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Abstract
BACKGROUND: Free radicals formed during strenuous exercise through an increase in reactive oxygen species induce 
damage to tissues (e.g., muscle and liver) and cause oxidative damage to cells, resulting in mitochondrial dysfunction.

AIM: As an effective method to repair mitochondrial muscle cell function, this study investigated the effects of 
red-fleshed pitaya (RFP) ingestion on creatine kinase (CK), which is a biomarker for muscle tissue damage, and 
malondialdehyde (MDA) levels during strenuous exercise.

METHODS: This study involved 25 3-month-old male rats with an average weight of 200 g. The RFP extract was 
obtained through ethanol extraction and concentrated using an air-drying method. Rats were randomly allocated 
into five groups as follows: Two control groups (K1 [no-exercise, no RFP] and K2 [exercise, no RFP]) and three 
test groups (P1, P2, and P3; subjected to exercise and treated with 75, 150, and 300 mg kg−1 body weight of RFP, 
respectively). The exercise was in the form of swimming for 20 min 3 times/week for 31 days. CK and MDA were 
measured through an enzyme-linked immunosorbent assay, and histopathological examinations were performed 
through hematoxylin and eosin staining of rat muscles.

RESULTS: The MDA levels after the ingestion of RFP extracts were compared between the K2 group and the 
P1, P2, and P3 groups. The results showed significant differences (p < 0.05 for P1 and P2, and p < 0.01 for P3), 
indicating the production of free radicals and CK, with features of damaged muscle cells based on histopathology. 
Ingestion of the RFP extract led to improvements in soleus muscle cells, resulting in cell function repair.

CONCLUSION: Levels of MDA and CK increased during exercise, which caused significant muscle damage. 
However, after treatment with the RFP extract, the levels of both markers decreased. Thus, strenuous exercise 
causes an increase in reactive oxygen species, resulting in increased free radical levels. RFP ingestion decreased 
oxidative stress levels, thus repairing mitochondrial cell function.
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Introduction

Strenuous exercise that activates skeletal 
muscle increases metabolism and the consumption of 
oxygen 100–200-fold [1], [2]. The increase in oxygen 
requirements, especially for muscle contraction, 
generates free radicals, which play a role in ischemia-
reperfusion injury. Free radicals formed during physical 
exercise induce damage to tissues such as the blood 
and liver [3], [4]. Creatine kinase (CK) activity also 
increases during strenuous exercise, leading to muscle 
cell damage [5], [6]. Therefore, CK activity is a potential 
biomarker of muscle tissue damage, although it depends 
on pathological and physiological conditions [7], [8].

Several studies have shown that reactive 
oxygen species (ROS) produced by tissue hypoxia 
during muscle contraction play an adaptive physiological 

role during physical exercise. ROS are formed in low to 
moderate amounts during moderate-intensity activities 
to increase endogenous antioxidant levels for oxidative 
stress prevention in the body [9], [10]. Red-fleshed 
pitaya (RFP) protects tissues from damage caused by 
ROS in the body [9], [10], [11]. This research aimed 
to determine the effect of pre-exercise RFP ingestion 
on CK levels after strenuous exercise and on the 
mitochondrial function of muscle cells.

Materials and Methods

In this study, we used 25 3-month-old male rats 
with an average weight of 200 g. The rats were obtained 
from the Animal House Unit of the Biology Laboratory, 
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Universitas Sumatera Utara, Indonesia. All rats were 
maintained in groups in the experimental animal cages 
in the laboratory. The cage (30 cm × 20 cm × 10 cm) 
was made of plastic and covered with fine wire mesh. 
The cage base was covered with rice husks with a 
thickness of 0.5–1 cm, which was replaced every day 
during the study. The room light was controlled to deliver 
a 12 h light/12 h dark cycle, the temperature was set to 
25–27°C, and the humidity of the room was adjusted to 
a normal range of 35–50%. The rats were fed standard 
rat pellets and given tap water ad libitum.

