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ABSTRACT

High intake of simple carbohydrates and the adoption of time-restricted feeding patterns
have been identified as modulators of energy metabolism and risk factors for metabolic
syndrome. This study aimed to evaluate the effects of time-restricted feeding and sucrose
supplementation on hepatic glycogen, lipid profile, and oxidative stress in adult rats. An
experimental study was conducted with 24 male Wistar rats, randomly allocated into four
groups: ad libitum diet (AD), time-restricted feeding (RT), ad libitum diet with sucrose
(ADS), and time-restricted feeding with sucrose (RTS). After 30 days of intervention,
serum biochemical parameters, oxidative stress markers, enzymatic activity, and hepatic
glycogen concentration were assessed. Results showed that restricted feeding reduced total
protein and cholesterol but led to decreased HDL-cholesterol and increased LDL-
cholesterol. Sucrose supplementation elevated triglycerides and VLDL-cholesterol. All
experimental groups exhibited increased oxidative stress markers, reduced endogenous
antioxidant defenses, and higher gamma-glutamyl transferase activity. Hepatic glycogen
was reduced in the RT and RTS groups, while alkaline phosphatase activity was elevated,
suggesting hepatic impairment. In conclusion, both time-restricted feeding and sucrose
intake induced dyslipidemia, oxidative stress, and hepatic alterations consistent with the
metabolic syndrome phenotype. These findings highlight the importance of understanding
the metabolic effects of different dietary regimens and their implications for cardiovascular
disease prevention.

Keywords: Time-restricted feeding; Sucrose; Oxidative stress; Metabolic syndrome;
Hepatic metabolism.
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1. INTRODUCTION

Carbohydrate-rich diets play a central role in the development of obesity
and are frequently associated with hyperphagia, increased fat accumulation, and the
onset of metabolic disorders (Li ef al., 2022). Epidemiological evidence indicates
that visceral obesity represents a major risk factor for cardiovascular disease,
particularly due to its association with insulin resistance, diabetes mellitus, and
dyslipidemia - classical components of metabolic syndrome (Tian et al., 2025; Xu
et al., 2025).

Metabolic syndrome is characterized by the presence of at least three clinical
factors, including arterial hypertension, abdominal obesity, hyperglycemia,
hypertriglyceridemia, and reduced HDL-cholesterol. Its occurrence is directly
linked to increased cardiovascular mortality and the early progression of
atherosclerosis (Peterseim et al., 2024; Zhang et al., 2025). Understanding the
pathophysiological mechanisms that connect inadequate dietary habits with
biochemical alterations is therefore essential for the prevention of these conditions
(Nurkolis et al., 2025).

Experimental studies have demonstrated that time-restricted feeding, even
without reducing total caloric intake, modifies energy metabolism (Deng et al.,
2025). In animal models, this regimen results in changes in hepatic glycogen, lipid
profile, and the production of reactive oxygen species, indicating that both
prolonged fasting and excessive carbohydrate consumption can trigger oxidative
stress and metabolic dysfunctions (Zanol et al., 2022).

Given the relevance of sucrose intake and dietary restriction as modulators
of energy homeostasis and cardiovascular risk, this study aimed to evaluate the
effects of time-restricted feeding and sucrose consumption on hepatic glycogen,
lipid profile, and serum oxidative stress in rats subjected to an experimental
protocol.

2. METHOD
2.1 Study design

This was an experimental study conducted in an animal model, aiming to
evaluate the effects of time-restricted feeding and sucrose supplementation on
metabolic parameters, including lipid profile, oxidative stress markers, and hepatic
metabolism in adult rats.

2.2 Animals and housing conditions

A total of 24 adult male Wistar rats, with an average initial weight of 220 g,
were obtained from the Central Animal Facility of UNESP — Botucatu Campus. The
animals were housed individually in cages under controlled conditions of
temperature (21 £+ 1 °C), humidity (60 + 5%), and a 12-hour light/dark cycle, with
free access to filtered water. All procedures were conducted in accordance with
current ethical guidelines for animal experimentation and were approved by the
Animal Ethics Committee of UNESP - Institute of Biosciences, Botucatu Campus
(Protocol No. 1183/2018).
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2.3 Experimental groups
The animals were randomly assigned to four groups (n = 6 each):

e AD (control): standard diet ad libitum.

e RT: standard diet provided under time-restricted feeding (2 h daily, from 9
a.m. to 11 am.).

e ADS: standard diet ad libitum + 30% aqueous sucrose solution as drinking
fluid.

e RTS: standard diet under time-restricted feeding (2 h daily) + 30% sucrose
solution ad libitum.

