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Physical function declines with age, often accompanied by oxidative stress and neurodegenerative diseases.
! Time-restricted feeding (TRF) is a promising dietary intervention to slow aging and promote health. This study
Aging examined the effects of TRF on brain oxidative stress in aged Drosophila melanogaster, a well-established model
Oxidative stress . . . . L o .
Neurodegeneration org?msm for aging and neurodegenerat‘lon. Our exPerlmental de51g'n '1nclud'ed qd libitum feeding '(co.ntrol) and
Drosophila melanogaster fasting protocols (8 and 12 h) of aged flies. The brain locomotor activity, oxidative stress, and antioxidant gene
Locomotor activity expression were then determined in the control and experimental groups. Our findings showed that TRF im-
proves locomotor activity in aging organisms, suggesting a link between feeding patterns and behavioral out-
comes. TRF also reduced oxidative stress by lowering malondialdehyde (MDA), a marker of lipid peroxidation,
and increasing superoxide dismutase (SOD) and catalase activity. Additionally, TRF upregulated antioxidant
genes such as SOD and CAT, demonstrating its ability to modulate cellular antioxidant defense mechanisms. TRF
is a promising non-pharmacological approach to brain health and age-related oxidative stress in Drosophila
melanogaster. These findings suggest that TRF may be an effective dietary intervention to improve aging tra-
jectories and reduce age-related neurodegenerative diseases.
Significance statement: The findings in this study advance the sub-discipline of neuroprotection by demonstrating
that time-restricted feeding significantly reduces brain oxidative stress and enhances antioxidant defenses,
suggesting its potential as a non-pharmacological intervention for mitigating age-related cognitive decline and
neurodegenerative diseases.

Introduction

Time-restricted feeding (TRF), defined as restricting caloric intake to
specific intervals throughout the day is an emerging area of research in
health and aging [1]. This regimen contrasts with conventional ad-libi-
tum feeding patterns, where food is available at any time [2]. TRF has
garnered attention due to its potential effects on health, particularly its
impact on the aging process [3].

Aging is characterized by the accumulation of cellular damage,
physiological decline, and functional deterioration [4]. A fundamental
mechanism underlying aging is oxidative stress, resulting from an
imbalance between reactive oxygen species (ROS) production and the
body’s antioxidant defenses [5]. This imbalance causes damage to
cellular components such as proteins, DNA, and lipids, contributing to
the aging process and age-related diseases, including neurodegenerative
disorders like Alzheimer’s and Parkinson’s diseases [6].
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Research suggests that TRF can decrease oxidative stress and in-
crease lifespan in various organisms, including Drosophila melanogaster
and mammals such as rodents [7,8]. Studies in flies have demonstrated
that TRF regulates metabolic pathways and reduces age-associated
oxidative stress, while research in mammals highlights its potential for
improving metabolic health and cognitive functions. These findings
highlight the translational relevance of TRF as a promising dietary
strategy for promoting brain health and mitigating age-related neuro-
degenerative conditions.

Drosophila melanogaster, commonly known as the fruit fly, is an ideal
model organism for aging studies due to its short lifespan, well-
characterized genetics, and conserved biological pathways with
humans [9]. Using Drosophila melanogaster allows for an efficient and
cost-effective investigation of the relationship between TRF, oxidative
stress, and aging.

This study aims to investigate the effects of TRF on brain oxidative
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stress, locomotor activity, and antioxidant defenses in aged Drosophila
melanogaster. By examining key oxidative stress markers and antioxidant
gene expression, we seek to elucidate the potential mechanisms through
which TRF promotes brain health and mitigates age-related decline.

