22 cells. Brain,
Behavior, and Immunity, 4085-94.

Amaral, D. G. and Witter, M. P. (1989). The three-dimensional organization of the
hippocampal formation: A review of anatomical data. Neuroscience, 31(3), 571-591.

Ambrose, C. T. (2019). An amended history of tissue culture: Concerning Harrison, Burrows,
Mall, and Carrel. Journal of Medical Biography, 27(2), 95-102.

Amor, S., Peferoen, L. A., Vogel, D. Y., Breur, M., Van Der Valk, P., Baker, D. and Van
Noort, J. M. (2014a). Inflammation in neurodegenerative diseases—an update.
Immunology, 142(2), 151-166.

Amor, S., Peferoen, L. a. N., Vogel, D. Y. S., Breur, M., Van Der Valk, P., Baker, D. and Van
Noort, J. M. (2014b). Inflammation in neurodegenerative diseases - an update.
Immunology, 142(2), 151-166.

Andreone, B. J.,, Larhammar, M. and Lewcock, J. W. (2020). Cell Death and
Neurodegeneration. Cold Spring Harb Perspect Biol, 12(2).

Aslantiirk, O. S. (2018). In vitro cytotoxicity and cell viability assays: principles, advantages,
and disadvantages. Genotoxicity-A predictable risk to our actual world, 264-80.

Asztély, F. and Gustafsson, B. (1996). lonotropic glutamate receptors. Molecular
neurobiology, 12(1), 1-11.

Atanasova, D., Lazarov, N., Stoyanov, D. S., Spassov, R. H., Tonchev, A. B. and
Tchekalarova, J. (2021). Reduced neuroinflammation and enhanced neurogenesis
following chronic agomelatine treatment in rats undergoing chronic constant light.
Neuropharmacology, 197108706.

Ballester, P., Martinez, M. J., Inda, M. D., Javaloyes, A., Richdale, A. L., Muriel, J., Belda,
C., Toral, N., Morales, D., Fernandez, E. and Peir6, A. M. (2019). Evaluation of
agomelatine for the treatment of sleep problems in adults with autism spectrum
disorder and co-morbid intellectual disability. J Psychopharmacol, 33(11), 1395-
1406.

Banasr, M., Hery, M., Printemps, R. and Daszuta, A. (2004). Serotonin-induced increases in
adult cell proliferation and neurogenesis are mediated through different and common
5-HT receptor subtypes in the dentate gyrus and the subventricular zone.
Neuropsychopharmacology, 29(3), 450-460.

Banasr, M., Soumier, A., Hery, M., Mocaér, E. and Daszuta, A. (2006). Agomelatine, a new
antidepressant, induces regional changes in hippocampal neurogenesis. Biological
psychiatry, 59(11), 1087-1096.

75



Barnham, K. J., Masters, C. L. and Bush, A. I. (2004). Neurodegenerative diseases and
oxidative stress. Nature reviews Drug discovery, 3(3), 205-214.

Bazzett, T. J., Albin, R. L. and Becker, J. B. 2000. Malonic acid and the chronic administration
model of excitotoxicity. Mitochondrial Inhibitors and Neurodegenerative Disorders.
Springer.

Bernardes De Jesus, B., Vera, E., Schneeberger, K., Tejera, A. M., Ayuso, E., Bosch, F. and
Blasco, M. A. (2012). Telomerase gene therapy in adult and old mice delays aging
and increases longevity without increasing cancer. EMBO molecular medicine, 4(8),
691-704.

Bhavnani, B. R., Berco, M. and Binkley, J. (2003). Equine estrogens differentially prevent
neuronal cell death induced by glutamate. Journal of the Society for Gynecologic
Investigation, 10(5), 302-308.

Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S. and Kalayci, O. (2012). Oxidative stress
and antioxidant defense. World allergy organization journal, 59-19.

Boiko, D. 1., Shkodina, A. D., Hasan, M. M., Bardhan, M., Kazmi, S. K., Chopra, H., Bhutra,
P., Baig, A. A. and Skrypnikov, A. M. (2022). Melatonergic Receptors (Mt1/Mt2) as
a Potential Additional Target of Novel Drugs for Depression. Neurochem Res, 47(10),
2909-2924.

Bryan, T. and Redder, R. R. (1994). SV40-Induced Immortalization of Human Cells. 5(4),
331-357.

Buckner, R. L. (2010). The role of the hippocampus in prediction and imagination. Annual
review of psychology, 6127-48.

Burada, A. P., Vinnakota, R. and Kumar, J. (2020). The architecture of GluD2 ionotropic delta
glutamate receptor elucidated by cryo-EM. Journal of Structural Biology, 211(2),
107546.

Callegari, 1., Mattei, C., Benassi, F., Krueger, F., Grafman, J., Yaldizli, O., Sassos, D.,
Massucco, D., Sciald, C. and Nobili, F. (2016). Agomelatine improves apathy in
frontotemporal dementia. Neurodegenerative Diseases, 16(5-6), 352-356.

Can, O. D., Ugel, U. 1., Demir Ozkay, U. and Ulupinar, E. (2018). The effect of agomelatine
treatment on diabetes-induced cognitive impairments in rats: concomitant alterations
in the hippocampal neuron numbers. International Journal of Molecular Sciences,
19(8), 2461.

Cankara, F. N., Giinaydin, C., Celik, Z. B., Sahin, Y., Pekgoz, S., Erzurumlu, Y. and Giille,
K. (2021). Agomelatine confers neuroprotection against cisplatin-induced
hippocampal neurotoxicity. Metabolic brain disease, 36(2), 339-349.

Cao, Y., Wang, F., Wang, Y. and Long, J. (2021). Agomelatine prevents macrophage
infiltration and brain endothelial cell damage in a stroke mouse model. Aging (Albany
NY), 13(10), 13548-13559.

Capes-Davis, A., Theodosopoulos, G., Atkin, 1., Drexler, H. G., Kohara, A., Macleod, R. A.,
Masters, J. R., Nakamura, Y., Reid, Y. A. and Reddel, R. R. (2010). Check your
cultures! A list of cross-contaminated or misidentified cell lines. International journal
of cancer, 127(1), 1-8.

Carrel, A. (1923). A method for the physiological study of tissues in vitro. The Journal of
Experimental Medicine, 38(4), 407.

Carrel, A. and T Burrows, M. (1910). Cultivation of adult tissues and organs outside of the
body. Journal of the American medical association, 55(16), 1379-1381.

Carter, M. and Shieh, J. 2015. Chapter 14 - Cell Culture Techniques. In: CARTER,
M.andSHIEH, J. (eds.) Guide to Research Techniques in Neuroscience (Second
Edition). San Diego: Academic Press.

Chancey, J. H., Adlaf, E. W., Sapp, M. C., Pugh, P. C., Wadiche, J. I. and Overstreet-Wadiche,
L. S. (2013). GABA depolarization is required for experience-dependent synapse
unsilencing in adult-born neurons. Journal of Neuroscience, 33(15), 6614-6622.

Chanmanee, T., Wongpun, J., Tocharus, C., Govitrapong, P. and Tocharus, J. (2022). The
effects of agomelatine on endoplasmic reticulum stress related to mitochondrial
dysfunction in hippocampus of aging rat model. Chem Biol Interact, 351109703.

76



Chaudiere, J. and Ferrari-lliou, R. (1999). Intracellular Antioxidants: from Chemical to
Biochemical Mechanisms. Food and Chemical Toxicology, 37(9), 949-962.

