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Abstract

Objectives. This research aimed to analyze the effect of Rhodiola rosea on the Nuclear Factor Kappa B (NF-kB) and
Tumor Necrosis Factor Alpha (TNF-a) levels after high-intensity training.

Materials and methods. The research was conducted using an experiment method with a pre-test and post-test group
design. It involved 20 healthy males as participants. They were 19 years old on mean and currently enrolled as university
students. The participants were purposively selected and divided into two groups. One group was administered a
placebo (Age = 19.60 + 0.69), while the other was assigned to a medication group that received Rhodiola rosea with

a 500 mg dosage (Age = 19.30 + 0.82). The study began by collecting data from the research subjects on the first day.
After that, the participants were asked to warm up before doing high-intensity physical training composed of exercises
such as walking lunges, good-mornings (also known as weight training exercises), and leg extensions. The training was
performed for 4 sets, with a recovery period of 1 minute between the sets. The training intensity was monitored using a
Polar H9 Heart Rate Sensor. On the second day (24 hours after the training session), blood samples were collected from
all subjects. The data were treated as pre-test data in order to calculate the NF-kB and TNF-a levels. Subsequently, the
participants were given a placebo and Rhodiola rosea intervention based on the predetermined groups. On the third
day (48 hours after the training session), the subjects’ blood samples were collected again. This time, blood collection
was done following the training as post-test data. The next procedure included the blood sample analyzing in the
laboratory using the ELISA method. Furthermore, SPSS software was used for the statistical analysis of this research.
Results. The findings of the study showed that there was no significant difference in serum NF-kB levels in the
placebo group and there was a notable reduction in serum NF-kB levels in the Rhodiola rosea group. Additionally, a
substantial decrease in serum TNF-a levels was observed in both groups.

Conclusions. To sum it up, giving Rhodiola rosea a 500 mg/day dosage potentially decreases the NF-kB level.
Meanwhile, for the TNF-a, both groups reported a decrease of the serum level. Consequently, further research is
recommended to investigate the effect of Rhodiola rosea on other inflammatory markers, including Interleukin-10
(IL-10) and Interleukin-1p (IL-1pB), as well as muscle damage biomarkers, such as creatine kinase.
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Introduction muscle pain (Hung et al., 2021), which is typically caused by
uncontrollable inflammatory processes (Amalraj, Divya, &
Gopi, 2020). According to recent scholars, delayed muscle
pain indicates increasing pro-inflammatory cytokines, like
Tumor Necrosis Factor Alpha (TNF-a) (Novadri Ayubi et
al., 2022). This increase is caused by transcription factors,
such as Nuclear Factor Kappa B (NF-kB) (Zinatizadeh et
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al., 2021), which have been known to regulate inflammatory
responses (Park & Hong, 2016).

To alleviate this pain, various types of medicines are
actually available in the market (Ezike et al., 2023). One of
them is a non-steroidal anti-inflammatory (NSAIDs), which
are effective in reducing inflammation and pain (Mahesh, Anil
Kumar, & Reddanna, 2021). Today, 30 million people have
used NSAIDs to address this issue (Ayubi et al., 2022). In fact,
continuous consumption of this medicine might affect their
health and lead to drug dependence (Tsagareli et al., 2012).

For this reason, alternative medication is urgently
required to address this issue. Of the alternative medications,
there are some herbs that grow in the plateau, such as
Rhodiola rosea (Ivanova, Stojcheva, & Quintela, 2022).
Laboratory research indicated that this plant has anti-cancer,
anti-oxidant, and anti-inflammation characteristics (Li et
al., 2017; Bernatoniene, Jakstas, & Kopustinskiene, 2023).
Currently, Rhodiola rosea is gaining popularity and has
been used as a means to improve performance in sports.
However, currently, its effects on transcription factors and
inflammatory biomarkers after exercise are unknown.
Therefore, this study aims to analyze the effect of Rhodiola
rosea on NF-kB and TNF-a levels after high-intensity
exercise.

Materials and Methods

Study Participants

This research employed a pre-test and post-test control
group design. The research involved 20 healthy men who were
enrolled as university students. On average, they were 19 years
old who were selected a purposively. They were grouped into
two: the placebo group (Age =19.60 + 0.69) and the group
that received the Rhodiola rosea (Age=19.30+0.82).

