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Article Info Abstract
Article history Melatonin is widely studied for its neuroprotective properties in various cellular models, but the optimal
Received 10 April 2024 dosage for therapeutic effects remains poorly defined, especially in neuronal cell lines like HT22. Discrepancies
Revised 29 May 2024 in the literature regarding effective melatonin concentrations necessitate a systematic investigation to
Accepted 30 May 2024 establish a standardized therapeutic window that balances efficacy and safety. The aim is to identify the
Published Online 30 June 2024 optimal dosage of melatonin that promotes cell viability and neuroprotection in the HT22 hippocampal
neuronal cell line over various exposure times. A quantitative analysis using the MTT assay measured cell
Keywords viability in HT22 cells treated with increasing concentrations of melatonin (0.1 mM to 5 mM) over time
geleleialljlﬂily intervals of 24, 48, and 72 h. This approach allowed for the assessment of both the neuroprotective and
cells

cytotoxic effects of melatonin across a range of dosages. The study revealed a dose-dependent impact on

m;l?t:s';;; cell viability, with higher concentrations leading to significant cytotoxic effects. Cell viability was
Nl dhsssss relatively high at lower concentrations (0.1 mM to 0.5 mM) across all time points but showed a marked
Neuroprotection decline at concentrations exceeding 0.75 mM. The optimal balance between neuroprotection and minimal
Optimal dosage cytotoxicity was found at doses from 0.1 mM to 0.25 mM. The half-maximal inhibitory concentration
Therapeutic application (IC,,) values indicated increased sensitivity to melatonin over time, decreasing from 0.83 mM at 24 h to

0.39 mM at 72 h. This study successfully defines a more precise therapeutic range for melatonin in HT22
cells, suggesting that lower concentrations (0.1 mM to 0.25 mM) optimize cell viability and neuroprotection
without inducing significant cytotoxic effects. These findings contribute to the ongoing effort to standardize
melatonin dosages in neurobiological research and clinical applications, potentially influencing.

1. Introduction an appropriate model for investigating neurodegenerative diseases
(Cesarini et al., 2018; Fernandez-Acosta et al., 2023). During any
experimentation, it is vital to consider the concentration of the test
compound (Fukui ez al., 2009). Cell viability assays are crucial in
determining the health and function of cells in various experimental
conditions. They help to assess different aspects of cell viability,
such as metabolic activity, membrane integrity, and enzyme activity
(Casafias-Sanchez et al., 2016). There are too many common assays
and techniques used for cell viability measurements, such as MTT

> ' : ! assay, ATP assay, assessment based on membrane integrity, dye
HT22 cells are an immortalized mouse hippocampal cell line (Wang oy clusion tests, esterase activity, flow cytometry, western blot, and

et al., 2019A). They exhibit a high susceptibility to oxidative stress w0 hondrial membrane potential assays (He et al., 2013; Park et
and excitotoxicity, which makes them a dependable, consistent, and ;7 2(20- Zhang et al., 2021).

Cell culture experiments are commonly conducted in biological research
to study the behaviour and characteristics of cells under controlled
conditions (Zatulovskiy et al., 2020). These cell lines can be derived
from various tissues and organisms, including humans, mice, insects,
and others such as HEK293, HeLa, NIH/3T3, and HT22 (Zhang et
al., 2018). They are used extensively in biological and medical
research for various purposes, such as studying cellular mechanisms,
drug development, and understanding disease (Shekh ef al., 2023).

