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Abstracts
Purpose. The aim of this study was to analyze the effects of post-exercise sea cucumber supplementation 

on NF-kB levels as a biomarker of inflammation. 
Material. An experimental study with a pre-test and post-test group design was conducted by comparing 

the placebo group (K1) with the treatment group (K2) which was given a 500 mg dose of sea cucumber 
supplement. A total of eighteen healthy men participated in this study. The method of examining NF-kB 
levels uses ELISA (Enzyme-linked immunosorbent assay).

Results. The characteristics of the research subjects were age, height, weight, BMI, and blood pressure 
(systolic and diastolic). The results of the t-test of the characteristics of the research subjects showed that there 
was no significant difference between K1 and K2 (p≥0.05). Furthermore, the results of the study reported 
that group K1 given placebo after exercise could not significantly reduce NF-kB levels (p>0.05). Group K2 
given sea cucumber supplementation after exercise could significantly reduce NF-kB levels (*p<0.05). The 
phenolic and polyphenol content in sea cucumber supplementation has anti-inflammatory properties that 
positively impact reducing NF-kB levels after exercise. In addition, peptides in sea cucumbers function as 
reducing agents that can protect cells from increased NF-κB signaling, phosphoinositide 3-kinase or Akt 
signaling pathways, and mitogen-activated protein kinase. Decreased NF-kB levels have the potential to 
reduce proinflammatory cytokines such as TNF-a which are triggers of delayed onset muscle soreness after 
exercise.

Conclusions. It can be concluded that sea cucumber supplementation with a dose of 500 mg given after 
24 hours of physical session can reduce NF-kB levels. In people who exercise regularly, sea cucumber 
supplementation is highly recommended as an additional supplement to suppress inflammation after 
exercise.

Key words: sea cucumber, exercise, inflammation, NF-kB.

Мета цього дослідження – проаналізувати вплив вживання морського огірка після фізичного 
навантаження на рівень NF-kB як біомаркера запалення. 

Матеріал. Було проведено експериментальне дослідження з до– та післятестовим груповим 
дизайном, в якому порівнювали групу плацебо (К1) з групою лікування (К2), яка отримувала 
500 мг добавки з морського огірка. У дослідженні взяли участь вісімнадцять здорових чоловіків. 
Для дослідження рівня NF-kB використовували метод ІФА (імуноферментний аналіз).
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Результати. Характеристиками досліджуваних були вік, зріст, вага, ІМТ, артеріальний тиск 
(систолічний та діастолічний). Результати t-тесту характеристик обстежуваних показали, що 
достовірної різниці між К1 та К2 не було (p≥0,05). Крім того, результати дослідження показали, що 
група К1, яка отримувала плацебо після фізичного навантаження, не змогла суттєво знизити рівень 
NF-kB (p>0,05). У групі K2, яка приймала морські огірки після фізичного навантаження, рівень 
NF-kB значно знизився (*p<0,05). Вміст фенолів та поліфенолів у добавці з морських огірків має 
протизапальні властивості, які позитивно впливають на зниження рівня NF-kB після тренування. 
Крім того, пептиди в морських огірках функціонують як відновлювальні агенти, які можуть 
захищати клітини від підвищеної сигналізації NF-κB, фосфоінозитид-3-кінази або Akt-сигнальних 
шляхів, а також протеїнкінази, що активується мітогеном. Зниження рівня NF-kB має потенціал для 
зменшення прозапальних цитокінів, таких як ФНП-a, які є тригерами болю в м’язах після фізичних 
навантажень, що виникають із запізненням.

Висновки. Можна зробити висновок, що вживання морського огірка в дозі 500 мг через 24 години 
після фізичного навантаження може знизити рівень NF-kB. Людям, які регулярно займаються 
спортом, настійно рекомендується вживати морський огірок як додаткову добавку для пригнічення 
запалення після фізичних навантажень.

Ключові слова: морський огірок, фізичні вправи, запалення, NF-kB.

Introduction. An unpleasant emotional and 
sensory experience, pain serves vital physio-
logical purposes by protecting internal organs 
from harmful stimulation [44]. Pain intensity is a 
serious health issue in the world, impacting 350 
million individuals globally, and its prevalence 
continues to increase throughout the years [25]. 
Pain is part of the body’s function to protect tis-
sues from harmful stimuli. However, prolonged 
and severe pain will have a significant effect on 
health and develop into an unavoidable social 
issue [10]. The immune, sensory, and neuro-
logical systems’ unique biochemical response 
to infection, tissue damage, and discomfort 
is inflammation [40]. The primary causes of 
inflammation-induced pain are peripheral tissue 
injury and inflammation, it is a prevalent type of 
persistent pain. Pain exists because of changes in 
the formation and immune cell recruitment and 
inflammatory substance release that cause nocic-
eptors to become active [20]. Pain from maladap-
tive chronic inflammation typically lasts longer 
than the typical healing process, even though it 
is well recognized that pain from severe inflam-
mation can protect against harmful stimuli and 
promote tissue repair [41]. 