Materials and methods
Reagents and chemicals

Distilled water was prepared with a distiller machine produced by
Laboid International Solan, Pradesh, India. Phosphate buffered saline
(PBS) tablet was obtained from Dulbecco A (PBS, Oxoid), BRO014G,
Selangor, Malaysia. Ethanol was purchased from Merck, Sigma Aldrich,
Germany. Baker’s Yeast was bought from STK Royal Ltd, Lagos Nigeria.
Agar-Agar powder (Bacteriological grade-B1CA1HV01) was purchased
from Titan Biotech Ltd, Rajasthan, India. Nipagin (Methyl Paraben) was
purchased from Molychem, Mumbai, India. Corn flour was obtained
from Faso FarineMais Blanc (FFMB), Ouagadougou, Burkina Faso.
Nucleic acid extraction kit was purchased from Liferiver®, Shanghai ZJ
Bio-Tech Co., Ltd. SYBR-Green One-Step qRT-PCR Master Mix kit was
purchased from TransGen Biotech Co., Ltd., Haidan District, Beijing,
China.

Drosophila melanogaster (fruit fly) husbandry

The fruit flies used in this study were the W8 strain Drosophila
melanogaster acquired from the fly lab of the Centre for Advanced
Medical Research and Training (CAMRET) at Usmanu Danfodiyo Uni-
versity, Sokoto, Nigeria. They were cultured and maintained at an op-
timum temperature of 22-25 °C, 50-60 % relative humidity, and access
to a standard cornmeal diet composed of corn flour, agar, methylpar-
aben, and distilled water, as well as a natural light-dark cycle. Fly media
were changed weekly to avoid contamination.

Experimental design

The experimental subjects for this study comprised male and female
Drosophila melanogaster of the W18 strain, aged between 6 and 7 weeks.
Four distinct feeding groups were established to explore the impact of
Time-Restricted Feeding (TRF) on brain oxidative stress in aged flies.
The first group was assigned to an ad-libitum normal diet, representing
the control. The second group received an ad-libitum diet supplemented
with ascorbic acid, serving as a dietary control with an antioxidant
intervention (positive control). The remaining two groups were sub-
jected to TRF, with distinct feeding windows of 8 h and 12 h, respec-
tively. Each group consisted of 100 flies, and gender segregation was
implemented, resulting in separate male and female groups within each
feeding category. Additionally, a fasting protocol was applied to subsets
of flies, involving fasting durations of 8 and 12 h, as detailed in studies
by [10,11]. This comprehensive grouping strategy allowed for the ex-
amination of the specific impact of TRF and fasting on oxidative stress in
the aging Drosophila melanogaster brain, while also accounting for po-
tential gender-related variations (Tables 1 and 2).

Behavioral tests
Negative geotaxis (climbing assay)

Negative geotaxis was used to assess the locomotion performance of
the flies [12]. This involved observing the flies that can cross the 8 cm
mark in 6 s from the base of a transparent measuring cylinder with a
diameter of 1.5 cm. The flies were placed in the cylinder using a pooter,
gently tapped to the bottom of the cylinder, and the numbers able to
cross the 8 cm mark in 6 s were recorded. Flies were subjected to five
repetitions of the test, and a total of 20 flies were selected from each
group for evaluation. The collected data was then analyzed based on the
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average time for three replicates (n = 60).
Sample preparation

After the experiments, flies from each group were collected, anaes-
thetized by cooling, rinsed in ice-cold phosphate-buffered saline (PBS)
and their heads removed for biochemical and gene expression analyses.
For biochemical analyses, twenty-five fly heads in 3 replicates were
used. The heads were transferred into sterile micro-centrifuge tubes and
homogenized with a micro-pestle in PBS. The homogenates were
centrifuged at 8000 x g for 10 min at 4 °C (MX-301 Highspeed, Tomy
Kogyo Co., Ltd., Tagara, Japan). The supernatant was transferred to
sterile micro-centrifuge tubes for biochemical assays. For gene expres-
sion analyses, thirty fly heads in three replicates were carefully removed
after cooling on ice, rinsed, homogenized, and stored in RNA hold
(TransGen Biotech Co, China) at —80 °C until needed for gene expres-
sion analysis.

