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Abstract

Background and Aim: A high-fat, high-carbohydrate diet can promote inflammation and activate
inflammatory pathways, including the NF-«B pathway, thereby contributing to cardiac tissue damage and an
increased risk of cardiovascular diseases. This study aimed to investigate the effect of high-intensity interval
training (HIIT) on the inflammatory markers TNF-a, NF-kB, and IL-1f in the cardiac tissue of mice fed a high-
fat, high-carbohydrate diet.

Methods: In this experimental study, 18 mice were divided into three groups: control (CON), fed a standard
diet; Western diet (WD); and Western diet plus HIIT (WD+HIIT). The Western diet consisted of 20% protein,
35% carbohydrate, and 45% fat. The HIIT protocol was performed for four weeks, three sessions per week, and
consisted of 10 bouts of 2-minute running at 85-90% of maximal speed, interspersed with 2-minute active
recovery periods at 50% of maximal speed, on a treadmill with a 5° incline.

Results: The WD group showed significantly higher levels of TNF-a, NF-kB, and IL-1f than the CON group
(P<0.05). HIIT reduced all three inflammatory markers in the WD+HIIT group; however, the reductions in NF-
kB and IL-1p were statistically significant (P<0.05), whereas the reduction in TNF-a was not significant (P>0.05).

Conclusion: HIIT may attenuate diet-induced cardiac inflammation by reducing some inflammatory markers
in mice fed a high-fat, high-carbohydrate diet and may therefore be considered a potential non-pharmacological
approach for modulating inflammation.

Keywords: High-intensity interval training, High-fat, High-carbohydrate diet, Inflammatory markers, TNF-
a, NF-xB, IL-1p
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Extended Abstract

Background and Objective

The global rise in metabolic syndrome and
cardiovascular diseases is closely linked to the
consumption of  Western-style  diets,
characterized by high fat and high carbohydrate
content. Such dietary patterns are known to
induce chronic low-grade systemic
inflammation, partly through the activation of
pro-inflammatory signaling cascades within
myocardial  tissue. Mechanistically, an
excessive intake of saturated fats and refined
carbohydrates upregulates the expression of
nuclear factor kappa-B (NF-xkB), a master
transcriptional regulator of inflammation. Upon
activation, NF-kB translocates to the nucleus
and promotes the transcription of downstream
pro-inflammatory cytokines, including tumor
necrosis factor-alpha (TNF-a) and interleukin-
1 beta (IL-1B). The consequent elevation of
these inflammatory mediators contributes to
endothelial dysfunction, myocardial fibrosis,
oxidative stress, and apoptotic cell death,
ultimately accelerating the pathogenesis of
adverse cardiac remodeling and ischemic heart
disease. While pharmacological interventions
are commonly employed, they are often
associated with adverse side effects and high
costs. Conversely, regular high-intensity
interval training (HIIT) has emerged as a time-
efficient non-pharmacological strategy with
potent cardioprotective and anti-inflammatory
properties. However, the specific modulatory
effects of HIIT on the myocardial NF-xB/TNF-
o/IL-1B inflammatory axis in the context of
diet-induced obesity remain incompletely
understood. Therefore, the primary aim of this
study was to investigate the effect of a 4-week
HIIT program on the protein and gene
expression levels of NF-kB, TNF-a, and IL-1
in the cardiac tissue of mice fed a high-fat, high-
carbohydrate Western diet.

Methods

This experimental animal study employed a
randomized controlled design. A total of 18
male mice (age: 8 weeks, weight: 20 + 3 g) were
obtained and housed under standard laboratory
conditions (temperature: 22 £ 2°C, humidity:
50 + 10%, 12:12-hour light-dark cycle) with ad
libitum access to water. Following a one-week
acclimatization period, the animals were

