Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

REVIEW ARTICLE

Potential of Polyphenolic Compounds in Rosella
Flowers on Reducing Oxidative Stress and Inflammation
After Exercise: A Systematic Review

Novadri Ayubi'®¥, Dyah Fitria Padmasari'4®P, Atika Syafawi*®>,

Deby Tri Mario**®®, Jiang Wen Ming**?, Mohammed Aljunaid>*®®,
Nuridin Widya Pranoto**® and Anton Komaini*?"

"Universitas Negeri Surabaya
*Universitas Airlangga
*Universitas Negeri Padang
*Universiti Pendidikan Sultan Idris
>Taiz University

Authors’ Contribution: A - Study design; B — Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Novadri Ayubi, E-mail: novadriayubi@unesa.ac.id

Accepted for Publication: February 8, 2024
Published: February 29, 2024

DOI: 10.17309/tmfv.2024.1.20

Abstract

Study purpose. This study aims to analyze and highlight the potential of rosella flowers in reducing oxidative stress

and inflammation after physical activity.

Materials and methods. The study used a systematic review method by searching various journal databases such

as Scopus, Web of Science, Pubmed and Embase. The inclusion criteria in this study were articles published in the
last 5 years and articles discussing Rosella Flowers, Oxidative Stress, Free Radicals, Inflammation, and Exercise.

The exclusion criteria in this research were articles published in disreputable journals. A total of 357 articles from the
Scopus, Web of Science Pubmed and Embase databases were identified. A total of 8 articles that met the inclusion
criteria were selected and analyzed for this systematic review. For standard operations, this study followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) assessment.

Results. The results of this systematic review research report that the flavonoid content found in rosella flowers has
anti-oxidant and anti-inflammatory properties which have the potential to reduce oxidative stress and uncontrolled

inflammation caused by physical activity and intense exercise.

Conclusions. Rosella flowers show their ability as an anti-oxidative by donating hydrogen atoms to free radicals
through phenolic compounds, thus breaking the cycle of ROS formation. The natural active ingredients in rosella
flowers are able to reduce MDA and increase GSH which contributes to reducing oxidative stress and decreasing
TNF-a which provides an anti-inflammatory effect in athletes after exercise.

Keywords: rosella flower, oxidative stress, free radicals, inflammation, exercise.

Introduction

Recently, most people have adopted a healthy lifestyle
through regular exercise, thus preventing the onset of various
diseases (diabetes, cancer, Alzheimer’s, cardiovascular and
dementia) as well as improving physical fitness and health.

©  Ayubi, N., Padmasari, D.E, Syafawi, A., Mario, D.T., Ming, J.W.,
Aljunaid, M., Pranoto, N. W,, & Komaini, A., 2024.
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Regular exercise can also reduce peroxidants, increase
antioxidant capacity and activate antioxidant enzymes, all
of which help in protecting cells from the harmful effects
of oxidative stress and stopping cell damage (Taherkhani,
Suzuki & Castell, 2020; Daniela et al., 2022; Amiri et al.,
2023). However, intense and irregular sports training
actually causes athletes to experience inflammation,
oxidative stress, muscle damage and injury, and chronic
fatigue, which are associated with the toxic effects of free
radicals. Increased oxidative stress can be assessed through
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malondialdehyde (MDA) and advanced oxidation rate of
protein products (AOPP), which are biomarkers of oxidative
damage. Meanwhile, reducing oxidative stress can be seen
from increasing levels of antioxidants, such as superoxide
dismutase (SOD) and glutathione peroxidase (GXP) (Souissi
et al., 2020). Oxidative stress is an imbalance between
antioxidants and oxidant processes that causes molecular
damage and disruption of redox signals and control.
Excessive production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) causes disruption of the
redox balance, causing inflammatory effects (Kruk et al.,
2022). Increases in inflammatory mediators, such as tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6), NF-kB,
and C-reactive protein (CRP), correlate with an imbalance
in ROS production (Merrigan & Jones, 2021). This causes
chronic inflammation, which then triggers oxidative stress
and chronic inflammation (El Assar et al., 2022).

