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Background: Currently, the role of melatonin (MT) in neuronal damage remains unclear and this study aimed to explore the
protective effects of MT on neurons in an in vitro cell injury model.
Methods: The Sprague Dawley (SD) rat traumatic brain injury (TBI) model was prepared, and brain tissue extract (BTE) from
the injured area were generated. To establish a cell injury model in vitro, the BTE was added to the culture medium during the
neuron culture process. MT was introduced into the culture medium of the cell injury model to observe its protective effects
on neurons. Relevant molecular biology experiments were conducted to observe cellular oxidative stress status, inflammation,
endoplasmic reticulum (ER) stress, mitochondrial damage, and neuronal apoptosis.
Results: When compared to the control group, the BTE group exhibited a significant increase in cellular oxidative stress, in-
flammation, neurofilament light polypeptide (NEFL) expression, and ER stress. Additionally, the mitochondrial DNA (mtDNA)
copy number significantly decreased, and there was a higher count of apoptotic cells (p < 0.05). Upon the addition of MT to the
culture medium of the in vitro cell injury model, there was a significant reduction in cellular oxidative stress, inflammation, and
NEFL levels. This addition also mitigated ER stress, increased mtDNA copy numbers, and decreased the ratio of cell apoptosis
(p < 0.05).
Conclusions: In the in vitro cell injury model, MT demonstrates the capacity to inhibit cellular oxidative stress, inflammation,
and ER stress levels. Additionally, it diminishes mtDNA damage, fosters cell viability, and serves as a protective agent against
both apoptosis and necrosis in neurons.
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Introduction

Traumatic brain injury (TBI) denotes brain dysfunc-
tion resulting from external forces impacting or injuring
the head [1]. It stands as a prevalent cause of disability
and mortality worldwide. Occupations with high risk, traf-
fic accidents, sports activities, warfare, violence, and falls
represent common causes of TBI [1,2]. Current treatments
for TBI encompass first aid, surgical interventions, medi-
cation, and rehabilitation. The exploration of neuroprotec-
tive drugs for TBI remains an active area of research aimed
at fostering brain tissue repair and mitigating post-injury
neural dysfunction [1,3]. These drugs encompass herbal
medicines, peptide-based medications, adrenergic receptor
agonists, and vitamins [2,4–6]. However, no specific neu-
roprotective drug is universally adopted for TBI treatment.
Research into neuroprotective drugs remains at an early
stage, necessitating further clinical trials and studies to val-
idate their safety and efficacy.

Melatonin (MT) is a hormone produced by the pineal
gland, displaying multiple biological effects. It serves to
regulate biological rhythms, acts as an antioxidant, mod-
ulates immune function, exhibits anti-inflammatory prop-
erties, and demonstrates potential anticancer effects [7–
9]. Furthermore, MT is associated with neuroprotection,
cardiovascular health, reproductive system function, and
cognitive function. Ongoing research is actively explor-
ing these areas [10,11]. The diverse biological effects of
MT play crucial roles in numerous physiological processes
[7]. Some experiments have investigated the potential ther-
apeutic role of melatonin as a neuroprotective agent in pre-
venting neurodegeneration subsequent to TBI, particularly
focusing on memory and cognitive impairment [12,13].
While the impact of MT on TBI seems primarily mediated
through indirect mechanisms, involving the modulation of
inflammatory processes, MT may also alter specific mech-
anisms [14]. This study aims to delve into the neuroprotec-
tive effects of melatonin using an in vitro cell injury model
and uncover its potential underlying mechanisms.
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Methods

TBI Rat Model Preparation
Three male Sprague Dawley (SD) rats (220–250 g)

were procured from the Animal Experimental Center of
Nanjing Hospital Affiliated to Nanjing Medical University.
The TBI rat model was established utilizing a modified
Feeney free-fall method [15]. Following intraperitoneal
anesthesia using 2% sodium pentobarbital (2 mL/kg, 4390-
16-3, Sigma, Darmstadt, Germany), the rats were secured
in a stereotaxic device, and their heads underwent routine
disinfection. Subsequently, a 5 mm diameter bone window
was created approximately 2.5 mm posterior to the coronal
suture and 2.5 mm to the left of the sagittal suture. This
procedure exposed the dura mater, allowing for impact-
induced TBI on the brain tissue through the bone window
using a freely droppedweight (40 g) released through a cop-
per tube from a height of 15 cm. Once impact occurred, the
weight was promptly removed, hemostasis was achieved,
and the bone window was sealed with bone wax followed
by skin suturing.

