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Abstract

Obesity causes oxidative stress and persistent, low-grade inflammation through fat
overloading, immune cell dysfunction (macrophage infiltration), and the release of pro-
inflammatory cytokines (TNF-a, IL-10). Overproduction of reactive oxygen species (ROS)
generates oxidative stress, which in turn activates the immune system, which in turn
promotes insulin resistance and metabolic disorders, creating a vicious cycle. The research
involved 36 male albino rats that were 3 months old and weighed 150 to 200 g. In order to
reduce biological variability, the animals were chosen for their similarity in age and weight.
Body weight, hormone, and oxidative stress markers were the targets of this 28-day
biochemical experiment that aimed to determine the impact of different diet types and time-
restricted eating regimens, with different caloric intake in the morning and evening. A
constant 25 g of food was given to each rat every day. The daily ration in the time-restricted
groups was split into two portions, 6.25 g for 25% of the participants and 18.75 g for 75%, as
per the group design. All three measures demonstrated significant differences between the
groups (p<0.05), indicating that fast food and the timing of its consumption both impact the
level of inflammation in the body. Acute systemic inflammation may have developed in
groups B, B1, and B2 due to the high-calorie meals' impact on CRP levels. This inflammation
may have been caused by an increase in oxidative stress and the buildup of saturated fats,
which are known to activate the synthesis of inflammatory cytokines in the liver. In
comparison to the other groups, group B had a significantly higher TNF-a level (11.23+£2.34
pg/mL). In contrast, Bl and B2 had a progressive decline in levels (7.41£2.11) and
(8.32+1.94), respectively, while the control groups A2-A had the lowest levels (5-6 pg/mL).
Group B had the highest results at 12.13+£2.61 pg/mL, followed by B2 at 10.25+2.33 pg/mL,
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and B1 at 8.08+1.83 pg/mL. Values in the control groups ranged from 3.7 to 4.2 pg/mL,
which is the lowest. All oxidative stress indices showed significant variations (p<0.05) across
groups, which shows that different types of food and when they are eaten have different
effects on the body's oxidative balance. The GSH levels in the high-fat groups, especially B2
(0.30+£0.01) and B3 (0.34+0.02), were noticeably lower than in the control group A
(0.79+0.06). Reducing glutathione (GSH) levels is an indicator of antioxidant system
depletion caused by persistent oxidative stress from accumulated oxidized lipids, and GSH is

a crucial cellular defense mechanism against free radicals.

Keywords: Obesity Model, Inflammation, Oxidative Stress, Immune System, Time-

Restricted Feeding.

Introduction

Many different factors, including those at the social, behavioral, psychological, metabolic,
cellular, and molecular levels, interact to cause obesity, a chronic disease with multiple
causes. It is the state of having an excess of adipose tissue, which can be described as a rise in
body weight leading to the accumulation of fat [1-3]. In developed nations in particular,
obesity has emerged as a major public health concern in recent decades [4]. Death rates, as
well as those from cardiovascular disease, diabetes, and colon cancer, are all impacted by
obesity [5]. A large body of research has shown that being overweight or obese increases the
risk of developing multiple chronic diseases, which in turn increases the risk of death. These
diseases include type 2 diabetes, cardiovascular disease, cancer, and many more. The
associated medical expenditures are likewise considerable. The development of population-
based initiatives to prevent excess weight gain requires a public health strategy. Nevertheless,
the increasing incidence of obesity has not been adequately addressed by public health
intervention efforts. Current public health strategies for reducing risk factors and preventing
obesity are evaluated critically in this paper, which also examines the definitions of
overweight and obesity, how they vary by age and ethnicity, the health effects of obesity, and
the factors that contribute to its development.[6]

Since reactive oxygen species (ROS) exist both in health and in illness, causing indirect or
direct harm to various organs, it follows that oxidative stress (OS) plays a role in pathological
processes such diabetes, obesity, heart disease, and atherogenicity. Some research suggests
that obesity can trigger systemic OS, which in turn can lead to an imbalance in the body's

adipokine production and the onset of metabolic syndrome [7]. Obese people have a higher
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sensitivity to CRP and other oxidative damage biomarkers, which correlates with body mass
index (BMI), percentage of fat, LDL oxidation, and TG levels; on the other hand, antioxidant
defense markers are lower as a function of central obesity and amount of body fat [8]. People
who are overweight are more likely to have OS stress and inflammation, according to study
[9], because their diet is heavy in carbs and lipids. A single study found a statistically
significant correlation between body mass index (BMI) and F2-IsoP concentration.
Furthermore, dietary parameters were examined, and it was noted that the level of lipid
peroxidation is inversely related to fruit consumption. This same study also found that
compared to males, females had a higher peroxidation level, which could be due to the higher
fat percentage in females. Additionally, we discovered that plasma cholesterol concentration
was positively correlated with lipid peroxidation level [10]. Over time, being overweight can
lead to a decrease in the activity of enzymes like catalase (CAT) and superoxide dismutase
(SOD), which deplete antioxidant supplies. Concerning the potential for obesity-related
health complications, the activity of glutathione peroxidase (GPx) and superoxide dismutase
(SOD) is much reduced in obese individuals compared to healthy individuals [11]. Vitamin A,
which is fat-soluble and has antioxidant properties, is likely diluted in rats with obesity due to
their high liver lipid storage, according to a rat study that found a markedly lower
concentration of this vitamin in the livers of obese rats compared to rats without obesity.
Obesity is associated with reduced levels of glutathione and other antioxidants in the blood,
including vitamin A, vitamin E, vitamin C, and B-carotene [12]. It has been suggested that
antioxidants or ROS inhibitors may be able to reestablish the control of adipokines, as ROS
reduce adiponectin expression. Hence, using antioxidant supplements might lessen the
likelihood of problems associated with obesity and OS. There is a correlation between
obesity, insulin resistance, endothelial dysfunction, and inflammation, all of which are
symptoms of elevated OS. This cascade of metabolic and circulatory changes may be the
result of interplaying and amplifying changes. The production of adipokines and acute phase
proteins by adipose tissue may be triggered by hypoxia. When fat cells proliferate excessively
in obesity, it leads to a lack of oxygen in the blood. People who are overweight may have
reduced systemic inflammation due to the fact that adipose tissue, which accounts for 25% of
systemic IL-6, is located in their bodies. It has been noted that systemic inflammation may be
reflected in the rise of substances released by adipocytes, and the overall evidence suggests
that fat cells have a capacity equal to or greater than inflammatory cells, especially when
compared with macrophages [13]. According to Nishimura et al. [14], macrophage

recruitment and activation are enhanced when CDS8(+) T-cells in obese adipose tissue are
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activated. Based on these findings, CD8 (+) T-cells are crucial for the development and
maintenance of adipose inflammation. Researchers Cani et al. [15] found that altering gut
microbiota in mice fed a high-fat diet causes a rise in intestinal permeability, which in turn

leads to metabolic endotoxemia, inflammation, and related diseases.

Materials and Methods

Animals Used in Experiments

The research involved 36 male albino rats that were 3 months old and weighed 150 to 200 g.
In order to reduce biological variability, the animals were chosen for their similarity in age
and weight. The rats were kept in individual cages to avoid any potential for competing for
food and to guarantee precise food intake measurements. They were also given full access to
clean water for the whole experiment. Typical settings for animal housing were a temperature
range of 22-25°C and a 12-hour light/12-hour dark cycle. All of the animals were given their
regular food and drink for 7 days to help them adjust before the experimental treatments
began. Animals were housed, fed, anesthetized, sampled, and sacrificed according to all

protocols .

Experimental Animals

Body weight, hormone, and oxidative stress markers were the targets of this 28-day
biochemical experiment that aimed to determine the impact of different diet types and time-
restricted eating regimens, with different caloric intake in the morning and evening. Six
groups of six rats each were randomly assigned to the animals after the acclimatization phase.

The assignment was carried out in the following manner:

First: Standard Food Groups
e Control Group A: Standard food without time restrictions.
e Al Group: Standard food with time restrictions, distributing calories 25% in the
morning and 75% in the evening.
e A2 Group: Standard food with time restrictions, distributing calories 75% in the

morning and 25% in the evening.
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Second: High-Calorie Food Groups
e B Group: High-calorie food without time restrictions.
e B1 Group: High-calorie food with time restrictions, distributing calories 25% in the
morning and 75% in the evening.
e B2 Group: High-calorie food with time restrictions, distributing calories 75% in the

morning and 25% in the evening.

Timing of Meals and Feeding

A constant 25 g of food was given to each rat every day. The daily ration in the time-
restricted groups was split into two portions, 6.25 g for 25% of the participants and 18.75 g
for 75%, as per the group design. Both group A and group B were not timed, so participants
may eat whenever they wanted. To standardize feeding schedules and decrease circadian
rhythm variances, meals were supplied twice daily at 10:00 AM and 10:00 PM to the time-
restricted groups Al, A2, B1, and B2.

Making Foods Rich in Calories
The calorically dense meal was made using a uniform combination of burgers, French fries,
and crispy chicken in equal parts, and then distributed to each group at the predetermined

intervals.

Burger Making Methods

We used 850 grams of lean ground beef, 150 grams of beef fat, 15 grams of salt, 10 grams of
minced fresh garlic, and 10 grams of hamburger spice per kilogram of combination to make
the burger patties. Using a 4 mm fines grinder, the beef was ground at a temperature below
4°C. The materials were thereafter blended thoroughly before being shaped into patties that
were 80-100 g in weight and 1-1.5 cm thick. As per the usual procedure for burger patties, the
patties were cooked at a temperature range of 180 to 200 degrees Celsius until they reached
an internal temperature of 72 degrees Celsius.

Making Chicken with a Crunch

Fry the fresh chicken pieces in hot vegetable oil at 170-180°C until they are golden brown
and crispy, making sure the internal temperature is 75°C. The coating should be a dry mixture

of wheat flour, rice flour, maize flour, and seasoned flour.
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Methods for Making Potato Fingers

Uniformly sized fresh potatoes were used to make potato fingers. They scrubbed, peeled, and
diced the potatoes into fingers of consistent size. Before being prepared for frying, they were
rinsed to remove any excess starch. The next step was to dry them, add salt, and then fry
them in sunflower oil in an electric fryer until they were crispy and golden. Regasa et al.
(2025) detailed a similar methodology for a laboratory setting; however, this method was

somewhat adjusted to fit the needs of the actual investigation.