Study design

We used an in vitro experimental method with a 
true experimental design and a randomized post-test for 
the control group. Simple random sampling was used to 
categorize the laboratory rats into five groups as follows: 
Group K1 with no activity and no RFP; group K2 subjected 
to strenuous exercise without RFP; and groups P1, P2, 
and P3 subjected to strenuous exercise and treated with 
75, 150, and 300 mg kg−1 body weight of RFP extract, 
respectively. In the fruit market, it is easy to find RFP fruit, 
acquired from farmers in Indonesia, was peeled, washed, 
cut into small pieces, and then dried in a drying cabinet. 
Next, the fruit was blended using a blender, and the extract 
was obtained by the maceration method with 96% ethanol, 
which was distilled by 10 times the weight of RFP. The 
RFP powder was stored in a container with 96% ethanol 
(ratio of 1:7, fruit powder: ethanol) and then soaked for 
3 d. The RFP was macerated using a rotary evaporator 
at 45°C until the extract thickened. The macerated RFP 
was extracted using 96% ethanol. The remaining extract 
was then evaporated in a water bath until a thick extract 
was obtained. Next, 100 mg RFP extract was weighed 
and crushed using a pestle and mortar. Subsequently, 
carboxymethylcellulose Na solution (0.5%  w/v) was 
slowly added until a homogeneous extract was obtained, 
and the resulting volume was 10  mL. This final RFP 
extract was administered to the rats at appropriate 
dosages; specifically, rats weighing 200 g were fed 1.5, 
3.0, or 6.0  mL of the RFP extract suspension, which 
corresponded to doses of 75, 150, or 300 mg kg−1 body 
weight, respectively.

Experimental procedures

Strenuous exercise involved a morning swim 
between 8:00 and 9:00 am for 20 min, 3 times per week 
for 4  weeks. The rats were treated with RFP 30  min 
before the heavy physical exercise.

Analysis of blood samples

All rats performed strenuous exercise until 
they reached their maximum effort (i.e., swimming until 
they almost drowned). At this time, blood samples were 
sequentially taken to analyze malondialdehyde (MDA) 

and CK using the enzyme-linked immune sorbent 
assay (ELISA) method with spectrophotometry at a 
wavelength of 450  nm. The mouse malondialdehyde 
ELISA kit (Brand Bioassay TL, catalogue: EO625Mo) 
was used to analyze the MDA levels. The CK kit (Rat 
Creatine Kinase ELISA, Bioenzy Brand, catalogue: 
BZ- 08183841-EB) was used for CK analysis.

Histopathological study

Muscle tissue samples were collected by 
performing a biopsy to determine the degree of muscle 
damage based on hematoxylin and eosin (H&E) 
staining. The soleus muscle tissues of the rats were 
collected and fixed with 10% formalin for 24  h. The 
muscle tissues were embedded in paraffin, sectioned 
to a 4 μm thickness, and stained through H&E staining. 
The stained sections were then examined under a 
light microscope (400× magnification) with ten fields of 
view to determine the degree of damage concerning 
inflammatory cells and necrosis. The examination was 
conducted by a pathologist who was blinded to the 
applied treatment [12], [13].

Data analysis

Experimental data were analyzed using SPSS 
25 for Windows. The Shapiro–Wilk test (p > 0.05) was 
used to determine the normality of the data. If the data 
were normally distributed, then parametric analysis was 
performed; otherwise, non-parametric analysis was 
performed. The effect of each treatment was determined 
using one-way analysis of variance (ANOVA). When a 
statistically significant result was obtained, the procedure 
was followed by Fisher’s least significant difference 
test, which is a two-step test for pairwise comparisons 
of several treatment groups, or the Bonferroni multiple 
comparison test, which is a designed adjustment to 
prevent data from incorrectly appearing as statistically 
significant. The results are presented as the mean ± SD.

Ethical approval

According to the ethical standards, animal 
research was performed with the approval of the 
Animal Research Ethics Committee (AREC), Faculty 
of Mathematics and Natural Sciences, Universitas 
Sumatera Utara, Indonesia (approval number 0005/
KEPH-FMIPA/2021).