MTT assay utilizes the yellow tetrazolium salt, MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide), which is
reduced by the action of mitochondrial dehydrogenases in living
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concentrations of compounds used in experiments can affect the
viability of cells and increasing the concentrations could lead to
decreased viability (Dludla et al., 2018). Therefore, dose-response
curves are essential to understanding the relationship between dose
and cell viability. Melatonin, primarily produced by the pineal gland,
regulates various endocrine processes in the body (Cipolla-Neto and
Amaral, 2018). At physiological concentrations (0.01 to 10 nM), it
influences intracellular cyclic nucleotides, calcium levels, protein
kinase C subtypes, steroid hormone receptor localization, and G
protein signaling proteins (Nikolaev et al., 2021; Cook, 2010). At
higher concentrations (1 to 100 uM), melatonin affects receptor
expression, and endogenous production, and may impact various
disorders including circadian rhythm sleep disorders, Alzheimer’s,
Parkinson’s, glaucoma, depression, and cancers (Dubocovich, 1988;
Al-Wasidi et al., 2020). Recent research emphasizes the dual
physiological and pharmacological effects of melatonin, with
outcomes contingent on its concentration (Zawilska et al., 2009).

There is great interest in melatonin neuroprotective and antioxidant
properties, as well as its impact on cell viability (Wang et al., 2019B).
At physiological concentrations, melatonin may mitigate oxidative
stress and protect cells from damage, whereas, at pharmacological
levels, it could significantly influence cell growth and survival, often
explored in studies on neuroprotection or cellular resilience (Corpas
et al., 2018; Wang et al., 2019B). However, the specific outcomes
vary depending on experimental conditions and study context, given
the complexity of melatonin’s effects (Niska et al., 2015).

The variability in melatonin dosage across existing literature highlights
a significant gap in our understanding of its optimal concentration
for therapeutic effects in cell cultures, particularly in models of
neuronal damage and protection. Studies have employed a wide range
of melatonin concentrations, from as low as 100 nM to as high as 1
mM, to investigate its protective effects against oxidative stress and
other forms of cellular injury (Herrera et al., 2007; Garcia-Santos et
al., 2006). For instance, melatonin concentrations have varied
dramatically across different studies, with some using low doses
(200 nM) to demonstrate reduction in cell death during serum
deprivation (Di Sario et al., 2017), while others have used much
higher concentrations, such as 500 uM, to protect against serum
deprivation (Cesarini ef al., 2018), (1-10 uM) MEL by (Kwon ef al.,
2010) or even up to 1 mM in lipid peroxidation assays (Garcia-
Santos et al., 2006; Walters-Laporte ef al., 1998).

Moreover, the concentration-dependent effects of melatonin have
also been noted in studies assessing neuroprotective properties
against beta-amyloid-induced neurodegeneration, with ranges
spanning from 1 uM to 500 uM (Gao et al., 2023). Melatonin was
also investigated at both higher (10~ M) and low (107 M)
concentrations on microtubule polymerization and cytoskeletons
(Huerto Delgadillo et al., 1994). This wide variation in dosages
underscores the lack of consensus and the need for a systematic
investigation to establish a standardized, effective concentration that
maximizes melatonin’s therapeutic benefits while minimizing
potential cytotoxic effects.
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This study aims to refine the understanding of melatonin’s optimal
dosage by analyzing its effects across a controlled range of
concentrations, evaluating both efficacy and safety in cell viability,
morphological changes, and genetic expression responses. It also
aims to determine the melatonin doses that have the greatest impact
on the HT22 cell line over spans of 24-48-72 h. By determining the
ideal concentration, this research hopes to provide a foundational
guideline that can be used to enhance the design and outcome of
future therapeutic strategies involving melatonin in various biomedical
applications.

2. Materials and Methods
2.1 Reagents

Melatonin, dulbecco’s modified eagle medium (DMEM), fetal bovine
serum (FBS), 100 U/ml penicillin, 10 mg/mlstreptomycin, L-glutamine
200 mM (29.2 mg/ml), trypsin-ethylene diamine tetra acetic acid
(EDTA), and dulbecco’s phosphate-buffered saline (PBS), (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT). Chemical
reagents were purchased from the biological industries of Israel Beit
Haemek Ltd. and Gibco BRL.

