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Introduction: Western diet (WD) activates inflammatory pathways in the myocardium, 
where jeopardizes contractile function. This study aimed to compare the anti-inflammatory 
effects of high-intensity interval training (HIIT) and moderate-intensity continuous training 
(MICT) in rats fed a WD.
Methods: Wistar rats were assigned to the six groups: normal diet (ND)+HIIT, WD+HIIT, 
ND+MICT, WD+MICT, sedentary fed a ND or WD (SED+ND and SED+WD, respectively). 
HIIT and MICT were performed on a motorized treadmill, five consecutive days/week for 12 
weeks. In these animals, visceral fat mass and myocardial expression of pro-inflammatory 
cytokines i.e. tumor necrosis factor-alpha (TNF-α) and myeloperoxidase (MPO) were 
measured. Western blotting was performed to identify cardiac protein expression. 
Results: WD+SED significantly increased visceral fat mass compared with ND+SED. 
WD+SED significantly resulted in TNF-α over-expression compared with ND+SED. There 
were no significant differences in MPO expression between WD+SED and ND+SED. 
In trained groups, visceral fat mass and TNF-α expression were lower in WD+HIIT and 
WD+MICT compared with WD+SED, with similar effects between HIIT and MICT modes. 
MPO expression was significantly lower in ND+HIIT and ND+MICT compared with 
ND+SED, with similar effects between HIIT and MICT modes. 
Conclusion: WD co-existing with SED paves the way to a pro-inflammatory milieu in the 
heart. HIIT and MICT exert similar anti-inflammatory effects on the myocardium; therefore, 
aerobic training, regardless of modality or intensity, can be a practical solution for those who 
regularly consume WD. 
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Introduction
Cardiovascular disease (CVD) is a grave health con-

cern that jeopardizes the everyday activities and life ex-
pectancy of approximately one-third of the world pop-

ulation (Mozaffarian et al., 2016). This problem is now 
considered to be further escalated by growing unhealthy 
lifestyle behaviors (Butler et al., 2017; Rariden et al., 
2019). Physical inactivity and diets rich in fat and su-
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crose (Western-style diet, WD) or high-fat diet (HFD) 
are well-recognized risk factors for metabolic distur-
bances and CVD (Carbone et al., 2015; McGavock et 
al., 2006; Oikonomou et al., 2018; Panagiotakos et al., 
2009). Excessive WD or HFD consumption accelerates 
overall or central obesity, particularly with a co-existing 
sedentary lifestyle (Costa et al., 2011; Moreno-Fernán-
dez et al., 2018). Detrimental effects of abdominal 
(visceral) obesity are accompanied by accentuating 
systemic inflammation (Fontana et al., 2007; Lumeng 
and Saltiel, 2011). In fact, visceral fat can activate a net-
work of inflammatory pathways (Gleeson et al., 2011). 
Chronic inflammation contributes to the onset of CVD 
(Pedersen, 2017).

Inflammation can lead to the enhancement of pro-in-
flammatory cytokine levels. Studies have shown that 
WD or HFD can trigger the expression of tumor necro-
sis factor-alpha (TNF-α) in rodent myocardium (Chen et 
al., 2020; Kesherwani et al., 2015). Over-expression of 
TNF-α has been shown to impair myocardial contractile 
function (Meldrum, 1998). In recent years, myeloperox-
idase (MPO) has emerged as a significant mediator of 
CVD (Koeth et al., 2013). MPO, a member of the heme 
protein superfamily, synthesized by leukocytes and re-
leased from azurophilic granules during inflammatory 
processes, mainly due to leukocyte activation (Kalász 
et al., 2015). The pro-inflammatory cytokine MPO inhi-
bition reduces ventricular dysfunction in rats with myo-
cardial infarction (Ali et al., 2016). There are only a few 
studies that have described the relationship of MPO with 
cardiovascular abnormalities in the context of HFD. In 
a study, Santana et al. (2014) showed that HFD-induced 
aortic stiffness is associated with an increase in MPO 
activity. However, the actual impact of WD on cardiac 
MPO expression is unknown.