Biochemical assessment
Malondialdehyde (MDA) assay

Lipid peroxidation assay colorimetric kit (Solarbio Life Science,
Beijing, China) measured head MDA. Lipid peroxidation, caused by
oxygen free radicals on unsaturated fatty acids, is its basis. Under acidic
and high temperatures, MDA and TBA are produced. MDA is calculated
from 450 nm, 532 nm, and 600 nm absorbance differences. We intro-
duced 60 pl of MDA working reagent to the sample tube, blanked it, and
then added 20 pl of material to the sample well. Then, 20 ul of double
distilled water was added to BT alone and reagent III to both SA and BT.
The mixtures were incubated at 100 °C for 1 hour, cooled in an ice bath,
then centrifuged at 10,000 x g for 10 min at room temperature. A 96-
well microplate was used to measure absorbance at 450, 532, and 600
nm from the supernatant.

Formula for calculating final concentration.

MDA (nmol/g) = 5. (6.45 x (AA532 — AA600) — — 1.29 x AA450)
~+ sample weight,

where AA is the absorbance difference between the sample and blank at
450, 532, and 600 nm.

Catalase (CAT) activity

The manufacturer’s instructions were followed to evaluate catalase
activity using a commercial CAT activity assay kit (Beijing Solarbio
Science & Technology Co., Ltd, China; Cat No BC0200). This approach
detects hydrogen peroxide (H202) decomposition into water (H20) and
oxygen (02) using absorbance measurements at 240 nm. A spectro-
photometer (Infitek Microplate Reader, MPR-H200BC, Shandong,
China) assessed sample absorbance at 240 nm. How CAT enzyme ac-
tivity was estimated:

CAT activity (U/mL) = (AA x Extraction volume + (¢ xd) x 109)
~+ Sample volume -+ Reaction time

Please note: AA = Absorbance at time zero (Aimmediate) - Absorbance
after 1 min (Alminute); €= molar coefficient; d= light path.

Superoxide dismutase (SOD) activity

Following manufacturer instructions, a commercial SOD activity test
kit (Beijing Solarbio Science & Technology Co., Ltd, China; Cat No
BC0170) was used to measure SOD activity. Xanthine/xanthine oxidase
superoxide radicals block the photochemical reduction of nitroblue
tetrazolium (NBT) in the SOD experiment. SOD activity determines
inhibition.
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Table 1
Media composition.

S/N Component Normal Diet
1. Corn flour 100 g

2. Agar-agar 10g

3. Baker’s yeast 20g

4. Distilled water 1.5L

5. Methyl paraben 1g

SOD activity:

SOD activity (U/mL) = AA/min / SOD inhibition rate for control,
dilution factor, reaction volume,
sample volume, and dilution factor.

Gene expression analysis

RNA extraction

Following manufacturer instructions, Runmei RNA extraction kit
(Hunan Runmei Gene Technology Co., Ltd.) was used to extract RNA
from 60 fly heads in triplicates. To lyse the flies, add 200 uL of lysis
buffer to a 1.5 mL centrifuge tube and homogenise with a pellet pestle.
The samples were then centrifuged for one minute at 8000 rpm at 4 °C in
a floor-model chilled centrifuge (MX-301 Highspeed, Tomy Kogyo Co.,
Ltd., Tagara, Japan). Mix 600 pL of absolute ethanol in the tube by
vertexing. The liquid was loaded onto an adsorption column and
centrifuged for 1 min at 8000 rpm. The flow-through was discarded.
Next, add 500 pL wash buffers and centrifuge at 8000 rpm for 1 min. The
second wash phase was done twice after discarding the flow-through.
The RNA-containing column was centrifuged at 8000 rpm for 2 min to
eliminate any leftover liquid in the adsorption column. The adsorption
column was placed in a sterile 1.5 mL centrifuge tube. For RNA
extraction, add 50 pL of elution buffer to the adsorption membrane,
leave at room temperature for 2 min, then centrifuge at 8000 rpm for 1
min. The extracted RNA’s purity was tested using a Bioevopeak Nucleic
Acid Analyser (SP-MUV2000F, Jinan, Shandong, China). A260/230 and
A260/280 purity values between 1.8 and 2.2 were examined.