Temporary muscle damage is usually trig-
gered due to eccentric muscle contractions in 
skeletal muscles [43]. A prolonged increase 
in pain during exercise will lead to usually 
occurring 24 to 72 hours after exercise, DOMS 
(Delayed Onset Muscle Soreness) resolves in 
4–6 days [46]. DOMS can also affect sports per-

formance due to discomfort in the muscles and 
harm to the connective tissue including joint 
mechanics and changes in muscle function [8]. 
DOMS can also be considered an indirect indi-
cator of muscle damage [37]. When a muscle is 
moved, DOMS symptoms most frequently man-
ifest as discomfort and excruciating pain [15]. 
DOMS can also impair performance, which 
can lead to chronic injury and further debilitate 
chronic pain [30]. One of the impacts of DOMS 
is a decrease in maximal range of motion and 
strength. Micro-disruptions in the intracellular 
structure of muscle fibers are believed to be the 
source of this decrease [22]. Pain triggered by 
prolonged physical exercise will worsen if no 
effort is made to manage it.

In addition to the pain experienced, addition-
ally, increased NF-κB (Nuclear Factor-kappa 
B) signaling from high-intensity exercise will 
result in inflammation [21]. Furthermore, when 
proinflammatory cytokines rise in reaction to 
pain, blood levels of TNF-a, or tumor necrosis 
factor-alpha, also increases [3]. Stress-induced 
and maladaptive events in skeletal muscle trig-
ger an increase in the Nuclear Factor-kappa B  
(NF-κB) signaling cascade [38]. Additionally, 
the formation of T cell regulators involves spe-
cific roles of certain NF-κB complex types [7]. 
When skeletal muscle contracts, the mitochon-
dria produce reactive oxygen species (ROS) as 
part of cellular respiration, which leads to pro-
teolytic breakdown [34]. Apart from being trig-
gered by oxidative stress brought on by exer-
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cise, NF-κB reacts to other types of cellular 
stress, such as elevations in proinflammatory 
cytokines [38]. Inflammatory reactions mediated 
by Nuclear Factor-kappa B (NF-κB) have been 
identified as a key mechanism that causes liver 
injury following vigorous exercise. Reactive 
oxygen species, DNA damage, exposure to path-
ogens, proinflammatory cytokines, and physical 
stress have all been shown to activate protein 
kinases, which in turn phosphorylate IkappaB 
kinase (IκB), causing NF-κB to translocate to the 
nucleus [13]. So, in short, the increased inflam-
mation and pain suffered after strenuous physical 
exercise raises Nuclear Factor-kappa B (NF-κB) 
signaling levels.

As a possible remedy, an alternate approach is 
therefore required to solve the issue. One bene-
ficial natural product that may have anti-inflam-
matory and antioxidant qualities is sea cucum-
ber. A member of the phylum Echinodermata, 
sea cucumbers are invertebrates. This species 
is abundant in bioactive chemicals with sev-
eral pharmacological and biological properties, 
including as anti-inflammatory, anti-cancer, 
antitumor, wound-healing, anticoagulant, anti-
oxidant, antibacterial, and blood-sugar-regulat-
ing activities [35]. Sea cucumbers contain phe-
nolics, proteins (peptides), carotenoids, lipids, 
and saponins, among other bioactive substances 
[18]. According to studies, sea cucumbers’ phe-
nolic compounds function as antioxidants that 
can delay the development of aging, prevent or 
lessen oxidative stress in cells, and help treat sev-
eral diseases, including cancer and heart disease, 
and inflammation [36]. By giving free radicals 
hydrogen atoms or electrons to prevent free rad-
ical chain reactions, these phenolic compounds’ 
antioxidant activity may help lessen oxidative 
damage caused by exposure to strong UV light 
and reactive oxygen species (ROS) [18]. 

The effects of post-exercise sea cucumber 
supplementation on NF-κB levels are still not 
fully understood. Understanding the underlying 
mechanisms related to the effects of post-exercise 
sea cucumber supplementation on NF-κB levels 
is essential to scientifically prove the effects of 
post-exercise sea cucumber supplementation. 
Therefore, the aim of this study was to analyze 

the effects of post-exercise sea cucumber sup-
plementation on NF-κB levels as a biomarker of 
inflammation. 