Inclusion and exclusion criteria were determined to
identify if the potential subjects could meet the requirements
of this research. The inclusion criteria covered university
students between 18 and 25 years old with a normal
Body Mass Index (BMI), Normal BMI range 18.5-24.9).
In addition, the students should not regularly do exercise.
On the other hand, the exclusion criteria were those under
18 years old and who had abnormal blood pressure prior
to training. Finally, subjects were dropped out (eliminated)
if they consumed non-steroid anti-inflammatory drugs
(NSAID).

Procedure

Data collection in this research involved several stages.
Before it began, the subjects went through a screening
process. The process was based on certain criteria that allow
data to be included into or excluded from the analysis. They
also provided informed consent showing their agreement
to this research project. They were grouped into divided
into two. One group was a placebo, and the other was the
a medication group that received the Rhodiola rosea. The
placebo took empty capsule, while the medication group
took Rhodiola rosea with a 500mg dosage. Rhodiola rosea
was used as a supplement.

Datacollectionbeginsonthefirstdaybycollectingdataon
subject characteristics such as collecting data on age, height,

weight, BMI and blood pressure. After that, the subjects
performed a series of physical exercises for approximately
one hour consisting of warm-up, core training and cool-
down. Core exercises include high-intensity activities, such
as walking lunges, good mornings, and leg extensions. This
exercise is done in 4 sets with a 1 minute break (recovery)
between sets. The training intensity was monitored using
the Polar H9 Heart Rate Sensor. On day 2 or 24 hours after
training, the subject’s blood was collected as pre-test data to
assess NF-kB and TNF-a data. Blood collection is carried out
by medical personnel. The subjects were then given placebo
or Rhodiola rosea treatments, depending on their assigned
groups. On day 3, or 48 hours after training, another blood
collection was done as post-test data. Next, the blood sample
is then analyzed in the laboratory using the ELISA method.
Blood samples were analyzed in the Airlangga University
hospital laboratory. Finally, the researchers analyzed the data
and made a written report as a form of responsibility.

ELISA Procedure
1. Add100pLstandard or sample to the wells. Incubate
for 90 min at 37°C.

2. Discard the liquid, immediately add 100puL
Biotinylated Detection Ab working solution to each
well. Incubate for 60 min at 37°C.

3. Aspirate and wash the plate for 3 times.

4. Add 100uL HRP conjugate working solution.
Incubate for 30 min at 37°C. Aspirate and wash the
plate for 5 times.

5. Add 90uL Substrate Reagent. Incubate for 15 min
at 37°C.

6. Add 50uL Stop Solution.

7. Read the plate at 450nm immediately. Calculation
of the results.

Statistical Analysis

After collecting the data, a statistical analysis was done
using the SPSS software. The data were analzyed descriptively
to obtain the mean, standard deviation, and standard error.
Further, the study performed a normality test was carried
out using the Shapiro-Wilk. If the data spread normally, a
difference test was calculated using the paired t-test method.
However, if the results showed differently, the data were
examined using the Wilcoxon signed-rank test.

Ethics

Prior to data collection, we have received ethical approval
from the Health Research Ethics Committee of Medical
Faculty, Ciputra University, with registration No.103/EC/
KEPK/FKUC/II1/2024.

Results

This section provides data that addresses the research
objectives. First, it provides information about the
participants’ general characteristics in Table 1. These data
allow us to better understand the characteristics of each
group. The data are presented in mean + standard deviation.
The first analysis produced a t-test value where no significant
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difference was found between the placebo and the Rhodiola
rosea groups (p=0.05).

Following that, another test was performed to examine
the nomality of data distribution in this research. Table 2
shows that the pre-test data for NF-kB and TNF-a levels
given the placebo was not distributed normally (p <0.05).
The results of the NF-kB and TNEF-a levels between pre-test
and post-test are described in Figure 1.