Chenaf, C., Chapuy, E., Libert, F., Marchand, F., Courteix, C., Bertrand, M., Gabriel, C.,
Mocaér, E., Eschalier, A. and Authier, N. (2017). Agomelatine: a new opportunity to
reduce neuropathic pain—preclinical evidence. PAIN, 158(1), 149-160.

Cheng, F., Chang, H., Yan, F., Yang, A., Liu, J. and Liu, Y. (2020). Agomelatine attenuates
isoflurane-induced inflammation and damage in brain endothelial cells. Drug Design,
Development and Therapy, 145589.

Choi, D. W. (1990). Methods for antagonizing glutamate neurotoxicity. Cerebrovasc Brain
Metab Rev, 2(2), 105-47.

Choi, D. W. (1992). Excitotoxic cell death. J Neurobiol, 23(9), 1261-76.

Clarke, P. G. H. (1990). Developmental cell death: morphological diversity and multiple
mechanisms. Anatomy and Embryology, 181(3), 195-213.

Conboy, L., Tanrikut, C., Zoladz, P. R., Campbell, A. M., Park, C. R., Gabriel, C., Mocaer,
E., Sandi, C. and Diamond, D. M. (2009a). The antidepressant agomelatine blocks the
adverse effects of stress on memory and enables spatial learning to rapidly increase
neural cell adhesion molecule (NCAM) expression in the hippocampus of rats. Int J
Neuropsychopharmacol, 12(3), 329-41.

Conboy, L., Tanrikut, C., Zoladz, P. R., Campbell, A. M., Park, C. R., Gabriel, C., Mocaer,
E., Sandi, C. and Diamond, D. M. (2009b). The antidepressant agomelatine blocks the
adverse effects of stress on memory and enables spatial learning to rapidly increase
neural cell adhesion molecule (NCAM) expression in the hippocampus of rats.
International Journal of Neuropsychopharmacology, 12(3), 329-341.

Coyle, J. T. and Puttfarcken, P. (1993). Oxidative Stress, Glutamate, and Neurodegenerative
Disorders. Science, 262(5134), 689-695.

Da Violante, G., Zerrouk, N., Richard, I., Provot, G., Eacute, Rard, Chaumeil, J. C. and
Arnaud, P. (2002). Evaluation of the Cytotoxicity Effect of Dimethyl Sulfoxide
(DMSO) on Caco2/TC7 Colon Tumor Cell Cultures. Biological and Pharmaceutical
Bulletin, 25(12), 1600-1603.

Dagyte, G., Crescente, 1., Postema, F., Seguin, L., Gabriel, C., Mocaér, E., Den Boer, J. A.
and Koolhaas, J. M. (2011). Agomelatine reverses the decrease in hippocampal cell
survival induced by chronic mild stress. Behavioural Brain Research, 218(1), 121-
128.

Danbolt, N. C. (2001). Glutamate uptake. Progress in Neurobiology, 65(1), 1-105.

Dauer, W. and Przedborski, S. (2003). Parkinson's disease: mechanisms and models. Neuron,
39(6), 889-909.

Davis, J. B. and Maher, P. (1994). Protein kinase C activation inhibits glutamate-induced
cytotoxicity in a neuronal cell line. Brain research, 652(1), 169-173.

De Abreu Costa, L., Henrique Fernandes Ottoni, M., Dos Santos, M. G., Meireles, A. B.,
Gomes De Almeida, V., De Fatima Pereira, W., Alves De Avelar-Freitas, B. and
Eustaquio Alvim Brito-Melo, G. (2017a). Dimethyl Sulfoxide (DMSO) Decreases
Cell Proliferation and TNF-a, IFN-y, and IL-2 Cytokines Production in Cultures of
Peripheral Blood Lymphocytes. Molecules, 22(11).

De Abreu Costa, L., Henrique Fernandes Ottoni, M., Dos Santos, M. G., Meireles, A. B.,
Gomes De Almeida, V., De Fatima Pereira, W., Alves De Avelar-Freitas, B. and
Eustaquio Alvim Brito-Melo, G. (2017b). Dimethyl Sulfoxide (DMSO) Decreases
Cell Proliferation and TNF-a, IFN-y, and IL-2 Cytokines Production in Cultures of
Peripheral Blood Lymphocytes. Molecules, 22(11), 1789.

De Berardis, D., Fornaro, M., Serroni, N., Campanella, D., Rapini, G., Olivieri, L., Srinivasan,
V., lasevoli, F., Tomasetti, C. and De Bartolomeis, A. (2015). Agomelatine beyond
borders: current evidences of its efficacy in disorders other than major depression.
International journal of molecular sciences, 16(1), 1111-1130.

De Berardis, D., Marini, S., Fornaro, M., Srinivasan, V., lasevoli, F., Tomasetti, C., Valchera,
A., Perna, G., Quera-Salva, M.-A., Martinotti, G. and Di Giannantonio, M. (2013).
The Melatonergic System in Mood and Anxiety Disorders and the Role of

77



Agomelatine: Implications for Clinical Practice. International Journal of Molecular
Sciences, 14(6), 12458-12483.

De Carnevale Galeti, A. O., De Oliveira, J. G., Pinheiro, M. G. M., Dos Santos, M. B.,
Colombo, J., De Almeida Chuffa, L. G. and De Campos Zuccari, D. a. P. (2021).
Verification of agomelatine in comparison with melatonin as a therapeutic agent to
treat breast cancer. Melatonin Research, 4(1), 141-151.

De Mello, A. H., Souza Lda, R., Cereja, A. C., Schraiber Rde, B., Florentino, D., Martins, M.
M., Petronilho, F., Quevedo, J. and Rezin, G. T. (2016). Effect of subchronic
administration of agomelatine on brain energy metabolism and oxidative stress
parameters in rats. Psychiatry Clin Neurosci, 70(4), 159-66.

Demirdas, A., Naziroglu, M. and Unal, G. (2016). Agomelatine reduces brain, kidney and liver
oxidative stress but increases plasma cytokine production in the rats with chronic mild
stress-induced depression. Metab Brain Dis, 31(6), 1445-1453.

Destrieux, C., Bourry, D. and Velut, S. (2013). Surgical anatomy of the hippocampus.
Neurochirurgie, 59(4), 149-158.

Dingledine, R. and Conn, P. J. (2000). Peripheral Glutamate Receptors: Molecular Biology
and Role in Taste Sensation. The Journal of Nutrition, 130(4), 1039S-1042S.
Duncan, T. and Valenzuela, M. (2017). Alzheimer’s disease, dementia, and stem cell therapy.

Stem cell research & therapy, 81-9.

Duprez, L., Wirawan, E., Berghe, T. V. and Vandenabeele, P. (2009). Major cell death
pathways at a glance. Microbes and Infection, 11(13), 1050-1062.

Earle, W. R. (1943). Production of malignancy in vitro. J. Natl. Cancer Inst, 4165-212.

Egbenya, D. L., Aidoo, E. and Kyei, G. (2021). Glutamate receptors in brain development.
Childs Nerv Syst, 37(9), 2753-2758.

Encinas, J. M., Michurina, T. V., Peunova, N., Park, J. H., Tordo, J., Peterson, D. A., Fishell,
G., Koulakov, A. and Enikolopov, G. (2011). Division-coupled astrocytic
differentiation and age-related depletion of neural stem cells in the adult hippocampus.
Cell Stem Cell, 8(5), 566-79.

Eves, E. M., Wainer, B. H. and Rosner, M. R. (1995). Generation of Neuronal Cell Lines from
Mitotic and Postmitotic Rat Hippocampal Cultures. Methods, 7(3), 297-302.