2.2 MTT assay protocol

Three replicates of the HT22 hippocampal neural cell line were
seeded in a 96-well plate. The complete media was aspirated after 24
h, and cells were washed with PBS. Melatonin was applied at various
concentrations (0.1 to 5 mM), and the 96-well plate was incubated
for 24-48-72 h. MTT solution was added, and the well plates were
incubated for 2 h. Then the DMSO was added, and the plate was
covered with folio and incubated or left at room temperature for 10
min. The results were analyzed at 570 nm absorbance using an ELISA
microplate reader at 570 nm to measure cell samples (Uduz and
Nazyrodlu, 2012; Phelan and May, 2015).

2.3 Statistical analysis

Statistical analysis was performed using SPSS 21.0 (IBM Corporation,
Armonk, NY, USA) software, Microsoft excel 365 and graphpad
prism version 9.5.1 The data were presented as mean % and + SD.
One-way ANOVA test and tukey’s multiple comparisons test were
used in this study to compare between the results of the groups.

3. Results

This study assessed the effects of melatonin on cell viability over
three distinct periods: 24, 48, and 72 h increasing concentrations of
melatonin ranging from 0.1 mM to 5 mM. At 24 h, a dose-dependent
decrease in cell viability was observed. Viability remained relatively
high at low doses but began to decline markedly at higher
concentrations. For instance, cell viability was 84.64% at 0.1 mM
and dropped to 55.45% at 0.75 mM. At doses higher than 1 mM, the
viability sharply decreased, reaching as low as 4.95% at 4 mM. This
indicates a significant cytotoxic effect of melatonin at higher
concentrations within the first 24 h. The half-maximal inhibitory
concentration (ICy)) for melatonin at 24 h was calculated to be 0.83
mM. This value represents the concentration at which melatonin
reduces the cell viability by 50% relative to the control within the
first day of treatment.
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Table 1:1llustrates the mean number of cells with viability and the
various Mel concentrations after 24 h of cell treatment.

significant degrees of the

Melatonin doses (mM) Mean cell viability% (SD) p value Cont. vs. Mel.
0.1 84.64% (SD + 4.21) 0.6528
0.25 76.17% (SD + 25.64) 0.1297
0.5 59.75% (SD + 6.05) 0.0012*
0.75 55.45% (SD + 13.97) 0.0003*
0.9 61.8% (SD + 7.12) 0.0022*
1 57.75% (SD + 3.3) 0.0007*
2 6.91% (SD =+ 1.89) <0.0001*
3 5.56% (SD + 1.52) <0.0001*
4 4.95% (SD + 1.31) <0.0001*
5 5.82% (SD + 0.79) <0.0001*
24 h Drug administration
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Figure 1: A. Shows the cells started to lose viability in the low doses and the death rate increases with the increase in the Mel.
doses at the concentration of 0.5 mM, the cells viability was around 59.75, and at the concentrations of 0.8 mM nearly
half of cells died. B. Compared to the control, no significant difference was seen at Mel doses under 0.5 mM. However,
the significance was present starting form 0.5 mM. 1 mM showed very high significance when compared to the Cont.

group.



The analysis focused on how cell viability changed over the three
time intervals assessed (24, 48, and 72 h) at varying doses of
melatonin. At 0.1 mM, cell viability was relatively high at 84.64% at
24 h and slightly increased to 95.52% at 48 h before decreasing to
87.57% at 72 h. This fluctuation suggests an adaptive response to
melatonin exposure, followed by a decline. At 0.25 mM, there was a
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gradual decrease from 76.17% at 24 h to 72.42% at 48 h, followed by
a slight increase to 77.04% at 72 h. This pattern indicates a possible
acclimatization to the melatonin exposure over time. At 0.5 mM,
viability started at 59.75% at 24 h, decreased slightly to 57.33% at
48 h, and more significantly to 42.04% at 72 h, demonstrating a
continuous decline with extended exposure.