Brain Tissue Extract (BTE) Preparation
Three days post TBI, rats were euthanized by in-

traperitoneal injection of sodium pentobarbital (100 mg/kg,
4390-16-3, Sigma, Darmstadt, Germany). Subsequently,
the skull was opened, and injured brain tissue was extracted
andweighed. The tissue was then placed in a sterile grinder,
with the addition of 1 milliliter of basal culture medium per
every 100 grams of brain tissue. After grinding the tissue
thoroughly for 5 minutes, it was allowed to settle for an
additional 5 minutes. Following this, high-speed centrifu-
gation at 12,000 rpm for 15 minutes was performed. The
resulting supernatant was collected and stored in a –80 °C
freezer for future use.

Determination of Half Maximal Inhibitory
Concentration (IC50) of BTE

Primary rat embryonic cortical neurons were procured
from ThermoFisher (A1084001, ThermoFisher, Waltham,
MA, USA) and seeded in 24-well culture plates at a con-
centration of 1 × 105 cells/mL using DMEM/F12 medium
(11320033, ThermoFisher, Waltham, MA, USA). Neuronal
morphology and marker detection were depicted in the con-
trol group of Fig. 5, revealing approximately 98% positiv-
ity for microtubule-associated protein 2 (MAP2), a neu-
ronal marker. The experimental groups were categorized
as follows: control group (DMEM/F12 medium), brain
tissue extract (BTE) 15 µL/mL group, BTE 30 µL/mL
group, BTE 60 µL/mL group, BTE 120 µL/mL group,
and BTE 240 µL/mL group, each containing the speci-
fied amount of BTE in the DMEM/F12 medium. All cells
were incubated at 37 °C in an environment with 5% CO2,
95% air, and saturated humidity for 48 hours. Hoechst
fluorescent staining did not reveal any mycoplasma in-

fection (Fig. 1A). Subsequently, cell viability was as-
sessed using the 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) kit (C0009S, Beyotime,
Haimen, China). The optical density (OD) of each well was
measured at a wavelength of 570 nm utilizing a microplate
reader (ELX800, BioTek, Winooski, VT, USA). The per-
centage inhibition rate of cell viability was calculated as
(control group OD value – OD value of each group)/control
group OD value × 100%. The half maximal inhibitory
concentration (IC50) was determined to be 55.08 µL/mL
through Probit regression analysis. For the subsequent ex-
periment, a concentration of 55 µL/mL was chosen.

Determination of Concentration for 50% of Maximal
Effect (EC50) of MT

Primary rat embryonic cortical neurons were allo-
cated into various groups: the control group (DMEM/F12
medium) and MT treatment groups, including MT 10
nmol/L, MT 20 nmol/L, MT 40 nmol/L, MT 80 nmol/L,
and MT 160 nmol/L. Each group contained DMEM/F12
medium supplemented with 55 µL/mL BTE and the speci-
fied concentration of MT (ST1497-1g, Beyotime, Haimen,
China). All cells were cultured at 37 °C in an environ-
ment with 5% CO2, 95% air, and saturated humidity for
48 hours. Hoechst fluorescent staining did not reveal any
mycoplasma infection (Fig. 1B). Subsequently, cell viabil-
ity was assessed using the MTT kit (C0009S, Beyotime,
Haimen, China). The OD of each well was measured at a
wavelength of 570 nm with a microplate reader (ELX800,
BioTek, Winooski, VT, USA). The percentage protection
rate of cell viability was calculated as (OD value of each
group – control group OD value)/control group OD value
× 100%. The concentration for 50% of maximal effect
(EC50) was calculated to be 122.11 nmol/L using Probit
regression analysis. For subsequent experiments, a concen-
tration of 120 nmol/L was chosen.

Cell Injury Model Preparation and MT Treatment
The primary rat embryonic cortical neurons were cate-

gorized into distinct groups: the control group (DMEM/F12
medium), the BTE group (DMEM/F12 medium contain-
ing 55 µL/ml BTE), the MT group (DMEM/F12 medium
containing 55 µL/mL BTE and 120 nmol/L MT), and the
Solvent group (DMEM/F12 medium containing 55 µL/mL
BTE and an equivalent volume of normal saline (NS)).
All cells were incubated at 37 °C in an atmosphere of 5%
CO2, 95% air, and saturated humidity for 72 hours. Subse-
quently, these cells were utilized in the subsequent experi-
ments.