Fedoroff, S. (1966). Proposed usage of animal tissue culture terms. In vitro, 155-159.

Fedoroff, S. (1967). Proposed usage of animal tissue culture terms. Canadian Journal of
Genetics and Cytology, 9(2), 412-418.

Fedoroff, S. (1975). Proposed usage of animal tissue culture terms. TCA manual / Tissue
Culture Association, 1(1), 53-57.

Fornaro, M., Prestia, D., Colicchio, S. and Perugi, G. (2010). A systematic, updated review on
the antidepressant agomelatine focusing on its melatonergic modulation. Current
Neuropharmacology, 8(3), 287-304.

Frederiksen, K., Jat, P., Valtz, N., Levy, D. and Mckay, R. (1988). Immortalization of
precursor cells from the mammalian CNS. Neuron, 1(6), 439-448.

Freshney, R. I. (2005). Subculture and cell lines. Culture of animal cells: a manual of basic
technique.

Freshney, R. I. 2006. Basic principles of cell culture. Wiley Online Library.

Freshney, R. I. (2015). Culture of animal cells: a manual of basic technique and specialized
applications, John Wiley & Sons.

Fu, Y. and Koo, M. W. (2006). EGCG protects HT-22 cells against glutamate-induced
oxidative stress. Neurotox Res, 10(1), 23-30.

Fukui, M., Song, J.-H., Choi, J., Choi, H. J. and Zhu, B. T. (2009). Mechanism of glutamate-
induced neurotoxicity in HT22 mouse hippocampal cells. European Journal of
Pharmacology, 617(1), 1-11.

Galluzzi, L., Maiuri, M. C., Vitale, 1., Zischka, H., Castedo, M., Zitvogel, L. and Kroemer, G.
(2007). Cell death modalities: classification and pathophysiological implications. Cell
Death & Differentiation, 14(7), 1237-1243.

78



Galvao, J., Davis, B., Tilley, M., Normando, E., Duchen, M. R. and Cordeiro, M. F. (2014).
Unexpected low-dose toxicity of the universal solvent DMSO. Faseb j, 28(3), 1317-
30.

Gitler, A. D., Dhillon, P. and Shorter, J. 2017. Neurodegenerative disease: models,
mechanisms, and a new hope. The Company of Biologists Ltd.

Gongalves, J. T., Schafer, S. T. and Gage, F. H. (2016). Adult Neurogenesis in the
Hippocampus: From Stem Cells to Behavior. Cell, 167(4), 897-914.

Green, B. (2011). Focus on agomelatine. Current Medical Research and Opinion, 27(4), 745-
749.

Greenamyre, J. T. (1986). The Role of Glutamate in Neurotransmission and in Neurologic
Disease. Archives of Neurology, 43(10), 1058-1063.

Gumuslu, E., Mutlu, O., Sunnetci, D., Ulak, G., Celikyurt, I. K., Cine, N., Akar, F., Savli, H.
and Erden, F. (2014). The antidepressant agomelatine improves memory deterioration
and upregulates CREB and BDNF gene expression levels in unpredictable chronic
mild stress (UCMS)-exposed mice. Drug target insights, 8DTI. S13870.

Gilinaydin, C., Avci, B., Bozkurt, A., Onger, M. E., Balci, H. and Bilge, S. S. (2019). Effects
of agomelatine in rotenone-induced Parkinson’s disease in rats. Neuroscience Letters,
69971-76.

Gupta, A. 2022. Chapter 1 - Neurodegenerative diseases. In: GUPTA, A. (ed.) Human
Caspases and Neuronal Apoptosis in Neurodegenerative Diseases. Academic Press.

Gupta, R., Ambasta, R. K. and Kumar, P. (2021). Autophagy and apoptosis cascade: which is
more prominent in neuronal death? Cellular and Molecular Life Sciences, 78(24),
8001-8047.

Hamid, A., Aiyelaagbe, O., Usman, L., Ameen, O. and Lawal, A. (2010). Antioxidants: Its
medicinal and pharmacological applications. African Journal of pure and applied
chemistry, 4(8), 142-151.

Han, D., Sen, C. K., Roy, S., Kobayashi, M. S., Tritschler, H. J. and Packer, L. (1997).
Protection against glutamate-induced cytotoxicity in C6 glial cells by thiol
antioxidants. American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 273(5), R1771-R1778.

Handler, J., Perkins, F. and Johnson, J. (1980). Studies of renal cell function using cell culture
techniques. American Journal of Physiology-Renal Physiology, 238(1), F1-F9.

Harrison, R. G. (1906). Observations on the living developing nerve fiber. Proceedings of the
society for experimental biology and medicine, 4(1), 140-143.

Hass, R., Kasper, C., Béhm, S. and Jacobs, R. (2011). Different populations and sources of
human mesenchymal stem cells (MSC): a comparison of adult and neonatal tissue-
derived MSC. Cell Communication and Signaling, 9(1), 1-14.

He, M., Liu, J.,, Cheng, S., Xing, Y. and Suo, W. Z. (2013). Differentiation renders
susceptibility to excitotoxicity in HT22 neurons. Neural regeneration research, 8(14),
1297-1306.

Hong, N., Ye, Z., Lin, Y., Liu, W., Xu, N. and Wang, Y. (2021a). Agomelatine prevents
angiotensin Il-induced endothelial and mononuclear cell adhesion. Aging (Albany
NY), 13(14), 18515-18526.

Hong, N., Ye, Z., Lin, Y., Liu, W., Xu, N. and Wang, Y. (2021b). Agomelatine prevents
angiotensin Il-induced endothelial and mononuclear cell adhesion. Aging (Albany
NY), 13(14), 18515.

Hyeon, J. Y., Choi, E. Y., Choe, S. H., Park, H. R., Choi, J. I, Choi, I. S. and Kim, S. J. (2017).
Agomelatine, a MT(1)/MT(2) melatonergic receptor agonist with serotonin 5-HT(2C)
receptor antagonistic properties, suppresses Prevotella intermedia lipopolysaccharide-
induced production of proinflammatory mediators in murine macrophages. Arch Oral
Biol, 8211-18.

lovino, L., Tremblay, M. E. and Civiero, L. (2020). Glutamate-induced excitotoxicity in
Parkinson's disease: The role of glial cells. J Pharmacol Sci, 144(3), 151-164.

79



Jazvin§¢ak Jembrek, M., Radovanovi¢, V., Vlaini¢é, J., Vukovié, L. and Hanzi¢, N. (2018).
Neuroprotective effect of zolpidem against glutamate-induced toxicity is mediated via
the PI3K/Akt pathway and inhibited by PK11195. Toxicology, 406-40758-69.

Jedrzejczak-Silicka, M. (2017). History of cell culture. New insights into cell culture
technology, 1-41.

Jensen, N. H., Cremers, T. I. and Sotty, F. (2010). Therapeutic Potential of 5-
HT<sub>2C</sub> Receptor Ligands. TheScientificWorldJOURNAL, 10694052.

Jeong, G.-S., An, R.-B., Oh, S.-H., Kang, D.-G., Lee, H.-S. and Kim, Y.-C. (2007).
Cytoprotective activity of Belamcanda chinensis rhizome against glutamate-induced
oxidative injury in HT22 cells. Natural Product Sciences, 13(2), 101-104.

Jeong, Y. H,, Kim, T. I, Oh, Y.-C. and Ma, J. Y. (2022). Selaginella tamariscina Inhibits
Glutamate-Induced Autophagic Cell Death by Activating the PISK/AKT/mTOR
Signaling Pathways. International Journal of Molecular Sciences, 23(19), 11445.

