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The effect of aerobic exercise and ethanolic extract of bitter orange peel on
cardioprotective genes expression in female rats fed a high-fat diet

Shahrzad Haji Ali Akbar?, Mohammad Ali Azarbayjani'”, Shahin Riyahi Malayeri2, Hoseyn Fatolahi?

Abstract

The present study evaluates the effects of aerobic exercise and ethanolic
bitter orange peel extract on the expression of cardioprotective genes in
female rats fed a high-fat diet (HFD). From the Islamic Azad University's
Central Tehran Branch animal facility, 30 adult female rats of the Wistar
strain were randomly assigned to five groups (six rats per group): 1) normal
diet control (ND-C), 2) HFD control (HFD-C), 3) HFD aerobic exercise (HFD-
AE), 4) HFD ethanolic bitter orange peel extract (HFD-BP), and 5) HFD
aerobic exercise and ethanolic bitter orange peel extract (HFD-AE-BP). A
normal diet was supplemented with 20% palm oil, 1.5% cholesterol, and 0.25
cholic acid to induce obesity. Before the intervention, the subjects received
a HFD for four weeks, then continued it for another four weeks during the
intervention. During the four-week aerobic exercise protocol, treadmill
running was performed at a moderate intensity. An ethanol extract of bitter
orange peel was administered orally to rats at a dose of 100 milligrams per
kilogram of body weight for four weeks. After euthanasia, left ventricle
myocardium was collected for real-time PCR analysis of CTRP9, LKB1, and
AMPK gene expression. In the HFD-C, CTRP9 (P=0.001), LKB1 (P=0.001),
and AMPK (P=0.001) genes were significantly lower than in the ND-C.
Aerobic exercise significantly increased their expression compared with the
HFD-C (P=0.001). Comparing HFD-C with ethanolic bitter orange peel
extract, ethanolic bitter orange peel extract increased gene expression
significantly (P=0.001). This indicates that the simultaneous use of these two
interventions was able to add up the effects of each and did not have a
synergistic effect. However, since the magnitude of change when these two
interventions were combined was greater than the effect of each alone, the
combination of AE and BP was greater than the effect of each alone,
suggesting that these two interventions may be used to mitigate cardiac
complications under HFD conditions.
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Introduction

The presence of obesity is a major risk factor for structural and
functional changes in the myocardium, which may lead to
cardiovascular complications and increased mortality
(Costantino et al., 2019). Several mechanisms have been
proposed for obesity-associated cardiomyopathy, including
cytokines produced by hypertrophied adipose tissue (e.g.,leptin
and resistin) and ftriglyceride accumulation (Sharma et al.,
2004). It is also possible that saturated fatty acids (FAs), such
as palmitic acid, are oversupplied. As a result of unoxidized FAs
in cardiac myocytes, oxidative stress and endoplasmic
reticulum stress are induced, which contribute to lipotoxicity
(Law et al., 2018). Oxidative stress and the endoplasmic
reticulum's stress-induced apoptosis signaling pathway play a
critical role in the pathogenesis of obesity-induced cardiac
abnormalities (Sletten, Peterson, & Schaffer, 2018). AMP-
activated protein kinase (AMPK), a key cellular energy sensor
in mammalian cells, regulates energy homeostasis. The
pathogenesis of obesity-induced cardiac abnormalities is linked
to oxidative stress and endoplasmic reticulum stress-mediated
apoptotic signaling. AMPK is phosphorylated and activated by
liver kinase B1 (LKB1), one of its primary upstream kinases
(Hardie, 2011). The activation of AMPK is triggered by
phosphorylated LKB1 translocating to the cytosol in certain
conditions. Diet-induced obese mice have reduced AMPK
phosphorylation, but the mechanisms behind this reduction
remain unclear (Xie, Dong, Scholz, Neumann, & Zou, 2008). An
adipokine that modulates metabolic and cardiovascular
functions was initially identified as C1q/TNF-related protein-9
(CTRP9), the closest paralog of adiponectin. CTRP9 is
abundantly produced in the heart, indicating that it may be more
important to the heart than adiponectin. There is evidence that
CTRP9 reduces myocardial injury,
reverses post-infarction remodeling, and induces vasodilation
(Wong et al., 2009). Additionally, CTRP9 has been implicated
in the promotion of maladaptive cardiac hypertrophy under