Table 2: Illustrates the mean number of cells with viability of the various Mel concentrations after 24, 48, and 72 h of cell
treatment
Melatonin After 24 h p value After 48 h p value After 72 h% p value Cont.
M) % (SD) Cont. vs. % (SD) Cont. vs. (SD) vs. Mel
Mel Mel
Control 100% (SD + 0) - 100% (SD + 0) - 100% (SD=+ 0) -
0.1 84.64% (SD + 4.21) .076 95.52% (SD +17.51) 997 87.57% (SD + 6.81) .259
0.25 76.17% (SD + 25.64) .632 72.42% (SD + 8.93) .103 77.04% (SD + 1.57) .005%*
0.5 59.75% (SD =+ 6.05) .024%* 57.33% (SD + 9.33) .049%* 42.04% (SD + 19.62) 112
0.75 55.45% (SD + 13.97) .097 22.67% (SD =+ 3.66) .002%* 5.76% (SD + 1.41) <.001*
0.9 61.8% (SD + 7.12) .036%* 16.16% (SD + 3.56) .002%* 5.43% (SD = 0.55) <.001*
1 57.75% (SD+ 3.3) .006%* 12.01% (SD + 3.52) .002%* 6.57% (SD + 1.34) <.001*
2 6.91% (SD + 1.89) <.001* 2.36% (SD = 0.56) <.001* 3.74% (SD = 1.49) <.001*
3 5.56% (SD + 1.51) <.001* 2.83% (SD = 0.44) <.001* 3.07% (SD = 1.06) <.001*
4 4.95% (SD + 1.31) <.001* 2.45% (SD = 0.69) <.001* 4.13% (SD + 1.98) <.001*
5 5.82% (SD £ 0.79) <.001* 3.4% (SD £ 1.61) <.001* 3.21% (SD £ 1.39) <.001*

At higher concentrations, the reduction was noted: At 0.75 mM, the
viability decreased from 55.45% at 24 h, to 22.67% at 48 h, and to
5.76% at 72 h. This indicates a significant cytotoxic effect as both
dose and exposure time increased. Concentrations of 0.9 mM and 1
mM followed similar trends, with initial viabilities of 61.8% and
57.75% at 24 h, respectively, dropping dramatically by 72 h to

5.43% and 6.57%. These levels suggest that the cytotoxic threshold
for these concentrations lies between the 24 and 48 h marks. At the
highest tested concentrations (2 mM, 3 mM, 4 mM, and 5 mM), cell
viability was already below 10% at 24 h and continued to decline,
reaching minimal levels by 72 h (ranging between 3.07% to 4.13%).

Cell viability (%)

0.00 0.10 0.25 0.50 0.75 0.90 1.00 2.00 3.00 4.00 5.00
Melatonin (mM)
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Figure 2:

A. Neuroprotective effects of Mel on HT22 cell viability for 24, 48, and 72 h. The values were given as the mean * standard

deviation (n=4). 24 h cell viability was compared to 48 and 72 h. cell viability. B. Comparison of different concentrations
of the protective melatonin substance at various periods (24-48-72 h), the IC, was 0.83,0.46, and 0.39 for 24, 48, and 72

h, respectively.

Figure 3: HT22 hippocampal neural cell line in culture cell well-plate taken from the control group and Mel at different doses

from 0.1 mM to 5 mM and durations 24, 48, and 72 h. The image was captured by an inverted microscope at 4X to 10X

magnification.



Histological analysis under the microscope revealed notable dose-
dependent and time-dependent alterations in cellular morphology.
At low concentrations cells retained normal morphology through 24
h, with increasing concentration, mild effects were noted and there
was an increase in cytoplasmic vacuolization, indicating a stress
response. By 48 h, there were few signs of stress such as shrinkage
and chromatin condensation. however, with increasing
concentrations, the cells showed more apoptotic features. At 0.5
mM, signs of apoptosis were evident even at 24 h, with increased
nuclear fragmentation and cytoplasmic vacuolization. By 72 h, a
significant number of cells displayed apoptotic features, nuclear
fragmentation and loss of membrane integrity.