Jia, Y., Long, S., Jiang, N., Shan, Z., Lu, Y., Han, F., Yu, J. and Feng, L. (2019). Oxymatrine
ameliorates agomelatine-induced hepatocyte injury through promoting proteasome-
mediated CHOP degradation. Biomedicine & Pharmacotherapy, 114108784,

Jiang, T., Cheng, H., Su, J., Wang, X., Wang, Q., Chu, J. and Li, Q. (2020). Gastrodin protects
against glutamate-induced ferroptosis in HT-22 cells through Nrf2/HO-1 signaling
pathway. Toxicology in Vitro, 62104715.

Kamiloglu, S., Sari, G., Ozdal, T. and Capanoglu, E. (2020). Guidelines for cell viability
assays. Food Frontiers, 1(3), 332-349.

Karademir, B. (2023). The assessment of effectiveness of a novel antidepressant, Agomelatine
on anxiety and depression induced by fluoride intoxication by means of Open-Field
and Hot-Plate tests in mouse model (BalB-C). Ankara Universitesi Veteriner Fakiiltesi
Dergisi, 70(2), 123-130.

Karri, V., Kumar, V., Ramos, D., Oliveira, E. and Schuhmacher, M. (2018). An in vitro
cytotoxic approach to assess the toxicity of heavy metals and their binary mixtures on
hippocampal HT-22 cell line. Toxicology Letters, 28225-36.

Kaur, G. and Dufour, J. M. (2012). Cell lines: Valuable tools or useless artifacts.
Spermatogenesis, 2(1), 1-5.

Kawakami, Z., Kanno, H., Ikarashi, Y. and Kase, Y. (2011). Yokukansan, a kampo medicine,
protects against glutamate cytotoxicity due to oxidative stress in PC12 cells. Journal
of ethnopharmacology, 134(1), 74-81.

Kelly, A. and Stanley, C. A. (2001). Disorders of glutamate metabolism. Mental retardation
and developmental disabilities research reviews, 7(4), 287-295.

Kempermann, G., Song, H. and Gage, F. H. (2015). Neurogenesis in the adult hippocampus.
Cold Spring Harbor perspectives in biology, 7(9), a018812.

Kew, J. N. and Kemp, J. A. (2005). lonotropic and metabotropic glutamate receptor structure
and pharmacology. Psychopharmacology, 179(1), 4-29.

Khan, M. and Gasser, S. (2016). Generating Primary Fibroblast Cultures from Mouse Ear and
Tail Tissues. J Vis Exp, (107).

Kim, N. T., Lee, D. S., Chowdhury, A., Lee, H., Cha, B. Y., Woo, J. T., Woo, E. R. and Jang,
J. H. (2017). Acerogenin C from Acer nikoense exhibits a neuroprotective effect in
mouse hippocampal HT22 cell lines through the upregulation of Nrf-2/HO-1 signaling
pathways. Molecular Medicine Reports, 16(2), 1537-1543.

Knierim, J. J. (2015). The hippocampus. Current Biology, 25(23), R1116-R1121.

Knowles, W. D. (1992). Normal anatomy and neurophysiology of the hippocampal formation.
Journal of Clinical Neurophysiology, 9(2), 253-263.

Kobayashi, M. S., Han, D. and Packer, L. (2000). Antioxidants and herbal extracts protect HT-
4 neuronal cells against glutamate-induced cytotoxicity. Free radical research, 32(2),
115-124.

Koh, J. Y. and Choi, D. W. (1987). Quantitative determination of glutamate mediated cortical
neuronal injury in cell culture by lactate dehydrogenase efflux assay. J Neurosci
Methods, 20(1), 83-90.

80



Kohno, S., Murata, T., Koide, N., Hikita, K. and Kaneda, N. (2011). Establishment and
characterization of a noradrenergic adrenal chromaffin cell line, tsAMS5NE,
immortalized with the temperature-sensitive SV40 T-antigen. Cell Biol Int, 35(4),
325-34.

Korch, C. T. and Capes-Davis, A. (2021). The Extensive and Expensive Impacts of HEp-2
[HeLa], Intestine 407 [HeLa], and Other False Cell Lines in Journal Publications.
SLAS DISCOVERY: Advancing the Science of Drug Discovery, 26(10), 1268-1279.

Kovacs, G. G., Milenkovic, I., Wéohrer, A., Hoftberger, R., Gelpi, E., Haberler, C.,
Honigschnabl, S., Reiner-Concin, A., Heinzl, H., Jungwirth, S., Krampla, W., Fischer,
P. and Budka, H. (2013). Non-Alzheimer neurodegenerative pathologies and their
combinations are more frequent than commonly believed in the elderly brain: a
community-based autopsy series. Acta Neuropathol, 126(3), 365-84.

Kozareva, D. A., Cryan, J. F. and Nolan, Y. M. (2019). Born this way: Hippocampal
neurogenesis across the lifespan. Aging Cell, 18(5), e13007.

Kriegstein, A. R. (2005). Constructing circuits: neurogenesis and migration in the developing
neocortex. Epilepsia, 4615-21.

Kritis, A. A., Stamoula, E. G., Paniskaki, K. A. and Vavilis, T. D. (2015). Researching
glutamate — induced cytotoxicity in different cell lines: a comparative/collective
analysis/study. Frontiers in Cellular Neuroscience, 9.

Kulbe, J. R., Mulcahy Levy, J. M., Coultrap, S. J., Thorburn, A. and Bayer, K. U. (2014).
Excitotoxic glutamate insults block autophagic flux in hippocampal neurons. Brain
Res, 154212-9.

Ladurelle, N., Gabriel, C., Viggiano, A., Mocaér, E., Baulieu, E. E. and Bianchi, M. (2012).
Agomelatine (S20098) modulates the expression of cytoskeletal microtubular
proteins, synaptic markers and BDNF in the rat hippocampus, amygdala and PFC.
Psychopharmacology, 221(3), 493-509.

Lee, K. H., Cha, M. and Lee, B. H. (2020). Neuroprotective Effect of Antioxidants in the
Brain. Int J Mol Sci, 21(19).

Lee, P.J.,Pham, C. H., Thuy, N. T. T., Park, H. J., Lee, S. H., Yoo, H. M. and Cho, N. (2021).
1-Methoxylespeflorin G11 Protects HT22 Cells from Glutamate-Induced Cell Death
through Inhibition of ROS Production and Apoptosis. J Microbiol Biotechnol, 31(2),
217-225.

Lee, Y. S, Park, S. Y., Heo, H. J., Lee, W. S., Hong, K. W. and Kim, C. D. (2019). Multitarget-
directed cotreatment with cilostazol and aripiprazole for augmented neuroprotection
against oxidative stress-induced toxicity in HT22 mouse hippocampal cells. European
Journal of Pharmacology, 857172454,

Lendahl, U. and Mckay, R. D. (1990). The use of cell lines in neurobiology. Trends in
neurosciences, 13(4), 132-137.

Leuner, B. and Gould, E. (2010). Structural plasticity and hippocampal function. Annu Rev
Psychol, 61111-40, c1-3.

Li, B., Jeong, G.-S., Kang, D.-G., Lee, H.-S. and Kim, Y.-C. (2009). Cytoprotective effects of
lindenenyl acetate isolated from Lindera strychnifolia on mouse hippocampal HT22
cells. European Journal of Pharmacology, 614(1), 58-65.

Li, Z. 2011. 5.43 - In Vitro Micro-Tissue and -Organ Models for Toxicity Testing. In: MOO-
YOUNG, M. (ed.) Comprehensive Biotechnology (Second Edition). Burlington:
Academic Press.