Cell Viability Assessment
According to the instructions of MTT reagent kits

(C0009S, Beyotime, Haimen, China), cell viability was
measured in the above-mentioned cell model.
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Fig. 1. Hoechst fluorescent staining did not reveal mycoplasma infection. (A) Cell injury model preparation experiment. (B) Mela-
tonin (MT) treatment experiment. Bar = 100 µm.

Cellular Oxidative Stress Status Assessment
According to the instructions of malondialdehyde

(MDA) kit (S0131S, Beyotime, Haimen, China) and su-
peroxide dismutase (SOD) reagent kit (S0086, Beyotime,
Haimen, China), MDA and SOD levels were measured in
the above-mentioned cell model.

Cellular Inflammation Level Assessment
According to the instructions of tumor necrosis fac-

tor alpha (TNF-α) enzyme-linked immunosorbent assay
(ELISA) kit (ab236712, UK) and Interleukin 10 (IL-10)
ELISA kit (ab214566, Abcam, Cambridge, UK), TNF-α
and IL-10 levels were measured in the above-mentioned
cell model.

Cellular Endoplasmic Reticulum (ER) Stress Status
Assessment

The culture medium of each group was replaced
with DMEM medium containing 3 µmol/L Fura-2/AM
(ab120873, Abcam, Cambridge, UK). Subsequently, the
cells were incubated in a water bath at 37 °C for 0.5 hours
and then washed three times with PBS. Fluorescence inten-
sity wasmeasured using an emissionwavelength of 510 nm,
with excitation wavelengths set at 340 nm and 380 nm. The
determination of intracellular calcium levels relied on the
ratio of excitation intensities at 340 nm and 380 nm wave-
lengths.
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Cellular mtDNA Damage Assessment
The mitochondrial NADH dehydrogenase 1 (ND1)

copy number was determined using qPCR to evaluate
the state of mitochondrial DNA (mtDNA) damage. Ge-
nomic DNA from the cells was extracted utilizing a DNA
extraction kit (D006, Beyotime, Haimen, China). Sub-
sequently, qPCR amplification was conducted following
the instructions outlined in the BeyoRT™ SYBR Green
qPCR Mix kit (D7509M, Beyotime, Haimen, China).
The reaction system comprised 10 µl of BeyoFast™
SYBR Green qPCR Mix (2X), 2 µL of Forward and
Reverse Primer Mix (3 µM), 25 ng of DNA, and 6 µL
of RNase-Free ddH2O, with a total volume of 20 µL.
The reaction conditions were set as follows: an initial
denaturation at 95 °C for 2 minutes, followed by 40
cycles of denaturation at 95 °C for 15 seconds, and
annealing/extension at 60 °C for 15 seconds. The primer
sequences used were as follows: mitochondrial ND1:
sense 5′-TGAATCCGAGCATCCTACC-3′, antisense
5′-ATTCCTGCTAGGAAAATTGG-3′; apolipoprotein B
(APOB): sense 5′-CGTGGGCTCCAGCATTCTA-3′, an-
tisense 5′-TCACCAGTCATTTCTGCCTTTG-3′. APOB
served as an internal reference, and the relative copy
number of mtDNA was calculated using the 2−∆∆Ct

method.

The Detection of Neuronal Morphology and Quantity

The detection of neuronal morphology and quantity
was performed using MAP-2 immunofluorescence. Ini-
tially, cells were incubated with the primary antibody, rab-
bit anti-MAP-2 (1:600, ab5392, Abcam, Cambridge, UK),
at 4 °C for 12 hours. Following this, the cells underwent
three washes with PBS. Subsequently, incubation with the
secondary antibody, Alexa Fluor® 488 goat anti-rabbit IgG
(1:1000, ab150077, Abcam, Cambridge, UK) was carried
out in a darkroom at room temperature for 4 hours. Post-
secondary antibody incubation, the cells were subjected to
three PBS washes. For nuclear staining, Hoechst (1:3000)
was utilized and applied at room temperature in a darkroom
for 30 minutes. Finally, the observation of neurons was
conducted under a fluorescence microscope subsequent to
mounting with anti-fade mounting medium.

Neuronal Damage Assessment
Neuronal damage was evaluated using the neurofila-

ment light polypeptide (NEFL) ELISA kit (ab288182, Ab-
cam, Cambridge, UK) and the terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) kit (C1089,
Beyotime, Haimen, China) following their respective in-
structions. Culture media were collected for NEFL detec-
tion, while cells were used for TUNEL detection. For the
TUNEL assay, following detection, cell nuclei were stained
with Hoechst (1:3000, C1017, Beyotime, Haimen, China)
at room temperature in a darkroom for 30 minutes. Finally,

apoptotic cells were observed using a fluorescence micro-
scope after mounting with anti-fade mounting medium.