Oxidative stress occurs after exercise-induced muscle
damage (EIMD) with increased reactive oxygen species
(ROS) (Bindu, Mazumder & Bandyopadhyay, 2020). EIMD
can cause pain or muscle loss during the first 12-72 hours af-
ter exercise (Ayubi et al., 2023). The inflammatory response
due to EIMD triggers a decrease in muscle strength, de-
creased range of motion (ROM), delayed muscle soreness
(DOMS), local swelling, and an increase in muscle proteins
in the blood (creatine kinase (CK), lactate dehydrogenase
(LDH), and myoglobin (Mb) (Jamurtas, 2018; Fern & Miel-
go-ayuso, 2020). Researchers have focused on using pharma-
ceutical, nutritional, and physical methods to reduce the in-
flammatory response in muscle damage caused by eccentric
exercise. Free radicals and ROS caused by oxidative stress
during exercise can be stabilized using antioxidants found in
plants. Antioxidant supplementation in research conducted
by (Canals-Garzén et al., 2022) reported that antioxidant
properties were able to reduce oxidative stress by attenuating
the lipid peroxidation response and reducing malondialde-
hyde (MDA) directly. Excessive ROS production in the body
can be protected and reduced through antioxidant enzyme
systems such as superoxide dismutase (SOD) and catalase
(CAT). Apart from that, antioxidants have also been proven
to be able to ward off free radicals and prevent destructive
effects by limiting ROS damage mechanisms by reducing
oxidative stress and inflammation (Amiri et al., 2023).

Supplements containing high levels of phenolic com-
pounds derived from plants, for example, polyphenols (PC)
have antioxidant and anti-inflammatory properties that can
reduce oxidative stress, thus helping athletes to recover after
exercise (Mason et al., 2020; Rojano-Ortega, 2021). Polyphe-
nols are a group of phytochemicals in plants that are classi-
fied into four main classes, namely stilbenes, lignin, phenolic
acids and flavonoids (Zhang et al., 2022). There are several
factors for the use of polyphenols in improving post-exercise
recovery, namely signaling activity that increases endoge-
nous antioxidant responses, protective effects on red blood
cells, and improved blood vessel function (Rudrapal et al.,
2022). The structural components in polyphenols function
as RONS scavengers and their antioxidant activity also has
an indirect effect (Rudrapal et al., 2022). This is proven by the
presence of a phenolic group and 2-3 double bonds as well as
a 4-keto group in ring C which is able to capture free radicals
and chelate metals so that this compound can significantly
fight and protect against the effects of oxidative stress (Platzer

etal,, 2021). Most studies report that reducing inflammation
and oxidative stress can be achieved by consuming polyphe-
nols for at least 3 consecutive days before and after vigorous
exercise sessions to improve muscle injury repair (Kruk et al.,
2022; O’Connor, Miindel and Barnes, 2022).

One natural product that can be used, with potential an-
ti-inflammatory and antioxidant effects, is the rosella flower.
Hibiscus sabdariffa L. or known as Rosella contains vitamins,
minerals and bioactive components, such as polyphenols
(anthocyanins, flavonoids, phenolic acids, tannins), polysac-
charides, pectins, non-phenolic organic acids, carotenoids,
caffeic acid, chlorogenic acid, acid ascorbate, and quercetin,
which makes it a powerful antioxidant (Singh et al., 2021).
One of the polyphenols which are classified as flavonoids
which have strong antioxidant properties is anthocyanin
(Jin et al., 2022). This compound is a powerful free radical
scavenger with inhibiting glycation and scavenging activ-
ity against DPPH and superoxide anions thereby increasing
antioxidant activity or reducing ROS to detoxify oxidative
damage (Jin et al., 2022). Roselle can also be further studied
as a pharmacological treatment to reduce risk factors for
cardiovascular disease because it has been proven to have
antihyperlipidemic, antihyperglycemic, antioxidant, anti-
inflammatory, antihypertensive, and antifibrosis properties
(Ratna et al., 2018; Jamrozik, Borymska & Kaczmarczyk-
Zebrowska, 2022; Khongrum et al., 2022; Sapian et al., 2023).
Therefore, we want to relate and discuss in depth the poten-
tial use of Rosella in reducing oxidative stress and inflamma-
tion after physical activity through a systematic review.

This study aims to analyze and highlight the potential of
Rosella in reducing oxidative stress and inflammation after
physical activity.

Materials and methods

Study Design

This research uses a systematic review method by
searching various journal databases such as Scopus, Web of
Science, and Pubmed. It is considered a premier platform
worldwide as it brings together publications that have
scientific impact and relevance.

Number of article identified
in databases Science Direct,
Pubmed, and Web of Science
(n=357)

!

Number of title/abstract
selected (n=129)

Articles excluded based on
title/abstract (n=107)

Articles excluded based on
full text reading (n=14)

Number of full articles
selected (n=22)

Number of full articles
selected (n=8)

| Included | | Eligibilityl | Screening | | Identification |

Fig 1. PRISMA flowchart of the article selection process
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Eligibility criteria

The inclusion criteria in this study were articles
published in the last 5 years and articles discussing Rosella,
Oxidative Stress, Free Radicals, and physical exercise. The
exclusion criteria in this study were articles published in
disreputable journals.