Exercise training plays a fundamental role in main-
taining cardiovascular health, particularly in the pres-
ence of medical conditions, such as obesity and diabetes 
(Mishra et al., 2011; Nystoriak and Bhatnagar, 2018). 
In fact, exercise training not only sustains optimal myo-
cardial performance by fostering beneficial adaptations 
(Ellison et al., 2012; Shephard and Balady, 1999) but 
also confers protective effects against cardiac dysfunc-
tion imposed by myocardial infarction (Xi et al., 2016) 
or metabolic disturbances (Mostarda et al., 2012). It has 
been demonstrated that exercise training can attenuate 
cardiac abnormalities in animals fed a WD or HFD 

(Chen et al., 2019; Kesherwani et al., 2015). It is spec-
ulated that exercise training limits HFD or WD-impart-
ed cardiac disorders, in part, by repressing pro-inflam-
matory cytokines in rodent hearts, given the decisive 
role of inflammation in the pathogenesis of myocardi-
al dysfunction (Carbone et al., 2015). This concept is 
supported by animal research. In a study, Kesherwani 
et al. (2015) found that aerobic training reduces car-
diac TNF-α over-expression linked to HFD, but their 
assessments were limited to swimming exercise. Still, 
more studies are essential to establish an optimal train-
ing modality or intensity to enhance the effectiveness 
of exercise training in abrogating WD-induced cardiac 
inflammation. Accordingly, diversified aerobic train-
ing approaches, such as high-intensity interval training 
and moderate-intensity continuous training (HIIT and 
MICT, respectively), need to be compared. HIIT and 
MICT are often proving useful in cardioprotection (Haf-
stad et al., 2013; Verboven et al., 2019); however, may 
exhibit different anti-inflammatory effects in the context 
of WD. To the best of our knowledge, no study has re-
ported the impact of HIIT vs. MICT on cardiac TNF-α 
and MPO expression in rats fed a WD.

Therefore, this study aimed to compare the effects of 
HIIT and MICT performed for 12 weeks on visceral fat 
mass and cardiac TNF-α and MPO protein expression in 
rats fed a WD or normal diet (ND).

Materials and methods
Ethical approval
The principles for animal research adopted by the 

American Physiological Society were rigidly followed 
(American Physiological Society, 2002), and all exper-
imental procedures were approved by the National Re-
search Ethics Committee of Guilan University of Medi-
cal Science. Approval ID: IR.GUMS.REC.1397.264

Experimental design and sampling
Sixty male Wistar rats (7-8 weeks old; initial body 

weight 250g) were supplied from Razi Vaccine and 
Serum Research Institute (Iran). After acclimatiza-
tion for a 1-week, animals were randomly divided 
into the following six groups, each containing 10 rats: 
ND+HIIT, WD+HIIT, ND+MICT, WD+MICT, sed-
entary fed a ND or WD (SED+ND and SED+WD, re-
spectively). WD (TD.88137-Envigo) composed of 42% 
fat, 42.7% sucrose and 0.2% cholesterol, whereas ND 
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(TD.08485-Envigo) contained 13% fat and 67.9% car-
bohydrate. All animals followed their exercise training 
or SED schedules for 12 weeks in a controlled environ-
ment with free access to ND or WD and freshwater. At 
the end of the experimental period, the rats were sacri-
ficed under anesthesia induced by a mixture of ketamine 
and xylazine. Left ventricular tissue was snap-frozen 
and stored at −80°C until Western blotting. Visceral fat, 
including mesenteric, epididymal and bilateral retroperi-
toneal were carefully separated from the abdominal cav-
ity (Catta-Preta et al., 2012). All the purified fats were 
weighed together, using an Analytical Balance with 0.1 
mg resolution (A&D, Japan).