Material and methods. Study Design. The 
sample consisted of two groups: a control group 
and a treatment group. Using a random sample 
technique, participants were selected, and they 
were then divided into two groups: group K1 
received a placebo, while group K2 received 500 
mg of sea cucumber. The supplement form of sea 
cucumber is capsules.

Subjects. Eighteen men in good health took 
part in the study (Table 1 displays the subject char-
acteristics). Inclusion and exclusion criteria were 
developed to determine if volunteers might meet 
the study’s needs. College students with a nor-
mal Body Mass Index (BMI) who were between 
the ages of 20 and 25 met the inclusion criteria. 
Furthermore, regular exercise was not required of 
college students. Additionally, the study excluded 
people under the age of eighteen who had abnor-
mal blood pressure prior to exercising. Lastly, if 
the subjects were taking nonsteroidal anti-inflam-
matory drugs (NSAIDs), they were excluded. The 
18 study volunteers were divided into 2 groups, 
the physical exercise + sea cucumber treatment 
group (n= 9), and the control group with physical 
exercise + placebo (n= 9). 

Research Instrument. Measurements of 
blood pressure, height, and weight, data collect-
ing sheets, stationery, blood collection gear, sea 
cucumber supplements, and placebo capsules 
were among the materials utilized in this study.

Procedure. The data collection procedure in 
this study consisted of several steps. The subjects 
underwent a screening procedure before starting 
the study. Certain parameters that allowed infor-
mation to be included or excluded in the analysis 
formed the basis of this approach. In addition, 
they gave informed consent, agreeing to take 
part in the study. Two groups were randomly 
selected from among the trial participants: the 
treatment group, which was given sea cucumber, 
and the placebo group. The treatment group was 
given sea cucumber supplementation at a dose 
of 500 mg, while the placebo group was given 
empty capsules. Sea cucumber supplementation 
was given in capsule form. 
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Three days were dedicated to data collection, 
beginning with the gathering of information on 
subject characteristics. Research subjects were 
prohibited from consuming anything before the 
implementation of the study. One day before the 
study, the research subjects were given directions 
to maintain a regular diet and rest pattern. They 
were then instructed to warm up. After that, exer-
cise was done. The exercise performed is weight 
training with increasing intensity according to 
ability until fatigue. There are two tools used, the 
first is the Leg Machine which is used and given a 
maximum load. The second exercise is squad train-
ing using the Smith Machine which is also given a 
maximum load. All samples performed both types 
of exercise alternately. 24 hours after the weight 
training, the samples were directed to a room to 
have their blood drawn as pre-test data. After that, 
the samples were given supplements according to 
their respective groups. Subjects were given 500 
mg sea cucumber intervention and placebo accord-
ing to their respective groups. 48 hours after exer-
cise, blood was taken for post-test data to measure 

NF-kB level. After the pretest and posttest blood 
samples were taken, laboratory analysis was car-
ried out to examine NF-kB levels. This laboratory 
analysis was carried out at the Research Laboratory 
Installation of Airlangga University Hospital Sura-
baya. The method of examining NF-kB levels uses 
ELISA (Enzyme-linked immunosorbent assay). 
Finally, as a form of accountability, after reviewing 
the data, the researchers produced a written report.

CONSORT flowchart.
Statistical analysis. SPSS software was 

used to do statistical analysis after the data was 
collected. To determine the mean and standard 
error, a descriptive analysis was performed on 
the data. The Shapiro-Wilk test was also used in 
this investigation as a normality test. Using the 
paired t-test approach, a difference test was cre-
ated to ascertain whether the data were normally 
distributed. The Wilcoxon signed-rank test was 
used to examine the data, however if the findings 
indicated otherwise.

Ethics. Prior to data collection, we obtained 
ethical approval from the Ethics Committee of 

 
Fig. 1. The CONSORT flowchart
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Malang Health Polytechnic with registration 
number DP.04.03/F.XXI.31/0492/2024.

Results. The statistics and details regarding 
the general attributes of the participants in Table 
1 are presented in this section. We can gain a bet-
ter understanding of each group’s characteristics 
thanks to these statistics. The mean ± standard 
error is used to display the data. The t-test find-
ings from the initial study indicated that there 
was no significant difference between K1 and 
K2 (p≥0.05).

known from the analysis of the research that has 
been done in the control group that there is no sig-
nificant decrease in NF-kB levels. The results of 
the study in the group given sea cucumber supple-
ment intervention after exercise proved to reduce 
NF-kB levels as a mediator of inflammation. So, 
this confirms that the protective and anti-inflam-
matory effects contained in sea cucumbers are 
able to suppress NF-kB levels [12]. 