The intervention lasted for a total of 30 days.

2.4 Experimental procedures

Throughout the experimental protocol, food and liquid intake (water or
sucrose solution) were monitored daily. At the end of 30 days, the animals were
euthanized by cervical dislocation followed by decapitation. Blood samples were
collected by puncture after decapitation for serum biochemical analyses, and liver
fragments were harvested for glycogen quantification using an enzymatic method.

2.5 Variables analyzed
The following parameters were assessed:

e Serum biochemical parameters: total proteins, glucose, triglycerides, total
cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-cholesterol, and
oxidized LDL.

e Ocxidative stress markers: lipid hydroperoxides, lipoperoxides, total
antioxidant substances (TAS), reduced glutathione (GSH), oxidized
glutathione (GSSG), and total reducing power.

¢ Serum enzymatic activities: gamma-glutamyl transferase (GGT), nitric
oxide synthase (NOS), and alkaline phosphatase (ALP).

e Hepatic metabolism: hepatic glycogen concentration.

2.6 Statistical analysis

Data were expressed as mean + standard error of the mean (SEM).
Comparisons between groups were performed using two-way analysis of variance
(ANOVA) with a 2x2 factorial design, followed by Tukey’s post hoc test for
multiple comparisons. Additional analyses were conducted, including Student’s t-
test for specific comparisons and Pearson’s linear correlation when appropriate. A
significance level of 5% (p < 0.05) was adopted.
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3. RESULTS

The effects of time-restricted feeding and sucrose supplementation on
animal metabolism were analyzed with respect to serum lipid and protein profiles,
oxidative stress markers, and hepatic metabolism. The main changes observed are
presented in the following three tables, organized by thematic blocks of analysis.

3.1 Serum lipid and protein profile

Total protein concentration was reduced in animals subjected to restricted
feeding (RT) compared with the control group (AD), although values remained
within physiological ranges. In the sucrose-supplemented group (ADS), a
significant increase was observed in relation to the RTS group. Regarding the lipid
profile, time-restricted feeding (RT) led to a reduction in total cholesterol, whereas
sucrose supplementation (ADS and RTS) did not alter this parameter. HDL-
cholesterol concentrations decreased in the RT, ADS, and RTS groups compared
with the control, while LDL-cholesterol levels increased in these same groups. In
addition, triglycerides and VLDL-cholesterol were higher in the ADS group, in
contrast to the reduction observed in RT. These results are summarized in Table 1,
which provides a comparative overview of serum protein and lipid profile values
among the experimental groups.

Table 1. Concentrations of total proteins (TP), total cholesterol, HDL-cholesterol (HDL-C),
LDL-cholesterol (LDL-C), triglycerides (TG), and VLDL-cholesterol (VLDL-C) in animals
from the control group (AD), time-restricted feeding group (RT), sucrose-supplemented group
(ADS), and time-restricted feeding with sucrose group (RTS).

Groups
AD RT ADS RTS

TP
(g/dL) 8,5+1,0% 7,0+0,72 8,9+0,8¢ 7,2+0,6%
Total cholesterol
(mg/dL) 103,0+17,8% 109,5+16,4° 102,3+19,72 92,6+16,22
HDL-C
mg/dL. 51,2+4,3° 34,2+9,52 37,1£9,1° 36,4+9,0?

g
LDL-C
mg/dL 14,1+1,28 68,7+9,1° 17,9+1,1° 21,2+2,4°

g
TG
mg/dL. 147,0+30,4° 53,316,8% 237,7+44.4°

g

173,3+47,7°

VLDL-C
(mg/dL) 29,4+6,0° 10,6+1,32 47,5+8,8° 34,6+9,5P

Different letters indicate significant differences between groups, with p < 0.05.
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3.2 Oxidative stress markers

Animals from the RT, ADS, and RTS groups showed a significant increase
in lipid hydroperoxides, lipoperoxides, and oxidized LDL concentrations compared
with the control group. A reduction in total antioxidant substances (TAS) was also
observed, with the most pronounced decrease occurring in the ADS group. In
parallel, decreased levels of reduced glutathione (GSH), oxidized glutathione
(GSSG), and nitric oxide synthase (NOS) activity were noted. Conversely, serum
gamma-glutamyl transferase (GGT) activity was elevated in all experimental
groups, while total reducing power increased in the RT group and decreased in the
RTS group. These findings are summarized in Table 2, which presents the main
parameters related to oxidative stress across the experimental groups.