Procedure

Titles, abstracts and full texts of articles were screened
then verified and stored in Mendeley software. In the first

stage, 357 articles from the Science Direct, Web of Science,
and Pubmed databases were identified. Next, in the second
stage, 129 articles were screened based on the suitability
of the title and abstract. In the third stage, 22 articles were
ordered for further processing. At this stage, we filter based
on the overall suitability of the article. Then in the final
stage 8 articles were selected that met the inclusion criteria
and analyzed for this systematic observation. For standard
operations, this study follows the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
assessment.

Results

Table 1. Results of a review of the effects of rosella on oxidative stress and free radicals

Author Sample Characteristics Study Design Intervention Results
Khongrum  Rosella flowers were collected Experimental ~Subjects in the treatment group Rosella supplementation given
etal. (2022)  and dried at 50°C for 24 hours. were given 300 mL rosella to subjects showed a significant
Then it is ground and extracted supplements once a day for reduction in LDL-C and TG. This
to obtain a thick extract. Rosella 8 weeks. Then, subjects were can be proven by decreasing tumor
extract was given to 43 adults asked to do physical activities  necrosis factor-a (TNF-a) and
suffering from dyslipidemia and such as moderate exercise, malondialdehyde (MDA), as well
grouped based on exclusion vigorous activity, walking, as increasing glutathione (GSH),
criteria into 2 groups, namely and sitting. Then the serum resulting in reduced inflammation
the RP jelly drink group and the lipid profile, inflammation and improved oxidative stress.
placebo group. parameters, and oxidative
stress status were analyzed.
Singh etal.  Rosella samples were dried Laboratory Rosella samples were made Rosella extract is reported to
(2021) and made into powder. Rosella  experiments  into powder by drying. Then  contain many polyphenolic and
powder is extracted with water, it is extracted using several flavonoid compounds which
methanol and ethanol and the solvents. The concentrated contribute to antioxidant activity.
mixture is centrifuged, filtered, extract is filtered and
evaporated to obtain a dry evaporated to obtain a dry
extract. extract. Sample extracts
were tested for total phenolic
content, flavonoid content,
DPPH radical scavenger test,
and antioxidant activity test.
Ratnaetal. 25 Male rats weighing 150-180  Experimental Subjects were given rosella Giving rosella supplements to
(2018) g were grouped into 5 groups, supplements orally for 4 weeks subjects can increase serum
namely negative control rat according to the dosage. Next, CML levels, reduce IL-6 levels
group (standard feed without the subject’s internal organs significantly, and reduce amyloid
rosella extract), positive group were taken for further analysis levels significantly. So this supple-
(hot feed without rosella such as measuring serum ment has the potential to reduce
extract), treatment group 1 CML, measuring IL-6 and oxidative damage and increase
rosella extract 200 mg.kg/BW amyloid. antioxidant performance.
(R1), treatment group 2 rosella
extract 300 mg.kg/BW (R2), and
treatment group 3 rosella extract
400 mg.kg/BW (R3).
Ujianti et al.  Rosella extract samples were Experimental ~Subjects were given rosella The results of phytochemical
(2023) given to subjects orally, where extract supplementation ata  analysis show that rosella extract

30 male Sprague-Dawley rats
were grouped into 6 groups and
given the following treatment:
(1) normal control group, (2)
vitamin B12 restricted diet
group without rosella extract,
and (3) group limited diet
vitamin B12 + rosella extract.

dose of 400 mg/kg/weight/
day for 8 and 16 weeks. After
that, the subjects’ organs and
blood samples were taken for
histological and biochemical
analysis.
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contains bioactive compounds such

as flavonoids, saponins, tannins,
triterpenoids and quinones. Rosella
extract supplementation can sig-
nificantly reduce levels of pro-
inflammatory cytokines and increase
anti-inflammatory cytokines, reduce
levels of TNF-a and IL-6, and increase
levels of IL-10 and Nuclear-erythroid-2
Associated Factor 2 (NRF2). So it can
be concluded that rosella extract is able
to reduce inflammation and reduce
oxidative stress.
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Table 1. Continued