Weight and Feed Intake Measurements

Starting at the start of the experiment and continuing weekly, an electronic digital scale was
used to measure the body weight of each animal. Each measurement was conducted at the
same time each day to account for the potential influence of circadian rhythms. A weight

increase calculation was performed using the following formula:

Weight Gain = Final Weight — Initial Weight

Injectable Medications with Blood Drawn

In accordance with established protocols for the anesthesia of rodents, mice were induced to
fasting by administering a mixture of 10% ketamine and 2% xylazine. Following the
confirmation of deep anesthesia, typical protocols for rodents were followed to extract blood
samples: EDTA-containing tubes for plasma and anticoagulant-free tubes for serum. The

samples were collected using sterile syringes.

Separation of Plasma and Serum and Preservation of Samples

By centrifuging at 3000 rpm for 10 minutes at room temperature, the serum and plasma were
separated. The samples were thereafter placed in Eppendorf tubes and kept in the refrigerator
until they were analyzed for chemicals and hormones, in accordance with established

laboratory protocols.
Markers of Inflammation and Immunology

Following the manufacturer's instructions and recent implementations of this approach, the

concentration of C-reactive protein (CRP) in serum was determined using an AFIAS
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equipment that relies on fluorescence immunoassay technology. We used a rat ELISA kit
from Cusabio Biotech Co., Ltd., China, to estimate the TNF-o concentration, and we used a
Rat IL-10 ELISA Kit from Elabscience, China, to measure IL-10. We followed the sandwich
ELISA concept and the instructions provided by the suppliers. Standard curves were used to
compute concentrations, and absorbance was measured at 450 nm. Serum samples were
diluted 1:500 before measurement to estimate IgA and IgG immunoglobulins using an ELISA
assay kit from Bioengineering Co. Ltd., China, in accordance with the procedure approved by
Xie et al.,, 2025. Using a full blood count with differential analysis, an automated
hematologist based on electrical impedance and/or laser flow cytometry determined the total

white blood cell count, lymphocyte number and percentage, and other parameters.

Symptoms of Free Radical Damage

We followed the manufacturer's instructions to quantify the quantity of catalase (CAT) in
serum using a rat ELISA kit from SunLong Biotech Co., Ltd., China. We used a modified
procedure that involved reacting ethylmen reagent (DTNB) with sulthydryl groups and
measuring absorbance at 412 nm to quantify reduced glutathione (GSH). Using a diagnostic
kit from SunLong Biotech (China), we evaluated the amounts of superoxide dismutase (SOD)
and malondialdehyde (MDA). We followed the manufacturer's instructions and used standard

curves to get the values.

Data Analysis by Statistic
A totally random design (CRD) was used for statistical analysis of the data. We used
Duncan's multiple range test to look for differences in the means. A level of significance of P

< 0.05 was determined. We used SAS 2012 software to conduct all of our analyses.

Results and Discussion

A significant biomarker reflecting the systemic inflammatory and immunological response
due to changes in the timing and type of food intake is shown in Table (1). All three measures
demonstrated significant differences between the groups (p<0.05), indicating that fast food

and the timing of its consumption both impact the level of inflammation in the body.
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Table 1. Inflammation Factors

Test CRP mg/L TNF-a pg/ml | IL-10 pg/ml
A 0.552 5.10 4.280
Al 0.591 5.92 3.790
A2 0.875 6.28 3.760
B 3.023 11.23 12.130
Bl 1.314 7.41 8.080
B2 2.820 8.32 10.258

CRP: C-reactive protein; TNF-a: Tumur necrosis Factor-alpha; IL-10: Inter leukin-10

C-Reactive Protein (CRP) mg/L

The most significant result was obtained by Group B (3.023+0.81 mg/L), followed by Group
B2 (2.82040.94 mg/L), while the groups A and A1l had the lowest values (0.552+0.06 mg/L
and 0.591+0.07 mg/L, respectively). Acute systemic inflammation may have developed in
groups B, B1, and B2 due to the high-calorie meals' impact on CRP levels. This inflammation
may have been caused by an increase in oxidative stress and the buildup of saturated fats,
which are known to activate the synthesis of inflammatory cytokines in the liver. These
findings align with the research conducted by Huh et al. (2022), which proved that CRP is
considerably increased in the liver and intestines as a result of a high-fat diet, as a result of
the activation of the NF-xB inflammatory pathway. Group B1 had a significantly lower C-
reactive protein level (1.314+0.53 mg/L) than groups B and B2, suggesting that morning
feeding mitigated the inflammatory impact of high-calorie meals. As a result of enhanced
mitochondrial circadian rhythm and lower oxidative stress, Sutton et al. (2018) found that
early time-restricted meals reduces inflammatory markers, including CRP and IL-6, even
without weight change. When comparing healthy individuals to those with anorexia nervosa,
Xu et al. (2024) found that C-reactive protein (CRP) levels were significantly lower in the
former group. This decline, which is consistent with the lack of a typical systemic
inflammatory response in this illness, is probably the result of physiological adjustments
brought about by acute starvation and long-term decreases in metabolic energy and body
mass. Total dietary antioxidant capacity (DAC) is inversely related to CRP levels, according

to Wang et al. (2023), and CRP is the principal mediator of some of the antioxidants'
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protective effects. Because antioxidants suppress low-grade inflammation, especially when
consumed in synchronization with the circadian rhythm, it follows that the time-balanced diet

group (A1/B1) had lower CRP levels than the high-calorie evening diet group (B2).

Tumor Necrosis Factor-o (TNF-a pg/mL)

In comparison to the other groups, group B had a significantly higher TNF-a level
(11.23+2.34 pg/mL). In contrast, Bl and B2 had a progressive decline in levels (7.41£2.11)
and (8.32+1.94), respectively, while the control groups A2-A had the lowest levels (5-6
pg/mL). The inflammatory cytokine TNF-a is released into the bloodstream by phagocytic
cells when the amount of saturated fat in the diet is high. Insulin resistance is ramped up and
the inflammatory process (NF-kB pathway) is activated. In line with these findings, a study
conducted by Lee et al. (2023) proved that insulin resistance develops in the liver and
muscles as a result of high-fat diets, which increase TNF-a. The fact that B1 was significantly
lower than B and B2 demonstrates that eating breakfast helps lower inflammation through
influencing cytokine circadian rhythms and increasing insulin sensitivity. According to Chaix
et al. (2021), the immune system remains balanced and TNF-a production is reduced through
circadian diet. After excluding outliers or studies with high variance, the combined findings
from various studies suggest that tumor necrosis factor-alpha (TNF-a) may exhibit a small
increase in individuals with anorexia nervosa, but this increase does not retain statistical
significance (Dalton et al., 2018; Nagata et al., 2006). The findings also indicate that patients
with bulimia nervosa may initially have higher levels of TNF-a than the control groups, but
this disparity decreases if confounding factors are taken into account. When these results are
considered as a whole, they show that alterations in pro-inflammatory cytokines in eating
disorders are localized or selective, rather than reflecting a systemic inflammatory pattern,
and that this is indicative of specialized rather than universal immune responses. According to
Azemi et al. (2025), controlling when you eat helps lower levels of inflammatory cytokines,
especially TNF-a. This suggests that obesity-related chronic low-grade inflammation is

reduced and immunological homeostasis is improved.

Interleukin-10 (IL-10 pg/mL)

Group B had the highest results at 12.13+£2.61 pg/mL, followed by B2 at 10.25+2.33 pg/mL,
and B1 at 8.08+1.83 pg/mL. Values in the control groups ranged from 3.7 to 4.2 pg/mL,
which is the lowest. In this case, the body is trying to mitigate the inflammatory damage

produced by raised TNF-a and CRP levels by elevating IL-10, despite the fact that it is
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normally thought of as an anti-inflammatory cytokine. In a study conducted by Acosta et al.
(2019), it was proven that increasing IL-10 levels in individuals following high-fat diets do
not represent immunological homeostasis, but rather excessive immune system activity aimed
at reducing chronic inflammation. It appears that morning feeding reduced inflammation and
the requirement for compensatory IL-10 activation, as Group B1 exhibited an intermediate
IL-10 level between the low and high groups. The results of this study are in line with those
of Guo et al. (2023), who discovered that time-restricted feeding changes the balance of
cytokines by balancing the levels of TNF-a and IL-10, which keeps the immune system in a
steady state. This study adds to the growing body of evidence linking disruptions in lipid
metabolism to systemic inflammatory pathways by showing that altered blood lipid profiles
are physiologically correlated with increased inflammatory markers. Groups B and B2
showed higher amounts of total cholesterol (TC), triglycerides (TG), and low-density
lipoprotein (LDL), as well as notable spikes in CRP and TNF-a, suggesting a two-way
activation of the inflammatory response and hyperlipidemia. According to research by Huh et
al. (2022) and Chen et al. (2022), the NF-kB inflammatory pathway, which is in charge of
producing CRP and TNF-o, is stimulated when saturated fats build up in the liver and tissues,
activating Toll-like receptor 4 (TLR4) on the surface of phagocytic and hepatocytes. A
negative feedback loop between inflammation and impaired lipid metabolism is created when
this persistent activation leads to decreased insulin sensitivity and increased triglyceride
excretion in the blood (Caputo et al., 2017).

In group B1, subjects were given high-fat breakfasts (75% in the morning and 25% in the
evening) and showed considerable improvements in inflammatory markers (lower CRP, TNF-
a, and IL-10) and lipid markers (lower TC, LDL, and TG, with higher HDL) compared to the
other groups. Better fat metabolism and less buildup of inflammatory oxidation byproducts
are the results of eating first thing in the morning, which happens to be when the body's
metabolic rates are highest (Chaix et al., 2021; Sutton et al., 2020; Manoogian and Panda,
2022). Research conducted by Guo et al. (2023) and Xie et al. (2023) examined the molecular
effects of early time-restricted feeding. The results demonstrated that this feeding pattern
resets genes related to lipid metabolism, like PPAR-o and SREBP-Ic, and decreases
inflammatory NF-kB activity. As a result, there is less inflammation in the liver and intestinal
tract, and the health of lipids is improved.