Statistical Processing
The metric data obtained underwent the Kolmogorov-

Smirnov test using SPSS 21.0 software (IBM Corp.,
Chicago, IL, USA), revealing a normal distribution. The
data were presented as mean ± SD. Intergroup compar-
isons were performed using one-way analysis of variance
(ANOVA). Statistical graphs were created using GraphPad
Prism 7.0 (Dotmatics, Boston, MA, USA). Statistical sig-
nificance was considered when p < 0.05.

Results

IC50 of BTE and EC50 of MT
In the in vitro setting, neurons were exposed to varying

concentrations of BTE (15 µL/mL, 30 µL/mL, 60 µL/mL,
120 µL/mL, and 240 µL/mL). The MTT assay revealed
that the inhibitory rate of cell viability was approximately
16.63% at 15 µL/mL BTE. This inhibitory rate notably es-
calated at 30 µL/mL (p < 0.05). Further increases in the
concentration (60 µL/mL, 120 µL/mL, and 240 µL/mL) re-
sulted in peak inhibitory rates of cell viability (p < 0.05)
(Fig. 2A). Probit regression analysis determined an IC50
value of 55.08 µL/mL for BTE, and consequently, a con-
centration of 55 µL/mL was chosen for subsequent exper-
iments. Following this, in the same in vitro setup, neu-
rons were exposed to 55 µL/mL BTE along with varying
concentrations of MT (10 nmol/L, 20 nmol/L, 40 nmol/L,
80 nmol/L, and 160 nmol/L). The MTT assay exhibited
that the protective rate of cell viability was approximately
15.56% at 10 nmol/L MT. This protective rate exhibited a
gradual increase with concentrations of 20 nmol/L and 40
nmol/L (p < 0.05). The protective rates of cell viability
peaked at concentrations of 80 nmol/L and 160 nmol/L (p<
0.05) (Fig. 2B). Probit regression analysis revealed an EC50
value of 122.11 nmol/L for MT, leading to the selection of
a concentration of 120 nmol/L for subsequent experiments.

The Protective Effect of MT on Neurons Viability
The MTT assay results indicated a notable reduction

in neuronal viability when either BTE alone or BTE along
with NS was introduced into the culture medium compared
to the control group (p < 0.05). Furthermore, neuronal ac-
tivity exhibited a significant increase upon simultaneous ad-
dition of BTE and MT to the culture medium; however, it
did not attain the level observed in the control group (p <

0.05) (Fig. 3A).

MT Reduced Cellular Oxidative Stress,
Inflammation, and ER Stress

Compared to the control group, the levels of MDA,
TNF-α, and intracellular calcium demonstrated a signifi-
cant increase upon the addition of BTE or BTE in combi-
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Fig. 2. IC50 of BTE and EC50 of MT. (A) The inhibitory rate of cell viability by was assessed with MTT and the IC50 of BTE was
55.08 µL/mL. a vs.15 µL/mL group, p < 0.05; b vs.30 µL/mL group, p < 0.05. (B) The protective rate of cell viability of MT was
assessed with MTT and the EC50 of MT was 122.11 nmol/L. * vs. 10 nmol/L group, p < 0.05; # vs. 20 nmol/L group, p < 0.05; & vs.
40 nmol/L group, p< 0.05. n = 8. IC50, half maximal inhibitory concentration; BTE, brain tissue extract; EC50, concentration for 50%
of maximal effect; MT, melatonin; MTT, 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide.

Fig. 3. Cellular activity, oxidative stress, inflammatory response, and ER stress. (A) Cellular activity was assessed with MTT.
(B,C) Oxidative stress. (D,E) Inflammatory response state was detected by TNF-α and IL-10 levels. (F) ER stress state was assessed
with calcium overload. a vs. control group, p < 0.05; b vs. BTE group, p < 0.05; c vs. solvent group, p < 0.05. n = 6. OD, optical
density; MDA, malondialdehyde; SOD, superoxide dismutase; TNF-α, tumor necrosis factor alpha; ER, endoplasmic reticulum; IL-10,
Interleukin 10.