Author Sample Characteristics Study Design Intervention Results
Marhuenda 84 sedentary and healthy Experimental ~Samples of rosella extract It was reported that rosella extract
etal (2020) subjects were given rosella and placebo were given caused a decrease in LDL and
extract supplements and a orally to subjects according cholesterol after consumption by
placebo for 84 days. Subjects to the dosage for 84 days. the subjects. Rosella extract as a
were divided into 2 groups, Then the subjects were asked  source of bioactive compounds
namely the placebo group and to do physical exercise and has a high polyphenol content so
the rosella extract group. blood samples were taken it has the potential for antioxidant
for analysis processes such and anti-inflammatory activity.
as measuring LDL, HDL, In addition, this compound has
triglycerides and total been proven to be able to reduce
cholesterol. oxidative stress and inhibit the
increase in triglycerides and
inflammatory adipokines.
Santoso et Rosella extract was given orally Experimental Rosella extract supplemen- The results of this study report that
al., (2019) to subjects at a dose of 500 mg/kg tation at a dose of 500 mg/ rosella extract can reduce levels of
BW 5 times a week for 11 weeks. kg was given to subjects for TNF-a and IL-6 significantly. This
Subjects were 25 male Wistar rats 11 weeks according to group  is due to the presence of bioactive
weighing 200-250 g, divided into division. Subjects did physical compounds such as quercetin
5 groups, namely: control group exercise and then samples of ~ and anthocyanins which have the
(C), control + rosella extract the subject’s organs were taken potential to act as antioxidants and
(C+HSL), excessive training to measure IL-6 and TNF-a anti-inflammatory.
(OT), excessive training + rosella levels.
extract (OT+HSL), and aerobic
(A).
Anel, Rosella petals are washed, Experimental Rosella supplementation was ~ Rosella extract supplementation
Subapriya dried, and ground into powder. given to athletes orally at a can increase the subject’s blood
& Singh Then it was made into a drink dose of 240 mL before and hemoglobin by significantly
(2019) supplement which was given to after physical exercise for reducing serum Malondialdehyde
30 athletes aged 15-19 years (20 90 days. Fitness parameters (MDA) levels. So this extract has
boys and 10 girls). Subjects were (vertical jumps, sit ups,long  the potential to reduce oxidative
divided into 2 groups, namely jumps) and blood samples stress and has antioxidant activity.
the experimental group and the were taken to analyze
placebo group. antioxidant levels.
Mohamed et Rosella flowers are dried and Experimental Rosella extract supplemen- Rosella extract contains high levels
al. (2022) ground into powder, then tation was given to subjects of polyphenolic compounds. This
extracted. Rosella extract was orally. Then the extract compound has strong potential
administered orally to 15 male was tested for antioxidant as an antioxidant that can capture
Sprague-Dawley rats. activity (lipid peroxidation, free radicals (DPPH), inhibit nitric
GSH, SOD, catalase oxide (NO) radicals, and increase
activity), phenolic content, iron ion-reducing power (FRAP).
spectrophotometric analysis,  This extract can also increase SOD
and antidiabetic activity test.  levels and reduce MDA levels,
thereby reducing oxidative stress.
Discussion is ripe (Figure 1) (Riaz & Chopra, 2018; Jamrozik, Borymska

The main research objective of this systematic review is
to analyze and highlight the potential of rosella in reducing
oxidative stress and inflammation after physical exercise.
Rosella flower with the Latin name “Hibiscus sabdariffa L”
is a plant that is found in tropical countries such as Brazil,
the Philippines, Hawaii, the Caribbean, and Australia, as
well as places such as India, Malaysia, Thailand, Indonesia,
and China. Rosella belongs to the Malvaceae family and
more than 300 species of rosella have been identified. The
morphology of this plant is that it has a maximum height of
2.5 m, the stem is dark red and cylindrical in shape, the leaves
are deeply lobed, 3-5 alternate with a length of 8-15 cm, and
the edges of the leaves have teeth. The flowers are 8-12 cm in
diameter, found singly in the terminals or axils of the leaves,
white to pale yellow with a dark red spot at the base of each
petal, and have sturdy fleshy petals at the base, 1-2 cm wide,
expanding to 3-3.5 cm , fleshy and bright red when the fruit

& Kaczmarczyk-Zebrowska, 2022; Wang et al., 2022; Sapian
et al.,, 2023).

Rosella flower petals have the potential to treat vari-
ous diseases such as cardiovascular disease, diabetes, obe-
sity, coughs, hypercholesterolemia, hypertension, kidney
and skin diseases, and digestive disorders. Rosella flower
petals are known for their therapeutic potential which is
rich in protein (5.5-9.14%), carbohydrates (7.4-12.3%), and
fat (0.47-1.32%) (Singh et al., 2021; Mohamed et al., 2022).
Apart from being rich in dietary fiber, rosella is known to
contain various bioactive compounds such as polyphenols
(flavonoids, phenolic acids, anthocyanins, and tannins),
pectin, polysaccharides, carotenoids, and non-phenolic
organic acids, which are responsible for various biological
and pharmacological functions such as anti-hyperglycemic,
anti-hyperlipidemia, anti-hypertension, antioxidant, anti-
inflammatory, anti-fibrosis, antimicrobial, anticarcinogenic,
hepatoprotective and antidiabetic, which can be seen in full
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Table 2. Active chemical compounds in Hibiscus sabdariffa