At 0.75 to 1 mM, marked morphological changes were visible from
24 h onward, with a significant increase in apoptotic bodies and cell
shrinkage. By 72 h, the majority of cells exhibited a rapid onset of
cytotoxic effects with severe apoptotic changes including extensive
cytoplasmic blebbing and nuclear condensation.

At very high concentrations, drastic changes were observed from the
outset. By 24 h, most cells had undergone necrosis, as evidenced by
loss of plasma membrane integrity and leakage of cellular contents.
By 48 and 72 h, the remaining cells were largely necrotic or in late
stages of apoptosis, with very few intact cells observed.

4. Discussion

This study aimed to delineate the optimal dosage of melatonin for
maintaining cell viability in the HT22 hippocampal neuronal cell
line, considering the discrepancies in melatonin dosages reported in
existing literature (Garcia-Santos et al., 2006; Herrera et al., 2007,
Cesarini et al., 2018; Di Sario et al., 2017; Gao et al., 2023). The
variability observed in past studies reflects a broad spectrum of
experimental conditions and outcomes, which underscores the need
for establishing a standardized approach to melatonin usage in
neuroprotective research.

Previous research has highlighted a wide range of melatonin
concentrations used to assess its protective and therapeutic effects.
For instance, Herrera et al. (2007) and Garcia-Santos et al. (2006)
employed melatonin dosages varying from 100 nM to 1 mM to
explore its antioxidant properties in lipid peroxidation assays
(Garcia-Santos et al., 2006; Herrera et al., 2007). Similarly, other
studies have utilized doses ranging from 200 nM to 500 uM to
investigate melatonin’s protective effects against cellular stress and
serum deprivation (Cesarini et al., 2018; Di Sario et al., 2017). This
significant variance in dosages has led to inconsistent findings,
particularly in terms of cytotoxicity and neuroprotection, thus
complicating the development of a consensus regarding effective
therapeutic concentrations.

The present study analyzed the effects of melatonin across a
controlled range of concentrations (0.1 mM to 5 mM) over periods
of 24, 48, and 72 h. Our findings indicate a dose-dependent decrease
in cell viability, particularly at higher concentrations. For instance,
cell viability significantly dropped at concentrations exceeding 0.5
mM, with the most profound decreases observed at concentrations
of 1 mM and higher. This dose-dependent cytotoxicity aligns with
the observations made by Gao et al. (2023), who noted similar trends
in beta-amyloid-induced neurodegeneration models (Gao et al., 2023).
The optimal concentration for neuroprotection without inducing
cytotoxic effects appears to lie below the higher thresholds used in
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some previous studies. For example, concentrations as high as 500
uM, which were employed by Cesarini ef al. (2018), may exceed the
therapeutic window, as suggested by the increased cytotoxicity
observed at these levels in our study (Cesarini et al., 2018). Our
findings suggest that lower concentrations, potentially in the range
of 0.1 mM to 0.25 mM, may offer a balance between promoting cell
viability and minimizing harmful effects, thereby supporting the use
of melatonin in neuroprotective therapies.

This study underscores the importance of establishing a clear,
evidence-based understanding of melatonin’s dose-dependent effects
on cell viability. By determining the IC, values across various time
points and meticulously documenting the cellular responses to
different dosages, we provide a foundational guideline that can be
employed to refine experimental designs in neurobiology and
pharmacology. Future research should focus on corroborating these
findings across different cell lines and in vivo models to validate the
generalizability of the optimal dosage range for melatonin.

5. Conclusion

In conclusion, the variability in melatonin dosage documented in the
literature emphasizes the critical need for standardized, dose-
escalation studies like the present one. Our findings contribute to
narrowing the gap in understanding the precise, effective dosages of
melatonin that balance neuroprotection with minimal cytotoxicity,
paving the way for its therapeutic application in neurodegenerative
disease models.
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