Results

The characteristics of the rats are presented in 
Table 1. Age and weight were similar among the control 
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(K1 and K2) and test (P1, P2, and P3) groups. Body 
weight was measured before treatment.

Malondialdehyde levels serve as a marker for 
assessing the increase in free radical production in rats 
subjected to physical activity. The one-way ANOVA 
revealed significant differences in MDA levels among 
K2, P1, P2, and P3 groups (Table 2). The MDA levels in 
the control K2 group (with RFP) were higher than those 
in the control K1 group (no RFP). In addition, compared 
to those in the K2 group, there was a significant 
decrease in the MDA levels in the P1 and P2 groups 
(p < 0.05), as well as in the P3 group (p < 0.01). These 
results show that the administration of exogenous 
antioxidants suppresses the production of free radicals.

Based on the one-way ANOVA, CK levels in the 
control group K2 were higher than those in the untreated 
group K1 (Table 3). Furthermore, compared to those in 
the K2 group, there was a decrease in the CK levels in 
the P1 and P2 groups (p < 0.05) and in the P3 group 
(p  < 0.01). In addition, there was a significant difference 
in the CK levels between P2 and P3 groups (p < 0.001).

The histopathological examination showed the 
changes in the levels of free radicals that could damage 
tissues in the K2 group, whereas the histopathological 
features of groups P1, P2, and P3 showed muscle cell 
repair, as observed in Figure 1 (yellow markings).

Figure 1: Effects of red-fleshed pitaya extract on soleus muscle cells. 
Yellow arrows represent inflammatory cells.

Discussion

Creatine kinase level as a biomarker for 
muscle damage

The increase in the CK levels after strenuous 
exercise is mainly caused by hypoxia (a reduced level 

of oxygen in muscles). Under hypoxic conditions, the 
energy is produced anaerobically [14]. Rats that were 
subjected to strenuous exercise showed an increase 
in CK levels, which, in turn, disrupted the muscle cell 
membrane. If the mechanical strain is more significant 
than the ability of the muscle to resist it, the contractile 
apparatus, myofibrils, plasma membrane, and 
sarcoplasmic reticulum will be disrupted [15], disrupting 
the intracellular calcium homeostasis and contractile 
function.
Table  3: Effect of red‑fleshed pitaya treatment on creatine 
kinase and results of one‑way analysis of variance
Group CK (ng/mL; mean ± SD) P
K1 3.4510 ± 0.4983  < 0.05
K2 3.6710 ± 0.4145
P1 3.2592 ± 0.3358
P2 3.9049 ± 0.0593
P3 2.8972 ± 0.1587
CK: Creatine kinase, SD: Standard deviation.

Muscle damage and increased ROS after 
exercise enhance an acute-phase local inflammatory 
response characterized by the release of inflammatory 
cytokines such as interleukin (IL)-6 [16] from various cell 
types [17] and stimulating the recruitment of neutrophils 
and monocytes to areas of inflammation to repair the 
damaged tissue [18]. Immune cell mobilization and 
activation during exercise are mediated by stress 
hormones such as cortisol [19]. This ROS-mediated 
disruption of cellular homeostasis can result in muscle 
injury, pain, fatigue, and consequently decreased 
physical performance [20]. Figure  1 shows that ROS 
produced by phagocytic cells might have an essential 
role in muscle regeneration, and efforts to prevent 
post-exercise production through interventions with the 
antioxidant RFP extract can impair the recovery process 
by inhibiting the removal of degraded tissue proteins 
and the regeneration of muscle fibers. A previous study 
reported a similar decrease in cytochrome c oxidase 
activity (40%) associated with the breakdown of 
specific unsaturated phospholipids at the mitochondrial 
membrane surface in rat skeletal muscle after ischemia 
and reperfusion [21].