Table 1. Participants’ Characteristics

Data Group Placebo Rhocﬁ:)(l):gosea P value
Age (y) 19.60 + 0.69 19.30 +0.82 0.429
Height (cm) 167.00 £ 6.59 169.70 £ 6.53 0.290
Weight (kg) 62.36 £ 9.96 63.03 £ 6.82 0.874
BMI (kg/m?) 22.22+297 22.22 +£2.80 0.721
Systolic (mmHg) 109.70 £ 9.32 118.60 £ 13.72 0.109
Diastolic (mmHg)  68.10 + 6.98 73.90 £7.70 0.413

Table 2. Normality test results

Shapiro-Wilk

Data Group

n P-value

Placebo 10 0.042
NF-kB Level (Pre-test)

Rhodiola Rosea 10 0.842

Placebo 10 0.161
NEF-kB Level (Post-test)

Rhodiola Rosea 10 0.537

Placebo 10 0.204
TNF-a Level (Pre-test)

Rhodiola Rosea 10 0.136

Placebo 10 0.018
TNF-a Level (Post-test)

Rhodiola Rosea 10 0.537

Table 3. NF-kB and TNF-a levels test results

Group (pre-test and post

Different Test Methods test) P-value
NF-kB Levels Placebo 0.203
Rhodiola Rosea *0.005
TNF-a Levels Placebo *0.009
Rhodiola Rosea *0.002

* There was a significant difference (p <0.05)
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Discussions

This research measured if Rhodiola rosea affected the
NF-kB and TNF-a levels after high-intensity training. We
observed no significant difference in the NF-kB serum in the
placebo group. However, a significant decrease was found in
the TNF-a serum for the placebo and Rhodiola rosea groups.
These findings confirmed earlier studies reporting the
positive effect of Rhodiola rosea in reducing inflammation.

The high-intensity training can increase physiological
responses, such as muscle damage and delayed muscle
pain (Hung et al., 2021). The explosive movement during
training lead to the high mechanical pressure and produces
bone extracellular matrix fragments. These fragments are
typically known as receptors expressed by inborn immune
cells (Nanavati et al., 2022). Activating cells mediated by
this process stimulates the activation of NF-kB (Jameson et
al., 2021). Scholars argued that NF-kB plays an important
role in regulating inflammatory responses, especially in
the secretion of pro-inflammatory cytokines, like TNF-a
(Nanavati et al., 2022).

Some muscle damage cases are caused by sports. When
this happens, the histological study shows that neutrophil
enters the muscle and accumulates in the area affected by
the damage 1 to 24 hours after their participants do sports
(Paulsen et al., 2010). In addition, the muscle damage is
marked by the muscle ultrastructural disturbance that
releases inflammatory cytokines by macrophages (Nanavati
et al., 2022). Neutrophil and pro-inflammatory cytokines
interact with each other in order to regulate the response
of pro-inflammation when muscle damage occurs (Hody et
al., 2019). On the other hand, when the pro-inflammatory
cytokines increase, the macrophage also releases anti-
inflammatory cytokines that allow muscles to recover and
regenerate (Nonnenmacher & Hiller, 2018).

The present study believes that NF-kB is a therapeutic
goal of Rhodiola rosea in inflammation (Jia et al., 2023).
Rhodiola rosea is a plant that grows on the plateau. It is
beneficial in pharmacological activities, serving as anti-
cancer, anti-oxidant, and anti-inflammation (Xue et al.,
2019). It has NF-kB, which is important in regulating and
expressing TNF-a, which causes muscle pain. This study’s
findings are supported by previous research reporting
salidroside as a bioactive component in Rhodiola rosea.
Such components can decrease the degeneration of cartilage
through the NF-kB pathway in osteoporotic mice (Gao et
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Fig. 1. Analysis of NF-kB and TNF-a levels between pre-test and post-test
Information: Groups given the Rhodiola rosea during EIMD can significantly decrease the levels of NF-kB (*p <0.05)
more than the placebo group. Further, the TNF-a was reported to have a significant reduction in both groups (*p <0.05).
The data were presented in Mean + Std Error
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al., 2020). Other studies have revealed that Rhodiola rosea
is capable of weakening acute lung injury by inhibiting the
NF-kB pathways.

Another investigation points out that anti-inflammation
affects Rhodiola rosea by potentially reducing the pro-
inflammatory cytokines, such as TNF-a, IL-1 f, and IL-6
(Leeetal., 2013). Meanwhile, the present research found that
TNF-a significantly fall in both the placebo and Rhodiola
rosea groups. This finding might be triggered by the training
program that we had in this research, which was not as heavy
as the weight training conducted in Lee et al’s study. Hence,
since 48 hours after the training, the inflammation rate
has decreased in both groups. Recent studies indicate that
giving Omega 3 is effective in decreasing the TNF-a level and
muscle pain after weight training (Ayubi et al., 2022).