Primer design and gene expression

Primers targeted SOD1 and CAT transcripts, which reduce oxidative
stress in aged Drosophila melanogaster brains. The oxidative stress
response is crucial to understanding how time-restricted feeding affects
brain function and ageing, hence these genes were chosen.

Primer Quest ensured specificity and efficiency, whereas Oligocalc
and NCBI Blast validated target specificity and secondary structure for
primers. Primer synthesis was done by INQABA Biotech in South Africa.

The TransScript® Green one-step quantitative reverse transcription
PCR (qRT-PCR) SuperMix kit (AQ211, TransGen Biotech, China) was
used for RT-qPCR. The reaction mix consisted of 100 ng RNA template,
0.2 uM forward and reverse primers, 0.4 pL TransScript® Green One-
Step RT/RI Enzyme Mix, 10 pL TransScript® Green One-Step qPCR
SuperMix (2 x), and RNase-free water, totalling 20 uL each reaction.
qRT-PCR was done using a Rotor-Gene Q 5plex HRM thermal cycler
(Qiagen, Hilden, Germany).
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To ensure amplification specificity, optimisation and melt curve
analysis were done. Using the 2-AACT method, Cq values were nor-
malised to the reference gene, Ribosomal protein L32 (Rpl32), and a
control sample (Schmittgen and Livak, 2008). To assure accuracy and
reproducibility, all experiments were tripled.

Data analysis

The statistical analysis was performed using GraphPad Prism
(Version 9.5.1) software. The homogeneity of the collected data was
assessed using Shapiro-Wilk’s normality test. Two-way analysis of
variance (ANOVA) was conducted to evaluate the effects of Time-
Restricted Feeding (TRF) and sex, as well as their interactions, on
various outcomes, including locomotor activity, oxidative stress
markers, and antioxidant enzyme activities. This approach was chosen
to capture potential interactions between TRF feeding regimens and sex,
which could have a significant impact on the outcomes of interest. Post
hoc comparisons were made using Tukey’s test for intergroup compar-
isons. Statistical significance was determined at a significance level of p
< 0.05, and the data are presented as mean =+ standard deviation (SD).

Results
Negative geotaxis results

Two-way ANOVA revealed a significant interaction between Time-
Restricted Feeding (TRF) and sex on negative geotaxis performance (F
(3,16) =111.4, p < 0.0001). Significant main effects of both TRF groups
(F(3, 16) = 99.35, p < 0.0001) and sex (F(1, 16) = 300.5, p < 0.0001)
were also observed.

Biochemical result

MDA results

Two-way ANOVA revealed a significant interaction between Time-
Restricted Feeding (TRF) and sex on Malondialdehyde (MDA) levels in
aged Drosophila melanogaster (F(3, 16) = 77.87, p < 0.0001). There were
also significant main effects of both TRF groups (F(3, 16) = 20.82, p <
0.0001) and sex (F(1, 16) = 23.85, p = 0.0002) on MDA levels. Post hoc
Tukey’s test showed that several comparisons between TRF groups and
between sexes were significant, particularly between control and TRF
groups, as well as between male and female flies (p < 0.05).

SOD biochemical results

Two-way ANOVA was conducted to evaluate the effect of Time-
Restricted Feeding (TRF) and sex on Superoxide Dismutase (SOD) ac-
tivity in aged Drosophila melanogaster. The analysis showed a significant
interaction between TRF and sex (F(3, 16) = 2089, p < 0.0001), with
significant main effects for both TRF groups (F(3, 16) = 1578, p <
0.0001) and sex (F(1, 16) = 2414, p < 0.0001).