Chemical Groups Active Compounds Structure
Anthocyanins delphinidin-3-sambubioside cyanidin-3- R on
sambubioside X ‘
delphinidin-3-glycoside cyanidin-3- ot O ON R,
glycoside o
oH
Flavonoids quercetin, hibiscetin (hibiscetin-3-

glucoside), sabdaritrin, gossypitrin, and
other gossypetin glycosides, luteolin, rutin

Phenolic acids chlorogenic acid, protocatechuic acid,
caffeic acid, gallic acid

Non-phenolic organic acids hibiscus acid, hydroxy citric acid, malic

acid, ascorbic acid, oxalic acid, succinic O
acid, tartaric acid, arachidic acid, citric )]\
acid, pelargonic acid R OH
Tannins no specific name indicated o T
Hoj@YO OH

Polysaccharides (Sugars)  galactose, galacturonic acid, rhamnose,
arabinose, glucose, mannose, xylose, « o

~o
pectins

Triterpenoids a-amyrin, lupeol

Others calcium, magnesium, iron, trace elements, -
vitamins, and polyphenols

in Table 2 and Figure 3 (Frank et al., 2012; Jamrozik, Borym-
ska & Kaczmarczyk-Zebrowska, 2022; Sapian et al., 2023)

It has been found that the phytochemical components
in rosella have strong antioxidant qualities which have the
ability to prevent the negative effects of oxidative stress.
Antioxidants are responsible for scavenging free radicals
thereby preventing oxidation. Antioxidant activity can be
attributed to the presence of phenolic acids and flavonoids
(Hossain, Dave & Shahidi, 2022). Based on research by
(Sapian et al., 2023) reported that rosella extract given to
obese mice was able to reduce oxidative stress by increasing
superoxide dismutase (SOD) enzyme activity and glutathione
(GSH) concentrations, as well as downregulating NOX2 and
8-isoprostane gene expression. This is because phenolic acid,
anthocyanin and flavonoid compounds can capture free Fig. 2. Roselle plant (Riaz & Chopra, 2018; Sapian et al., 2023)
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Fig. 3. Beneficial effects of different parts of roselle (Jamrozik, Borymska and Kaczmarczyk-Zebrowska, 2022)

radicals such as reactive nitrogen species (RNS) and ROS,
thereby inhibiting oxidative stress.

Hibiscus acid, hydroxycitric acid, malic acid, ascorbic
acid, oxalic acid, succinic acid, tartaric acid, arachidic acid,
and citric acid are the most significant organic acids in
roselle. This compound can reduce oxidation and encourage
the production of the anti-inflammatory cytokine IL10,
which in turn inhibits pro-inflammatory cytokines such as
IL-6 and TNF-a. Therefore, roselle has strong antioxidant
properties that can reduce cardiovascular inflammation and
have cardioprotective effects (Sapian et al., 2023). In addition,
polyphenols are also responsible for the antioxidant effects
of Rosella. Delphinidin-3-sambubioside and cyanidin-3-
sambubioside are the two most significant anthocyanins
found in roselle. The most significant flavonoids that have
been extracted from roselle are luteolin, gossypitrin and
various glycosides gossypetin, sabdaritrin, quercetin, and
hibiscetin (hibiscetin-3-glucoside). Along with many other
phytochemicals, there are phenolic acids such as caffeic
acid, protocatechuic acid, and chlorogenic acid. Glucose,
mannose, xylose, rhamnose, arabinose, galactose and
galacturonic acid make up the majority of sugars in roselle
flower petals. Some authors also imply that in the petals
there are triterpenoids such as a-amyrin and lupeol (Riaz
& Chopra, 2018; Jamrozik, Borymska & Kaczmarczyk-
Zebrowska, 2022).

Polyphenols have a benzene ring with one or more
hydroxyl groups (-H20) attached to it. According to their
chemical structure, phenolic compounds are divided into five
main classes, namely phenolic acids, flavonoids, stilbenes,
lignin and condensed tannins. The class of polyphenols that
accounts for 80% of all polyphenol chemicals are flavonoids.
The framework of this class of polyphenols consists of two