Exercise intervention
HIIT and MICT were performed on a motorized tread-

mill (15° inclination), five consecutive days/week for 12 
weeks as described earlier by Hafstad et al. (2013). Be-
fore engaging rats in the exercise of HIIT or MICT, and 
at the start of weeks of 4 and 8 training program, max-
imal (%100) physical capacity (MPC) of animals was 
estimated according to previous studies (Machado et al., 
2017). MPC was used to adjust the intensity of exercise 
bouts throughout the study. HIIT consisted of ten bouts 
of 4min intense running (85–90% MPC), interspersed 
by 2min jogging (50% MPC). MICT consisted of an 
endurance running at 65-70% of MPC. Total running 
time in HIIT sessions was 60min, whereas in MICT 
protocol reached close to 100min. HIIT and MICT regi-
mens were matched by volume. In fact, the total covered 
distances each session were similar in HIIT and MICT 
(Delwing-de Lima et al., 2018).

Western blot analysis
Western blotting was performed as described previ-

ously (Chavali et al., 2014; Kesherwani et al., 2015). In 
brief, left ventricular tissue samples were homogenized 
in an ice-cold RIPA lysis buffer (50mM Tris-HCl [pH 
7.5], 1% SDS, 150mM NaCl, 0.5% sodium deoxycho-
late, 1% NP-40) supplemented with protease inhibitor 
cocktail (Sigma Aldrich). Using Bradford assay, the 
concentration of total protein was determined. Typically, 
20μg of total protein were separated and resolved using 
polyacrylamide gel electrophoresis, then transferred to 
polyvinylidene difluoride membranes. Subsequently, 
the membranes were incubated with primary antibodies 
(Santa Cruz Biotechnology, USA) against anti-TNF-α 
(Cat. #: sc-130349) and anti-MPO (Cat. #: sc-390109) 
at a 1:1000 dilution followed by Goat anti-Rabbit HRP 
secondary antibody (Santa Cruz Biotechnology, USA) 
at a 1:5000 dilution. Western blot bands were visualized 
using the chemiluminescent reagents (Amersham Bio-
sciences, USA). Bands intensity was quantified using 
ImageJ software (NIH, version 1.62). Cardiac β-actin 
expression was used to normalize the results.

Statistical analysis
All statistical analyses were performed using SPSS. 

The Shapiro-Wilk test was used to assess the normali-
ty of data. Experimental groups were compared using 
one-way ANOVA with Tukey’s multiple post-hoc test. 
Statistically significant differences were set at P<0.05. 
All values are presented as mean±SEM.

Results
HIIT and MICT are similarly effective in obviating 

WD-induced visceral fat mass accumulation 
As shown in Figure 1, compared with ND+SED, 

WD+SED exhibited a significant increased visceral 
fat mass (P<0.05). Visceral fat mass was significant-

FIGURE 1.FIGURE 1. Visceral fat mass after high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) in rats fed a 
Western (WD) or normal (ND) diet. Values are expressed as mean±SEM. *P<0.05 vs. ND+SED; #P<0.05 vs. WD+SED. SED: sedentary.
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ly lower in WD+HIIT and WD+MICT compared with 
WD+SED (P<0.05), with no significant differences be-
tween training modalities. HIIT and MICT caused no 
significant changes in visceral fat mass of the ND rats. 
When final total body mass (data not shown) was com-
pared between ND and WD, no significant differences 
were observed. Final total body mass was significantly 
lower in WD+HIIT compared with WD+SED (P<0.05). 

Either HIIT or MICT is incisive enough to ameliorate 
WD-induced cardiac TNF-α over-expression 

As shown in Figure 2, compared with ND+SED, 
WD+SED exhibited a significant increased TNF-α ex-
pression (P<0.05). TNF-α expression was significant-
ly lower in WD+HIIT and WD+MICT compared with 
WD+SED (P<0.05), with no significant differences be-
tween training modalities. HIIT and MICT caused no 
significant changes in TNF-α expression of the ND rats.