Catalase biochemical activity results
Two-way ANOVA showed a significant interaction between TRF and
sex (F(3, 16) = 11.38, p < 0.0001), with significant main effects for TRF

Table 2
List of primer sequences.
S/N Gene Accession Primer Sequence GC % Amp. Size
1 SOD1 NM_057387.5 Forward CGGTCACACCATAGAAGATACC 50 93 bp
Reverse CAGACAGCTTTAACCACCATTTC 43.5
2 CAT NM_080483.3 Forward TGGTCGTCTGTTCTCCTACT 50 109 bp
Reverse CCGCTGGAAGTTCTCAATCT 50

The PCR conditions were as follows: reverse transcription at 45 °C for 5 min, pre-denaturation at 94 °C for 30 s, followed by 40 cycles of denaturation at 94 °C for 5s,
annealing at temperatures specific to each primer pair (as shown in Table 2) for 15 s, and extension at 72 °C for 10 s.

Abbreviations: CAT: catalase; SOD; Superoxide Dismutase.
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groups and sex. Post hoc analysis revealed significant differences be-
tween the control group and various TRF groups, as well as between
sexes, especially in comparisons between male and female Drosophila (p
< 0.05).

Gene expression

SOD mRNA expression results

Two-way ANOVA was also performed for SOD mRNA expression. A
significant interaction between TRF and sex was observed (F(3, 16) =
21.82, p < 0.0001), with significant main effects for TRF groups and sex.
Post hoc Tukey’s test revealed significant differences between control
and TRF groups and between males and females (p < 0.05).

Catalase mRNA expression results

Two-way ANOVA revealed a significant interaction between Time-
Restricted Feeding (TRF) and sex on Catalase mRNA expression in
aged Drosophila melanogaster (F(3, 16) = 26.92, p < 0.0001). Significant
main effects were also observed for both TRF groups and sex. Post hoc
analysis using Tukey’s test showed significant differences between
control and TRF groups, particularly in comparisons between male and
female flies (p < 0.05) (Figs. 1-3).

Discussion

This study was designed to thoroughly examine the effects of Time-
Restricted Feeding (TRF) on oxidative stress in the brains of aged
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Fig. 1. Impact of Time-Restricted Feeding on locomotor activity and Malon-
dialdehyde (MDA) levels in aged Drosophila melanogaster. Data are presented
as mean + SD and exhibit a normal distribution. Statistical analysis was con-
ducted using two-way ANOVA. * Indicates significant difference compared to
the control groups (p < 0.05). # Indicates significant difference compared to the
vitamin C groups (p < 0.05).
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Fig. 2. Impact of Time-Restricted Feeding on Catalase activity and catalase
mRNA expression in aged Drosophila melanogaster. Data are presented as mean
+ SD and exhibit a normal distribution. Statistical analysis was conducted using
two-way ANOVA. *Indicates significant difference compared to the control
groups. #Indicates significant difference compared to the vitamin C groups (p
< 0.05).

Drosophila melanogaster, with a specific focus on locomotor activity,
oxidative stress parameters, and antioxidant gene expression. Our
findings contribute to the growing body of evidence supporting the
neuroprotective benefits of TRF, highlighting its potential as a dietary
intervention to mitigate age-related oxidative stress and promote
healthy aging.

Our findings demonstrated that TRF significantly improved loco-
motor activity in aged flies. Flies subjected to 12-hour TRF exhibited the
highest climbing performance compared to the control group, suggest-
ing enhanced neuromotor function. Interestingly, male flies consistently
showed better locomotor performance than females across all experi-
mental groups. This improvement in locomotor activity is consistent
with previous studies linking dietary interventions, such as fasting reg-
imens, to enhanced mitochondrial efficiency and motor coordination in
aging models [13].

The negative geotaxis assay revealed significant differences in
climbing ability among the experimental groups. Flies in the TRF 12-
hour group showed statistically significant improvement in climbing
performance compared to the control group (p < 0.05), indicating
enhanced neuromotor function. This suggests that a 12-hour feeding
window may provide an optimal balance for metabolic recovery and
neuromuscular coordination during aging.