aromatic rings (rings A and B) which are connected by three
carbon atoms to form a heterocyclic ring C which has an oxy-
gen atom. Flavonoids are divided into six subclasses, namely
flavones, isoflavones, flavonols, flavanols, flavanones, and
anthocyanidins which can be seen in Figure 3. Polyphenols
act in preventing and reducing the impact of oxidative stress
originating from the presence of phenolic groups, 2-3 dou-
ble bonds, and 4 groups. -keto on the C ring, which allows
free radical capture and metal chelation (Kruk et al., 2022).
A study reported that phenolic compounds are able to in-
hibit oxidation, mediate anti-inflammatory actions by block-
ing the MAPK signaling pathway, inhibit the synthesis of
pro-inflammatory cytokines, especially nitric oxide synthase
(iNOS), nitric acid (NO), TNF-a, interleukin-1p ( IL-1p), and
prostaglandin E2 (PGE2) (Hossain, Dave & Shahidi, 2022).
Regular physical activity practice has been proven
to be able to maintain health by increasing immunity,
reducing the risk of various diseases such as diabetes,
osteoporosis, cancer, Alzheimer’s, cardiovascular disease,
and so on. However, intense and irregular exercise actually
causes inflammation, oxidative stress, muscle damage and
injury, which are associated with the toxic effects of free
radicals (FR) (Souissi et al., 2020; Taherkhani, Suzuki &
Castell, 2020; Daniela et al., 2022). Reactive oxygen species
(ROS) are produced in large amounts during exercise. This
species plays a significant physiological function in exercise
adaptation. However, these ROS will increase in large
amounts if physical exercise is carried out for a long period
of time and excessively, causing an imbalance in antioxidant
defenses, which ultimately results in oxidative stress (Martins
et al., 2020). Oxidative stress occurs due to an imbalance
between the production of free radicals in the body and
the body’s capacity to detoxify free radicals by neutralizing
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Fig. 4. Chemical structure of flavonoids and their
main subclasses

their damaging effects through antioxidant mechanisms.
Malondialdehyde (MDA), a major marker of lipid oxidation,
is one of the end products of the oxidation process that can
be used to identify this phenomenon. Numerous studies
report that oxidative stress can cause a number of problems
for athletes, including fatigue, inflammation, and muscle
injury (Hadi et al., 2017).

Microtrauma/muscle injury can be healed adaptively
through an inflammatory process. However, continuous
intense exercise causes chronic inflammation. This inflam-
matory process can interfere with an athlete’s recovery by
developing muscle pain during physical exercise. Therefore,
an important strategy for post-exercise recovery is needed,
where muscle fibers produce and release pro-inflammatory
myokines such as IL-6 when physically active. In inflamma-
tory situations, other myokines such as TNF-a and IL-10 are
also expressed (Santoso et al., 2019; Porto et al., 2023; Volpe-
Fix et al,, 2023). TNF-a is one part of the pro-inflammatory
cytokines that trigger muscle pain (Fernandez-Lazaro et
al., 2020; Ayubi et al., 2022; Nanavati et al., 2022). TNF-a
produced by heart cells is responsible for the inflammatory
response to stress (Santoso et al., 2019). Nuclear factor E2
(NRF2)-mediated signaling pathway controls the inhibition
of oxidative stress. NRF2 is an important transcription factor
that controls the expression of several antioxidant enzymes,
ultimately increasing the body’s capacity to defend against
free radicals (Wang et al., 2021).

Various diseases related to oxidative stress, such as heart
disease, neurological disease, cancer, diabetes mellitus, and
uncontrolled inflammatory processes due to intense exer-
cise can be prevented or treated with chemicals containing
phenolic compounds. This compound is believed to have
the capacity to scavenge free radicals and function as an an-
tioxidant and anti-inflammatory which can reduce oxida-
tive stress, thus helping athletes in the post-exercise recovery
process (Mason et al., 2020; Rojano-Ortega, 2021). Phenolic
compounds can inhibit enzymes that cause ROS to become
highly oxidized and reduce the amount of ROS produced
(Aatab et al., 2023). In addition, the production of IL-6 and
TNF-a can be suppressed through the use of quecetin and
anthocyanin compounds. IL-6 production can be inhibited

by quercetin through the regulatory effect of p38-mitogen-
activated protein kinase (p38-MAPK). The expression of
TNF-a can also be suppressed by this compound through
reducing NF-kp gene expression and decreasing Ixpa and
IxBp phosphorylation so that quercetin can reduce NF-kf ac-
tivation. Anthocyanin compounds can also inhibit the pro-
duction of nitric oxide, rostaglandin E2, TNF-qa, and IL-6.
Anthocyanins have been reported to reduce the formation of
reactive oxygen species, which in turn reduces MAPK activa-
tion and inflammatory cytokine production. Anthocyanins
reduce the synthesis of proinflammatory mediators such as
IL-6 and TNF-a by blocking the translocation of NF-«f} from
the cytosol to the nucleus and preventing the phosphoryla-
tion of Ik (Santoso et al., 2019). One natural product that
contains this bioactive is rosella. Rosella has antioxidant and
anti-inflammatory properties and can be an intervention
strategy in reducing oxidative stress and controlling uncon-
trolled inflammatory processes due to intense exercise.

