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High intensity physical activities increase troponin I level but
does not affect changing in glutathione peroxidase in mice

Las actividades fisicas de alta intensidad aumentan los niveles de troponina I
pero no afectan los cambios en la glutation peroxidasa en ratones
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Abstract

Introduction: Muscle damage can be triggered by other free radicals formed during intense
physical activites and the low response of antioxidants. The antioxidants that plays a role in
responding to free radicals during physical activites is glutathione peroxidase.

Objective: The main purpose of this study was to analyze the effects of high-intensity and mod-
erate-intensity physical activities on muscle glutathione peroxidase (GPx) and serum troponin
I levels as markers of damage.

Methodology: The study was used a quantitative true experiment with a post-test only group
design. This study was conducted at a total of 18 healthy mice with age of 8 weeks old male
Balb/c mice, then divided into 3 groups: high-intensity physical activity (HI), moderate-inten-
sity physical activity (MI), and control (CON) groups. The HI group performed running on a
treadmill with a 90% of their maximum speed, while the MI group at 60%. Data was taken of
24 hours post-physical activity by taking blood samples to examine troponin I levels and skel-
etal muscle gastrocnemius homogenate to determine GPx activity.

Results: the study found that the MI group had a higher concentration of GPx in the skeletal
muscle gastrocnemius compared to the other control group. However, the concentration of tro-
ponin I showed significant differences between the groups, HI group had significantly higher
levels of troponin I compared to the other groups.

Conclusion: The high-intensity physical activity has the highest result in ncreasing Troponin I
and the moderate intensity physical activity has the highest concentration of glutathione pe-
roxidase compare to other groups.

Keywords
_____________________________________________________________________________________|
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Resumen

Introduction: El dafio muscular puede ser desencadenado por otros radicales libres formados
durante actividades fisicas intensas y la baja respuesta de los antioxidantes. El antioxidante que
juega un papel en la respuesta a los radicales libres durante las actividades fisicas es la glutation
peroxidasa.

Objective: El proposito principal de este estudio fue analizar los efectos de las actividades fisicas
de alta y moderada intensidad sobre la glutatién peroxidasa (GPx) muscular y los niveles de
troponina I en suero como indicadores de dafio.

Methodology: El estudio utiliz6 un experimento cuantitativo verdadero con un disefio de grupo
con postprueba Unicamente. Este estudio se llevé a cabo con un total de 18 ratones sanos ma-
chos Balb/c de 8 semanas de edad, que fueron divididos en 3 grupos: actividad fisica de alta
intensidad (HI), actividad fisica de moderada intensidad (MI) y grupo de control (CON). El
grupo HI realiz6 carreras en una caminadora a un 90% de su velocidad maxima, mientras que
el grupo MI lo hizo al 60%. Los datos se tomaron 24 horas después de la actividad fisica, me-
diante la toma de muestras de sangre para examinar los niveles de troponina I y de homogenei-
zados del musculo esquelético gastrocnemio para determinar la actividad de la GPx.

Results: El estudio encontrd que el grupo MI tenia una mayor concentracién de GPx en el
musculo esquelético gastrocnemio en comparacién con el grupo de control. Sin embargo, la
concentracién de troponina I mostro diferencias significativas entre los grupos, siendo el grupo
HI el que present6 niveles significativamente mas altos de troponina I en comparacién con los
otros grupos.