ischemia/reperfusion

pressure overload. Moreover, CTRP9 enhances mitochondrial
biogenesis and fatty acid oxidation in muscle tissue, suggesting
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arole in lipid metabolism. It has been shown that regular physical
activity, particularly aerobic exercise, reduces the risk of
cardiovascular disease (Y. Yang et al., 2016). An eight-week
program of low-volume treadmill running (15 minutes/session) in
rats with myocardial infarction significantly increased CTRP9
gene expression, which correlated with a reduction in fibrosis and
mortality. It has also been reported that serum CTRP9 levels are
elevated following aerobic exercise. Aerobic exercise has been
shown to affect LKB1 expression in skeletal muscle, but no direct
evidence exists for myocardium. Indirect evidence suggests that
LKB1
regulation. Conversely, aerobic exercise activates AMPK in the

may exert cardioprotective effects through kinase

myocardium. Exercise increases myocardial AMPK activity
through phosphorylation (Mohammadi, Rostamkhani, Riyahi
Malayeri, & Shirvani, 2022), metabolic adaptation (glucose/fatty
acid utilization), and cardioprotective mechanisms (anti-apoptotic
signaling, mitochondrial biogenesis) (Leal, Lopes, & Batista,
2018). These responses are most beneficial for pathological
cardiac conditions. A number of other pathways may contribute
to the modulation of AMPK expression in medicinal plants,
including those that are independent of or dependent on LKB1
(Shaito et al., 2020). CTRP9 may be directly impacted by
phytochemicals, although their effects on LKB1 and AMPK are
unclear. In addition to its cardioprotective potential, bitter orange
peel (Citrus aurantium) also exhibits anti-oxidant activity
(Benjamim et al., 2022). However, their effects on AMPK, LKB1,
and CTRP9 expression in myocardial tissue are not fully
understood. In spite of the fact that citrus peel compounds may
influence AMPK signaling, there is no direct evidence linking
them to LKB1 or CTRP9 modulation. Given the individual
cardioprotective roles of aerobic exercise and bitter orange peel
extract, and the lack of studies examining their combined effects,
this study investigated the simultaneous impact of aerobic
training and ethanolic bitter orange peel extract on AMPK, LKB1,
and CTRP9 gene expression in the myocardium of female rats
fed HFD.

Materials and methods
Animals

A total of 30 adult female Wistar rats were obtained from the
Central Tehran Branch of Islamic Azad University for this study.
There were five groups of rats (six rats each): 1) normal diet
control (ND-C), 2) HFD control (HFD-C), 3) HFD aerobic exercise
(HFD-AE), 4) HFD ethanolic bitter orange peel extract (HFD-BP),
and 5) HFD aerobic exercise and ethanolic bitter orange peel
extract (HFD-AE-BP).The animals were housed under standard
conditions in transparent, autoclavable polycarbonate cages
(dimensions: 15x42%26.5 cm) at a temperature of 20-22°C, 55%
humidity, and a 12-hour light/dark cycle, with free access to
water. The study received ethical approval from Sport Sciences

Research Institute of Iran (Code: IR.SSRC.REC.1402.230). All
data collection procedures adhered to the Helsinki Declaration
guidelines.

High-fat diet

Standard pelleted rat chow (Behparvar Co.) was fed to rats in the
normal diet control group. A normal diet was supplemented with
20% palm oil, 1.5% cholesterol, and 0.25% cholic acid to induce
obesity in previous studies (Shaito et al., 2020). Before the
intervention, the subjects of the HFD-C, HFD-AE, HFD-BP), and
HFD-AE-BP received a HFD for four weeks, then continued it for
another four weeks during the intervention. The normal diet
control group received standard chow throughout the study (eight
weeks).

Aerobic exercise protocol

Running on treadmills designed specifically for rats was the
aerobic exercise regimen. The rats were first exposed to treadmill
running for two weeks (20 minutes per day, five days per week,
at 9 m/min, 0° inclined). Following familiarization, the main
training protocol was implemented for four weeks. The treadmill
speed increased from 16 m/min (0° incline) in the first week to 27
m/min (0° incline) by the fourth week (3.5 m/min per week). Five
minutes of warm-up and five minutes of cool-down were included
in each session (Nikbin et al., 2020). The total session exercise
duration including warm-up, training and cool-down was 20
minutes.