Table 2. Concentrations of lipid hydroperoxide (HP), thiobarbituric acid reactive substances (TBA),
oxidized LDL (LDL-o0x), total antioxidant substances (TAS), reduced glutathione (GSH), oxidized
glutathione (GSSG), reducing power, gamma-glutamyl transferase (GGT), and nitric oxide synthase
(NOS) in the serum of animals from the control group (AD), time-restricted feeding group (RT),
sucrose-supplemented group (ADS), and time-restricted feeding with sucrose group (RTS)

Groups
AD RT ADS RTS

HP

(nmol/mL) 4,4+0,12 5,2+0,5¢ 5,6+0,3¢ 4,8+0,2°

TBA

(nmol/mL) 0,17+0,03* 0,23+0,02° 0,23+0,03° 0,27+0,02¢

LDL-0x

(mmol/mg) 36,2+11,17 61,9+15,6° 61,9+15,6° 61,3+17,9°

TAS

(%) 66,4+6,5° 56,2+3,5P 51,7+3,22 59,5+1,0°

GSH

(nmol/mL) 13,3+0,3° 12,940,172 13,040,182 13,040,220

GSSG
(mmol/mL) 0,38+0,05° 0,20+0,042 0,33+0,03" 0,29+0,04°
Reducing power 35,3+5,5? 67,0+14,7°¢ 36,5+5,22 44,6+6,8°
GGT
(U/L) 29,1+4,6% 51,9+7,5¢ 45,745,7° 38,9+4,3"
NOS

(M) 11,6+3.3" 7.9+1.5° 7.432,0° 8.6+1.4°

Different letters indicate significant differences between groups, with p < 0.05.
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3.3 Hepatic glycogen and alkaline phosphatase

Hepatic glycogen content was significantly reduced in the RT and RTS groups
compared with AD and ADS, which did not differ from each other. In parallel,
serum alkaline phosphatase (ALP) activity was increased in the RT, ADS, and RTS
groups, suggesting that both dietary restriction and sucrose supplementation
negatively affected hepatic metabolism. These results are presented in Table 3,
which summarizes the mean values of hepatic glycogen and ALP activity among
the experimental groups.

Table 3. Hepatic glycogen concentration and alkaline phosphatase (ALP) activity in the serum
of animals from the control group (AD), time-restricted feeding group (RT), sucrose-
supplemented group (ADS), and time-restricted feeding with sucrose group (RTS).

Groups
AD RT ADS RTS
Hepatic glycogen
(mg/g tissue) 34,7148,29° 23,616,932 34,55+5,78°
26,08+7,40°
ALP
(U/L) 739,8+183,1° 1340+217,8° 1546+461,2°
1532+316,7°

Different letters indicate significant differences between groups, with p < 0.05.

4. DISCUSSION

The results of this study demonstrate that both time-restricted feeding and
sucrose supplementation induced significant metabolic alterations in adult rats,
characterized by dyslipidemia, oxidative stress, and hepatic changes. These
alterations are closely related to mechanisms described in the literature regarding
the development of metabolic syndrome and its cardiovascular complications,
reinforcing the translational relevance of the experimental models used (Masenga
et al.,2023; Islam et al., 2024).

4.1 Dyslipidemia and metabolic syndrome

Short-term daily dietary restriction reduced total cholesterol concentration
but was associated with decreased HDL-cholesterol and increased LDL-
cholesterol, indicating an unfavorable lipid profile. A similar pattern was observed
in sucrose-supplemented groups, in which triglycerides and VLDL-cholesterol
increased, resembling the metabolic profile commonly found in individuals with
metabolic syndrome. Previous studies in both humans and animals have shown that
smaller, denser LDL particles are highly atherogenic, contributing to elevated
cardiovascular risk (Herman & Birnbaum, 2021; Vekic et al., 2022).