The idea that rosella contains antioxidant properties and
reduces oxidative stress is supported by a study by (Khon-
grum et al., 2022) who reported that rosella extract contains
many polyphenols, anthocyanins, quercetin and gallic acid
which contribute to lowering lipids and inhibiting LDL-C
oxidation through antioxidant activity. Oxidative stress can
be inhibited by using polyphenolic compounds. In this study,
the natural active ingredients in rosella supplementation
were able to reduce maloddialdehyde (MDA) and increase
glutathione (GSH) which contributed to reducing oxida-
tive stress and reducing tumor necrosis factor-a (TNF-a)
which provided an anti-inflammatory effect. This research
is also strengthened by a laboratory study which reports that
rosella extract has potential for antioxidant activity. This
observation is supported by the high levels of polyphenols
and flavonoids contained in rosella. The main polyphenolic
compounds from this extract are delphinidin 3-O-sambu-
bioside chloride and cyanidin 3-O-sambubioside chloride
which are classified as anthocyanin compounds. In addition,
antioxidant activity can be seen from the significant increase
in DPPH values through scavenging free radicals thereby
inhibiting oxidative stress (Singh et al., 2021).

Furthermore, the results of other research show that
rosella extract has strong antioxidant properties due to the
presence of active compounds such as flavonoids, alkaloids,
anthocyanins, bsitosterol, and ascorbic acid. Delphinidin
3-sambubioside (DP3-Sam), an anthocyanin compound, has
a higher antioxidant effect than other antioxidants because it
is able to inhibit the expression of inflammatory mediators.
The compounds contained in rosella extract are able to reduce
iNOS, IL-6, NO, MCP-1, and TNF-a by downregulating
the NF-kB and MEK1/2 - ERK1/2 signal pathways and by
inhibiting free radicals. Antiocyanins are also able to reduce
Aplevels through scavenging free radicals and reducing ROS,
thereby detoxifying oxidative damage and strengthening
antioxidant action (Ratna et al., 2018). Research by (Ujianti
et al., 2023) reported that rosella extract can inhibit the
formation of homocysteine which causes oxidative stress.
This is caused by rosella extract which contains several
bioactive compounds such as flavonoids, quinones, tannins,
triterpenoids and saponins. This compound is believed
to have antioxidant and anti-inflammatory activity by
capturing ROS and free radicals, reducing reactive O,, and
preventing the formation of free radicals. Rosella extract
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supplementation is responsible for increasing antioxidant
defense and reducing lipid peroxidation against oxidative
stress through the NRF2 signaling pathway. This extract can
reduce pro-inflammatory cytokines such as TNF-a and IL-6
by inhibiting the development of NAFLD and increasing
anti-inflammatory cytokines such as IL-10.

Additionally, research studies by (Marhuenda et al.,
2020) revealed that rosella extract contains polyphenolic
compounds, namely quercetin-3-O-p-D-glucuronide and
aglycone, which are responsible for inhibiting the increase
in triglycerides, inflammatory adipokines, and free radicals
that cause oxidative stress. Quercetin can inhibit TNF-a gene
expression by modulating NF-kf. So this extract has the po-
tential for antioxidant and anti-inflammatory activity. This
research is strengthened by (Santoso et al., 2019) who report-
ed that rosella extract has antioxidant and anti-inflammatory
properties because it contains polyphenolic compounds such
as quercetin and anthocyanin. This compound can reduce
pro-inflammatory mediators by inhibiting IL-6 production
and reducing TNF-a expression by reducing NF-«xf activa-
tion. Anthocyanins also play a role in reducing ROS pro-
duction thereby reducing the production of inflammatory
cytokines. So it was concluded that rosella extract supplemen-
tation had a protective effect against chronic inflammation.

Other research by (Anel, Subapriya and Singh, 2019)
strengthens reports that rosella extract supplements contain
phytochemicals such as flavonoids, tannins, alkaloids, sapo-
nins and anthraquinones which have the potential to act as an-
tioxidants. This antioxidant property can reduce serum MDA
levels so that it can reduce oxidative stress in athletes after
physical exercise. In addition, research by (Mohamed et al.,
2022) shows that rosella extract supplementation has high an-
tioxidant and antidiabetic potential due to its high polyphenol
content. This antioxidant property plays a role in inhibiting ox-
idative stress damage through the donation of hydrogen atoms
by phenolic compounds to free radicals thereby breaking the
cycle of ROS formation. The increase in GSH levels which acts
as a defense against free radicals after administration of rosella
extract shows its anti-oxidative ability. In addition, rosella ex-
tract is able to increase SOD activity, thereby showing anti-
oxidative ability and reducing oxidative stress. With increasing
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levels of SOD, GSH, and catalase activity, MDA levels decrease
due to the antioxidant properties of this rosella extract.