Ethanolic bitter orange peel extract preparation and
administration

Citrus aurantium, the scientific name for bitter orange, was
obtained from reliable sources and approved by a botanist. After
drying in the shade, it was powdered in a mill and prepared for
extraction. Two hundred grams of the dried plant were poured
into a percolator after it had been dried and ground. The
extraction was performed three times with 50% ethanol in 1000
ml. For further experiments, extracts were pooled and stored in a
refrigerator. Further experiments were conducted with the pooled
extracts stored in a refrigerator. By drying a certain amount of
liquid extract in an oven, the dry matter content could be
determined. As a result, this extract had an 18% dry matter
content. Rats were gavaged with 100 milligrams of bitter orange
peel extract per kilogram of body weight five days a week (Han
etal., 2019).

Sacrifice and heart tissue collection

After 24 hours of the final intervention (aerobic exercise or extract
administration) and a 12-hour fast, the rats were anesthetized
with 2.7 mL of xylazine and 10 mL of ketamine (Imalgene® 1000,
Merial, Lyon, France) at a dose of 100 1/100 g body weight. After
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confirming deep anesthesia and the lack of response to external
stimuli, the chest cavity was opened, and blood was collected
from the left ventricle. The heart was then excised, and the left
ventricle was separated. Samples were homogenized in cold
phosphate-buffered saline (10% w/v) for gene expression
analysis.

Gene expression analysis

In order to determine the expression of CTRP9, LKB1, and AMPK
genes in myocardial tissue, Real-Time PCR was employed. A set
of primers was designed for each target gene. RNA was
extracted from myocardial tissue and reverse transcribed into
cDNA. Amplification of DNA by PCR was performed, and gene
expression levels were measured. Gene expression was

calculated using the 22 formula. Primer sequences used in real-
time PCR presented in Table1.

Statistical analysis

Data on gene expression are expressed as mean + standard
deviation. By using an independent T-test, we compared
outcomes between the ND-C and the HFD-C group in order to
assess whether the HFD induced obesity. The interaction effects
of aerobic exercise and ethanolic bitter orange peel extract were
evaluated using two-way analysis of variance (ANOVA). In this
model, HFD-receiving groups were analyzed. Accordingly, the
main effect of exercise, the main effect of bitter orange peel
extract, and the interaction between the two were analyzed. The
Bonferroni post-hoc test was used to analyze differences
between groups (HFD-C, HFD-AE, HFD-BP, HFD-AE-BP). All
analyses were performed at a significance level of p 0.05. The
SPSS 27 software was used for all statistical calculations.

Results

CTRP9 (-64.37%, t10=6.98, P=0.001), LKB1 (-65.08, t10=4.93,
P=0.001), and AMPK (-54.48, t10=3.24, P=0.001) expression
levels were significantly lower in the HFD-C than in the ND-C
(Fig1.A, B, C).

The main effect of AE (F1,20=11.58, P=0.003, N=0.367) and BO
on CTRP9 gene expression in heart tissue was significant

(F1,20=6.35, P=0.020, N=0.241), while the interaction of these

Table 1. The genes primer sequences.

Gene name Forward Reverse

CTRP9 ACAAAGGAGACACAGGAGAAC TTCAACTCTTCCATCTGCTCC
LKB1 AGGTTTCAAGGTGGACATCTG CCTCTCCCGATGTTCTCAAAG
AMPK ACCGTTCTATTGCCACTCTG AAGAGGTAACTGGGCAAATCC
GAPDH AAGTTCAACGGCACAGTCAAGG CATACTCAGCACCAGCATCACC

Note: CTRP9: C1q/TNF-related protein-9, LKB1: liver kinase B1, AMPK: AMP-activated protein
kinase, GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase.
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Figure 3. Comparison of CTRP9 (A), LKB1 (B), and AMPK (C) genes
expression between the ND-C and HFD-C groups. Data represent
Mean £ SD (n = 6). Independent t test. An asterisk symbol indicates a
significant difference from the ND-C. Data are presented as mean +
standard deviation.

two interventions on the expression of this gene was not
statistically significant (F1,20=0.253, P=0.621, Nn=0.012).
Compared to the HFD-C group, CTRP9 gene expression was
significantly higher in the HFD-AE-BP (+122.9%, P=0.003), HFD-
AE (+59.56%, P=0.003), and HFD-BO groups (+41.67%,
P=0.020). There was no significant difference between the HFD-
AE-BP group and the HFD-AE group (-28.08%, P=0.270) or the
HFD-BO group (-36.26%, P=0.072). Furthermore, CTRP9
expression was not significantly different between the HFD-AE
and HFD-BO groups (-11.38%P=1.000) (Figure 2, A).