However, flies in the TRF 8-hour and Vit C groups exhibited reduced
climbing ability compared to the control group. This finding may be
attributed to several factors. In the TRF 8-hour group, the restricted
feeding window might have been insufficient to meet the metabolic
demands required for optimal locomotor function, leading to neuro-
muscular fatigue. Previous studies suggest that excessively narrow
feeding windows can disrupt circadian rhythm synchronization and
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Fig. 3. Impact of Time-Restricted Feeding on Superoxide Dismutase (SOD)
activity and SOD mRNA expression in aged Drosophila melanogaster. Data are
presented as mean + SD and exhibit a normal distribution. Statistical analysis
was conducted using two-way ANOVA. *Indicates significant difference
compared to the control groups. #Indicates significant difference compared to
the vitamin C groups (p < 0.05).

metabolic efficiency, potentially impairing motor function [14,15]. In
contrast, while Vit C is a known antioxidant, excessive reliance on
exogenous antioxidants may impair the body’s natural defense systems
and disrupt redox homeostasis, potentially diminishing neuromotor
performance. These findings highlight the importance of identifying the
appropriate feeding duration and dietary components to support
neuromuscular function during aging.

The decline in locomotor performance observed in the control and
TRF 8-hour groups underscores the potential importance of feeding
duration in maintaining motor function during aging. The 12-hour TRF
window may provide a more optimal balance between metabolic acti-
vation and recovery, thereby supporting sustained neuromuscular
function. These findings highlight the importance of dietary timing as a
non-pharmacological approach to preserving motor function during
aging.

Malondialdehyde (MDA) is a well-established biomarker of lipid
peroxidation, a process that occurs when reactive oxygen species (ROS)
attack polyunsaturated fatty acids in cell membranes [16]. The resulting
oxidative damage is a key contributor to cellular dysfunction and has
been implicated in the pathogenesis of various neurodegenerative dis-
eases [16]. In our study, TRF led to a significant reduction in MDA levels
in both male and female flies, suggesting a robust decrease in lipid
peroxidation and oxidative stress. However, while males consistently
showed lower MDA levels compared to their respective controls, females
displayed a different pattern. The TRF groups in females showed a
relative increase in MDA levels compared to their control group.

This observation may suggest potential differences in how male and
female flies respond to TRF-induced metabolic changes and oxidative
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stress. One possible explanation for this finding is that hormonal and
metabolic differences between sexes could influence lipid metabolism
and oxidative stress response. Previous studies have shown that sex-
specific variations in antioxidant defense mechanisms and mitochon-
drial efficiency can impact lipid peroxidation levels [17]. Further
investigation into sex-specific metabolic pathways is necessary to fully
understand this outcome.

This finding is consistent with studies demonstrating that elevated
MDA levels are associated with increased oxidative damage in neuro-
degenerative conditions such as Alzheimer’s and Parkinson’s diseases
[18-20]. Elevated MDA levels have been identified in the brains of in-
dividuals with Alzheimer’s disease, and these levels are directly related
to the extent of cognitive decline and neurodegeneration [21].
Furthermore, in the case of Parkinson’s disease, there is a connection
between the death of dopaminergic neurones and the increase in lipid
peroxidation and MDA levels [22]. This highlights the significant impact
of oxidative stress on the deterioration of the nervous system.

The reduction in MDA observed with TRF in our study suggests that
this dietary intervention may mitigate lipid peroxidation and its asso-
ciated neurotoxicity. TRF’s ability to reduce oxidative stress may be
attributed to its effects on circadian rhythms, which are tightly linked to
metabolic processes that generate ROS. Studies have shown that TRF can
enhance mitochondrial efficiency and reduce ROS production, thereby
lowering MDA levels and protecting against oxidative damage [2.3,24].
This mechanism may be a key factor in TRF’s neuroprotective effects,
offering a promising strategy for reducing oxidative stress and preser-
ving neuronal function in aging organisms.