Conclusion: La actividad fisica de alta intensidad mostré los resultados mas altos en el aumento
de la troponina I, mientras que la actividad fisica de moderada intensidad presentd la concen-
traciéon mas alta de glutation peroxidasa en comparacién con los otros grupos.
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Introduction
C_______________________________________________________________________________]
There are two types of physical activities recommended for maintaining health: high-intensity and mod-
erate-intensity. High-intensity physical activity can increase VO2max, quality of life, and metabolic
health, but it also carries a greater risk of muscle injury compared to moderate-intensity activity. Mod-
erate-intensity physical activity, on the other hand, is safer and still provides significant health benefits,
including enhancing endogenous antioxidant activity (Kramps, Katle, & Cordova, Lane, 2021). High
physical intensity is a method of physical activity that can enhance anaerobic capacity and athletes can
apply high intensity cardio activity methods to develop muscle volume (Kusnanik., 2023). Studies have
demonstrated that moderate-intensity physical activity boosts endogenous antioxidant activity, shields
troponin I from free radicals, and lowers the risk of muscle injury. Endogenous antioxidant capacity
doubles in individuals who regularly engage in moderate-intensity physical activity. High-intensity ec-
centric muscle contractions can cause exercise-induced muscle damage (EIMD) (Lazaro et al., 2020).
Moderate-intensity physical activity also increases vagus nerve activity, reduces oxidative stress, and
enhances learning (Kai et al., 2016; Kaidah et al., 2018).

Superoxide and other free radicals formed during intense physical activity can trigger muscle damage.
Pain from physical activity-related muscle injuries commonly occurs and can result in an inability to
resume training or competition (Delos et al., 2013). Physical activity performed beyond the body's ad-
aptation threshold can induce stress with negative impacts (Kruk et al.,, 2019). These negative impacts
include potential injuries leading to skeletal muscle damage (Taherkhani et al., 2021).

Troponin [ serves as a marker of skeletal muscle damage due to physical stress during activity. Conduct
testing for troponin [ using appropriate instruments, methods, and samples to ensure accurate and rapid
results. Free radicals can oxidize cysteine 133 residues on troponin I in skeletal muscle (Mollica et al.,
2012). Increased free radicals lead to the massive release of skeletal muscle troponin I (sTnl) into the
bloodstream (Purwanto et al., 2016). Troponin is a regulatory protein on thin filaments of muscle, com-
prising troponin T, |, and C. The release of sTnl into the extracellular space disrupts muscle contraction
regulation, causing sustained intense contractions and muscle injury with severe pain.

Glutathione peroxidase (GPx) is a selenoenzyme that eliminates hydroperoxides within cells, protecting
them from damage. The liver's cytosol predominantly contains this enzyme, which catalyzes the reduc-
tion reaction of H202 into ROOH. Glutathione is ubiquitous, found in animals, plants, and microorgan-
isms, and exists in the forms of GSH (reduced) and GSSG (oxidized). GPx protects lipids from peroxida-
tion, maintaining cell structure and function, particularly in the cytosol. Phospholipid glutathione pe-
roxidase (PLGSH-Px), which reduces hydroperoxides from membrane phospholipids to alcohols, also
contains selenium Se atoms. During muscle metabolism, mitochondria release superoxide as part of ATP
production, triggering oxidative stress within contracting muscles. Superoxide and other free radicals
oxidize troponin I's serine 133 residues. This stops actin and myosin from interacting, which causes the
muscle to contract very strongly. Physical activity increases the production of endogenous antioxidants
that prevent oxidative stress and cell damage. Elevated levels of endogenous antioxidants can prevent
cell damage during physical activity. These antioxidants increase during physical activity and help pro-
tect cells from oxidative damage (Putri, 2018).

Extensive studies have not compared the effects of high-intensity and moderate-intensity physical ac-
tivity on endogenous antioxidant glutathione and troponin I damage. Therefore, we need to investigate
the effects of high-intensity and moderate-intensity physical activity on the activity of endogenous an-
tioxidants and markers of muscle damage like troponin I. We expect this research to serve as a reference
for implementing appropriate physical activity methods to maintain health and prevent free radical-
induced muscle damage during physical activities.
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Method
|

Study Design

This study is quantitative, true experimental research with a post-test-only group design. We randomly
divided the mice in this study into three groups: a high-intensity activity group (HI), a moderate-inten-
sity activity group (MI), and a control group without treatment. This research has received approval
from the Research Ethics Committee of the Faculty of Medicine, Airlangga University, with approval
number 153/EC/KEPK/FKUA/2023.