In addition, research conducted by Yin et al. (2022), Huh et al. (2022), and Guo et al. (2023)
has shown that dietary changes that are in sync with the circadian rhythm lead to a reduction

in the compensatory IL-10 response, which in turn restores the normal state of immunological
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homeostasis. Chrononutrition promotes efficient lipid metabolism and reduces chronic
inflammation generated by high-energy meals, as seen by the parallel improvement in lipid
and inflammatory markers in group B1l. Nevertheless, similar to group B2, eating in the
evening threw this equilibrium out of whack, leading to higher levels of inflammation and
harmful lipids since eating at that time interferes with the circadian clock that controls
metabolism. Keeler et al. (2025) conducted a thorough meta-analysis that linked anorexia
nervosa and other eating disorders to altered patterns of inflammatory cytokines. Anorexia
nervosa patients showed a differentially altered immune response, with increased interleukin-
6 and IL-15 levels and decreased interleukin-7 levels compared to control subjects. In
addition, after accounting for outliers, the results demonstrated that there were no notable
variations in the levels of tumor necrosis factor (TNF)-a, IL-1p, IL-4, IL-8, IL-10, interferon
(IFN)-y, monocyte chemoattractant protein (MCP), and transforming growth factor (TGF)-f3
between the healthy individuals and patients with anorexia nervosa.

According to Keeler et al. (2025), who looked at immunological changes through time, IL-6
levels were lower in anorexia nervosa patients at follow-up than they were at baseline.
Instead of a real improvement in inflammatory activity, this drop can be due to publication
bias. Over time, no increases in TNF-a and IL-1p concentrations were noted that were
statistically significant. The results demonstrated that there were no notable variations in IL-6
and TNF-a levels between the control groups and those with bulimia nervosa (BN).
Unfortunately, a trustworthy meta-analysis for binge eating disorder or any other eating
disorder was not possible due to the small number of research that were available. There was
no statistically significant rise in other pro-inflammatory cytokines, however the study did
find that IL-7 is lowered and IL-6 and IL-15 are enhanced in severe anorexia nervosa. These
results point to a selective dysregulation of cytokines rather than a normal or universal
immune response in eating disorders. Further longitudinal and comparative research are
needed to better understand the immunological and inflammatory involvement in various
eating disorders, especially bulimia nervosa, where there is still a lack of sufficient evidence.
Researchers have found that people with bulimia nervosa, binge eating disorder, and even
some cases of obesity without eating disorders have significantly lower levels of the anti-
inflammatory cytokine interleukin-10 (IL-10). This finding is supported by studies conducted
by Tabasi et al. (2020) and Caldas et al. (2022). This indicates that these groups may
experience immune dysfunction due to impaired anti-inflammatory immune function, as
indicated by low IL-10 levels. In contrast, anorexia nervosa shows a pattern more similar to

inflammatory inactivity, caused by low CRP and stable or moderate TNF-a levels. prior
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investigations, including the one conducted by Dalton et al. (2018), found slightly higher
levels of TNF-a and IL-6 in people with anorexia nervosa compared to healthy individuals.
These new data provide a thorough update of those prior analyses.

The study conducted by Permataputri et al. (2025) examined the impact of time-restricted
fasting on specific immunological markers in Asian women who are obese. The results
demonstrated that the group undergoing time-restricted fasting had significantly lower levels
of interferon-y (IFN-y), whereas neither the control nor the alternate-day modified fasting
groups showed any notable changes. No statistically significant change was noted in any of
the groups regarding interleukin-10 (IL-10) levels following the intervention. Conclusions
Time-restricted fasting may help lower pro-inflammatory cytokines but has no discernible
impact on anti-inflammatory cytokines, according to these findings. The drop in IFN-y was
seen by the researchers as a natural physiological reaction to the reduction of obesity-related
chronic low-grade inflammation. This finding supports the idea that fasting can bring about
immune homeostasis by lowering levels of pro-inflammatory cytokines. This aligns with the
findings of Huang et al. (2022), who explained that IFN-y and other members of the
interferon family are crucial in controlling insulin sensitivity and inflammatory reactions in
fat tissue. On the flip side, the study's IL-10 levels remained rather constant, which could be
due to the brief intervention period (20 days) or the fact that there was no discernible shift in
fat mass. Keep in mind that IL-10's impact on obesity might be more nuanced than previously
thought. Research by Saxton et al. (2021), Minshawi et al. (2020), and Acosta et al. (2019)
among others has demonstrated that IL-10 can regulate the inflammatory response and insulin
resistance in human adipose tissue, among other possible dual functions of the protein
depending on the cellular environment and the type of its receptors. Thus, the research came
to the conclusion that during brief dietary interventions, time-limited fasting could decrease
levels of pro-inflammatory cytokines like IFN-y while maintaining or even boosting levels of
anti-inflammatory cytokines like IL-10. Although several inflammatory cytokines were found
to be decreased, the results of Permataputri et al. (2025) show that IL-10 levels remained
relatively unchanged. Some studies, like the one involving IFN-y, suggest that controlling the
schedule of eating mainly reduces inflammation by reducing inflammatory cytokines, rather
than necessitating an increase in IL-10 to compensate. The overall inflammatory state is
improved through the suppression of primary inflammatory signaling, as indicated by the

stability of IL-10.
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Table 2. Oxidation Indices

Test Gat Iu/L GSH lv/L SOD lu/L MDA
mmol/L
A 1.45 0.79 58.14 2.34
Al 1.61 0.71 55.25 2.12
A2 1.40 0.82 53.63 2.79
B 0.98 0.34 40.46 4.24
Bl 1.34 0.38 47.78 3.92
B2 0.92 0.30 45.24 4.08

MDA: Malondialdehyde; SOD: Superoxide dismutase; GSH: Glutathione; Cat: Catalase

Groups differ significantly (p<0.05) in all oxidative stress indices, as shown in the table. This
reflects the fact that different types of food have different impacts on the body's oxidative
balance, as do the time and timing of consumption. Reducing oxidative damage associated
with obesity and excessive fat consumption, Azemi et al. (2025) showed that time-restricted
eating improved oxidative-reductive balance, as evidenced by lower MDA and enhanced

SOD activity.

Catalase enzyme (CAT lu/L)

The results demonstrated that groups Al (1.61+0.60) and A (1.45+0.31) had the highest
catalase enzyme activity compared to the other groups, while groups B, B1, and B2, which
were given high-calorie meals, had significantly lower activity, particularly in (0.98+0.13)
and (0.92+0.08) B. Catalase is an essential enzyme in the body that converts hydrogen
peroxide (H20:) into oxygen and water, a process that keeps harmful free radicals from
building up. Catalase activity reduction in B and B2 suggests elevated oxidative stress due to
fried meals and saturated fats, which produce lipid oxidation products that add to the buildup
of free radicals.

These findings corroborate previous research (Anderson et al., 2009; Yasmin et al., 2025) that
demonstrated elevated levels of malondialdehyde (MDA) and reactive oxygen species (ROS)
in the livers of mice given a high-fat diet. Additionally, the study found that the activity of
antioxidant enzymes such as glutathione peroxidase (GPx), superoxide dismutase (SOD), and

catalase (CAT) was significantly reduced. A compromised antioxidant defense mechanism as

PAGE NO : 143



Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

a result of elevated reactive oxygen species (ROS) production is suggested by the significant
decline in catalase and superoxide dismutase activity observed in the high-fat diet group. On
the flip side, the Al group's increased morning-restricted feeding is a result of circadian-
rhythm-synchronized antioxidant pathway activation. Researchers Sutton et al. (2020) and
Guo et al. (2023) found that when babies are fed early on, their livers produce more

antioxidant enzymes.

Reduced Glutathione (GSH lu/L)

The GSH levels in the high-fat groups, especially B2 (0.30+0.01) and B3 (0.34+0.02), were
noticeably lower than in the control group A (0.79+£0.06). Reducing glutathione (GSH) levels
is an indicator of antioxidant system depletion caused by persistent oxidative stress from
accumulated oxidized lipids, and GSH is a crucial cellular defense mechanism against free
radicals. Two studies (Yasmin et al., 2025; Wang et al., 2024) found that high-fat diets hinder
glutathione reductase activity, which in turn hinders the GSH regeneration cycle. As a result,
oxidative damage in cells of the liver and the intestines is enhanced. In comparison to groups
B and B2, Group Bl had a relative improvement of 0.38 + 0.04, indicating that reducing
glutathione depletion by synchronizing metabolism with daily mitochondrial activity was
improved by feeding in the morning. In their study, Xie et al. (2024) showed that when food
intake is limited during the day, the Nrf2-ARE pathway is activated. This activation causes an
increase in the gene expression of glutathione-related enzymes (such as GCL, GR, GPx, and
catalase) during the daytime activity phase, thereby coordinating the antioxidant responses in

the liver and intestine.

Superoxide Dismutase (SOD) enzyme

Group A of the control group had the highest values (58.14+6.61), followed by Al
(55.25£7.17) and A2 (53.63 = 8.09), whereas groups B (40.46+4.52) and B2 (45.24+6.07)
showed a significant decline. Decreased levels of superoxide dismutase (SOD), an enzyme
crucial for neutralizing O:~ free radicals, suggest that cells are less able to withstand oxidation
brought on by saturated fats. This confirms the findings of Huang et al. (2022) and Wang et
al. (2023), which showed that oxidized lipids block the expression of genes responsible for
SOD and GSH. Our results show that eating fast food reduces the activity of defense
enzymes. According to the hypothesis, lowering oxidative stress even with a high caloric
intake can be achieved by aligning nutrition with the activity phase of the day, as seen by the

relative improvement in B1 (47.78 = 5.11) compared to B and B2.
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Malon dialdehyde (MDA mmol/L)

There was a notable rise in MDA in the fast food categories (B, B1l, and B2), with B2
(4.08+1.38) and B (4.24+1.07) having the highest values, and Al (2.12+0.89) having the
lowest. A rise in malondialdehyde (MDA), a byproduct of lipid peroxidation, is indicative of
free radical accumulation-induced damage to cell membranes. These findings corroborate
those of research by Deng et al. (2025) and Feng et al. (2024), which showed that a high-fat
diet, especially when eaten late at night, increases MDA and decreases antioxidant defenses.
Group Al has lower MDA levels because their antioxidant activity is higher in the morning,
when the expression of defense enzyme genes is highest. Consistent with previous research,
this suggests that limiting breakfast food intake lowers lipid peroxidation and maintains
healthy liver cells (Chaix et al., 2021; Manoogian and Panda, 2022).