The main effect of AE (F1,20=7.88, P=0.011, N=0.283) and BO
on LKB1 gene expression in heart tissue was significant

(F1,20=16.26, P=0.001, N=0.449), while the interaction of these
two interventions on the expression this gene was not statistically
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Figure 2. Compares CTRP9 (A), LKB1 (B) and AMPK (C) expression in
cardiac tissue between the study groups. Data represent Mean + SD (n
= 6). Tow-way ANOVA, followed by the post hoc test of Bonferroni. An
asterisk symbol indicates a significant difference from the HFD-C
group. Dagger symbol indicates additive effect of these two
interventions on gene expression.

significant (F1,20=0.642, P=0.432, N=0.031). Compared to the
HFD-C group, LKB1 gene expression was significantly higher in
the HFD-AE-BP (+195.72%, P=0.001), the HFD-AE group
(+103.8%, P=0.011), and the HFD-BO group (+138.33%,
P=0.001). There was no significant difference between the HFD-
AE-BP group (-31.26%, P=0.200) and the HFD-BO group (-
19.41%, P=1.000). Moreover, there was no significant difference
in LKB1 expression between the HFD-AE and HFD-BO groups
(+17.24, P=1.000) (Figure 2, B).

Myocardial tissue expresses AMPK in a similar manner to CTRP9
and LKB1. The main effect of AE (F1,20=6.06, P=0.023,

N=0.233) and BO on AMPK gene expression in heart tissue was

significant (F1,20=9.88, P=0.005, N=0.331), while the interaction
of these two interventions on the expression of this gene was not
statistically significant (F1,20=1.46, P=0.241, NnN=0.068). In
comparison to the HFD-C group, HFD-AE-BP (+135.04%,
P=0.023), HFD-AE (+88.42%, P=0.005), and HFD-BO
(+104.85%, P=0.005) groups showed significantly higher
expression of this gene. There were no significant differences
between HFD-AE-BP, HFD-AE (-19.83%, P=1.000), and HFD-
BO (-12.84%, P=1.000) groups. Likewise, there was no
significant difference in AMPK gene expression between HFD-
AE and HFD-BO (+8.71%, P=1.000) (Figure 2, C).

There was no statistically significant interaction effect between
aerobic exercise and an extract on the expression of CTRPY,
LKB1, and AMPK genes in the HFD-AE-BP group.

Discussion

It was demonstrated in this study that obesity caused by a HFD
reduces the expression of the genes AMPK, LKB1, and CTRP9
in myocardial tissue. Previously, hasten et al. (2023) and Zhou et
al. (2020) documented decreased CTRP9 levels in myocardial
tissue following HFD feeding (Zuo et al., 2020). As a paracrine
hormone, CTRP9 is mainly secreted by endothelial cells in the
heart, where it is expressed approximately 100 times greater than
adiponectin. It is interesting to note that endogenous CTRP9
expression declines during myocardial ischemia, while
exogenous CTRP9 supplementation promotes cell survival and
improves ventricular remodeling (Sun et al., 2013). Due to the
significant decrease in cardiac and plasma CTRP9 levels during
HFD, the question of whether this reduction contributes to
myocardial dysfunction under these conditions is clinically
important. Interestingly, CTRP9 knockout mice subjected to long-
term (26 weeks) HFD exhibited worsening systolic performance,
increased oxidative damage, and increased lipid accumulation
(Zuo et al., 2020), supporting CTRP9's cardioprotective role. Diet-
induced obesity and metabolic disorders can be prevented by
CTRP9 expression in mice by reducing food intake, increasing
oxygen consumption partly through increased mitochondrial
content, upregulating fatty acid oxidation enzymes, and

chronically activating AMPK (Peterson et al., 2013).