Chronic consumption of refined carbohydrates, such as sucrose, promotes
hepatic synthesis of triglycerides, which are transported by very-low-density
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lipoproteins (VLDL-C), thereby intensifying lipid deposition in adipose tissue and
promoting visceral obesity (Hunealt et al., 2023). Hypertriglyceridemia and the
concomitant reduction in HDL-C observed in this study represent central elements
of the at-risk metabolic phenotype. This profile, described in various populations,
has been associated with early atherosclerosis and the progression of cardiovascular
disease (Shateri et al., 2024; Clemente-Suarez et al., 2022).

The increase in serum alkaline phosphatase (ALP) activity in the RT, ADS,
and RTS groups suggests hepatic repercussions of both dietary restriction and
excessive carbohydrate intake. Alterations in hepatic serum enzymes are recognized
as markers of cellular damage, and their elevation supports the hypothesis that
inadequate dietary strategies may compromise metabolic homeostasis (Thakur et
al., 2023; Cho & Choi, 2021). Taken together, these findings reinforce the
interdependence between diet, lipid metabolism, and metabolic syndrome risk (Bo
et al., 2024).

4.2 Oxidative stress and hepatic alterations

In addition to dyslipidemia, this study demonstrated increased oxidative
stress markers in animals subjected to dietary restriction, sucrose supplementation,
and their combination. Increased lipid hydroperoxides, lipoperoxides, and oxidized
LDL were accompanied by reduced total antioxidant substances, suggesting an
imbalance between reactive oxygen species and antioxidant defense mechanisms.
This condition is widely recognized as a triggering factor for atherosclerosis and
endothelial dysfunction (Arias-Chavez et al., 2023; Sidorova et al., 2025; Batty,
Bennett & Yu, 2022).

Reductions in glutathione concentrations (GSH and GSSG) and nitric oxide
synthase (NOS) activity indicate impaired endogenous antioxidant defenses.
Glutathione depletion, in particular, is directly associated with the activation of
gamma-glutamyl transferase (GGT), as observed in this experiment. Previous
studies have reported the relationship between oxidative stress, increased serum
GGT, and metabolic diseases, including obesity and diabetes mellitus (Mitri¢ &
Castellano, 2023). These findings support the hypothesis that oxidative overload
plays a central role in the pathophysiology of metabolic syndrome.

The liver, due to its regulatory function in energy metabolism, is particularly
vulnerable to these alterations. The reduction in hepatic glycogen observed in
animals subjected to restricted feeding reflects the mobilization of energy reserves
during prolonged fasting, whereas the concomitant increase in ALP suggests tissue
impairment. This interaction between hepatic dysfunction and oxidative stress
supports the notion that both excessive sucrose intake and time-limited dietary
restriction constitute risk factors for hepatic integrity and systemic metabolic
balance (Schuster et al., 2024; Reis-Costa et al., 2024; Huneault et al., 2023). In
summary, the findings indicate that different dietary regimens induce alterations
consistent with the metabolic syndrome phenotype, including dyslipidemia,
oxidative stress, and signs of hepatic impairment, highlighting the need to better
understand the metabolic effects of inadequate dietary patterns (Islam ez al., 2024).
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5. FINAL CONSIDERATIONS

This study aimed to evaluate the effects of time-restricted feeding and
sucrose supplementation on hepatic glycogen, lipid profile, and serum oxidative
stress in adult rats. The results showed that both restriction and high intake of simple
carbohydrates induced dyslipidemia, reduced HDL-cholesterol, and increased
LDL-cholesterol, in addition to changes in oxidative stress markers and hepatic
integrity. These findings reinforce the relationship between inadequate dietary
patterns and the development of conditions compatible with metabolic syndrome
and increased cardiovascular risk.

As a contribution, this study provides experimental evidence that helps
elucidate the biochemical mechanisms through which sucrose intake and time-
limited dietary restriction interfere with lipid and oxidative metabolism. The data
presented here broaden the discussion on the influence of different dietary regimens
on metabolic balance and may inform cardiovascular health prevention strategies
with potential translational application.

However, some limitations should be considered. The use of an animal
model restricts direct extrapolation of the results to human populations, as
physiological differences may influence metabolic responses. Furthermore, the
experimental protocol had a relatively short duration, which did not allow
assessment of long-term effects. Future research in animal models with prolonged
intervention periods, as well as controlled clinical studies, will be necessary to
confirm and expand these findings.
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