Based on the study's findings, there is a direct link between oxidative stress markers and
systemic inflammation markers when looking at the physiological relationship between the
two. In the fast-food groups, especially B and B2, there was a decline in cellular antioxidants
(CAT, GSH, SOD) and an increase in malondialdehyde (MDA), which occurred at the same
time as there was a significant rise in CRP and TNF-a and a corresponding increase in IL-10.
The physiological process begins when reactive oxygen species (ROS) build up and trigger
the NF-kB inflammatory pathway, leading to an upregulation of cytokines (TNF-a) and
acute-phase proteins (CRP). At the same time, the glutathione system is depleted and defense
enzymes (SOD and CAT) are inhibited. According to Huang (2022), Huh (2022), and
Anderson et al. (2009), this further reinforces the oxidation-inflammation feedback loop. Xie
et al. (2024), Sutton et al. (2020), Guo et al. (2023), and the B1 group all found that morning
feeding led to relative improvements in health. This was despite the fact that the B1 group
still ate high-fat meals. Specifically, there was a decrease in malondialdehyde (MDA) and an
increase in catalase, peroxidase, and glutathione (CAT/SOD/GSH) activity, which in turn
reduced CRP/TNF-a levels and eliminated the need for compensatory IL-10 elevation. This
improvement was likely caused by the activation of the Nrf2-ARE pathway, improved
mitochondrial efficiency, and synchronization of metabolism with the circadian rhythm,
which limits ROS and reduces NF-kB activation. Therefore, the present findings lend
credence to the idea of circadian nutrition as a means to mitigate chronic inflammation and
oxidative stress, even when a high dietary fat load is present (Li et al., 2021; Nah et al.,
2024).
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Dietary total antioxidant capacity (TAC) is inversely related to the risk of all-cause and
cardiovascular mortality, according to the study by Wang et al. (2023) that used data from the
US National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. The
results showed that compared to the lowest group, participants in the highest 20% of total
TAC had a significantly lower risk of mortality from cardiovascular disease and all causes.
Increasing consumption of antioxidant-rich foods at dinner was linked to a substantial
decrease in all-cause mortality rates, but this association was not detected at breakfast or
lunch, according to analysis of the temporal distribution of antioxidant intake throughout the
day. Moreover, there was an inverse association between the risk of all-cause mortality and
the difference between supper and breakfast TAC (ATAC), lending credence to the idea that
when antioxidants are consumed might be more significant than their overall amount. In the
link between TAC and mortality risk, C-reactive protein (CRP) is a partial mediator,

accounting for around 24% of the total effect, according to mediation analysis.

Researchers talked about how these results show how important it is to take antioxidants at
the same times each day to keep metabolic and inflammatory processes in harmony.
Consuming antioxidant-rich meals in the evening is more effective in neutralizing free
radicals and improving metabolic balance since oxidative stress levels and inflammatory
pathways are at their height in the evening. The study's findings are in line with those of other
studies that have looked at how eating at specific times affects metabolic responses. For
example, Dashti et al. (2019) found that improving metabolic and heart health indicators was
associated with distributing dietary energy according to the biological clock. Thus, Wang et
al. (2023) drew the conclusion that consuming antioxidants at the right time of day, especially
at dinner, may help lower the risk of death from cardiovascular disease and other causes, and
they urged researchers to conduct longer-term studies to determine the exact physiological
mechanisms at work.

The distribution of dietary antioxidant capacity (DAC) among daily meals is critical in
improving general health and reducing mortality risk, according to multiple research (Bastide
et al., 2017; Sheng et al., 2022; Beydoun et al., 2022). Compared to breakfast and lunch, the
data demonstrated that greater total DAC levels, especially at dinner, were linked to
decreased rates of general and cardiovascular mortality. In addition, these studies showed that
the timing of meals affects the health benefits. For example, eating antioxidants in the
evening was linked to better inflammatory markers and lower CRP levels, lending credence

to the idea that timing plays a role in how effective an antioxidant diet is. Because DACs
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have a preventive impact against oxidative stress and age-related diseases, these results
support earlier findings that DAC-rich evening meals are more beneficial for younger age
groups, smokers, and those with more earnings. Vegetables, rather than grains, fats, or sweets,
are the food source most strongly linked with a decreased risk of overall mortality, according
to research by Han et al. (2020), Chen F et al. (2019), and Jakubowicz et al. (2015). The
relevance of the dinner's quality and content in achieving health advantages is highlighted by
the fact that drinking high-calorie beverages throughout the meal was linked to an elevated
risk of overall and cancer-related mortality. This protective impact may be explained in part
by the balanced nutritional profile and low calorie content of veggies, according to these
findings.

A number of physiological studies have demonstrated that antioxidants help reduce
inflammation and oxidative stress by controlling the body's circadian rthythm, which in turn
controls the diurnal rhythms of inflammatory processes (Reitz et al., 2021; Valtuena et al.,
2008; Dohi et al., 2007; Das M et al., 2021; Lewis et al., 2020). This theory lends credence to
the idea that DAC-rich meals are best consumed in the evening, when inflammatory activity
is at its highest, which may help mitigate the harmful effects of oxidative stress and even
reduce death rates. In terms of methodology, this study is unique among its peers since it uses
the DAC index and meal time together to examine the association with total mortality.
Because of its rigorous methods for testing dietary antioxidant capacity and its large-scale
database (NHANES), it was a success. Due to the data's reliance on short-term dietary recalls
and the absence of direct biometric measures of blood DAC levels, some research (Reedy et
al., 2018; van Buuren and Groothuis-Oudshoorn, 2011) advise caution in interpretation.
These findings support the idea that future dietary guidelines should include information
about when to eat foods high in antioxidants because of the importance of maintaining a
healthy balance between meal timing and antioxidant content in enhancing general health and

reducing death rates.

Table 3. White Blood Cell Count and Immunoglobulins

%Lym WBC IgA IgG Test
From WBC | 102/mml | mg/dL mg/dL

67.31 8.32 192.3 1241 A

66.89 8.94 219.3 1237 Al

67.21 9.21 210.2 1198 A2
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72.50 19.20 120.4 978 B
71.41 14.37 150.8 1130 B1
72.32 18.28 135.9 995 B2

Food quality and feeding timing have a dual effect on the activities of the humoral and
cellular immune systems, as demonstrated by the results, which demonstrated evident and

significant differences (p < 0.05) among the various groups in all the indicators examined.

Immunoglobulin G (IgG mg/dL)

The most significant IgG levels were obtained by the control group A (1241+31.6) and group
Al (1237+28.6), with group A2 following at 1198+30.1. Groups B (978+21.9) and B2
(995+24.3) in particular demonstrated a notable decline compared to the other groups that
were given high-calorie meals (B, B1, and B2). Reduced IgG levels in the fast food groups
imply immune response suppression brought on by oxidative stress and chronic inflammation
brought on by simple sugars and saturated fats, which are important markers of long-term
humoral immunity. Researchers Wang et al. (2019) found that metabolic syndrome (MetS) is
more common in people with either low or high IgG levels. By reducing the activity of CD4*
helper cells and preventing B cell development, a high-fat diet reduces antibody production.
Because of the enhanced metabolic state caused by a morning meal that is in sync with the
circadian rhythm, the raised IgG levels in group Al can be explained. He et al. (2023) and
Manoogian et al. (2022) found that this improves immunity by controlling cortisol and
bolstering antibody production. Complementary mechanisms, such as improved circadian
rhythms, immune cell movement modulation, inflammation factor decrease, and increased
gut microbiota diversity in healthy persons, are responsible for these effects. Additionally,
there is some evidence that the cellular, metabolic, and rhythmic mechanisms of intermittent
fasting may reduce physiological and hormonal stress, which in turn may have positive

effects on the nervous system and the mind.

Immunoglobulin A (IgA mg/dL)
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IgA levels were considerably lower in groups B (120.4+14.2 mg/dL) and B2 (135.9£12.9
mg/dL), whereas the highest values were seen in group Al (219.3£12.9 mg/dL) and A2
(210.2+13.0 mg/dL). IgA is the first line of defense for mucosal immunity in the respiratory
and gastrointestinal systems, and its decline indicates compromised intestinal mucosal
integrity and a weaker local immune response. These findings imply that eating fast food in
the evening disrupts the gut microbiota and lowers mucosal IgA secretion, which lowers
resistance to infection. Saturated fats reduce IgA secretion by blocking the TGF-f/Smad3
pathway, which is in charge of the development of antibody-producing cells in the gut,
according to research by Basson et al. (2021; Zhang et al., 2025). Group Al, on the other
hand, had the largest IgA secretion, indicating that morning feeding enhances mucosal
immunity because it coincides with the daily peak of melatonin and cortisol release, which

control the activity of plasma cells that produce IgA (Guo et al., 2023; Zhang et al., 2025).

Total White Blood Cell Count (WBC x 10*/mm?)

In comparison to the other groups, groups B (19.20+£3.88) and B2 (18.28+2.91) had
significantly higher white blood cell counts, while groups A (8.32+1.66) and A1 (8.94+2.17)
had the lowest values. The rise in WBC counts in groups B and B2 is indicative of an active
inflammatory response brought on by long-term immunological stimulation linked to diets
high in oxidized lipids, which raises neutrophil and macrophage counts. According to Lee
and Choi's (2023) study, meals heavy in saturated fat raise WBC counts via triggering
inflammatory cytokines, especially TNF-a and IL-6, which result in chronic low-grade
inflammation. On the other hand, the significant drop in WBCs within Al suggests a
physiological immune balance free from inflammatory overstimulation, which is in line with
the results of Sutton (et al., 2020), who showed that feeding during the day decreases immune

cell overproduction and rearranges their activity.