As a result of reduced CTRP9 expression during HFD feeding in
knockout mice, Hasten et al. (2023) found that insulin signaling
and glucose uptake were impaired in the myocardium. This
indicates that decreased myocardial CTRP9 leads to insulin
resistance in diabetic hearts, causing decreased glycolysis and
glucose oxidation, as well as a greater dependence on fatty acids
(Haustein et al., 2023). During contraction, this substrate shift inc-
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-reases oxygen consumption costs and decreases myocardial
efficiency. As a result of CTRP9 activation, mitochondrial
biogenesis is promoted in target cells (Rohrbach et al., 2021).
Thus, decreased CTRP9 expression results in reduced glucose
uptake and mitochondrial numbers, resulting in diminished
mitochondrial respiration. As a result of these changes and
mitochondrial dysfunction, fatty acid metabolism increases in
myocardial tissue, producing reactive oxygen species (ROS) and
lipotoxicity (Wende, Symons, & Abel, 2012). During HFD-induced
myocardial lipotoxicity, oxidative stress plays a critical role. The
accumulation of excessive lipids from HFD triggers pathological
apoptosis in cardiomyocytes due to elevated oxidative stress. In
neonatal mice stimulated with palmitate, ROS levels were
increased in cardiomyocytes. The dose-dependent inhibition of
ROS production by exogenous CTRP9 was observed under
these conditions. Furthermore, CTRP9-deficient mice fed HFD
had significantly higher levels of 4-hydroxynonenal (4-HNE), a
highly reactive aldehyde produced during lipid peroxidation. A
CTRP9-induced reduction in myocardial lipotoxicity may be due
to its antioxidant properties (Zuo et al., 2020). Myocardial tissue
is disrupted by HFD-induced obesity through downregulation of
CTRP. In a previous study, Millar et al (2015) reported that
myocardial LKB1 expression decreased. According to this study,
decreased LKB1 expression in HFD-fed mice was associated
with extensive myocardial dysfunction, particularly impaired
systolic function (Miller et al., 2015). A mutation in LKB1 causes
Peutz-Jegher's syndrome and cancers that affect cell growth and
polarity. LKB1-mediated phosphorylation at Thr172 on the

AMPK-QL catalytic subunit is a key regulatory step to activate
cardioprotective AMPK during myocardial ischemia (Sakamoto et
al., 2005). A 50% increase in mortality is observed in mice with
cardiac homozygous LKB1 deficiency at four months of age,
confirming LKB1's cardioprotective role.

As a result of HFD, ROS production and lipid peroxidation are
increased at the molecular level. LKB1 expression is suppressed
by elevated 4-hydroxy-2-nonenal, a marker of lipid peroxidation.
MiR-451 reduced LKB1
expression in HFD-induced obesity. By suppressing LKB1 mRNA

upregulation also contributes to

translation or stability, and decreasing LKB1 protein levels, HFD
regulates miR-451,
LKB1/AMPK pathway. Lipotoxicity, mitochondrial dysfunction,

positively which directly targets the
and cardiac hypertrophy are exacerbated by this suppression. A
significant increase in miR-451 expression is observed in HFD-
fed mice, which correlates with reduced LKB1 protein, impaired
AMPK signaling, and worsened cardiac dysfunction (H. Yang et
al., 2020). Due to decreased AMPK activation, reduced LKB1
expression impairs mitochondrial biogenesis and oxidative
metabolism. In contrast, LKB1 deficiency enhances caspase-3
and p53/PUMA signaling, resulting in pathological cardiomyocyte
death.
dysfunction, fibrosis, and hypertrophy (Miller et al., 2015).

HFD-induced obesity exacerbated diastolic/systolic

There was a significant decrease in AMPK gene expression in
the HFD group compared to the ND-C group in this study.
Through interconnected mechanisms, HFD reduces myocardial
AMPK expression and activity. By elevating oxidative stress, HFD
induces lipid peroxidation and the accumulation of reactive
aldehydes inhibit AMPK
phosphorylation and downstream metabolic regulation. In
addition, mitochondrial

like 4-hydroxy-2-nonenal, which
dysfunction and lipotoxicity are
in HFD-fed mice 2013).
Inflammation of the system and tissues is another common

exasperated (Lindholm et al.,
consequence of HFD. The HFD promotes macrophage infiltration
into adipose tissue and the heart, causing inflammation. M1

macrophages release cytokines (e.g., IL-1B, NOS2) that
suppress AMPK activity. O-GlycNAcylation, a post-translational
modification induced by inflammation, further inhibits AMPK
2018).
(e.q.,
hyperglycemia, hypercholesterolemia) indirectly inhibit AMPK.