randomly assigned to three experimental
groups (n=6 per group): (1) Control group
(CON) — received standard rodent chow (10%
fat, 70% carbohydrate, 20% protein) and
remained sedentary; (2) Western diet group
(WD) — received a high-fat, high-carbohydrate
diet comprising 45% fat, 35% carbohydrate,
and 20% protein (caloric composition) without
any exercise intervention; and (3) Western diet
combined with HIIT group (WD+HIIT) —
received the same Western diet as the WD
group and underwent a 4-week high-intensity
interval training protocol. The HIIT regimen
consisted of 10 bouts of 2-minute high-intensity
running on a motorized treadmill at 85-90% of
their individual maximal running speed
(determined via a graded exercise test),
interspersed with 2-minute active recovery
intervals at 50% of maximal speed, with a
constant 5° incline. Training was performed
three times per week for four consecutive
weeks, for a total of 12 sessions. All animals
were euthanized 48 hours after the final training
session to eliminate the acute effects of
exercise. Cardiac ventricular tissue was rapidly
excised, snap-frozen in liquid nitrogen, and
stored at -80°C. The protein expression levels
of NF-kB (p65 subunit) and the relative gene
expression (MRNA) of TNF-a and IL-1f were
quantified using Western blotting and real-time
quantitative reverse transcription polymerase
chain reaction (RT-qPCR), respectively.
GAPDH was used as the internal housekeeping
control. Statistical analyses were performed
using one-way analysis of variance (ANOVA)
followed by Tukey’s post-hoc test for multiple
comparisons. Data were expressed as mean =+
standard deviation (SD), and a significance
threshold was set at P<0.05.

Results

The Western diet intervention significantly
induced a systemic pro-inflammatory state
within the myocardium. Specifically, the WD
group exhibited a marked and statistically
significant elevation in cardiac tissue levels of
TNF-a, NF-xB (protein expression), and IL-1
compared to the CON group (P<0.05 for all
markers). This confirmed that the high-fat,
high-carbohydrate dietary regimen successfully
triggered an inflammatory response via the
activation of the NF-«kB signaling cascade.
Notably, the implementation of the HIIT
protocol (WD-+HIIT group) resulted in a
substantial attenuation of all measured
inflammatory markers. There was a significant
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reduction in the protein expression of NF-xB
and the mRNA levels of IL-1p in the WD+HIIT
group relative to the sedentary WD group
(P<0.05). Moreover, HIIT also led to a
reduction in TNF-o gene expression; however,
despite an observable downward trend, the
decrease in TNF-a levels between the WD and
WD+HIIT groups did not reach statistical
significance (P>0.05). It is noteworthy that the
anti-inflammatory effect of HIIT was so
pronounced that the levels of NF-kB and IL-13
in the WD+HIIT group were not only lower
than those in the WD group, but also showed no
significant difference compared to the healthy
CON group, indicating a restoration of the
inflammatory balance toward homeostasis.
Conversely, the WDAHHIT group still
demonstrated a marginally higher, though non-
significant, TNF-a level relative to the CON
group, suggesting a differential sensitivity of
this cytokine to exercise-induced modulation.

Conclusion

This study provides strong evidence that a
Western diet (high-fat, high-carbohydrate)
significantly promotes myocardial
inflammation through activation of the NF-kB
pathway, reinforcing the link between dietary
patterns and cardiovascular disease. A 4-week
high-intensity interval training (HIIT) program
effectively counteracts this response by
attenuating NF-kB activation, which in turn
reduces downstream pro-inflammatory
cytokines, particularly IL-1pB, and to a lesser
extent TNF-o. The partial reduction in TNF-a
may be due to the chronic nature of dietary

inflammation or involvement of
NF-kB-independent pathways such as p38
MAPK or JNK signaling. The differential
response between TNF-a and IL-1B also
suggests that HIIT may more strongly inhibit
the NLRP3 inflammasome-caspase-1 axis,
which primarily controls IL-1B maturation.
These anti-inflammatory changes are clinically
relevant, as they help prevent myocardial
fibrosis, improve endothelial function, reduce
macrophage infiltration, and lower the risk of
heart failure progression. Additionally, HIIT
likely enhances cardioprotection through
increased antioxidant capacity (e.g., SOD,
GPx), improved metabolic flexibility, and
release of beneficial myokines (e.g., IL-6,
IL-10, irisin) that promote anti-inflammatory
M2 macrophage polarization. However, study
limitations include a small sample size, short
intervention duration, use of healthy young
animals rather than disease models, and the
absence of direct oxidative stress markers (e.g.,
MDA, §8-OHdG) and histopathological
assessments (e.g., fibrosis staining). Future
research should investigate dose-response
relationships, persistence of effects after
detraining, underlying molecular mechanisms
(e.g., AMPK, SIRT1, NLRP3), and include
female and aged populations to improve
generalizability. In conclusion, HIIT represents
an effective non-pharmacological adjunctive
therapy for preventing and managing
diet-related  cardiovascular  inflammation,
primarily  through modulation of the
NF-«B/IL-1p axis.
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