Subject

This study used 18 male Balb/c mice divided into 3 groups (6 HI, 6 MI, and 6 CON). Each group consisted
of six mice acclimatized for 7 days with a reversed light-dark cycle. The inclusion criteria for this study
included 8-week-old male Balb/c mice in good health

Intervention Procedures

Each group consisted of six Balb/c mice acclimatized for 7 days under a reversed light-dark cycle. The
mice were then adapted to the treadmill for 7 days. In the research protocol, all groups underwent a 5-
minute warm-up on the treadmill. Subsequently, the HI group engaged in high-intensity activity by run-
ning on the treadmill at 90% of the maximum treadmill speed. Meanwhile, the MI group received a mod-
erate-intensity activity intervention by running on the treadmill at 60% of the maximum treadmill speed
until the mice were fatigued. The control group, on the other hand, only underwent the warm-up and
did not receive any physical activity treatment. This study conducted the physical activity treatment
acutely, as a one-time trial.

Analysis

The Laboratory of Experimental Animals, Faculty of Veterinary Medicine, Airlangga University con-
ducted examinations to determine the levels of troponin I and glutathione peroxidase (GPx) 24 hours
after the intervention. We assessed the Troponin I levels by collecting mouse serum and then analyzed
it using ELISA. In the meantime, we conducted a GPx examination on homogenized left gastrocnemius
skeletal muscle tissue of the mice, utilizing the ELISA method.

Statistic Analysis

We used SPSS 25 software to analyze the data, which included descriptive analysis to determine the
mean and standard deviation (SD), normality testing using the Shapiro-Wilk test, and inferential analy-
sis. We used inferential analysis in this study to examine the differences in troponin I and GPx levels
among the three groups. We assessed differences among groups using a one-way ANOVA test for nor-
mally distributed data. For data that did not follow a normal distribution, non-parametric analysis was
conducted using the Kruskal-Wallis test with a significance level set at p < 0.05.

Results
__________________________________________________________________________________________________________________|
Table 1 illustrates the effects of high-intensity (HI) and moderate-intensity (MI) physical activity on glu-
tathione peroxidase (GPx) in mice. The results show that mice engaged in HI activity had a glutathione
peroxidase activity of 71.308 * 33.744 nmol/ml. Based on the Kruskal-Wallis test, there was no signifi-
cant difference in glutathione peroxidase activity between three treatment groups (p > 0.05).

Table 1. Analysis of Glutathion Peroxidase (GPx)
Glutathion peroxidase

Group Mean + SD Shapiro-Wilk Kruskal Wallis
(nmol/ml)
Control 32,552 +9,795 0,876
HI 71,308 + 33,744 0,020 0,106
MI 34,219 + 13,218 0,065
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Table 2 presents the results of the analysis of troponin I for high-intensity (HI) and moderate-intensity
(MI) physical activity in mice. The analysis showed that the HI activity group had a higher concentration
serum of troponin I compared with control and the MI group. The HI activity group had a troponin I level
of 535.133 £ 50.035 nmol/ml. Level concentration was higher compared to the MI group, which had a
concentration of 367.575 + 12.218 nmol/ml, and it also higher compare with control, which had a con-
centration of 338.911 + 16.221 nmol/ml. Based on the one-way ANOVA test, there was a significant
difference in serum troponin I level between three groups (p-value = 0.000).

Table 2. Comparison of Serum Troponin I Levels

Group Troponin I Mean # SD (nmol/ml) Shapiro-Wilk ANOVA
Control 338,911 + 16,221 0,871
HI 535,133 £ 50,035 0,101 0,000*
MI 367,575+12,218 0,057

Information: SD: standar deviasi, HI: high intensity, MI: Moderate intensity, * significantly different (p<0,05)

Additionally, the post hoc analysis revealed significant differences in troponin concentrations between
groups, with p-values of 0.000 for control vs. HI, 0.017 for control vs. MI, and 0.001 for HI vs. MI (Table
5.4). Figure 2 presents the differences in troponin I and GPx concentrations.