So, the polyphenol content (phenolic acids, flavonoids
and anthocyanins) contained in rosella has antioxidant and
anti-inflammatory properties which have the potential to re-
duce oxidative stress and inflammation due to intense exercise.
Furthermore, for more details regarding the benefits of rosella
in reducing oxidative stress and inflammation, see Figure 5.

Conclusions

The polydenol compounds such as flavonoids, phenolic
acids and anthocyanins found in rosella have anti-oxidant
properties which can reduce oxidative stress. In this case,
rosella extract shows its ability as an anti-oxidative through
donating hydrogen atoms by phenolic compounds to free
radicals thereby breaking the cycle of ROS formation. The
natural active ingredients in rosella flowers are able to reduce
MDA and increase GSH which contributes to reducing
oxidative stress and reducing TNF-a which provides an anti-
inflammatory effect in athletes after physical exercise. The
compounds contained in rosella extract are able to reduce
iNOS, IL-6, NO, MCP-1, and TNF-a by downregulating
the NF-kB and MEK1/2 - ERK1/2 signal pathways and by
inhibiting free radicals. Antiocyanins are also able to reduce
Aplevels through scavenging free radicals and reducing ROS,
thereby detoxifying oxidative damage and strengthening
antioxidant work. We recommend that rosella can be used
in individuals to reduce oxidative stress and inflammation
caused by physical activity and intense exercise.
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HOT'O TOCTiI>KeHHS 6y}11/1 CTarTTi, 0Hy6}IiKOBaHi 3a OCTaHHi 5 pOKiB, a TAKOXX CTaTTi, B AKUX PO3I/IANANNCA TaKi IUTaHHA, K KBITI
Ppo3emn, OKCUIATUBHUIL CTPeC, BiIbHI pajiuKay, 3ananenHs Ta ¢isnuHi Bipasu. Kpurepismy BUK/IIOUeHHS B JOCTIKeHH] 6yin
crarTi, ony6/1ikoBaHi B HeOOPOUYECHNX Ky pHaIax. 3arajom Oy/Io 3HaiifieHo 357 cTarell 3 HAyKOBOMeTpUYHUX 6a3 gaHux Scopus,
Web of Science Pubmed Ta Embase. [Iy1s1 faHoro cucreMaTndHOro orsify 6yao BifibpaHo Ta mpoaHaisoBaHO 3arajsoM 8 crarei,
AKi BifnoBifiamy kpurepiaM BKmodeHHA. [IJo crocyeTbes cTaHgapTHUX OIepalliif, JaHe TOCIiX)KeHH IPOBOMIOCS BiiMOBiHO
1o ouinky «[lepeBakHi eleMeHTV 3BITHOCTI [Is CUCTEMAaTVYHYX OIJIAAIB i MeTa-aHasisiB» (PRISMA).

PesynbraTi. Pe3ynbTaTy JaHOTO CHCTEMAaTHMYHOTO OMIALOBOTO JOCII/KEHHsA CBiA4YaTh, 10 BMICT (IaBOHOIAIB Y KBiTKax
pO3enIn Ma€ aHTMOKCU/IAHTHI Ta MPOTU3ANAIbHI BIACTUBOCTI, AKi MOTEHLIIHO CIPUAITD 3HIDKEHHIO OKCUIATMBHOIO CTPECY Ta
HEKOHTPO/IbOBAHOTO 3alTa/IeHHS, CIPUYMHEHOT0 (Di3NYHOI0 aKTUBHICTIO Ta IHTEHCHBHIM TPEHYBaHHSIM.

BucHoBku. KBiTI po3eriv BOOAi0Th aHTMOKCU/JAHTHOIO €10, OCKINIbKY Yepe3 (eHONbHi CIIOTyKY epeflaloTh aTOMY BOJHIO
BIIbHUM pajyiKajaM, PO3pMBal0uM TaKMM YMHOM LMK yTBopeHHA ADK. IIpuponHi akTMBHI KOMIIOHEHTH KBIiTiB pO3e//in MaloThb
3[IATHICTD 3MeHITyBaTy piBeHb MJIA Ta migsumrysaty BmicT GSH (rmyTationy), o cipuse sMeHIIEHHIO OKCHAATUBHOTO CTPeCy
Ta 3HIDKeHHIO piBHsI TNF-q, siknii 3abesnedye npornsananbHnii epeKT y CIOPTCMEHIB Mic/Is BUKOHAHHS Qi3NYHMX HaBaHTA)XKEHb.

KnrouoBi cmoBa: KBiTKa po3e/in, OKCUAATUBHUIL CTPeC, BIMbHI pajuKany, 3anaaeHHs, GisudHi Bpasiu.
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