Lymphocyte percentage of white blood cells (% Lymphocytes)

The highest lymphocyte percentages were found in groups B (72.50+8.93) and B2
(72.32+10.6), whilst the lowest percentages were found in groups A (67.31£10.4) and Al
(66.89+£9.50). Dietary factors, especially diets high in fats and sugars, are responsible for the
raised lymphocyte percentage. These diets cause metabolic changes that produce a favorable
immunological milieu for the body to try to regulate chronic inflammation caused by
oxidative stress. However, according to Plata-Gémez et al. (2025), the majority of these cells

are in a condition of overactivation or immunological exhaustion, which makes this increase
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functionally worthless. The average percentage of Group B1 (71.41+11.7) tended toward
immune balance, suggesting that the time of morning meals improved the effectiveness of the
defense response and decreased immune system overactivation.

Zhang et al. (2025; Ma, 2024) showed that circadian rhythm diet balances immunity and
inflammation via coordinating T and B lymphocyte development. According to the current
findings, the disruption of the lipid profile caused by high-calorie meals was linked to a
significant rise in inflammatory markers (CRP and TNF-a), a compensatory rise in IL-10, and
a decline in the antioxidant system (increased MDA and decreased CAT, GSH, and SOD).
This resulted in inefficient cellular overactivation (increased WBC and lymphocyte count)
and compromised humoral and mucosal immunity (decreased IgG and IgA). Chronic
elevations of reactive oxygen species (ROS) physiologically cause glutathione depletion,
inhibition of serotonin-depleting enzymes (SOD/CAT), and activation of the NF-xB axis and
inflammatory cytokines (TNF-a). This lowers mucosal IgA, which is necessary for intestinal
barrier integrity, and creates an oxidative inflammatory milieu that hinders B cell
development and antibody release (Ma, 2024; Lhotéak, 2020).

The B1 group, on the other hand, demonstrated concomitant benefits, including a decrease in
CRP, TNF-0, and MDA, a relative rise in CAT/SOD/GSH, a decrease in leukocyte
hyperactivation, and a relative improvement in humoral/mucosal immunity, even though they
continued to eat a high-fat diet. Time-restricted feeding in the morning (¢TRF) limits ROS
generation, lowers NF-kB activation, and restores cytokine balance, which is reflected in
improved immune indicators even without changing the type of food. This is explained by the
fact that eTRF coincides with the daytime peak of mitochondrial efficiency and the Nrf2-
ARE pathway (Sutton et al., 2020; Park et al., 2023). When compared to evening meals with
a higher oxidative burden, daytime meal timing improves insulin sensitivity, lowers low-
grade inflammation, and increases mucosal immunity efficiency, according to recent clinical
and preclinical evidence (Regmi and Heilbronn, 2022; Jamshed et al., 2019; Jamshed et al.,
2022; Manoogian and Panda, 2022). Thus, even in the context of a high dietary fat load, our
findings support the idea of chrono-nutrition as a regulatory strategy that rebalances the

oxidation-inflammation-immunity axis.
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Table 4. Average weight gain over 3 weeks.

B2 B1 B A2 Al A
226.6 248.5 236.7 170.5 204.5 227.6
Weight gain in 3 weeks Weight gain in 3 weeks

Weight gain over the four weeks of the experiment varied significantly (p 0.05) among the six
groups, as seen in the table. This reflects the fact that the time and type of diet had a double
impact on energy balance and metabolic pathways. From week one to week four, the control
group (A) gained a consistent 227.6 kg, which indicates normal physiological growth and
stable energy balance. According to physiological research, this pattern is caused by an
equilibrium between the amount of energy consumed and the amount of energy used for
protein repair and growth, all without an excess of fat storage. Dietary balance protects rats
from metabolic obesity-causing overactivation of the mTOR pathway and keeps their feed
conversion ratio normal, according to research by Bensalem et al.(2023) .

Compared to the control group, Group Al gained a considerable amount of weight (204.5
kg), suggesting that the metabolic efficiency was improved by the time-restricted morning
feeding. Eating breakfast improves insulin and blood glucose control and boosts fatty acid
oxidation because it aligns with mitochondrial activity over the day, according to research.
Gong et al. (2025) found that eating breakfast increases the expression of proteins involved in
lipid oxidation and body temperature regulation, which in turn decreases the growth of
adipose tissue even when calorie intake is constant .

A smaller weight gain of 170.5 was observed in Group A2. Due to reduced insulin sensitivity
to glucose uptake and decreased overnight mitochondrial activity, this pattern is associated
with poorer metabolic efficiency in the evening. Gong et al. (2025) and Garaulet et al. (2013)
found that eating when the body isn't actively regulating its internal clock causes insulin
resistance and visceral fat to accumulate (Garaulet et al., 2013). The nighttime groups showed

more signs of moderate inflammation than the morning groups, and this helps to explain it.
The average total weight gain for the high-calorie, unrestricted (B) group was 236.7 kg,

reaching a peak in the third week. Because of its high saturated and fried fat content, fast

food has a negative impact on controlling hunger and maintaining a healthy energy balance.
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Diets rich in oxidized lipids disrupt leptin and ghrelin signaling, which causes people to eat
more even when they feel full, according to research by Cai et al. (2012) and Netam (2024).
The hypothalamus's neuronal circuits that control hunger are disrupted when oxidized lipids
raise ROS production. Researchers Hol4 et al. (2023) found that people with impaired
glucose tolerance, elevated LEAP2 gene expression in the liver, and lower levels of active
and total ghrelin were all associated with a high-fat diet. After going back to a regular diet,
LEAP2 gene expression improved, and active ghrelin levels were normal again, although
total ghrelin was still low. The effect of ghrelin, which is replicated by the stable analog Dpr3
Ghrelin, is blocked by a high-fat diet; however, this blockage can be reversed when one
returns to a normal diet.

On average, group Bl gained 248.5 pounds, which is less than group B, even though this
group ate more high-energy fast food (75% in the morning and 25% in the evening). The
synchronization of feeding with daytime exercise improved the weight gain pattern
comparing to other approaches by maximizing energy usage for growth rather than fat
storage. The CD36 protein appears to have a dual regulatory function in lipid metabolism,
according to recent research (Li et al., 2019; Wang et al., 2025). It can prevent lipid droplet
autolysis through the AMPK-dependent route, and it keeps hepatocyte metabolism in check
by activating AMPK via phosphorylation, which increases fatty acid oxidation and decreases
their production. Research has demonstrated that consuming a high-fat diet during the day
triggers this metabolic pathway, resulting in a decrease of 18-25% in visceral fat storage and
an improvement in the efficiency of fatty acid oxidation in the liver. In addition to lowering
the risk of fatty liver disease and improving metabolic performance, synchronizing eating
times with the body's intrinsic circadian rhythm decreases low-grade inflammation that
hinders normal metabolic activity. A notable but imbalanced weight gain of 226.6 kg was
observed in group B2, whose members consumed 25% of their daily calories in the morning
and 75% in the evening. This suggests that there was more fat formation than true growth in

lean mass.

The SREBP-1c pathway, which is involved in fatty acid production and storage in tissues, is
more active throughout the night, which is associated with this. Reytor-Gonzalez et al. (2025)
and Gu et al. (2020) showed that the circadian rhythm affects digestion, absorption, and
oxidation. Triglyceride buildup and reduced tissue energy sensitivity are symptoms of late-
night eating, which disrupts insulin and cortisol output. In addition, a reduced metabolic rate

and different preferences for nutrition use can be the outcome of daily metabolism regulation.
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The ghrelin-to-leptin ratio, which regulates hunger, is disturbed and hunger levels are
dramatically raised by late-night eating, according to a study conducted by Vujovi¢ et al. in
2022. In addition to lowering basal metabolic rate, it lowered core body temperature and
reduced energy consumption during waking.

Based on the results reported by Sa'ari et al. (2024) and Davis et al. (2022), these findings can
be understood. According to reviews, eating late at night increases the consumption of high-
calorie, sugary, and fatty foods and decreases energy expenditure efficiency during the night
because of a lower basal metabolic rate and less thermic effect of food. Adipose tissue growth
and weight gain are promoted by a positive energy balance that results from the interplay of
excess energy intake and circadian rhythm disruption, even when food consumption remains
relatively steady. Consequently, unlike eating during the day, eating at night contributes
independently to weight increase and the onset of obesity.

In the body, the hypothalamic-pituitary axis controls hunger, fat oxidation, and metabolic
efficiency in response to peripheral hormone signals like ghrelin and leptin (Panda, 2016).
This axis is part of a larger network that regulates energy balance and body weight. The study
found that high-calorie fast food was the main cause of weight gain within this physiological
context. This is because fat oxidation is inhibited, hormones that regulate hunger are
disrupted, and fat storage increases. Hall et al. (2019) found that ultra-processed diets boost
energy expenditure and regulate appetite, and our results are in line with that. On the other
side, eating at specific times became clear as a key regulator of metabolic response. Those
whose food intake was most concentrated in the morning (Al and B1) had a faster
metabolism and less fat storage, whereas those whose food intake was most concentrated in
the evening (A2 and B2) had a slower metabolism and more fat storage.

As pointed out by Garaulet et al. (2013), this can be explained physiologically by the fact that
the timing of evening feedings does not correspond with the daily activity of metabolic
enzymes and insulin sensitivity. These results provide credence to the idea of chrononutrition
as a physiological mechanism for preventing metabolic diseases; they also show that
circadian nutrition helps promote energy balance and reduce metabolic obesity, even on high-

calorie diets.
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Table 5. Inflammatory Factors.