Catalase is a critical antioxidant enzyme that plays a vital role in
detoxifying hydrogen peroxide (H202), a reactive oxygen species that, if
not adequately controlled, can lead to the formation of hydroxyl radi-
cals—the most reactive and damaging ROS [25]. In this study, TRF
significantly increased catalase activity in both male and female flies,
particularly under the 12-hour feeding regimen. This upregulation of
catalase activity suggests that TRF enhances the brain’s antioxidant
defenses, thereby reducing the oxidative burden associated with aging.

The neuroprotective role of catalase has been extensively studied in
the context of age-related neurodegenerative diseases. Such as, in Alz-
heimer’s disease, impaired catalase activity has been linked to increased
oxidative stress and amyloid-beta aggregation, which are hallmarks of
the disease [26]. Enhancing catalase activity has been shown to protect
neurons from oxidative damage, reduce amyloid-beta toxicity, and
improve cognitive function in animal models of Alzheimer’s disease
[27]. Similarly, in Parkinson’s disease, catalase overexpression has been
found to protect dopaminergic neurons from oxidative damage and
extend lifespan in animal models [28].

The results of our study provide a detailed perspective on the effects
of TRF on antioxidant defences, specifically in relation to the activity of
Superoxide Dismutase (SOD). While TRF did not result in a notable rise
in SOD activity at the biochemical level, where SOD activity was actu-
ally lower than the control, the gene expression data presented a more
complex scenario. During the gene expression analysis, it was observed
that the levels of SOD mRNA were increased in the TRF groups as
compared to the control group. This suggests that there was a tran-
scriptional response to TRF. Nevertheless, the upregulation did not
exceed the levels observed in the vitamin C group, which acted as a
positive control for enhancing antioxidants.

The discrepancy observed between biochemical activity and gene
expression levels indicates that although TRF may trigger a transcrip-
tional response to enhance antioxidant defences, this does not neces-
sarily result in higher enzymatic activity under the specific conditions
examined. The possible reasons for this trend include post-
transcriptional or post-translational modifications, variations in
enzyme turnover rates, or other regulatory mechanisms that impact the
functional activity of SOD within the context of TRF.

While this study primarily focused on the evaluation of SOD1 due to
its critical role in cytosolic antioxidant defense, we acknowledge the
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importance of SOD2, which is localized in mitochondria and plays a vital
role in scavenging superoxide radicals generated during mitochondrial
respiration. Given that mitochondrial dysfunction is a hallmark of aging
and is implicated in neurodegenerative diseases, incorporating SOD2
analysis in future studies would provide a more comprehensive under-
standing of TRF’s impact on both cytosolic and mitochondrial oxidative
stress and neuroprotection [29].

The observed difference between the biochemical activity of SOD
and gene expression highlights the complex regulation of oxidative
stress responses. While increased SOD gene expression suggests a tran-
scriptional activation in response to TRF, the lack of corresponding
enzymatic activity could be due to post-transcriptional or post-
translational modifications, reduced enzyme stability, or other regula-
tory mechanisms. This discrepancy underscores the need for a more in-
depth investigation into how TRF modulates antioxidant defenses at
different cellular regulatory levels.

This discovery contradicts certain studies conducted on mammalian
models, which have shown a direct correlation between increased SOD
activity and neuroprotection against damage caused by oxidative stress
[30]. Nevertheless, it is consistent with research that has documented
comparable inconsistencies between gene expression and enzyme ac-
tivity. This emphasises the necessity for a more profound comprehen-
sion of the molecular mechanisms that underlie the impact of TRF on
oxidative stress and neuroprotection.

Time-Restricted Feeding (TRF) and Intermittent Fasting (IF) are
gaining considerable interest as effective dietary interventions that can
regulate oxidative stress and support the process of healthy ageing [31].
Extensive research conducted on a range of organisms, such as rodents
and humans, has shown that these dietary approaches can improve
metabolic health, decrease oxidative stress, and potentially increase
lifespan [32]. Nevertheless, the transfer of these advantages from model
organisms to humans is still a developing field of study.