HIIT and MICT similarly modifies cardiac MPO ex-
pression in rats fed a ND

As shown in Figure 3, no differences in MPO expres-
sion were observed between WD+SED and ND+SED. 
MPO was significantly lower in ND+HIIT and 
ND+MICT compared with ND+SED (P<0.05), with 
no significant differences between training modalities. 
HIIT and MICT caused no significant changes in MPO 
expression of the WD rats.

Discussion
The present study suggests that HIIT and MICT at-

tenuate WD-imparted inflammation in rat myocardium. 
WD resulted in abdominal (visceral) obesity and that 
effect was coupled with cardiac TNF-α over-expression 
(Fig. 4, A). HIIT and MICT counteracted visceral fat 
mass accumulation, reduced TNF-α expression in the 
myocardium (Fig. 4, A). Furthermore, HIIT and MICT 
are both capable of reducing cardiac MPO expression 
in the ND rats (Fig. 4, B). Our findings attest that HIIT 
and MICT, although very different in design, appear to 
be similarly effective in limiting expression of pro-in-
flammatory cytokines in myocardium of the WD and 
ND rats. Therefore, this study advocates the anti-inflam-
matory effects of aerobic training regardless of modality 
or intensity. 

Studies have recognized adipose tissue as an ac-
tive metabolic–endocrine organ (Greenberg and Obin, 
2006). Molecules secreted from adipose tissue have 
profound effects on immune function (Greenberg and 
Obin, 2006). Visceral adipose tissue is a major source 
of inflammation (Alexopoulos et al., 2014), which may 
contribute to the development of life-style related CVD 
(Alexopoulos et al., 2014; Singh-Manoux et al., 2017). 
The relationship between visceral fat and serum TNF-α 
levels has been supported by clinical research (Schlecht 
et al., 2016). In this study, WD-induced deposition of 
fat in the abdominal region was accompanied by car-
diac TNF-α over-expression. This observation is in ac-

FIGURE 2.FIGURE 2. Cardiac tumor necrosis factor-alpha (TNF-α) protein 
expression after high-intensity interval training (HIIT) and moder-
ate-intensity continuous training (MICT) in rats fed a Western (WD) 
or normal (ND) diet. Values are expressed as mean±SEM. *P<0.05 
vs. ND+SED; #P<0.05 vs. WD+SED. SED: sedentary.

FIGURE 3.FIGURE 3. Cardiac myeloperoxidase (MPO) protein expression 
after high-intensity interval training (HIIT) and moderate-intensi-
ty continuous training (MICT) in rats fed a Western (WD) or nor-
mal (ND) diet. Values are expressed as mean±SEM. *P<0.05 vs. 
ND+SED. SED: sedentary.
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cordance with findings that WD/HFD/obesity increas-
es pro-inflammatory cytokines, both in circulation and 
heart tissue (Carbone et al., 2017; Fenton et al., 2009; 
Kesherwani et al., 2015). The mechanisms by which 
WD/HFD/obesity promotes TNF-α expression in the 
heart still remain unclear. Some likelihood is that vis-
ceral adipose tissue releases TNF-α into the circulation 
(Kesherwani et al., 2015; Schlecht et al., 2016), which 
in turn, causes activation of cell surface TNF-α recep-
tors in the heart, thereby nuclear factor-kappa beta (NF-
ĸβ) (Bradham et al., 2002). Activation of NF-ĸβ may 
result in the induction of inflammatory genes, such as 
those encoding TNF-α and interleukin (IL)-6 (Lira et 
al., 2012; Liu et al., 2017; Sarvottam and Yadav, 2014). 
Beyond that, WD may directly augment the pro-inflam-
matory mediators, in part, through the binding of satu-
rated fat and sugars to the cardiac pattern recognition 
receptors, mainly Toll-like receptors (TLR), known as 
the primary sensors involved in the innate immune re-
sponse (Li et al., 2014; Wen et al., 2011). It has been 
suggested that over-expression of the pro-inflamma-
tory cytokine TNF-α by cardiac resident macrophages 
and cardiomyocytes jeopardizes myocardial contractile 
function in an autocrine fashion (Meldrum, 1998). In 
clinical trials, TNF-α antagonists were applied as a po-
tential therapy for heart failure, however, they yielded 
conflicting results and were not promising (Gupta and 
Tripathi, 2005). Therefore, exercise training remains 
still a capstone of the treatment policies for obesity and 
its related clinical complications. 