activity and phosphorylation (Almabrouk et al,
Furthermore, HFD-induced metabolic disturbances
Adiponectin, an AMPK activator, is also reduced in hypertrophic
adipose tissue, impairing AMPK activity further. The activity of
AMPK in myocardium decreased by 35-44% in mice fed a HFD
(Lindholm et al., 2013). In the present study, CTRP9 gene
expression significantly increased in myocardium compared with
the HFD-C group. It has been shown that endocrine signaling and
transcriptional regulation work together to upregulate CTRP9
expression in the myocardium following aerobic exercise. In
cardiomyocytes, aerobic exercise elevates insulin-like growth
factor-1 (IGF-1), which activates the nuclear receptor subfamily 2
group F member 2 (NR2F2). CTRP9's expression is regulated by
NR2F2, which binds directly to the gene's promoter region.
Exercise (15 minutes/day) increased cardiac CTRP9 expression
by more than 1.5-fold in mice with myocardial infarction (Tan et
al., 2023). The increase in serum CTRP9 levels after acute
aerobic exercise (e.g., 38 minutes of moderate cycling) correlates
with improved endothelial function (flow-mediated dilation) in
obese and normal-weight people. Apoptosis and oxidative stress
in cardiomyocytes are suppressed by CTRP9 upregulation
induced by aerobic exercise. Following ischemia-reperfusion
injury, this molecular pathway is critical for reducing infarct size
and enhancing survival. LKB1 gene expression was also
significantly increased following aerobic exercise in this study.
Exercise increases myocardium energy demand, which may
activate LKB1 as a key regulator of AMPK (Sadat-Ebrahimi et al.,
2022). In the context of maintaining energy homeostasis, this
activation could potentially result in increased LKB1 expression.
There is evidence that muscle contraction alters LKB1 gene
expression in skeletal muscle. Due to the similarity between
skeletal muscle and the myocardium, aerobic exercise may also
affect LKB1 expression in the myocardium (Tanner et al., 2013).
Metabolite signaling may also explain the increased AMPK
expression observed in the current study.
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Exercise elevates glycolysis and pentose phosphate pathways
intermediates such as glucose-6-phosphate (G6P) and 5-
aminoimidazole-4-carboxamide ribonucleotide (AICAR).
Exercise-induced metabolic changes are linked to the activation
of AMPK by these metabolites. ROS can also increase AMPK
expression following aerobic exercise. By reducing mitochondrial
ROS production, aerobic exercise prevents AMPK and its
downstream regulators from being damaged by oxidative stress.
The inhibition of ROS improves the stability and activity of AMPK,
resulting in improved myocardial metabolism. As a result of
aerobic exercise, AMPK expression and function in myocardial
tissue are maintained (Fulghum & Hill, 2018). In addition, aerobic
exercise stimulates AMPK expression and activity in
cardiomyocytes by activating catecholamine signaling cascades
(e.g., epinephrine). According to several molecular studies on

catecholamines, they promote mitochondrial fission and regulate

PGC-1a, indirectly enhancing AMPK activity. CTRP9 gene
expression in myocardium was also significantly increased by
ethanolic bitter orange peel extract in this study. According to a
literature review, bitter orange peel does not appear to have a
significant effect on myocardial CTRP9 expression. Although
bitter orange peel contains numerous bioactive compounds, such
as flavonoids, phenolic acids, and other phytochemicals, its
molecular influence on CTRP9 expression seems plausible.
CTRP9 expression is suppressed by chronic inflammation

induced by HFD through NF-KB activation. Therefore, reducing
inflammation can increase CTRP9 expression. As a result, bitter

orange peel extract modulates NF-KB activation by blocking

phosphorylation and nuclear translocation of NF-KB p65 subunits
(Kang et al., 2011), and thus mitigates the negative effects of
cellular inflammation on CTRP9. Furthermore, bitter orange peel
contains flavonoids (hesperidin, naringenin) and phenolic acids,
which reduce oxidative stress by scavenging ROS and enhancing
antioxidant defenses. Antioxidant compounds in bitter orange
peel may counteract the effects of oxidative stress on myocardial
CTRP9 expression (Shen, Wan, Wang, & Jiang, 2019). By
reducing fat accumulation and insulin resistance, bitter orange
peel also improves metabolic status. Enhanced metabolic
function may enhance adipokine signaling and increase CTRP9
expression in adipose tissue or the heart (Shen et al., 2019).