Figure 2. Differences in Troponin I and GPx Concentrations Among Groups
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Discussion

The point of this study was to look at how high-intensity (HI) and moderate-intensity (MI) exercise af-
fected the body's natural antioxidant glutathione peroxidase (GPx) and troponin I, which shows muscle
damage in mice. The results indicate that the HI activity group had a higher concentration of GPx in the
gastrocnemius muscle compared to both the MI activity group and the control group, although the dif-
ference was not statistically significant. In contrast, there was a significant difference in troponin I con-
centrations. Specifically, the MI activity group had higher troponin I concentrations compared to both
the control group and the HI activity group 24 hours after physical activity.

It is known that GPx activity rises during physical activity, as seen in studies on both humans and ani-
mals (Leeuwenburgh & Heinecke, 2012). GPx protects against reactive oxygen species (ROS) that are
created during intense physical activity. This finding is consistent with a study by Awang Daud, Ahmedy,
Baharuddin, & Zakaria (2022), which indicates that high-intensity exercise carries a risk of tissue dam-
age and contributes to excessive injury. Quindry et al. (2003) also found that high-intensity resistance
training increases oxidative stress levels in the blood of untrained subjects. Additionally, not only the
intensity and duration of exercise, but also the mode of exercise, influence the amount of oxidant pro-
duction.

Another study, by Leeuwenburgh and Heinecke (2012), found that trained rats have 62% more gluta-
thione peroxidase activity and 27% more superoxide dismutase activity than untrained rats. This is sim-
ilar to the study by Revan et al. (2010), which found that short-term, exhausting running exercise did
not significantly lower GPx levels. Additionally, Powers et al. (1993) found that the increase in muscle
antioxidant enzymes caused by physical activity is muscle-specific. They also demonstrated that both
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high-intensity and moderate-intensity exercise increase superoxide dismutase activity in the ventricu-
lar myocardium.

Two independent preclinical studies have found that high-intensity training (HIT) results in increased
antioxidant enzyme activity in the skeletal muscles of rats. These studies indicate that HIT enhances
total GPx activity in the skeletal muscles of trained rats subjected to HIT for 6 weeks (Scott K. Powers,
Goldstein, Schrager, & Ji, 2023). To date, there are only a few human studies investigating the effects of
HIT on skeletal muscle antioxidant enzyme activity. Results from these studies show that seven weeks
of physical activity increased total GPx activity in skeletal muscle by 27%. This rise in GPx activity makes
it easier for skeletal muscles to get rid of hydrogen peroxide and other organic hydroperoxides, espe-
cially when they are used for along time (Hellsten et al., 1996).

Physical activity, particularly when involving unusual intensity and duration, can lead to increased pro-
duction of free radicals and heightened oxidative stress, even in trained individuals. An imbalance be-
tween free radical production and antioxidant defenses can elevate oxidative stress levels. Physical ac-
tivity enhances the absorption and flow of oxygen to the mitochondria, but beyond a certain intensity
and/or duration, it can lead to oxidative stress. Several things might lead to more free radicals, such as:
i) better blood flow; ii) faster phagocytic respiration; iii) xanthine oxidase; iv) catecholamines; v) in-
flammation after exercise; vi) lactate buildup; and vii) the type of exercise (Revan et al., 2010).

Perrone, [ellamo, Donatucci, Caminiti, & Lombardo (2020) also state that oxidative stress resulting from
exercise depends on the capacity and adaptive ability of the body's antioxidant defenses. Although re-
active oxygen species (ROS) generated by exercise are necessary for normal force production in skeletal
muscles, high levels of ROS can contribute to contractile dysfunction. The CaZ+ release channels in the
sarcoplasmic reticulum are highly sensitive to ROS, which can reduce the sensitivity of myofibrils to
Ca2+ and subsequently affect muscle contraction. Additionally, the accumulation of ROS in the body de-
pends on the mode of exercise, exercise intensity, and duration. Therefore, exercise-induced oxidative
stress can play a significant role in the pathophysiological function of skeletal muscles (Wang et al,,
2021).