Liao, Y., Zhang, X., Li, C., Huang, Y., Lei, M., Yan, M., Zhou, Y. and Zhao, C. (2016).
Inclusion complexes of HP-B-cyclodextrin with agomelatine: Preparation,
characterization, mechanism study and in vivo evaluation. Carbohydrate Polymers,
147415-425.

Lin, M. T. and Beal, M. F. (2006). Mitochondrial dysfunction and oxidative stress in
neurodegenerative diseases. Nature, 443(7113), 787-795.

Lipton, S. A. and Rosenberg, P. A. (1994). Excitatory Amino Acids as a Final Common
Pathway for Neurologic Disorders. New England Journal of Medicine, 330(9), 613-
622.

81



Liu, J., Li, L. and Suo, W. Z. (2009). HT22 hippocampal neuronal cell line possesses
functional cholinergic properties. Life Sci, 84(9-10), 267-71.

Liu, Y., Gao, H., Xu, H., Ren, F. and Ren, G. (2016). Influence of temperature, solvents, and
excipients on crystal transformation of agomelatine. Organic Process Research &
Development, 20(9), 1559-1565.

Lothman, E. W., Bertram, E. H. and Stringer, J. L. (1991). Functional anatomy of hippocampal
seizures. Progress in Neurobiology, 37(1), 1-82.

L4, J. M., Lin, P. H,, Yao, Q. and Chen, C. (2010). Chemical and molecular mechanisms of
antioxidants: experimental approaches and model systems. J Cell Mol Med, 14(4),
840-60.

Ma, Q. (2014). Advances in mechanisms of anti-oxidation. Discov Med, 17(93), 121-30.

Ma, Y., Qi, Q., He, Q., Gilyazova, N. S., Ibeanu, G. and Li, P. A. (2021). Neuroprotection by
B355252 against Glutamate-Induced Cytotoxicity in Murine Hippocampal HT-22
Cells Is Associated with Activation of ERK3 Signaling Pathway. Biol Pharm Bull,
44(11), 1662-1669.

Macdonald, C. (1990). Development of new cell lines for animal cell biotechnology. Critical
reviews in biotechnology, 10(2), 155-178.

Mandemakers, W., Morais, V. A. and De Strooper, B. (2007). A cell biological perspective on
mitochondrial dysfunction in Parkinson disease and other neurodegenerative diseases.
Journal of cell science, 120(10), 1707-1716.

Markl, C. and Zlotos, D. P. (2011). A novel synthesis of the antidepressant agomelatine.
Synthesis, 2011(01), 79-82.

Marrocco, J., Reynaert, M.-L., Gatta, E., Gabriel, C., Mocaér, E., Di Prisco, S., Merega, E.,
Pittaluga, A., Nicoletti, F., Maccari, S., Morley-Fletcher, S. and Mairesse, J. (2014).
The effects of antidepressant treatment in prenatally stressed rats support the
glutamatergic hypothesis of stress-related disorders. The Journal of neuroscience : the
official journal of the Society for Neuroscience, 34(6), 2015-2024.

Masters, J. R. and Stacey, G. N. (2007). Changing medium and passaging cell lines. Nature
protocols, 2(9), 2276-2284.

Mcateer, J. A. and Douglas, W. H. 1979. [10] Monolayer culture techniques. Methods in
enzymology. Elsevier.

Mckenna, M. C., Sonnewald, U., Huang, X., Stevenson, J. and Zielke, H. R. (1996).
Exogenous glutamate concentration regulates the metabolic fate of glutamate in
astrocytes. J Neurochem, 66(1), 386-93.

Millan, M. J., Brocco, M., Gobert, A. and Dekeyne, A. (2005). Anxiolytic properties of
agomelatine, an antidepressant with melatoninergic and serotonergic properties: role
of 5-HT2C receptor blockade. Psychopharmacology, 177(4), 448-458.

Millan, M. J., Gobert, A., Lejeune, F., Dekeyne, A., Newman-Tancredi, A., Pasteau, V., Rivet,
J.-M. and Cussac, D. (2003). The Novel Melatonin Agonist Agomelatine (520098) Is
an Antagonist at 5-Hydroxytryptamine<sub>2C</sub> Receptors, Blockade of Which
Enhances the Activity of Frontocortical Dopaminergic and Adrenergic Pathways.
Journal of Pharmacology and Experimental Therapeutics, 306(3), 954-964.

Milner, B. and Klein, D. (2016). Loss of recent memory after bilateral hippocampal lesions:
memory and memories—looking back and looking forward. Journal of Neurology,
Neurosurgery & Psychiatry, 87(3), 230-230.

Mizrahi, A. and Lazar, A. (1991). Media for cultivation of animal cells: an overview. Animal
Cell Culture and Production of Biologicals, 159-180.

Montejo, A., Prieto, N., Terleira, A., Matias, J., Alonso, S., Paniagua, G., Naval, S., Parra, D.,
Gabriel, C., Mocaér, E. and Portolés, A. (2010). Better sexual acceptability of
agomelatine (25 and 50 mg) compared with paroxetine (20 mg) in healthy male
volunteers. An 8-week, placebo-controlled study using the PRSEXDQ-SALSEX
scale. Journal of Psychopharmacology, 24(1), 111-120.

Moreno-Sanjuan, S., Puentes-Pardo, J. D., Casado, J., Escudero-Feliu, J., Khaldy, H., Arnedo,
J., Carazo, A. and Ledn, J. (2023). Agomelatine, a Melatonin-Derived Drug, as a New
Strategy for the Treatment of Colorectal Cancer. Antioxidants, 12(4), 926.

82



Murphy, T. H., Miyamoto, M., Sastre, A., Schnaar, R. L. and Coyle, J. T. (1989). Glutamate
toxicity in a neuronal cell line involves inhibition of cystine transport leading to
oxidative stress. Neuron, 2(6), 1547-1558.

Niedzielska, E., Smaga, I., Gawlik, M., Moniczewski, A., Stankowicz, P., Pera, J. and Filip,
M. (2016). Oxidative Stress in Neurodegenerative Diseases. Molecular Neurobiology,
53(6), 4094-4125.

Nims, R. W. and Reid, Y. (2017). Best practices for authenticating cell lines. In Vitro Cellular
& Developmental Biology-Animal, 53(10), 880-887.

Nishi, T., Takahashi, M., Ito, H., Yoshihama, I., Takada, E. and Mizuguchi, J. (1999).
Participation of Bcl-2/Bax-alpha in glutamate-induced apoptosis of human
glioblastoma cells. J Neurooncol, 44(2), 109-17.

Nozhat, Z., Khalaji, M. S., Hedayati, M. and Kia, S. K. (2022). Different methods for cell
viability and proliferation assay: essential tools in pharmaceutical studies. Anti-
Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-
Cancer Agents), 22(4), 703-712.

Nyberg, J., Anderson, M. F., Meister, B., Alborn, A.-M., Strom, A.-K., Brederlau, A.,
Illerskog, A.-C., Nilsson, O., Kieffer, T. J. and Hietala, M. A. (2005). Glucose-
dependent insulinotropic polypeptide is expressed in adult hippocampus and induces
progenitor cell proliferation. Journal of Neuroscience, 25(7), 1816-1825.

Paizanis, E., Renoir, T., Lelievre, V., Saurini, F., Melfort, M., Gabriel, C., Barden, N., Mocaér,
E., Hamon, M. and Lanfumey, L. (2010). Behavioural and neuroplastic effects of the
new-generation antidepressant agomelatine compared to fluoxetine in glucocorticoid
receptor-impaired mice. International Journal of Neuropsychopharmacology, 13(6),
759-774.

