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ABSTRACT

Prediabetes accompanied by insulin resistance is associated
with metabolic disorders, including dyslipidemia and liver damage. This study aimed to
compare the effects of two aerobic exercise protocols—continuous aerobic training and high-
intensity interval training—on the lipid profile and liver enzymes in a fructose-induced

prediabetic animal model.
S EESERERVY/EREEE A total of 32 female Wistar rats were randomly divided into four

groups: healthy control, diabetic control, diabetic + continuous exercise, and diabetic +
interval exercise. After inducing prediabetes with fructose, the exercise protocols were
performed for 8 weeks, 5 sessions per week. At the end, serum levels of glucose, lipids
(triglycerides, total cholesterol, low-density lipoprotein [LDL], high-density lipoprotein
[HDL]), liver enzymes (alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase), homeostatic model assessment for insulin resistance, and oxidative stress
index were measured.

Induction of prediabetes led to a significant increase in glucose, severe
dyslipidemia, and elevated liver enzymes and malondialdehyde (MDA) (P < 0.001).
Both exercise protocols significantly reduced serum glucose (to levels similar to the
control group), improved the lipid profile (decreased triglycerides, cholesterol, and
LDL; increased HDL), and reduced liver enzymes and MDA. However, no statistically
significant differences were observed between the two exercise groups in any examined
indicator (P > 0.05).

_ Both continuous and interval exercise methods were equally effective in
SE\C/?SIZZ%%OMDa?czZoOzZGS improving metabolic, lipid, and liver indices in the prediabetic animal model. This finding
Accepted: 1 July 2026 suggests that the choice between these two methods can be based on individual preferences,
as their metabolic efficacy is equivalent.
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Introduction

rediabetes, characterized by insulin resistance

and impaired glucose homeostasis, is a major

risk factor for type 2 diabetes and is commonly

accompanied by dyslipidemia and hepatic

dysfunction (1,2). Elevated triglycerides, total
cholesterol, low-density lipoprotein (LDL), and reduced
high-density lipoprotein (HDL), along with increased liver
enzymes (alanine aminotransferase [ALT], aspartate
aminotransferase [AST], alkaline phosphatase [ALP]),
reflect the systemic metabolic derangements that
accelerate cardiovascular disease and hepatic steatosis (3-
5). Regular aerobic exercise is a cornerstone non-
pharmacological strategy, with both continuous training
(CONT) and high-intensity interval training (HIIT)
demonstrating efficacy in improving metabolic profiles (6-
8). However, the comparative effects of these two
modalities on lipid profiles and liver markers in prediabetic
states remain inconclusive (9,10). Animal models offer the
advantage of controlling confounding factors, enabling
precise mechanistic investigation. Therefore, this study
aimed to compare the effects of 8 weeks of continuous
versus interval aerobic training on serum glucose, lipid
profile, liver enzymes, and oxidative stress in a fructose-
induced prediabetic rat model.

Methods

In this experimental study, 32 female Wistar rats were
randomly divided into four groups (n = 8 each): healthy
control (C), prediabetic control (D), prediabetic +
continuous training (D+CONT), and prediabetic + interval
training (D+INT). Prediabetes was induced using 10%
fructose in drinking water for 8 weeks, plus a single
intraperitoneal injection of nicotinamide (110 mg/kg) and
streptozotocin (35 mg/kg) at week 4. Fasting blood glucose
(150-200 mg/dL) confirmed induction. Exercise protocols
were performed on a treadmill for 8 weeks, 5 sessions/week.
The CONT group ran at 20 m/min (50-60% VO.max) on a
15° incline, with duration progressing from 12 to 54 minutes.
The INT group performed 6 bouts of 3-min running at 90—
95% VO:max with 3-min active rest, with speed progression
from 15 to 40 m/min (11,12). After 12 hours of fasting, blood
samples were collected to measure glucose, insulin (for
homeostatic model assessment for insulin resistance
[HOMA-IR]), lipid profile (TG, Chol, LDL, HDL), liver
enzymes (ALT, AST, ALP), and malondialdehyde (MDA).
Data were analyzed using analysis of variance (Tukey) or
Kruskal-Wallis  (Mann-Whitney with Bonferroni) as
appropriate, with P < 0.05 considered significant.

Results

Prediabetes induction significantly increased glucose,
HOMA-IR, TG, total cholesterol, LDL, ALT, AST, ALP,
and MDA, while decreasing HDL compared to controls (P <
0.001 for all). After 8 weeks, both exercise groups
(D+CONT and D+INT) showed significant reductions in
glucose and HOMA-IR to levels comparable to the healthy
control group (P > 0.05 vs. C). Both protocols significantly
decreased TG (~40-50%), total cholesterol, LDL, and liver
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enzymes (ALT, AST, ALP), while increasing HDL (P <
0.001 vs. D for all). MDA was also significantly reduced in
both exercise groups (P < 0.001 vs. D). Importantly, no
statistically significant differences were observed between
the two exercise groups for any measured parameter (P >
0.05 for all comparisons), confirming equivalent efficacy of
continuous and interval training.

Conclusion

Our findings demonstrate that both continuous and
interval aerobic training effectively reverse dyslipidemia,
improve insulin sensitivity, alleviate hepatic enzyme
elevation, and lower oxidative stress in a prediabetic rat
model. These improvements are likely mediated by
enhanced lipoprotein lipase activity, increased fatty acid
oxidation, reduced hepatic very-low-density lipoprotein
production, and attenuated hepatic inflammation (13-16).
The comparable efficacy between modalities aligns with
some human studies (13,15), though contrasts with others
that reported HIT superiority (17,18), differences
attributable to model, diet, or protocol variations.
Limitations include the use of only female rats, reliance on
biochemical rather than histopathological assessments, and
sample size not based on power analysis. Nevertheless,
both exercise modalities serve as equally effective non-
pharmacological interventions for managing prediabetic
complications, with choice between them guided by
individual preferences and adherence. Future human trials
are warranted to confirm these findings.
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