Changes in creatine kinase levels from 
muscle cells due to strenuous exercise

Most oxygen is utilized in the mitochondria to 
produce adenosine triphosphate (ATP). During oxidative 
phosphorylation, superoxide and hydroxyl radicals are 
produced by the univalent reduction of oxygen and their 
leakage out of the electron transfer chain [22]. Thus, 
intensive exercise can cause a substantial attack by 

Table 1: Rat characteristics (n=25)
Treatment group Body weight (g) Age (weeks)
K1 222 ± 22.9 12.87 ± 0.84
K2 218 ± 19.9 12.88 ± 0.84
P1 239 ± 33.4 13.25 ± 0.89
P2 220 ± 33.7 13.25 ± 0.89
P3 235 ± 26.9 12.50 ± 0.76
P 0.61 0.69

Table  2: Effects of red‑fleshed pitaya extract treatment on 
malondialdehyde levels and results of one‑way ANOVA
Group MDA level (µg/dL; mean ± SD) P
K1 0.4191 ± 0.2080bc  < 0.05
K2 0.5471 ± 0.0399c

P1 0.3120 ± 0.1357ab

P2 0.3159 ± 0.0377ab

P3 0.2531 ± 0.0284a

Different letters indicate statistically significant differences (P < 0.05). MDA: Malondialdehyde, 
SD: Standard deviation.
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oxygen radicals on the skeletal muscle tissue, resulting 
in lipid peroxidation of the cell membranes. In severe 
cases, a free radical attack might lead to cell necrosis 
and inflammatory processes. Lipid peroxidation causes 
an increase in membrane permeability, resulting in the 
loss of cytosolic proteins  [23]. In addition, increased 
membrane permeability induced by the lipid peroxidation 
of unsaturated fatty acids during strenuous exercise 
triggers CK efflux from muscle cells. In this study, the 
higher levels of MDA and CK in the group subjected to 
exercise (K2), relative to those in the no-exercise group 
(K1), indicated muscle damage related to oxidative 
stress. Groups  P1, P2, and P3 showed improved 
mitochondrial cell function, marked by a decrease in 
MDA and CK levels compared to those in the K1 and 
K2 groups.

Role of antioxidants in decreasing 
malondialdehyde and creatine kinase levels

RFP is a membrane-bound, lipid-soluble 
antioxidant that quenches singlet oxygen and stabilizes 
superoxide anion and hydroxyl radicals [24]. In this 
study, the administration of the RFP extract suppressed 
the increase in MDA and CK levels during exercise 
compared to the levels in the control groups (K1 and 
K2). Therefore, the RFP extract served as an active 
antioxidant throughout the exercise period. Marzatico 
et al. showed that an imbalance in the cellular 
concentrations of antioxidants and peroxides increases 
lipid peroxidation, which leads to CK efflux [25]. Similar 
increases observed in serum CK activity on exercise in 
groups K1 (control/no-exercise; 3.4510 ± 0.4983 ng/mL) 
and K2 (control/exercise; 3.6710 ± 0.4145  ng/mL) 
indicated that antioxidants affect sarcolemma integrity, 
which supports a similar response of thiobarbituric acid 
reactive substances to exercise with or without RFP 
treatment [26].

Conclusion

An increase in CK levels might indicate a more 
efficient mechanism of ATP re-synthesis that results in 
muscle damage. This study showed increased levels of 
MDA and CK during exercise and a decrease in the levels 
of both enzymes after RFP extract treatment. This result 
indicates a significant association between higher ATP-
phosphocreatine activity and muscle efficiency, in that 
oxidative stress significantly causes muscle damage. 
The findings of this study suggest that increased oxygen 
consumption is not the only mechanism associated 
with oxidative stress-induced muscle damage. The 
antioxidant RFP extract suppressed muscle injury 
caused by strenuous exercise. The evidence thus 
suggests that RFP decreases the exercise-induced 

generation of ROS by suppressing the activation of 
critical cellular signals involved in cellular adaptation in 
the mitochondria during exercise and physical activity.
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