Parimelazhagan, T. and Thangaraj, P. (2016). Determination of cytotoxicity. Pharmacological
Assays of Plant-Based Natural Products, 159-161.

Park, C.-H., Song, J. H., Kim, S.-N., Lee, J. H., Lee, H.-J., Kang, K. S. and Lim, H.-H. (2020).
Neuroprotective Effects of Tetrahydrocurcumin against Glutamate-Induced Oxidative
Stress in Hippocampal HT22 Cells. Molecules, 25(1), 144.

Park, E., Gim, J., Kim, D. K., Kim, C.-S. and Chun, H. S. (2019). Protective effects of alpha-
lipoic acid on glutamate-induced cytotoxicity in C6 glioma cells. Biological and
Pharmaceutical Bulletin, 42(1), 94-102.

Park, S. Y., Jung, W. J., Kang, J. S., Kim, C.-M., Park, G. and Choi, Y.-W. (2015).
Neuroprotective effects of a-iso-cubebene against glutamate-induced damage in the
HT22 hippocampal neuronal cell line. International journal of molecular medicine,
35(2), 525-532.

Pathak, N., Vimal, S. K., Tandon, I., Agrawal, L., Hongyi, C. and Bhattacharyya, S. (2022).
Neurodegenerative Disorders of Alzheimer, Parkinsonism, Amyotrophic Lateral
Sclerosis and Multiple Sclerosis: An Early Diagnostic Approach for Precision
Treatment. Metab Brain Dis, 37(1), 67-104.

Pham, P. V. 2018. Medical biotechnology: Techniques and applications. Omics technologies
and bio-engineering. Elsevier.

Phelan, K. and May, K. M. (2015). Basic techniques in mammalian cell tissue culture. Current
protocols in cell biology, 66(1), 1.1. 1-1.1. 22.

Phelan, K. and May, K. M. (2017). Mammalian cell tissue culture techniques. Current
protocols in molecular biology, 117(1), A. 3F. 1-A. 3F. 23.

Philippeos, C., Hughes, R. D., Dhawan, A. and Mitry, R. R. 2012. Introduction to cell culture.
Human Cell Culture Protocols. Springer.

Pisoschi, A. M. and Pop, A. (2015). The role of antioxidants in the chemistry of oxidative
stress: A review. European Journal of Medicinal Chemistry, 9755-74.

Popoli, M. (2009a). Agomelatine. CNS drugs, 23(2), 27-34.

Popoli, M. (2009b). Agomelatine: innovative pharmacological approach in depression. CNS
Drugs, 23 Suppl 227-34.

Prasad, R., Kowalczyk, J., Meimaridou, E., Storr, H. and Metherell, L. (2014a). Oxidative
stress and adrenocortical insufficiency. The Journal of endocrinology, 221(3), R63.

83



Prasad, R., Kowalczyk, J. C., Meimaridou, E., Storr, H. L. and Metherell, L. A. (2014b).
Oxidative stress and adrenocortical insufficiency. J Endocrinol, 221(3), R63-73.

Przedborski, S., Vila, M. and Jackson-Lewis, V. (2003). Neurodegeneration: what is it and
where are we? J Clin Invest, 111(1), 3-10.

Racagni, G., Riva, M. A., Molteni, R., Musazzi, L., Calabrese, F., Popoli, M. and Tardito, D.
(2011). Mode of action of agomelatine: synergy between melatonergic and 5-HT2C
receptors. World J Biol Psychiatry, 12(8), 574-87.

Radi, E., Formichi, P., Battisti, C. and Federico, A. (2014a). Apoptosis and oxidative stress in
neurodegenerative diseases. J Alzheimers Dis, 42 Suppl 35125-52.

Radi, E., Formichi, P., Battisti, C. and Federico, A. (2014b). Apoptosis and Oxidative Stress
in Neurodegenerative Diseases. Journal of Alzheimer's Disease, 425125-S152.

Rainer, Q., Xia, L., Guilloux, J.-P., Gabriel, C., Mocaé, R, E., Hen, R., Enhamre, E., Gardier,
A. M. and David, D. J. (2012). Beneficial behavioural and neurogenic effects of
agomelatine in a model of depression/anxiety. International Journal of
Neuropsychopharmacology, 15(3), 321-335.

Rao, W., Zhang, L., Su, N., Wang, K., Hui, H., Wang, L., Chen, T., Luo, P., Yang, Y.-F., Liu,
Z.-B. and Fei, Z. (2013). Blockade of SOCE protects HT22 cells from hydrogen
peroxide-induced  apoptosis.  Biochemical and  Biophysical  Research
Communications, 441(2), 351-356.

Ray, P. D., Huang, B. W. and Tsuiji, Y. (2012). Reactive oxygen species (ROS) homeostasis
and redox regulation in cellular signaling. Cell Signal, 24(5), 981-90.

Rassler, O. G., Bauer, I., Chung, H. Y. and Thiel, G. (2004a). Glutamate-induced cell death
of immortalized murine hippocampal neurons: neuroprotective activity of heme
oxygenase-1, heat shock protein 70, and sodium selenite. Neurosci Lett, 362(3), 253-
7.

Rossler, O. G., Giehl, K. M. and Thiel, G. (2004b). Neuroprotection of immortalized
hippocampal neurones by brain-derived neurotrophic factor and Raf-1 protein kinase:
role of extracellular signal-regulated protein kinase and phosphatidylinositol 3-kinase.
Journal of neurochemistry, 88(5), 1240-1252.

Sagara, Y., Dargusch, R., Chambers, D., Davis, J., Schubert, D. and Maher, P. (1998). Cellular
mechanisms of resistance to chronic oxidative stress. Free Radical Biology and
Medicine, 24(9), 1375-13809.

Saito, M., Handa, K., Kiyono, T., Hattori, S., Yokoi, T., Tsubakimoto, T., Harada, H.,
Noguchi, T., Toyoda, M. and Sato, S. (2005). Immortalization of cementoblast
progenitor cells with Bmi-1 and TERT. Journal of Bone and Mineral Research, 20(1),
50-57.

Saiz-Rodriguez, M., Ochoa, D., Belmonte, C., Roman, M., Vieira De Lara, D., Zubiaur, P.,
Koller, D., Mejia, G. and Abad-Santos, F. (2019). Polymorphisms in CYP1AZ2,
CYP2C9 and ABCB1 affect agomelatine pharmacokinetics. Journal of
Psychopharmacology, 33(4), 522-531.

Sansone, R. A. and Sansone, L. A. (2011). Agomelatine: a novel antidepressant. Innovations
in clinical neuroscience, 8(11), 10-14.

Sarntivijai, S., Lin, Y., Xiang, Z., Meehan, T. F., Diehl, A. D., Vempati, U. D., Schiirer, S. C.,
Pang, C., Malone, J. and Parkinson, H. (2014). CLO: the cell line ontology. Journal
of biomedical semantics, 5(1), 1-10.

Schaeffer, W. 1. (1979). Proposed usage of animal tissue culture terms (Revised 1978) Usage
of vertebrate cell, tissue and organ culture terminology. In Vitro, 15(9), 649-653.

Schelman, W. R., Andres, R. D., Sipe, K. J., Kang, E. and Weyhenmeyer, J. A. (2004).
Glutamate mediates cell death and increases the Bax to Bcl-2 ratio in a differentiated
neuronal cell line. Molecular brain research, 128(2), 160-1609.

Schultz, C. and Engelhardt, M. (2014). Anatomy of the hippocampal formation. The
Hippocampus in Clinical Neuroscience, 346-17.