The inflammatory response occurs in some-
one who has done exercise especially eccentric 
movements with high intensity [27]. Increased 
mechanical strain and shards of bone extracel-
lular matrix produced by high-intensity eccen-
tric exercise are detected by the innate immune 
response receptors [29]. Cells that have been 
activated by physical exercise will trigger and 
stimulate NF-kB activation, thereby increas-
ing inflammation [33]. According to previous 
theories, physical exercise increases NF-kB. 
NF-kB is known to play a role in the release of 
pro-inflammatory cytokines such as TNF-a and 
IL-6 [5]. In this instance, it is thought that an 
unchecked rise the prolonged muscle discom-
fort is caused by changes in pro-inflammatory 
cytokines, such as TNF-a, over a few days after 
high-intensity exercise. 

From one to twenty-four hours following 
exercise, an immunologic reaction also takes 
place, demonstrating that neutrophils enter the 
muscle and collect where damage has occurred 
[28; 32]. Following physical activity, muscle 
injury is also characterized by anomalies in the 
muscles’ ultrastructure that cause macrophages 
to produce more pro-inflammatory cytokines 
[29]. When muscle injury occurs, pro-inflamma-
tory cytokines and neutrophils cooperate to regu-
late the pro-inflammatory response [16]. To con-
trol the reaction to inflammation, macrophages 
release anti-inflammatory cytokines in response 
to increasing pro-inflammatory cytokines [31]. 
Since muscle discomfort is caused by the control 

Table 1
Characteristics of research subjects
Data Group N x±SD p-value

Age (y) K1 9 22.33±0.79 0.873K2 9 22.55±0.91

Height (cm) K1 9 168.00±1.09 0.935K2 9 167.78±2.04

Weight (kg) K1 9 64.11±3.13 0.786K2 9 62.55±3.77

BMI (kg/m2) K1 9 22.67±0.98 0.815K2 9 22.24±1.31
Systolic 
(mmHg)

K1 9 124.78±2.86 0.249K2 9 120.33±3.43
Diastolic 
(mmHg)

K1 9 83.00±3.50 0.179K2 9 76.22±7.80

Table 2
Normality test results

Data Group Shapiro-Wilk
n p-value

NF-kB (pre-test) K1 9 0.632
K2 9 0.661

NF-kB (post-test) K1 9 0.221
K2 9 0.981

Based on the normality test in Table 2, the 
pre-test and post-test NF-kB data were normally 
distributed (p>0.05).

The results of NF-kB analysis between pre-
test and post-test in each group are presented in 
Figure 2.

 Information:
*There is a significant difference in the exper-

imental group (p<0.05) and there is no significant 
difference in the control group (p>0.05).

Discussion. The purpose of this study was to 
determine how the effect of sea cucumber sup-
plementation after exercise on NF-kB levels as 
a mediator of pro-inflammatory cytokines. It is 

Table 3
Results of NF-kB (ng/L)

Difference Test 
Method Group P

Paired t-test K1 (pre-test and post-test) 0.043* 
K2 (pre-test and post-test) 0.249
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of NF-kB expression, we think that sea cucum-
ber supplements that suppress NF-kB are crucial 
to therapeutic efforts. 

When performing maximal physical exercise, 
ROS increases [28]. The IκB kinase complex, 
which phosphorylates NF-kB inhibitory pro-
teins, is directly altered and activated by ROS 
[17]. NF-kB dimers are released from their inhib-
itory complex as a result of this process, allow-
ing them to begin gene transcription by entering 
the nucleus [14]. On the other hand, ROS levels 
can negatively impact NF-kB regulation during 
maximal physical exercise when they rise above 
physiological limits, which frequently happens 
in reaction to environmental stressors, cytokines, 
or infections [23]. Because excessive ROS dis-
rupts the unfavorable comments systems that 
typically regulate the pathway, it can result in 
prolonged activation of NF-kB. Critical cysteine 
residues in NF-kB cascade proteins, including 
IKK, can be directly changed by ROS, result-
ing in the long-term activation of [39]. Moreo-
ver, ROS-induced DNA damage may indirectly 
promote NF-kB activation. DNA damage sen-
sors like ATM and ATR kinases phosphorylate 
NF-kB essential modulator (NEMO), a compo-
nent of the IKK complex, in response to DNA 

strand breaks and other lesions. These phospho-
rylation events can connect genotoxic stress to 
inflammatory responses by increasing IKK and 
NF-kB activation [6]. 