nation with NS to the culture medium (p < 0.05). Con-
versely, the levels of MDA, TNF-α, and intracellular cal-
cium exhibited a notable decrease upon simultaneous addi-
tion of BTE and MT to the culture medium; however, they

did not return to the levels observed in the control group
(p < 0.05) (Fig. 3B,D,E,F). Additionally, compared to the
control group, the level of SOD significantly declined upon
the addition of BTE or BTE in combination with NS to the
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Fig. 4. Cell mitochondria damage, cell apoptosis and necrosis. (A) Cell mitochondria damage was assessed by mtDNA copy number.
(B) Cell necrosis was assessed with NEFL level. (C) Cell apoptosis was detected by TUNEL. a vs. control group, p < 0.05; b vs. BTE
group, p < 0.05; c vs. solvent group, p < 0.05. Bar = 100 µm. n = 6. NEFL, neurofilament light polypeptide; mtDNA, mitochondrial
DNA; TUNEL, transferase dUTP nick end labeling.

culture medium (p < 0.05). Yet, the SOD level displayed
a significant increase upon simultaneous addition of BTE
and MT to the culture medium, albeit not reaching the level
observed in the control group (p < 0.05).

MT Reduced mtDNA Damage
The qPCR results revealed a significant reduction in

the copy number of neuronal mtDNA compared to the con-
trol group when BTE alone or BTE in combination with NS
was added to the culture medium (p < 0.05). Notably, the
copy number of neuronal mtDNA exhibited a significant
increase upon the simultaneous addition of BTE and MT
to the culture medium, compared to the BTE and solvent
groups. However, it did not reach the level observed in the
control group (p < 0.05) (Fig. 4A).

MT Reduced Neurons Damage
Compared to the control group, the NEFL level exhib-

ited a significant increase upon the addition of BTE alone
or BTE in combination with NS to the culture medium (p
< 0.05). Conversely, the NEFL level showed a significant
decrease upon the simultaneous addition of BTE and MT
to the culture medium; however, it did not reach the level
observed in the control group (p < 0.05) (Fig. 4B). In the
control group, only a few apoptotic cells were observed,
while a considerable number of apoptotic cells were evi-
dent in the BTE and solvent groups (p < 0.05). Notably,
when cells were treated simultaneously with BTE and MT,
the number of apoptotic cells significantly decreased com-
pared to the BTE and solvent groups, although it remained
higher than the control group (p < 0.05) (Fig. 4C).
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Fig. 5. Neuronal survival was assessed with MAP2 immunofluorescence staining. a vs. control group, p < 0.05; b vs. BTE group,
p < 0.05; c vs. solvent group, p < 0.05. Bar = 100 µm. n = 6. MAP2, microtubule-associated protein 2.

Assessment of Neuronal Survival
The immunofluorescence staining results of MAP2

demonstrated that the control group exhibited a substan-
tial number of MAP2-positive neurons characterized by
complete cell morphology, abundant and extended den-
drites, and intense immunofluorescence. Contrastingly, in
the BTE and solvent groups, a reduced number of MAP2-
positive neurons were observed, exhibiting diminished flu-
orescence intensity and fewer dendritic processes. The
MT group displayed a moderate quantity of MAP2-positive
neurons with acceptable fluorescence intensity and den-
dritic morphology. Comparing the percentages of MAP2-
positive neurons among the groups revealed significant dif-
ferences. Specifically, in comparison to the control group,
the percentage of MAP2-positive neurons significantly de-
clined in the BTE and solvent groups (p< 0.05). However,
the MT group displayed a significantly higher percentage
than the BTE and solvent groups but remained lower than
the control group (p < 0.05) (Fig. 5).

Discussion

TBI induces not only primary injury but also trig-
gers a sequence of secondary injuries, encompassing a cas-

cade of biological and chemical reactions following the
initial trauma, thereby exacerbating damage to brain tis-
sue. Secondary injuries can manifest rapidly within min-
utes post-trauma or gradually evolve over a span of days or
weeks. They commonly encompass brain edema, hypoxia-
ischemia, disruption of the blood-brain barrier, and dys-
function in brain metabolism [16,17]. Secondary injuries
associated with TBI encompass a multitude of mecha-
nisms that may interplay and intensify damage to brain
tissue. These mechanisms include disruptions in energy
metabolism, oxidative stress, inflammatory responses, dys-
regulation of the immune system, endoplasmic reticulum
(ER) stress, and culminate in cellular apoptosis and necrosis
[18–20]. The convergence of these mechanisms contributes
to the complexity of secondary injury in TBI, underscoring
the multifaceted nature of its impact on brain tissue.