Exercise is known to be a strong stimulus for elevating troponin I levels in the systemic circulation. The
absence of a significant increase in troponin I in the high-intensity physical activity (HIT) group com-
pared to the moderate-intensity exercise (MIE) group suggests that the total volume of HIT or HIE per-
formed did not exert sufficient stress on the heart. Heart rate (HR) quickly increased during both HIT
and MIE. However, HR quickly decreased afterward, which suggests that the total workload and oxygen
demand on the heart muscles were not as high as they were in previous studies that used endurance
exercise that lasted for hours, days, or even weeks (Shave et al., 2010).

Shave, Ross, Low, George, & Gaze (2010) found that short-duration, high-intensity physical activity can
release troponin I. The release of troponin I after short-duration, intense exercise displays a varied re-
lease pattern. Some individuals may not show a response; some may release only limited amounts of
troponin I, while others might exhibit a significant release that could exceed the threshold. Across dif-
ferent studies, there is considerable variability in how each factor affects troponin concentrations fol-
lowing physical activity. Intensity and duration of physical activity have the greatest impact on post-
exercise troponin concentrations, likely reflecting the overall cardiac workload. Additionally, factors in-
fluencing post-exercise troponin I concentrations include cardiovascular health status, exercise history,
hydration status, blood pressure, sex, body composition, age, intensity, duration, and environmental
conditions (Aengevaeren et al., 2021). Other research also indicates that active recovery leads to lower
cardiac troponin release after physical activity, which may be associated with improved aerobic capacity
(Lietal., 2023).

Marshall et al. (2020) found that moderate (lactate threshold 60%-70% for 4 hours) and high-intensity
(lactate threshold 80%-90% for 60 minutes) exercise increased troponin I levels, but low-intensity ex-
ercise (lactate threshold 50%-60% for 60 minutes) did not. This study conducted the sampling strategy
24 hours after physical activity, in line with Sorichter et al.'s (1997) findings that exercise-induced mus-
cle damage leads to elevated troponin I levels that peak at 24 hours and stay elevated for at least 1 to 2
days afterward, mirroring changes in creatine kinase (CK) levels.

During high-intensity exercise, oxygen flow through skeletal muscle cells increases significantly, while
ATP usage exceeds ATP production. Metabolic stress in cells causes many biochemical changes that
NI
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make the production of reactive oxygen species (ROS) from semiquinone and xanthine oxidase much
higher. Consequently, substantial attacks by free radicals on cell membranes can lead to cell viability
loss and cell necrosis, potentially triggering skeletal muscle damage and inflammation (Baker & Tao,
2022). Furthermore, increased free radical formation triggers a massive release of skeletal muscle tro-
ponin I (sTnl) into the extracellular space, leading to elevated blood levels (Purwanto et al., 2016). Actin
continuously exposes itself to myosin heads as a result of the release of sTnl into the extracellular space,
disrupting its role as a regulator of muscle contraction. This causes sustained high-intensity muscle con-
tractions (hypercontraction), during which the muscle undergoes injury characterized by severe pain
accompanying extreme contractions. This finding fits with what Weippert et al. (2016) found: there is a
link between the release of troponin I and the state of metabolism in skeletal muscles in response to the
amount of exercise. The finding suggests that peripheral anaerobic metabolism, which can change the
acid-base balance and/or cause more oxidative radicals to be made, may be one reason why cardiomy-
ocytes break down.

Conclusions

High-intensity physical activity resulted more haigher greater damage in calf muscle with compared
moderate-intensity activity, due to serum troponin [ level in treatment. [t also the reased activity activity
also increased the endogenous antioxidant activity of glutathione peroxidase in muscles. Therefore, we
recommend to chooseng an appropriate activity intensity to minimize muscle damage and reduce the
risk of exercise-related injuries
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