IL-10 pg/ml TNF-a pg/ml CRP mg/L Test

4.280+0.76 5.10+0.88 0.552+0.06 d A
d d

3.790 £ 0.91 5.92+1.06 0.591+0.07 d Al
d d

3.760 £0.73 6.28 +1.82 0.875+0.09 c¢ A2
d cd

12.130 = 2.61 11.23+£234 a 3.023+0.81 a B
a

8.080 + 1.83 7.41 +£2.11 1.314+0.53 b Bl
C be

10.258 £2.33 832+ 1.94b 2.820+£0.94 a B2
b

CRP: C-reactive protein; TNF-a: Tumur necrosis Factor-alpha; IL-10: Inter leukin-10

Table 6. Oxidation Indices.

MDA mmol/L SOD lu/L GSH lu/L Gat lu/L Test
2.34+ 0091 58.14 £ 6.61 0.79+0.06 1.45+0.31 A
b a a b
2.12+0.89 55.25+7.17 0.71+0.15 1.61+0.60 Al
b b a a
2.79+0.68 53.63 +£8.09 0.82+0.07 1.40+0.44 A2
b b a b
424+ 1.07 40.46 +4.52 0.34+0.02 0.98+0.13 B
a d b c
3.92+1.16 4778 £5.11 0.38 +0.04 1.34+0.50 Bl
a c b b
4.08 +1.38 45.24 + 6.07 0.30+0.01 0.92+0.08 B2
a c b c

Table 7. White Blood Cell Count and Immunoglobulins

MDA: Malondialdehyde;SOD: Superoxide dismutase;GSH: Glutathione;Cat: Catalase

%Lym From WBC 102/mml IgA mg/dL IgG mg/dL Test
WBC

67.31 +£10.4 8.32+1.66 192.3+13.8 1241 £31.6 A
b c c a

66.89 £ 9.50 8.94+£2.17 219.3+£12.9 1237 £28.6 Al
b c a a

67.21 £ 6.94 9.21+291 210.2+£13.0 1198 + 30.1 A2
b C b b

72.50 £ 8.93 19.20 +£3.88 120.4 £ 14.2 978 £21.9 B
a a a d

7141 £11.7 1437 £2.67 150.8 £13.7 1130 +27.6 Bl
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72.321 10.6 18.28bi 291 135.9di 12.9 995 :E24.3 B2
a a e d
References

1. Kaufer, M.; Tavano, L.; Avila, H. Obesidad en el adulto. In Nutriologia Médica, 1st
ed.; Casanueva, E., Kaufer, M., Pérez, A., Arroyo, P., Eds.; Editorial Médica
Panamericana: México, México, 2001.

2. Sikaris, K. The clinical biochemistry of obesity. Clin. Biochem. Rev. 2004, 25, 165—
181.

3. Lastra, G.; Manrique, C.M.; Hayden, M.R. The role of beta-cell dysfunction in the
cardiometabolic syndrome. J. Cardiometab. Syndr. 2006, 1, 41-46.

4. Bravo, P.; Morse, S.; Borne, D.; Aguilar, E.; Reisin, E. Leptin and hypertension in
obesity. Vasc. Health Risk Manage. 2006, 2, 163—169.

5. Amirkhizi, F.; Siassi, F.; Minaie, S.; Djalali, M.; Rahimi, A.; Chamari, M. Is obesity
associated with increased plasma lipid peroxidacion and oxidative stress in women.
ARYA Atheroscler. J. 2007, 2, 189-192.

6. Chan, R.S.; Woo, J. Prevention of overweight and obesity: How effective is the
current public health approach. Int. J. Environ. Res. Public Health 2010, 7, 765-783.

7. Esposito, K.; Ciotola, M.; Giugliano, D. Oxidative stress in the Metabolic Syndrome.
J. Endocrinol. Invest. 2006, 29, 791-795.

8. Chrysohoou, C.; Panagiotakos, D.B.; Pitsavos, C.; Skoumas, I.; Papademetriou, L.;
Economou, M.; Stefanadis, C. The implication of obesity on total antioxidant capacity
apparently healthy men and women: The ATTICA study. Nutr. Metab. Cardiovasc.
Dis. 2007, 17, 590-597.

9. Patel, C.; Ghanim, H.; Ravishankar, S.; Sia, C.L.; Viswanathan, P.; Mohantym, P.;

Dandona, P. Prolonged reactive oxygen species generation and Nuclear Factor- kB
activation after a high-fat, high-carbohydrate meal in the obese. J. Clin. Endocrinol.

Metab. 2007, 92, 4476—4479.

PAGE NO : 155



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Block, G.; Dietrich, M.; Norkus, E.P.; Morrow, J.D.; Hudes, M.; Caan, B.; Packer, L.
Factors associated with oxidative stress in human populations. Am. J. Epidemiol.
2002, 156, 274-285.

Ozata, M.; Mergen, M.; Oktenli, C.; Aydin, A.; Sanisoglu, S.Y.; Bolu, E.; Yilmaz,
M.L; Sayal, A.; Isimer, A.; Ozdemir, I.C. Increased oxidative stress and hypozincemia
in male obesity. Clin. Biochem. 2002, 35, 627-631.

Vincent, H.; Vincent, K.; Vourguignon, C.; Braith, R. Obesity and postexercise
oxidative stress in older women. Med. Sci. Sports Exer. 2005, 37, 213-219.
Bastarrachea, R.; Lopez, J.; Bolado, N.; Téllez, J.; Laviada, H.; Comuzzie, A.
Macrofagos, inflamacion, tejido adiposo, obesidad y resistencia a la insulina. Gac.
Méd. Méx. 2007, 143, 505-512.

Nishimura, S.; Manabe, I.; Nagasaki, M.; Eto, K.; Yamashita, H.; Ohsugi, M.; Otsu,
M.; Hara, K.; Ueki, K.; Sugiura, S.; Yoshimura, K.; Kadowaki, T.; Nagai, R. CD8 +
effector T cells contribute to macrophage recruitment and adipose tissue inflammation
in obesity. Nat. Med. 2009, 15, 914-920.

Cani, P.D.; Bibiloni, R.; Knauf, C.; Waget, A.; Neyrinck, A.M.; Delzenne, N.M.;
Burcelin, R. Changes in gut microbiota control metabolic endotoxemia-induced
inflammation in high-fat diet-induced obesity and diabetes in mice. Diabetes 2008,
57, 1470-1481.

Huh, J., Kim, S., & Park, H. (2022). High-fat diet induces systemic inflammation
through activation of hepatic NF-xB signaling. Nutrients, 14(4), 765.

Sutton, E. F., Beyl, R. A., Early, K. S., Cefalu, W. T., Ravussin, E., & Peterson, C. M.
(2018). Early time-restricted feeding improves insulin sensitivity, blood pressure, and
oxidative stress even without weight loss in men with prediabetes. Cell Metabolism,
27(6), 1212—1221.€3.

Xu, C., Mutwalli, H., Haslam, R., Keeler, J. L., Treasure, J., & Himmerich, H. (2025).
C-reactive protein (CRP) levels in people with eating disorders: A systematic review
and meta-analysis. Journal of Psychiatric Research, 181, 653—662.

Wang, X., et al. (2023). High-fat diet disrupts mitochondrial antioxidant defense
through Nrf2 suppression. Redox Biology, 67, 102885.

Lee, C., & Choi, S. (2023). Inflammatory cytokine responses in high-fat diet-induced
metabolic dysfunction. Frontiers in Endocrinology, 14, 1129547.

PAGE NO : 156



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Chaix A, Deota S, Bhardwaj R, Lin T, Panda S. Sex- and age-depend-ent outcomes of
9-hour time-restricted feeding of a Western high-fat high-sucrose diet in C57BL/6J
mice. Cell Rep 36: 109543, 2021.

Dalton, B., Bartholdy, S., Robinson, L., Solmi, M., & Treasure, J. (2018). A meta-
analysis of cytokine concentrations in eating disorders. Journal of Psychiatric
Research, 103, 252-264.

Nagata, T., Yamada, H., Iketani, T., & Kiriike, N. (2006). Relationship between
plasma concentrations of cytokines, ratio of CD4 and CDS8, lymphocyte proliferative
responses, and depressive and anxiety state in bulimia nervosa. Journal of
Psychosomatic Research, 60(1), 99—103.

Azemi, A. K., Mokhtar, S. S., Zin, A. A. M., Leung, S. W. S., & colleagues. (2025).
The effects of time-restricted feeding on early vascular, liver, and renal structural
changes, oxidative stress, and inflammation in obese rats. Scientific Reports, 15,
20502.

Acosta, J. R., Tavira, B., Douagi, I, Kulyté, A., Arner, P, Rydén, M., &
Laurencikiene, J. (2019). Human-specific function of IL-10 in adipose tissue linked to
insulin resistance. Journal of Clinical Endocrinology & Metabolism, 104(10), 4552—
4562.

Guo, Y., Sun, J., Li, Z., & Wang, X. (2023). Time-restricted feeding regulates lipid
metabolism under circadian control. Frontiers in Physiology, 14, 1275673.

Huh, J., Kim, S., & Park, H. (2022). High-fat diet induces systemic inflammation
through activation of hepatic NF-xB signaling. Nutrients, 14(4), 765.

Caputo, T., Gilardi, F., & Desvergne, B. (2017). From chronic overnutrition to
metaflammation and insulin resistance: Lessons from in vivo and in vitro models.
FEBS Letters, 591(19), 3061-3077.

Chaix, A., Lin, T., Le, H. D., Chang, M. W., & Panda, S. (2021). Time-restricted
feeding prevents metabolic diseases through circadian reprogramming. Cell
Metabolism, 33(8), 1562—1576.

Chen, J., Liu, Y., Luo, H., Chen, G,, Zheng, Z., Wang, T., Hu, X., Zhao, Y., Tang, J.,
Su, C., & Zha, L. (2022). Inflammation induced by lipopolysaccharide and palmitic
acid increases cholesterol accumulation via enhancing myeloid differentiation factor
88 expression in HepG2 cells. Nutrients, 14(3), 646.

Sutton, E. F., Beyl, R. A., Early, K. S., Cefalu, W. T., Ravussin, E., & Peterson, C. M.

(2020). Early time-restricted feeding improves insulin sensitivity, blood pressure, and

PAGE NO : 157



32.

33.