Oxidative stress constitutes a typical physiological re-
sponse characterized by an excessive generation of reactive
oxygen species (ROS) and other oxidizing agents within
cells, disrupting the intracellular equilibrium. Following
traumatic brain injury (TBI), the inflammatory response
and cellular damage activate various cell types, including
macrophages, astrocytes, and endothelial cells, releasing
substantial quantities of free radicals. Oxidative stress sub-
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sequent to TBI may compromise the efficiency of the in-
tracellular antioxidant defense system, leading to reduced
activity of antioxidant enzymes like SOD and Glutathione
Peroxidase (GPx). This heightened oxidative stress can
trigger lipid oxidation reactions, causing damage to lipid
molecules and the formation of oxidative lipid products
[21]. In the in vitro cell injury model utilized in this study,
the addition of BTE to the culture medium resulted in a de-
crease in neuronal SOD levels and a significant increase
in MDA levels, indicating an oxidative stress state within
the cell model. Neurons, under certain pathological condi-
tions, can generate and release inflammatory factors such
as cytokines (e.g., TNF-α, Interleukin-1β (IL-1β), etc.),
which contribute to neuroinflammatory responses and the
progression of diseases [22]. Inflammatory inhibitory fac-
tors, such as IL-10, possess anti-inflammatory properties
and can suppress the activity of various inflammatory cells,
thereby mitigating inflammatory reactions [23]. In the cell
injury model employed in this study, the addition of BTE
to the culture medium resulted in a decrease in IL-10 lev-
els and a significant increase in TNF-α levels in neurons.
After TBI, the excessive production of ROS and disrupted
regulation of calcium ions within cells can induce endoplas-
mic reticulum (ER) stress [24]. In this study, the addition
of BTE to the culture medium induced pronounced intracel-
lular calcium overload in neurons, suggesting an ER stress
state in the cell model. Furthermore, the qPCR results re-
vealed a significant decrease in the copy number of neu-
ronal mtDNA after adding BTE to the culture medium, in-
dicating BTE-induced mtDNA damage in neurons. More-
over, the addition of BTE to the culture medium signifi-
cantly decreased cell viability and the number of neurons,
resulting in an elevated number of apoptotic cells and in-
creased NEFL levels. These outcomes collectively suggest
that the cell injury model utilized in this study was rela-
tively successful in replicating several key features associ-
ated with neuronal injury following exposure to BTE.

Following traumatic brain injury (TBI), a complex in-
terplay exists among oxidative stress, the inflammatory re-
sponse, endoplasmic reticulum (ER) stress, and mitochon-
drial DNA damage. Oxidative stress and ER stress can
trigger the inflammatory pathway, instigating the release of
inflammatory mediators and amplifying the inflammatory
reactions. Simultaneously, the inflammatory response it-
self can generate additional oxidants. Moreover, oxidative
stress and ER stress can induce mitochondrial dysfunction,
leading to damage in mitochondrial DNA. This damage, in
turn, may exacerbate oxidative stress and the inflammatory
response, establishing a detrimental cycle that impedes cell
and brain injury recovery. A comprehensive understand-
ing and intervention targeting these interconnected mecha-
nisms are crucial for devising novel treatment strategies and
facilitating the recovery of individuals with TBI. Post-TBI,
melatonin (MT) secretion might decrease, experience dis-
ruptions in release rhythm, and interfere with its functional

mechanisms, thereby influencing sleep, inflammatory re-
sponse, and neuroprotection [25]. In the present study,
combining BTE addition to the culture medium with MT
treatment significantly mitigated neuronal oxidative stress,
inflammatory response, ER stress, and mtDNA damage.
Notably, this combined treatment notably enhanced neu-
ronal activity and quantity while reducing cellular injury
and apoptosis. These outcomes suggest that MT effectively
shields neurons in a cellular injury model, potentially atten-
uating nervous system damage resulting from TBI. Further
investigations could delve into MT’s impact on intracellu-
lar responses, offering promising avenues for treating and
preventing TBI. Nevertheless, additional research is imper-
ative to substantiate and further comprehend this protective
effect. Validating and elucidating the underlying mecha-
nisms of MT’s neuroprotective role in TBI may pave the
way for novel therapeutic interventions in the future.

Conclusions

In summary, within the in vitro cell injury model,
melatonin (MT) demonstrates the capability to inhibit cel-
lular oxidative stress, inflammation, and endoplasmic retic-
ulum (ER) stress. It also displayed the ability to diminish
mtDNA damage, enhance cell viability, and protect neurons
from apoptosis and necrosis.
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