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Abstract

Background and Objective: In patients with heart failure, the biomarkers sST2,
GDF-15, NT-proBNP, and BNP are considered important indicators for disease
diagnosis and prognosis. The present study aimed to compare the effects of
aerobic and combined training on the levels of these biomarkers (sST2, GDF-15,
NT-proBNP, and BNP) in adult male rats.

Materials and Methods: Twenty-four adult male rats (aged 18-20 weeks, body
weight 300-380 g) were randomly assigned to three groups: combined training,
aerobic training, and control (n = 8 per group). The combined training group
performed aerobic and resistance exercises on alternating days for eight weeks,
five sessions per week. The aerobic training protocol consisted of treadmill
running at 40-60% of maximal speed for 60 minutes, while resistance training
involved ladder climbing at 40-60% of maximal load for 45 minutes. Forty-eight
hours after the final training session, heart tissue was collected and the
expression of the target genes was assessed using real-time polymerase chain
reaction (Real-Time PCR). Data were analyzed using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test at a significance level of 0.05.
Results: The results showed that after eight weeks of intervention, the expression
of BNP and NT-proBNP genes was significantly lower in both the aerobic and
combined training groups compared with the control group (p < 0.05). In
contrast, the expression of GDF-15 and sST2 genes was significantly higher in
these experimental groups than in the control group (p < 0.05). No significant
differences were observed between the combined and aerobic training groups
for any of the variables.

Conclusion: Overall, eight weeks of aerobic and combined training in an animal
model led to modulation of the expression of genes associated with cardiac
function. These findings indicate beneficial adaptive responses to exercise and
provide preliminary preclinical evidence supporting the potential role of exercise
training as a non-pharmacological intervention; however, human studies are
required to confirm clinical applicability.
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1. Introduction

Despite advances in diagnosis and
treatment, cardiovascular disease (CVD)
remains the leading cause of mortality
worldwide (1). Although atherosclerosis is
a major underlying mechanism in many
forms of CVD, the molecular pathways
involved in disease progression are not
fully understood, prompting extensive
research into novel cardiovascular
biomarkers (1). Among established
markers, NT-proBNP and BNP are widely
used prognostic indicators of cardiac
dysfunction, with NT-proBNP
demonstrating higher sensitivity for early
heart failure detection (2-4). Growth
differentiation factor-15 (GDF-15) is
recognized as a biomarker associated with
inflammation, oxidative stress, and
atherosclerosis, while soluble ST2 (sST2) is
emerging as a promising marker for heart
failure diagnosis and prognosis (1,3).
Physical inactivity is a major modifiable
risk factor for cardiovascular disease,
whereas regular exercise is associated
with reduced mortality and improved life
expectancy (5). The American Heart
Association recommends both aerobic and
resistance training in cardiac
rehabilitation, and combined training has
been shown to reduce mortality by
approximately 28% (6). Previous studies
have reported exercise-induced
reductions in BNP and NT-proBNP levels
(7,8). However, the molecular mechanisms
underlying the effects of different exercise
modalities on key cardiac-related genes,
including sST2, GDF-15, NT-proBNP, and
BNP, remain unclear. Therefore, the
present study aimed to compare the
effects of aerobic versus combined
(aerobic-resistance) training on cardiac

gene expression of these markers in adult
male Wistar rats

2. Methods

The present experimental study with a
parallel-group design was conducted on
24 adults male Wistar rats (age: 18-20
weeks; body weight: 300-380 g) obtained
from the Razi Vaccine and Serum Research
Institute (Mashhad, Iran). Animals were
housed under standard laboratory
conditions (12-hour light/dark cycle,
22+2°C, 50+5% humidity) with ad libitum
access to food and water (9). After a one-
week acclimatization period, rats were
randomly assigned to three groups (n = 8
per group): control (C), aerobic training
(AT), and combined training (CT).

Maximal running  speed  was
determined using an incremental
exhaustive treadmill test starting at 10
m/min with 3 m/min increments every 3
minutes. The aerobic training protocol
consisted of treadmill running at 40-60%
of maximal speed for 60 minutes per
session (10). Resistance training was
performed on a ladder-climbing apparatus
with  progressively loaded weights
corresponding to 40-60% of one-
repetition maximum (IRM), consisting of 15
repetitions with 1-minute rest intervals
(11). The combined training group
performed both protocols on alternating
days (resistance first, followed by aerobic
exercise), with adjusted aerobic duration
to match overall training load (10, 12, 13).

All training sessions were conducted
five days per week for eight weeks. Forty-
eight hours after the final exercise session
and following a 12-14 h fasting period,
animals were anesthetized via
intraperitoneal injection of ketamine (60
mg/kg) and xylazine (5 mg/kg). Blood
samples were collected from the left
ventricle, and cardiac tissues were

Effects of Aerobic and Combined Training on the Gene Expression of Selected Biomarkers Associated with Heart
Failure in Adult Male Wistar Rat



Journal of Applied Exercise Physiology

excised, snap-frozen in liquid nitrogen,
and stored at -80°C. Serum CRP levels
were measured using
immunoturbidimetry, while SOD, MDA,
and TAC levels in cardiac tissue were
assessed spectrophotometrically (14).

Gene  expression  analysis  was
performed using real-time PCR with
GAPDH as the housekeeping gene, and
relative expression levels were calculated
using the 2°>-AACT method (15,16).

3. Results

One-way ANOVA revealed significant
between-group differences in BNP, NT-
proBNP, GDF-15, and sST2 gene
expression after eight weeks of
intervention (all p < 0.001; SMD = 0.84-
0.91). Post-hoc analysis indicated that both
combined and aerobic training
significantly reduced BNP (29.5% and 19%),
NT-proBNP (47% and 25.5%), and CRP (13%
and 12.5%) compared with controls, while
significantly increasing GDF-15 (59.4% and
22.6%) and sST2 (112% and 91%) expression
(@ll p < 0.05). In addition, both training
modalities significantly increased SOD
(33.4% and 31.5%) and TAC (8.3% and 4.1%),
and reduced MDA levels (35% and 28.3%)
compared with controls (p < 0.05). No
significant differences were observed
between combined and aerobic training
groups for any measured variable (all p >
0.05).

4. Conclusion

The present study evaluated the effects of
aerobic and combined training on cardiac-
related gene expression (sST2, GDF-15,

NT-proBNP, and BNP) in adult male rats.
Both training modalities significantly
reduced NT-proBNP and BNP expression
while increasing GDF-15 and sST2
expression compared with controls (17-
19). These findings are generally consistent
with previous studies reporting exercise-
induced reductions in cardiac stress
markers (19,20) and alterations in GDF-15
expression (20-22), although inconsistent
findings have also been reported for GDF-
15 (23,24) and sST2 (25-27). No significant
differences were observed between
aerobic and combined training for any
measured variable. Overall, both exercise
modalities induced favorable molecular
adaptations associated with cardiac
function regulation; however, no evidence
of superiority of combined training was
observed. Further studies with larger
sample sizes and mechanistic assessments
are warranted to clarify these findings.
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