Segeritz, C.-P. and Vallier, L. 2017. Cell culture: Growing cells as model systems in vitro.
Basic science methods for clinical researchers. Elsevier.

Segeritz, C. P. and Vallier, L. Cell Culture: Growing Cells as Model Systems In Vitro.

84



Sharma, S. V., Haber, D. A. and Settleman, J. (2010). Cell line-based platforms to evaluate
the therapeutic efficacy of candidate anticancer agents. Nature Reviews Cancer, 10(4),
241-253.

Singh, A., Kukreti, R., Saso, L. and Kukreti, S. (2019). Oxidative stress: a key modulator in
neurodegenerative diseases. Molecules, 24(8), 1583.

Singh, S. P. and Singh, V. P. (2017). Quantitative Analysis on the role of Raffinose Synthase
in Hippocampal Neurons. BioRxiv, 240192.

Skotepova, E., Bim, D., Husak, M., Klimes, J., Chatziadi, A., Ridvan, L., Boleslavska, T.,
Beranek, J., Sebek, P. and Rulisek, L. (2017). Increase in Solubility of Poorly-
lonizable Pharmaceuticals by Salt Formation: A Case of Agomelatine Sulfonates.
Crystal Growth & Design, 17(10), 5283-5294.

SkoiEpova, E. K., Bim, D., Husak, M., Klimes, J., Chatziadi, A., Ridvan, L., Boleslavska, T.,
Beranek, J., Sebek, P. and Rulisek, L. (2017). Increase in solubility of poorly-ionizable
pharmaceuticals by salt formation: A case of agomelatine sulfonates. Crystal Growth
& Design, 17(10), 5283-5294.

Soice, E. and Johnston, J. (2021). Immortalizing Cells for Human Consumption. Int J Mol Sci,
22(21).

Solter, D. (2006). From teratocarcinomas to embryonic stem cells and beyond: a history of
embryonic stem cell research. Nat Rev Genet, 7(4), 319-27.

Soudry, Y., Lemogne, C., Malinvaud, D., Consoli, S. M. and Bonfils, P. (2011). Olfactory
system and emotion: common substrates. Eur Ann Otorhinolaryngol Head Neck Dis,
128(1), 18-23.

Soumier, A., Banasr, M., Lortet, S., Masmejean, F., Bernard, N., Kerkerian-Le-Goff, L.,
Gabriel, C., Millan, M. J.,, Mocaer, E. and Daszuta, A. (2009). Mechanisms
contributing to the phase-dependent regulation of neurogenesis by the novel
antidepressant, agomelatine, in the adult rat hippocampus.
Neuropsychopharmacology, 34(11), 2390-2403.

Srinivasan, V., De Berardis, D., Shillcutt, S. D. and Brzezinski, A. (2012a). Role of melatonin
in mood disorders and the antidepressant effects of agomelatine. Expert Opin Investig
Drugs, 21(10), 1503-22.

Srinivasan, V., Zakaria, R., Othman, Z., Lauterbach, E. C. and Acufia-Castroviejo, D. (2012b).
Agomelatine in depressive disorders: its novel mechanisms of action. The Journal of
neuropsychiatry and clinical neurosciences, 24(3), 290-308.

Stanciu, M., Wang, Y., Kentor, R., Burke, N., Watkins, S., Kress, G., Reynolds, 1., Klann, E.,
Angiolieri, M. R., Johnson, J. W. and Defranco, D. B. (2000). Persistent activation of
ERK contributes to glutamate-induced oxidative toxicity in a neuronal cell line and
primary cortical neuron cultures. J Biol Chem, 275(16), 12200-6.

Stella, F., Cerasti, E., Si, B., Jezek, K. and Treves, A. (2012). Self-organization of multiple
spatial and context memories in the hippocampus. Neuroscience & Biobehavioral
Reviews, 36(7), 1609-1625.

Stockert, J. C., Blazquez-Castro, A., Cafiete, M., Horobin, R. W. and Villanueva, A. (2012).
MTT assay for cell viability: Intracellular localization of the formazan product is in
lipid droplets. Acta Histochemica, 114(8), 785-796.

Stoddart, M. J. (2011). Cell viability assays: introduction. Mammalian cell viability: methods
and protocols, 1-6.

Su, Q., Li, T., Liu, G.-W., Zhang, Y.-L., Guo, J.-H., Wang, Z.-J., Wu, M.-N. and Qi, J.-S.
(2023). Agomelatine: a potential novel approach for the treatment of memory disorder
in neurodegenerative disease. Neural Regeneration Research, 18(4), 727-733.

Sweatt, J. D. (2004). Hippocampal function in cognition. Psychopharmacology, 174(1), 99-
110.

Takahashi, K. and Yamanaka, S. (2006). Induction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors. Cell, 126(4), 663-76.

Tan, J. W., Tham, C. L., Israf, D. A, Lee, S. H. and Kim, M. K. (2013). Neuroprotective
effects of biochanin A against glutamate-induced cytotoxicity in PC12 cells via
apoptosis inhibition. Neurochemical research, 38(3), 512-518.

85



Tan, S., Sagara, Y., Liu, Y., Maher, P. and Schubert, D. (1998a). The regulation of reactive
oxygen species production during programmed cell death. J Cell Biol, 141(6), 1423-
32.

Tan, S., Schubert, D. and Maher, P. (2001). Oxytosis: A novel form of programmed cell death.
Curr Top Med Chem, 1(6), 497-506.

Tan, S., Wood, M. and Maher, P. (1998b). Oxidative stress induces a form of programmed
cell death with characteristics of both apoptosis and necrosis in neuronal cells. Journal
of neurochemistry, 71(1), 95-105.

Tardito, D., Molteni, R., Popoli, M. and Racagni, G. (2012). Synergistic mechanisms involved
in the antidepressant effects of agomelatine. European Neuropsychopharmacology,
225482-S486.

Tirosh, O., Sen, C., Roy, S. and Packer, L. (2000). Cellular and mitochondrial changes in
glutamate-induced HT4 neuronal cell death. Neuroscience, 97(3), 531-541.

Tobaben, S., Grohm, J., Seiler, A., Conrad, M., Plesnila, N. and Culmsee, C. (2011). Bid-
mediated mitochondrial damage is a key mechanism in glutamate-induced oxidative
stress and AlF-dependent cell death in immortalized HT-22 hippocampal neurons.
Cell Death & Differentiation, 18(2), 282-292.

Tonnies, E. and Trushina, E. (2017). Oxidative Stress, Synaptic Dysfunction, and Alzheimer's
Disease. J Alzheimers Dis, 57(4), 1105-1121.

Traynelis, S. F., Wollmuth, L. P., Mcbain, C. J., Menniti, F. S., Vance, K. M., Ogden, K. K.,
Hansen, K. B., Yuan, H., Myers, S. J. and Dingledine, R. (2010). Glutamate receptor
ion channels: structure, regulation, and function. Pharmacol Rev, 62(3), 405-96.

Trotti, D., Danbolt, N. C. and Volterra, A. (1998). Glutamate transporters are oxidant-
vulnerable: a molecular link between oxidative and excitotoxic neurodegeneration?
Trends in pharmacological sciences, 19(8), 328-334.

Tsukahara, S., Yamamoto, S., Shwe, T. T. W., Ahmed, S., Kunugita, N., Arashidani, K. and
Fujimaki, H. (2006). Inhalation of Low-Level Formaldehyde Increases the Bcl-2/Bax
Expression Ratio in the Hippocampus of Immunologically Sensitized Mice.
Neuroimmunomodulation, 13(2), 63-68.