Our study expands the existing evidence of the benefits of time-
restricted feeding (TRF) to Drosophila melanogaster, an invertebrate
model that has similar biological pathways to humans. Our investigation
revealed that TRF effectively decreases oxidative stress and improves
antioxidant defences in ageing Drosophila. Significantly, the decrease in
malondialdehyde (MDA) concentrations, along with the increase in
catalase and SOD gene expression, highlights the capacity of TRF to
alleviate oxidative harm and maintain neuronal function.

The neuroprotective effects of TRF are likely the result of multiple
mechanisms, including the regulation of circadian rhythms, metabolic
processes, and antioxidant defences. Through the synchronisation of
feeding schedules with circadian rhythms, Time-Restricted Feeding
(TRF) has the potential to improve the efficiency of mitochondria,
decrease the production of reactive oxygen species (ROS), and increase
the activity of antioxidant enzymes [33]. This, in turn, can help reduce
oxidative stress and provide protection against neurodegenerative dis-
eases. These findings indicate that time-restricted feeding (TRF) shows
potential as a non-pharmacological approach to enhance brain health
and postpone the development of age-related neurodegenerative
disorders.

The findings of this study offer important translational insights for
dietary interventions aimed at mitigating age-related neurodegenerative
processes in humans. Studies in rodent models have demonstrated that
TRF can enhance mitochondrial efficiency, reduce ROS production, and
improve cognitive performance. Although direct comparisons between
invertebrate and mammalian systems should be made cautiously, the
conserved metabolic pathways between Drosophila melanogaster and
humans make this model highly relevant for aging research. Our find-
ings suggest that TRF may serve as a practical, non-pharmacological
approach to support brain health and delay the onset of neurodegen-
erative diseases in aging populations. Further investigations in
mammalian models and clinical trials are essential to validate these
effects and optimize feeding schedules for human health

The thorough examination of locomotor activity, oxidative stress
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markers, and gene expression in this study offers a strong foundation for
comprehending the influence of time-restricted feeding (TRF) on brain
health during the ageing process. The observed enhancements in both
locomotor performance and antioxidative defences underscore the po-
tential of time-restricted feeding (TRF) as a dietary intervention for
promoting optimal ageing. Furthermore, our research adds to the
increasing amount of literature that confirms the involvement of
oxidative stress in age-related neurodegenerative diseases and the
ability of dietary interventions such as TRF to reduce these effects.

Further investigation should prioritise the clarification of the precise
molecular mechanisms by which TRF exerts its neuroprotective prop-
erties, as well as examining the potential applicability of these discov-
eries to human well-being. Furthermore, exploring the potential gender-
specific reactions to time-restricted feeding (TRF) and other dietary in-
terventions will offer a more detailed comprehension of their effects on
the process of ageing and the development of neurodegenerative
diseases.

Conclusion

This study shows the potential of time-restricted feeding (TRF) as a
strategy to promote brain health during aging. Notably, TRF not only
improved locomotor activity, a marker of brain health, but also signif-
icantly bolstered the organism’s antioxidant defenses. By methodically
analyzing oxidative stress parameters and antioxidant gene expression,
this study offers valuable insights into the underlying molecular mech-
anisms of TRF’s neuroprotective effects. These findings represent a
significant contribution to the field, paving the way for future trans-
lational research. By bridging the gap between model organisms and
human health, our observations in Drosophila open exciting avenues for
exploring TRF as a potential intervention for age-related cognitive
decline and neurodegenerative diseases. The focus on a single model
organism which raises questions about the translatability of findings to
human contexts is a limitation to this study. Hence further exploration of
specific molecular pathways influenced by TRF and the consideration of
potential sex-specific responses in future research will provide a more
subtle understanding.
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