 

Fig. 3. The mechanism of sea cucumber in 
inhibiting NF-kB after maximal physical 

exercise

The nutritional value of sea cucumbers is 
very high with characteristics of high protein 
and low fat, making it a type of seafood that 
has the potential to be consumed [26]. Antioxi-
dants present in sea cucumbers also possess the 
capacity to purify free radicals so as to prevent 
oxidation. Sea cucumbers’ high phenolic content 
is linked to anti-inflammatory antioxidants [18]. 
Phenolic is an antioxidant content of sea cucum-

 

Fig. 2. Group K1, which was given placebo after exercise, could not 
significantly reduce NF-kB levels (p>0.05). Group K2, which was given 

sea cucumber supplements after exercise, could significantly reduce 
NF-kB levels (*p<0.05). Data are presented as mean ± standard error
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ber that acts as a scavenger of several oxidizing 
species, such as peroxy radicals, hydroxyl radi-
cals, and superoxide anion, and is a single scav-
enger of oxygen free radicals [2]. Cinnamic acid, 
ferulic acid, gallic acid, and P-cumaric acid, cat-
echins, rutin, pyrogallol and quercetin are phe-
nolic chemicals that are frequently present in 
sea cucumbers. According to research findings, 
phenolic compounds can promote reduce oxi-
dation, impede the MAPK signaling pathway to 
have anti-inflammatory effects and prevent the 
production of pro-inflammatory cytokines such 
nitric oxide synthase (iNOS), nitric acid (NO), 
TNF-α, IL-1β, and PGE2 [19]. According to one 
study, the peptides in sea cucumbers function as 
reducing agents that can shield cells from oxida-
tive stress by triggering signaling responses in 
cells, including nuclear factor NF-kB signaling, 
phosphoinositide 3-kinase (PI3K) or Akt sign-
aling pathways, and mitogen-activated protein 
kinase (MAPK) [24]. 

Supplementing high-fat rats with sea cucum-
bers has also been demonstrated in other research 
to lower TNF-alpha levels [11]. Supplementing 
with sea cucumber has also been shown to lower 
NF-kB levels, according to other study findings 
[45]. Prior laboratory research that found sea 
cucumber extract may have anti-inflammatory 
and antioxidant properties supports this study as 
well [9]. The significant amounts of polyphenols 
found in sea cucumbers lend credence to this 
finding. Polyphenolic substances can lessen the 
harmful effects of proinflammatory signals and 
offer protection against reactive oxygen species 
in cells [9]. Furthermore, another study discov-
ered that sea cucumber extract’s phenolic con-
tent exhibited potent antioxidant activity [1]. 

By stabilizing free radicals, these extracts 
act as sources of hydrogen to stop the oxidation 
process. Bioactive compounds like phenolic 
acids (gallic acid, caffeic acid, pyrrolic acid, and 
vanillic acid) help fight off free radicals [1]. As 
a result, the antioxidant activity is supported by 
these polyphenolic compounds. The results of 
this study are supported by research suggesting 
that sea cucumber extract could have anticancer 
properties due to sea cucumber bioactive com-
pounds such antioxidants and anti-inflammatory 

agents [42]. These strong substances have the 
ability to combat nitric oxide and free radicals, as 
well as maybe block certain proteins that cause 
oxidative stress [42]. By preventing the KEAP1 
and iNOS proteins from interacting with the 
DLG NRF2 motif, sea cucumber extract helps to 
prevent oxidative stress in cells [4]. Therefore, it 
is evident how important it is to take sea cucum-
ber supplements as an extra nutrient to lower 
inflammation levels after physical activity. 

Conclusions. Sea cucumber supplementation 
at a dose of 500 mg after exercise was shown to 
significantly reduce NF-kB levels. The strong anti-
oxidant content in sea cucumber has the potential 
to reduce muscle damage and inflammation after 
exercise. So that this will affect the reduction of 
pain. For future research recommendations, the 
effect of sea cucumber supplementation on other 
inflammatory biomarkers such as IL-6 can be 
investigated. This is very important to explore 
the molecular mechanisms that occur. So that the 
relationship between signal transduction pathways 
that are interrelated with each other can be known. 
Limitations of this study are the small sample size 
and short intervention time. We also recommend 
further research on chronic physical exercise com-
bined with sea cucumber supplementation to eval-
uate its effect on other biomarkers associated with 
inflammatory processes after exercise.
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