Uguz, A. C. and Naziroglu, M. (2012). Effects of selenium on calcium signaling and apoptosis
in rat dorsal root ganglion neurons induced by oxidative stress. Neurochem Res, 37(8),
1631-8.

Valero, J., Bernardino, L., Cardoso, F. L., Silva, A. P., Fontes-Ribeiro, C., Ambroésio, A. F.
and Malva, J. O. (2017a). Impact of Neuroinflammation on Hippocampal
Neurogenesis: Relevance to Aging and Alzheimer's Disease. J Alzheimers Dis, 60(s1),
S161-5168.

Valero, J., Bernardino, L., Cardoso, F. L., Silva, A. P., Fontes-Ribeiro, C., Ambroésio, A. F.
and Malva, J. O. (2017b). Impact of Neuroinflammation on Hippocampal
Neurogenesis: Relevance to Aging and Alzheimer’s Disease. Journal of Alzheimer's
Disease, 60S161-S168.

Van Leyen, K., Siddig, A., Ratan, R. R. and Lo, E. H. (2005). Proteasome inhibition protects
HT22 neuronal cells from oxidative glutamate toxicity. J Neurochem, 92(4), 824-30.

Vega-Avila, E. and Pugsley, M. K. An overview of colorimetric assay methods used to assess
survival or proliferation of mammalian cells. Proc West Pharmacol Soc, 2011. 4.

Verma, A. (2013). Animal Tissue Culture: Principles and Applications. Animal
Biotechnology: Models in Discovery and Translation, 211-231.

Verma, A., Verma, M. and Singh, A. 2020. Animal tissue culture principles and applications.
Animal Biotechnology. Elsevier.

Vimala, P. V., Bhutada, P. S. and Patel, F. R. (2014). Therapeutic potential of agomelatine in
epilepsy and epileptic complications. Med Hypotheses, 82(1), 105-10.

Von Gall, C., Stehle, J. H. and Weaver, D. R. (2002). Mammalian melatonin receptors:
molecular biology and signal transduction. Cell and Tissue Research, 309(1), 151-
162.

86



Vorob'eva, O. (2012). Valdoxan in the treatment of depression in neurological practice: results
of the Russian multicenter naturalistic study" Resonance". Zhurnal nevrologii i
psikhiatrii imeni SS Korsakova, 112(9), 47-51.

Vorob’eva, O. (2013). Valdoxan in the Treatment of Depression in Neurological Practice:
Results of the Russian Multicenter Naturalistic Study “Resonance”. Neuroscience and
Behavioral Physiology, 43(9), 1126-1131.

Wang, J. and Jokerst, J. V. (2016). Stem cell imaging: tools to improve cell delivery and
viability. Stem cells international, 2016.

Wang, J., Zheng, B., Yang, S., Wang, F., Wang, Z. and Wang, J. (2021a). The protective
effects of Agomelatine against AB1-42 oligomers-induced cellular senescence
mediated by SIRT6 and Agomelatine's potential in AD treatment. Hum Cell, 34(6),
1734-1743.

Wang, J., Zheng, B., Yang, S., Wang, F., Wang, Z. and Wang, J. (2021b). The protective
effects of Agomelatine against AB1-42 oligomers-induced cellular senescence
mediated by SIRT6 and Agomelatine’s potential in AD treatment. Human Cell, 34(6),
1734-1743.

Whittemore, S. R. and Onifer, S. M. (2000). Immortalized neural cell lines for CNS
transplantation. Progress in Brain Research, 12749-65.

Wiley, J. L., Dance, M. E. and Balster, R. L. (1998). Preclinical evaluation of the reinforcing
and discriminative stimulus effects of agomelatine (S-20098), a melatonin agonist.
Psychopharmacology, 140(4), 503-509.

Wu, Y. H., Zhou, J. N., Balesar, R., Unmehopa, U., Bao, A., Jockers, R., Van Heerikhuize, J.
and Swaab, D. F. (2006). Distribution of MT1 melatonin receptor immunoreactivity
in the human hypothalamus and pituitary gland: colocalization of MT1 with
vasopressin, oxytocin, and corticotropin-releasing hormone. Journal of Comparative
Neurology, 499(6), 897-910.

Yang, J., Jin, H. J., Mocaér, E., Seguin, L., Zhao, H. and Rusak, B. (2016). Agomelatine affects
rat suprachiasmatic nucleus neurons via melatonin and serotonin receptors. Life
sciences, 155147-154.

Yao, K., Zhao, Y. F. and Zu, H. B. (2019). Melatonin receptor stimulation by agomelatine
prevents AB-induced tau phosphorylation and oxidative damage in PC12 cells. Drug
Des Devel Ther, 13387-396.

Ying, S.-W., Rusak, B., Delagrange, P., Mocaér, E., Renard, P. and Guardiola-Lemaitre, B.
(1996). Melatonin analogues as agonists and antagonists in the circadian system and
other brain areas. European Journal of Pharmacology, 296(1), 33-42.

Yucel, A., Yucel, N., Ozkanlar, S., Polat, E., Kara, A., Ozcan, H. and Gulec, M. (2016). Effect
of agomelatine on adult hippocampus apoptosis and neurogenesis using the stress
model of rats. Acta Histochemica, 118(3), 299-304.

Yucetas, C. S., Ucler, N. and Cakir, T. (2019). The Effects of Agomelatine on The
Biochemical and Pathological Features of Cisplatin-Induced Peripheral Neuropathy:
The First Experimental Study in Rats. Turk Neurosurg, 29(6), 901-908.

Zhang, Y., Wang, J., Wang, C., Li, Z., Liu, X., Zhang, J., Lu, J. and Wang, D. (2018).
Pharmacological basis for the use of evodiamine in Alzheimer’s disease: antioxidation
and antiapoptosis. International journal of molecular sciences, 19(5), 1527.

Zhao, C., Deng, W. and Gage, F. H. (2008). Mechanisms and Functional Implications of Adult
Neurogenesis. Cell, 132(4), 645-660.

Zhou, Y. and Danbolt, N. C. (2014). Glutamate as a neurotransmitter in the healthy brain.
Journal of neural transmission, 121799-817.

Zupancic, M. and Guilleminault, C. (2006). Agomelatine: a preliminary review of a new
antidepressant. CNS drugs, 20981-992.

87



8. CURRICULUM VITA

Negwod Abdelghani Saeed started her education at Human Anatomy,
Omdurman Islamic University, Faculty of Basic Medical Sciences 2000-2005
Khartoum, Sudan. She graduated from the Human Anatomy, University of Gezira,
College of Medicine-Deanship of Graduate Studies and Scientific Research in 2011 with
a master's degree. She started her Ph.D. education at Ondokuz Mayis University
Faculty of Medicine, Department of Histology and Embryology, in 2015. She speaks
English and Arabic (her mother language).

Contact Information:

ORCID ID: 0009-0009-9557-0623

Publications:

1. Negwod, A, S., Onger, M. E.,and Kaplan, S. (2023). Evaluation, The Effective Doses Of
Agomelatine In Ht22hippocampal Neural Cell Line Viability, Using MTT Assay abstract
presented at the 9"international Congress on innovative scientific approaches Samsun-
Turkiye.

2. Negwod, A, S., Onger, M. E., and Kaplan, S. (2023). In Vitro Assessment the toxicity
doses of glutamic acid In HT 22hippocampal neural cell line viability using MTT Assay
abstract presented at the 9"mnternational congress on innovative scientific approaches -
Samsun, Turkiye.

88


file:///C:/Users/negoo/Downloads/nnn.docx