34.

35.

36.

37.

38.

39.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

oxidative stress even without weight loss in men with prediabetes. Cell Metabolism,
27(6), 1212—1221.

Guo, Y., Livelo, C., & Melkani, G. C. (2023). Time-restricted feeding regulates lipid
metabolism under metabolic challenges. BioEssays, 45(12), 2300157.
https://doi.org/10.1002/bies.202300157

Yin, J., Zhang, J., Wang, H., & Li, C. (2022). Cytokine balance and compensatory IL-
10 response in diet-induced inflammation. Immunity & Inflammation, 12(3), 102—
115.

Huh, J., Kim, S., & Park, H. (2022). High-fat diet induces systemic inflammation
through activation of hepatic NF-xB signaling. Nutrients, 14(4), 765.

Keeler, J. L., Bovenberg, C., Dalton, B., Himmerich, H., Treasure, J., Carter, B.,
Schmidt, U., & Kan, C. (2025). Cytokine concentrations in people with eating
disorders: A comprehensive updated systematic review and meta-analysis.
Communications Medicine, 5(1), Article 11.

Tabasi, M., Anbara, T., Siadat, S. D., Kheirvari Khezerloo, J., Elyasinia, F.,
Bayanolhagh, S., Sadat Safavi, S. A., Yazdannasab, M. R., Soroush, A., & Bouzari, S.
(2020).

Socio-demographic characteristics, biochemical and cytokine levels in bulimia
nervosa candidates for sleeve gastrectomy. Archives of Iranian Medicine, 23(1), 23—
30.

Caldas, N. D., Braulio, V. B., Alves Brasil, M. A., Soares Furtado, V. C., de Carvalho,
D. P, Cotrik, E. M., Rodrigues Dantas, J., & Zajdenverg, L. (2022).
Binge eating disorder, frequency of depression, and systemic inflammatory state in
individuals with obesity — A cross-sectional study. Archives of Endocrinology and
Metabolism, 66(4), 489—-497.

Dalton, B., Bartholdy, S., Robinson, L., Solmi, M., Ibrahim, M. A. A., Breen, G,
Schmidt, U., & Treasure, J. (2018). A meta-analysis of cytokine concentrations in
eating  disorders. Journal of Psychiatric = Research, 103, 252-264.
https://pubmed.ncbi.nlm.nih.gov/29906710/

Permataputri, C. D. A., Rejeki, P. S., Argarini, R., Halim, S., Purnomo, S. P., &
Rachmayanti, D. A. (2025). The effects of time-restricted eating and alternate-day
modified fasting on interferon-y and interleukin-10 levels in young Asian women with

obesity: A quasi-experimental study. Immuno, 5(3), 39.

PAGE NO : 158



40.

41.

42.

43.

44,

45.

46.

47.

48.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Huang, J., et al. (2022). High-fat diets suppress antioxidant defense enzymes via
oxidative stress signaling. Free Radical Biology & Medicine, 188, 55-64.

Saxton, R. A., Tsutsumi, N., Su, L. L., Abhiraman, G. C., Mohan, K., Henneberg, L.
T., et al. (2021). Structure-based decoupling of the pro- and anti-inflammatory
functions of interleukin-10. Science, 371(6529), eabc8433.

Minshawi, F., Lanvermann, S., McKenzie, E., Jeffery, R., Couper, K.,
Papoutsopoulou, S., et al. (2020). The generation of an engineered interleukin-10
protein with improved stability and biological function. Frontiers in Immunology, 11,
1794.

Acosta, J. R., Tavira, B., Douagi, I., Kulyté, A., Arner, P.,, Rydén, M., &
Laurencikiene, J. (2019). Human-specific function of IL-10 in adipose tissue linked to
insulin resistance. Journal of Clinical Endocrinology & Metabolism, 104(10), 4552—
4562.

Azemi, A. K., Mokhtar, S. S., Zin, A. A. M., Leung, S. W. S., & colleagues. (2025).
The effects of time-restricted feeding on early vascular, liver, and renal structural
changes, oxidative stress, and inflammation in obese rats. Scientific Reports, 15,
20502.

Anderson EJ et al. (2009). Mitochondrial H.O2 emission and cellular redox

state link excess fat intake to insulin resistance in both rodents and humans.

J Clin Invest. 119(3):573-581. doi:10.1172/JCI37048

Yasmin, T., Menon, S. N., Pandey, A., Siddiqua, S., Kuddus, S. A., Rahman, M. M.,
Khan, F., Hoque, N., Rana, M. S., Subhan, N., Habibi, E., Ramezani, F., Sarker, S. D.,
Nabhar, L., Alam, M. A., & Hasan, R. (2025). Resveratrol attenuates hepatic oxidative
stress and preserves gut mucosal integrity in high-fat diet-fed rats by modulating
antioxidant and anti-inflammatory pathways. Scientific Reports, 14, 18469.

Wang, Y., Bian, X., Wan, M., Dong, W., Gao, W., Yao, Z., & Guo, C. (2024). Effects
of riboflavin deficiency and high dietary fat on hepatic lipid accumulation: A
synergetic action in the development of non-alcoholic fatty liver disease. Nutrition &
Metabolism, 21, 1. https://doi.org/10.1186/s12986-023-00775-7

Xie, X., Zhang, M., & Luo, H. (2024). Regulation of metabolism by circadian
rhythms: Support from time-restricted eating, intestinal microbiota & omics analysis.

Life Sciences, 351, 122814. https://doi.org/10.1016/j.1fs.2024.122814

PAGE NO : 159



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Feng W, Yang W, Feng R, Huang X, Cen M, Peng G, Lin J, Zhang J, Chen W, Zhang
Y, Chen Y. Time-restricted feeding ameliorates non-alcoholic fatty liver disease in
mice. Gut Microbes. 2024;16(1):2390164. doi: 10.1080/19490976.2024.2390164.
Deng, J., Ma, J., Zhang, X., Wang, K., Wang, Y., Gao, N., Feng, D., Jia, X., Liu, X.,
Dang, S., & Shi, J. (2025). Effect of time-restricted feeding and caloric restriction in
metabolic associated fatty liver disease in male rats. Nutrition & Metabolism, 22,
Article 14. https://doi.org/10.1186/s12986-025-00906-3

Chaix, A., Lin, T., Le, H. D., Chang, M. W., & Panda, S. (2021). Time-restricted
feeding prevents metabolic diseases through circadian reprogramming. Cell
Metabolism, 33(8), 1562—-1576.

Manoogian, E. N. C., & Panda, S. (2022). Time-restricted eating for prevention and
treatment of metabolic disease. Annual Review of Nutrition, 42, 275-302.

Li C, Xing C, Zhang J, Zhao H, Shi W, He B. Eight-hour time-re-stricted feeding
improves endocrine and metabolic profiles inwomen with anovulatory polycystic
ovary syndrome. J Transl Med19: 148, 2021. doi:10.1186/s12967-021-02817-2.

Nah, J., Yun, N., Yoo, H., Park, S., & Pae, M. (2024). Time-restricted feeding
attenuates adipose tissue inflammation and fibrosis in mice under chronic light
exposure. International Journal of Molecular Sciences, 25(21), 11524.
https://doi.org/10.3390/ijms252111524

Wang, P., Jiang, X., Tan, Q., Du, S., & Shi, D. (2023). Meal timing of dietary total
antioxidant capacity and its association with all-cause, cardiovascular disease and
cancer mortality: The US National Health and Nutrition Examination Survey, 1999—
2018. International Journal of Behavioral Nutrition and Physical Activity, 20(1), 86.
Dashti HS, Scheer F, Saxena R, Garaulet M. Timing of food intake: identifying
contributing factors to design effective interventions. Adv Nutr. 2019;10:606-20. doi:
10.1093/advances/nmy131. [DOI] [PMC free article] [PubMed] [Google Scholar
Bastide, N., Dartois, L., Dyevre, V., Dossus, L., Fagherazzi, G., Serafini, M., &
Boutron-Ruault, M. C. (2017). Dietary antioxidant capacity and all-cause and cause-
specific mortality in the E3N/EPIC cohort study. European Journal of Nutrition,
56(3), 1233—1243. https://doi.org/10.1007/s00394-016-1172-6

Sheng, L. T., Jiang, Y. W,, Pan, A., & Koh, W. P. (2022). Dietary total antioxidant
capacity and mortality outcomes: The Singapore Chinese Health Study. European

Journal of Nutrition, 61(5), 2375-2382. https://doi.org/10.1007/s00394-022-02812-3

PAGE NO : 160



59.

60.

61.

62.

63.

64.

65.

66.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Beydoun, M. A., Beydoun, H. A., Fanelli-Kuczmarski, M. T., Weiss, J., Hossain, S.,
Canas, J. A., Evans, M. K., & Zonderman, A. B. (2022). Association of serum
antioxidant vitamins and carotenoids with incident Alzheimer disease and all-cause
dementia among US adults. Neurology, 98(21), €2150—2162.

'] Han, T., Gao, J., Wang, L., Li, C., Qi, L., Sun, C., & Li, Y. (2020). The association
of energy and macronutrient intake at dinner versus breakfast with disease-specific
and all-cause mortality among people with diabetes: The U.S. National Health and
Nutrition Examination Survey, 2003-2014. Diabetes Care, 43(7), 1442-1448.
https://doi.org/10.2337/dc19-2289

Chen, F., Du, M., Blumberg, J. B., Ho Chui, K. K., Ruan, M., Rogers, G., Shan, Z.,
Zeng, L., & Zhang, F. F. (2019). Association among dietary supplement use, nutrient
intake, and mortality among U.S. adults: A cohort study. Annals of Internal Medicine,
170(9), 604-613.

Jakubowicz, D., Wainstein, J., Ahren, B., Bar-Dayan, Y., Landau, Z., Rabinovitz, H.
R., & Froy, O. (2015). High-energy breakfast with low-energy dinner decreases
overall daily hyperglycaemia in type 2 diabetic patients: A randomised clinical trial.
Diabetologia, 58(5), 912-919.