LKB1 is also elevated in myocardial tissue by ethanolic extract of
bitter orange peel. Hesperidin and naringenin in the peel
scavenge ROS and lipid peroxidation byproducts such as 4-
hydroxy-2-nonenal (4-HNE). Under HFD conditions, bitter orange
peel likely increases myocardial LKB1 expression by inhibiting 4-
HNE expression and activity (Suntar, Khan, Patel, Celano, &
Rastrelli, 2018). LKB1 expression is sensitive to inflammation,
and chronic inflammation suppresses it. The bitter orange peel
reduces pro-inflammatory cytokines (TNF-Ql, IL-6) and NF-KB
activity, preventing LKB1 downregulation during HFD feeding
(Kang et al., 2011). Citrus peels improve insulin sensitivity and

lipid metabolism in HFD models. LKB1 expression is reduced by
obesity and metabolic dysfunction (Shen et al.,, 2019), so
alleviating these conditions increases it. Additionally, LKB1 plays
an important role in AMPK activation. According to studies, bitter
orange peel naringenin activates AMPK, possibly reflecting an
upstream modulation of LKB1 (Benjamim et al., 2022).

As a result of bitter orange peel extract administration, AMPK
expression was significantly increased. Molecular evidence
suggests that the extract underlying this molecular effect reduces
inflammation and oxidative stress. Furthermore, naringenin
activates AMPK directly by mimicking AMP effects. By activating
AMPK via bitter orange peel, mitochondrial biogenesis and
oxidative phosphorylation are also promoted. By improving
mitochondrial efficiency, ATP production increases, which further
enhances AMPK expression and activity. As myocardial lipid
content increases, ceramide accumulates, an inhibitor of AMPK
(Jin et al., 2009). By enhancing lipid metabolism and insulin
sensitivity, bitter orange peel reduces ectopic fat deposits in the
myocardium. Ceramide levels are decreased and AMPK
expression is increased as a result. When aerobic exercise and
ethanolic bitter orange peel extract were combined, the greatest
increases in gene expression were observed because both
interventions reduce inflammation, oxidative stress, and improve
metabolic status through similar mechanisms. Their interaction,
however, was not statistically significant. Accordingly, these
interventions did not synergistically enhance gene expression,
but rather had additive effects.

Conclusion

The lack of measurement of myocardial function and histological
changes was a limitation of the present study. Since the genes
measured in this study indicate mitochondrial biogenesis
capacity, energy turnover, and myocardial ischemia/reperfusion
injury, it is suggested that researchers simultaneously study
changes in myocardial function and histology in future studies
after induction of aerobic exercise and bitter orange peel extract
mode.

What is already known on this subject?

The presence of obesity is a major risk factor for structural and
functional changes in the myocardium, which may lead to
cardiovascular complications and increased mortality.

What this study adds?

The present study shows that HFD negatively affects myocardial
tissue by suppressing the CTRP9, LKB1, and AMPK genes. They
play a critical role in energy metabolism, fat accumulation,
apoptosis, and myocardial function. Both aerobic exercise and
ethanolic bitter orange peel extract significantly reduced the
adverse effects of HFD on the expression of these genes. In spite
of the fact that these two interventions did not synergistically enh-
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-ance gene expression, the highest gene expression was
observed when they were combined. This indicates the additive
effect of these two interventions on gene expression. As a result
of reducing inflammation, oxidative stress, and improving
metabolic status, aerobic exercise and bitter orange peel extract
appear to increase expression of the studied genes. In obese
subjects induced by HFD, aerobic exercise and ethanolic bitter
orange peel extract exhibit cardioprotective effects and protect
myocardial tissue. CTRP9, LKB1, and AMPK genes are
upregulated in order to accomplish this. In order to reduce cardiac
complications under HFD conditions, these two interventions
should be used.

® Aerobic exercise likely triggers muscle-derived factors that
signal to the heart, increasing expression of protective genes
(CTRP9, LKB1, AMPK).

®  Bitter orange peel extract potentially influences gut or liver
metabolism, generating signals that enhance cardioprotective
gene expression in the heart under HFD stress.
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