This study indicated the similar anti-inflammatory ef-
fects of HIIT and MICT on rat myocardium, both in WD 
and ND. Importantly, both modalities of aerobic training 

not only counteracted cardiac TNF-α over-expression 
linked to WD but also reduced MPO levels in rats fed 
a ND. This finding is in accordance with HFD animal 
studies that aerobic training attenuates pro-inflammato-
ry cytokines in the heart. The anti-inflammatory effects 
of exercise training may be achieved, in part, by a re-
duction in visceral adipose tissue (Gleeson et al., 2011). 
This positive change limits the secretion of adipokines 
from adipocytes (Gleeson et al., 2011). Further, regu-
lar exercise may confer cardioprotection against WD or 
HFD by increasing IL-10 (Kesherwani et al., 2015) or 
inhibiting P2X7 purinergic receptors (Chen et al., 2019) 
in the myocardium. Exercise training releases IL-6 into 
the circulation by stimulating contracting muscle fibers. 
The IL-6 myokine has been found to increase and de-
crease anti-inflammatory IL-10 and pro-inflammatory 
TNF-α, respectively (Benatti and Pedersen, 2015; Pe-
tersen and Pedersen, 2005; Steensberg et al., 2003). It is 
important to note that the ratios of pro- to anti-inflam-
matory cytokines are essential to fully describe the in-
flammatory state. This should be considered in future 
studies.

Our study for the first time demonstrated that WD is 
not incisive enough to induce MPO protein expression 
in rat myocardium. It is we speculated that instead of 
WD an unrelenting condition such as found in myocar-
dial infarction is required for MPO induction in the heart 
(Ali et al., 2016), although more measurements are es-
sential to leap a conclusion. Future studies should also 
monitor MPO activity and gene expression, and changes 
in cardiac neutrophils in the context of WD. In exercise 
groups, cardiac MPO levels were partially lower in all 
trained than sedentary rats, which reached statistical 

FIGURE 4.FIGURE 4. A schematic representation of the anti-inflammato-
ry effects of exercise on myocardium in rats fed a Western (WD) 
or normal diet (ND). WD leads to abdominal obesity, which may 
be responsible for the enhancement of tumor necrosis factor-alpha 
(TNF-α) in heart tissue (A). High-intensity interval training (HIIT) 
and moderate-intensity continuous training (MICT) are equipotent 
in obviating WD-induced abdominal obesity and cardiac TNF-α 
over-expression (A).  HIIT and MICT can similarly reduce myelop-
eroxidase (MPO) expression in the myocardium of the ND rats (B).
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significance only in ND. At present, it is hard depict-
ing how this occurs. Some likelihood is that HIIT and 
MICT reduce the source of MPO secretion, namely neu-
trophils (Ali et al.,  2016). Moreover, exercise-induced 
far-reaching adaptations on cardiac muscle may reduce 
a requirement for MPO production by unknown mech-
anisms. MPO inhibition is critical for limiting myocar-
dial dysfunction in heart failure (Ali et al., 2016), but 
the importance of cardiac MPO modification in intact 
myocardium by exercise remains to be elucidated.

Conclusion
Consumption of WD co-existing with sedentary be-

havior led to abdominal (visceral) obesity which was 
associated with an increased pro-inflammatory cyto-
kine TNF-α in the myocardium. Exercise intervention, 
whether HIIT or MICT, ameliorated WD induced vis-
ceral obesity and cardiac inflammation. Therefore, this 
study advocates the cardioprotective effects of aerobic 
training, regardless of modality or intensity, in those 
who regularly consume WD.
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