Reitz, L. K., Schroeder, J., Longo, G. Z., Boaventura, B. C. B., & Di Pietro, P. F.
(2021). Dietary antioxidant capacity promotes a protective effect against exacerbated
oxidative stress in women undergoing adjuvant treatment for breast cancer in a
prospective study. Nutrients, 13(12), 4442. https://doi.org/10.3390/nul13124442
Valtuena, S., Pellegrini, N., Franzini, L., Bianchi, M. A., Ardigo, D., Del Rio, D.,
Piatti, P., Scazzina, F., Zavaroni, 1., & Brighenti, F. (2008). Food selection based on
total antioxidant capacity can modify antioxidant intake, systemic inflammation, and
liver function without altering markers of oxidative stress. American Journal of
Clinical Nutrition, 87(5), 1290-1297. https://doi.org/10.1093/ajcn/87.5.1290

Dohi, Y., Takase, H., Sato, K., & Ueda, R. (2007). Association among C-reactive
protein, oxidative stress, and traditional risk factors in healthy Japanese subjects.
International Journal of Cardiology, 115(1), 63—66.
https://doi.org/10.1016/j.ijjcard.2006.04.006

Das, M., Ellies, L. G, Kumar, D., Sauceda, C., Oberg, A., Gross, E., Mandt, T,
Newton, . G, Kaur, M., Sears, D. D., et al. (2021). Time-restricted feeding

normalizes hyperinsulinemia to inhibit breast cancer in obese postmenopausal mouse

PAGE NO : 161



67.

68.

69.

70.

71.

72.

73.

74.

75.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

models. Nature Communications, 12(1), 565. https://doi.org/10.1038/s41467-020-
20743-7

Lewis, P., Oster, H., Korf, H. W., Foster, R. G., & Erren, T. C. (2020). Food as a
circadian time cue—Evidence from human studies. Nature Reviews Endocrinology,
16(4), 213-223. https://doi.org/10.1038/s41574-020-0318-z

Reedy, J., Lerman, J. L., Krebs-Smith, S. M., Kirkpatrick, S. 1., Pannucci, T. E.,
Wilson, M. M., Subar, A. F., Kahle, L. L., & Tooze, J. A. (2018). Evaluation of the
Healthy Eating Index—2015. Journal of the Academy of Nutrition and Dietetics,
118(9), 1622—1633. https://doi.org/10.1016/j.jand.2018.05.019

van Buuren, S., & Groothuis-Oudshoorn, K. (2011). mice: Multivariate imputation by
chained equations in R. Journal of Statistical Software, 45(3), 1-67.
https://doi.org/10.18637/jss.v045.103

Wang, X., Fu, J., Gu, Y., Vu Thi, Q. C., Zhang, Q., Liu, L., Meng, G, Yao, Z., Wu, H.,
Bao, X., Zhang, S., Liu, M., Wang, Y., Lu, Z., Wang, L., Zheng, L., Wang, X., Tian,
C., Sun, S., Zhou, M., Jia, Q., Song, K., & Niu, K. (2019). Relationship between
serum levels of immunoglobulins and metabolic syndrome in an adult population: A
population study from the TCLSIH cohort study. Nutrition, Metabolism and
Cardiovascular Diseases, 29(8), 843—851.

He, Y., Liu, L., Luo, X., Zhang, M., & Cheng, Y. (2023). Intermittent fasting and
immunomodulatory effects: A systematic review. Frontiers in Nutrition, 10, 1048230.
Manoogian, E. N. C., Chow, L. S., Taub, P. R., Laferrére, B., & Panda, S. (2022).
Time-restricted eating for the prevention and management of metabolic diseases.
Endocrine Reviews, 43(2), 405-436.

Basson, A. R., Chen, C., Sagl, F., Trotter, A., Bederman, 1., Gomez-Nguyen, A.,
Sundrud, M. S., Ilic, S., Cominelli, F.,, & Rodriguez-Palacios, A. (2021).
Regulation of intestinal inflammation by dietary fats. Nutrients, 13(1), 107.
https://doi.org/10.3390/nu13010107

Zhang, Y., Wang, X., Li, Q., Chen, J.,, Liu, H., Zhao, Y., et al. (2025).
Piezol selectively enhances TGF-Bl-induced IgA class switching by B cells.
Scientific Reports, 82, 243. https://doi.org/10.1038/s41598-025-96754-1

Sutton, E. F., Beyl, R. A., Early, K. S., Cefalu, W. T., Ravussin, E., & Peterson, C. M.
(2020). Early time-restricted feeding improves insulin sensitivity, blood pressure, and
oxidative stress even without weight loss in men with prediabetes. Cell Metabolism,

27(6), 1212-1221.

PAGE NO : 162



76.

77.

78.

79.

80.

81.

82.

&3.

84.

85.

86.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Plata-Gémez, A. B., & Ho, P.-C. (2025, April 11). Age- and diet-instructed metabolic
rewiring of the tumor—immune microenvironment. Journal of Experimental Medicine,
222(6), €20241102. https://doi.org/10.1084/jem.20241102

Zhang, J., Chen, Y., Zhong, Y., Wang, Y., Huang, H., Xu, W., Pan, W., Chen, L., Zhu,
Y., Bischof, E., & Pu, J. (2025). Intermittent fasting and cardiovascular health: A
circadian rhythm-based approach. Science Bulletin, 70(14), 2377-2389.
https://doi.org/10.1016/j.sc1b.2025.03.028

Park, J.-S., Rustamov, N., & Roh, Y.-S. (2023).The roles of NRF2-regulated oxidative
stress and mitochondrial quality control in chronic liver diseases.Antioxidants, 12(11),
2094. https://doi.org/10.3390/antiox 12112094

Regmi, P., & Heilbronn, L. K. (2020). Time-restricted eating: Benefits, mechanisms,
and challenges in translation. iScience, 23(6), 101161.

Jamshed H, Beyl RA, Della Manna DL, Yang ES, Ravussin E,Peterson CM. Early
time-restricted feeding improves 24-hour glu-cose levels and affects markers of the
circadian clock, aging, andautophagy in humans. Nutrients 11: 1234, 2019.

Bensalem, J., Servais, S., Chauveau, C., Guerville, M., Walrand, S., & Guillet, C.
(2023). Modifying dietary protein impacts mTOR signaling and energy metabolism in
rodents. Molecular Nutrition & Food Research, 67(5), 2300012.

Gong, Y., Zhang, H., Feng, J., Ying, L., Ji, M., Wei, S., & Ma, Q. (2025). Time-
restricted feeding improves metabolic syndrome by activating thermogenesis in
brown adipose tissue and reducing inflammatory markers. Frontiers in Immunology,
16, 1501850. https://doi.org/10.3389/fimmu.2025.1501850

Garaulet M, et al. Timing of food intake predicts weight loss effectiveness. Int J Obes
(Lond) 2013;37(4):604—11.

Cai, D., & Liu, T. (2012). Hypothalamic inflammation: A double-edged sword to
nutritional diseases. Annals of the New York Academy of Sciences, 1243(1), E1-E39.
https://doi.org/10.1111/1.1749-6632.2011.06388.x

Netam, R. K. (2024). Short-term feeding of high-fat diet induces neuroinflammation
and oxidative stress in arcuate nucleus in rats. Indian Journal of Physiology and
Pharmacology, 68(2), 126—134. https://doi.org/10.25259/1JPP_627 2023

Hola, L., Tureckiuova, T., Kunes, J., Zelezna, B., & Maletinské, L. (2023). High-fat
diet induces resistance to ghrelin and LEAP2 peptide analogs in mice. Physiological

Research, 72(5), 607—619. https://doi.org/10.33549/physiolres.935189

PAGE NO : 163



87.

88.

&9.

90.

91.

92.

93.

94.

Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

Li Y., Yang P, Zhao L., Chen Y., Zhang X., Zeng S., et al. CD36 plays a negative role
in the regulation of lipophagy in hepatocytes through an AMPK-dependent pathway.
J. Lipid Res. 2019;60:844—855.

Wang, Z., Zhang, M., Chen, M., Fu, S., Zhang, Y., Chen, M., Ruan, X. Z., & Chen, Y.
(2025). Daytime-restricted feeding induces lean MAFLD in high-fat diet-fed mice by
upregulating CD36-mediated lipid accumulation. Journal of Lipid Research, 66(8),
100853.

Gu, C., Brereton, N., Schweitzer, A., Cotter, M., Duan, D., Borsheim, E., Wolfe, R.
R., Pham, L. V., Polotsky, V. Y., & Jun, J. C. (2020). Metabolic effects of late dinner
in healthy volunteers—A randomized crossover clinical trial. Journal of Clinical
Endocrinology & Metabolism, 105(8), 2789-2802 .

Reytor-Gonzalez, C., Simancas-Racines, D., Roman-Galeano, N. M., Annunziata, G,,
Galasso, M., Zambrano-Villacres, R., Verde, L., Muscogiuri, G., Frias-Toral, E., &
Barrea, L. (2025). Chrononutrition and energy balance: How meal timing and
circadian rhythms shape weight regulation and metabolic health. Nutrients, 17(13),
2135.

Vujovi¢, N.; Piron, M.J.; Qian, J.; Chellappa, S.L.; Nedeltcheva, A.; Barr, D.; Heng,
S.W.; Kerlin, K.; Srivastav, S.; Wang, W.; et al. Late isocaloric eating increases
hunger, decreases energy expenditure, and modifies metabolic pathways in adults with
overweight and obesity. Cell Metab. 2022, 34, 1486—-1498.e7.

Sa’ari, A. S., Ab Hamid, M. R., Azizan, N. ‘A., & Ismail, N. H. (2024). Examining the
evidence between screen time and night eating behaviour with dietary intake related
to metabolic syndrome: A narrative review. Physiology & Behavior, 280, 114562.
Davis, R., Rogers, M., Coates, A. M., Leung, G. K. W., & Bonham, M. P. (2022). The
impact of meal timing on risk of weight gain and development of obesity: A review of
the current evidence and opportunities for dietary intervention. Current Diabetes
Reports, 22, 147-155.

Panda, S. (2016). Circadian physiology of metabolism. Science, 354(6315), 1008—
1015.

PAGE NO : 164