In short, the laboratory examination conducted in
this research showed that Rhodiola rosea with 600 mg/day
potentially decreases the NF-kB serum level. However, this
research is limited in some ways. For instance, it does not
investigate other inflammatory biomarkers, such as IL-10
and IL-1 B. In addition, it does not examine muscle damage
biomarkers, like creatine kinase. Therefore, future research
can assess the effect of Rhodia rosea on these two biomarkers.

Conclusions

This research concludes that the provision of Rhodiola
rosea with 500 mg/day has the potential to decrease NF-kB
levels. In addition, it reduces the TNF-a level in both the
placebo and Rhodiola rosea groups. Future research can be
directed to examine whether Rhodia rosea also affect other
inflammatory biomarkers, such as IL-10 and IL-1 B, and
muscle damage biomarkers, like creatine kinase.
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Merta gocmimxeHHs. MeTOW LbOro JOCIpKeHHs Oy/I0 IpoaHati3yBaTyu BIUIMB POAIONN POXXEBOI HA IIOKA3HMKM PiBHIB
AapepHoro ¢dakropa kamma B (NF-kB) ta ¢akropa Hekposy nyxmmuu anbéa (TNF-a) micns mpoBefieHHA BUCOKOIHTEHCUBHUX
TpeHyBaHb.
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ITicrs 1pOro y4acHMKaM OyII0 3aIIPOIIOHOBAHO IPOBECTHU PO3MIHKY Hepef; BUKOHAHHIM BICOKOIHTEHCUBHOTO (Di3MYHOrO TpeHy-
BaHHS, sIKe BKJIIOYaJIO B cebe Taxi (pisnyni Bipasy, sk Xoap0a 3 BUIAfaMy, HAXVIN 3 IITAHIOI0 Ha IJIeYax, a0o sIK Ilje Ha3MBaIOTh
- BrpaBa “Good Morning” (TpeHyBaHH: 3 OOTsSDKEHHAM) Ta pO3TMHAHHA HIr. TpeHyBaHHA IPOBOAUIOCS IIPOTATOM 4 IiIXOMIB 3
IIepepBoI0 Ha BiJHOBJIEHHA TPUBAICTIO 1 XBU/IMHA MDK MigXomaMu. IHTeHCMBHICTh TPeHYBaHHA KOHTPO/IOBA/IN 32 IOIIOMOI 00
JaT4MKa 4acTOTHU ceplieBuX ckopodeHb Polar H9. Ha npyruit nenb (depes 24 ropuHu mic/is TpeHyBaHHA) y BCIX HOCTIIKYBaHUX
oci6 6ymo Bigibpano 3pasku Kposi. Lli pe3ynbTaTy posriaAfamucs AK [aHi IepeATeCTOBOrO MOHITOPUHIY [/ PO3PaXyHKY IIO-
kasHukiB piBHiB NF-kB Ta TNF-a. Ha HacTynmHOMY eTarri ZOCTifKEHHsI YIaCHUKY OTPUMYBAIN IUIALle00 Ta POIIONY POXKEBY
BifIOBiiHO [0 TIOIIepeHbO BU3HAaYeHMX rpym. Ha Tpetiii feHb (depes 48 ropuH mic/Is TpeHYBaHHA) B YYaCHMKIB HOCTI/KEHHA
HOBTOPHO 6ys1o BifibpaHo 3pasky Kposi. 3abip KpoBi IPOBOAMBCS B)Ke MIC/IsI 3aBepIIEHHs TPEHYBAHHA 3 METOIO BY3HAYEHHS
micnATecToBMX faHuX. HacTymHa mpoleaypa BK/IOYaIa aHasIi3 3paskiB KpoBi B 1abopaTopil i3 3aCTOCYBaHHAM IMyHO/IOTi4HOTO
metony gocnifykenHsa ELISA. Kpim Toro, /1A IpoBeJieHHs CTaTUCTUYHOTO aHa/Ii3y IIbOT0 HOC/I/PKEHH A BUKOPUCTOBYBANIOCA IIPO-
rpaMHe 3abesmedeHHs SPSS.
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Siantoro, G., Pramono, B. A, Suyoko, A., Samudra, F. E., Lestari, B., Nirwansyah, W.T,, Ciptorini, A. D, Arisanti, R.R. S.,
& Ayubi, N. (2024). The Effect of Rhodiola Rosea on the Nuclear Factor Kappa-B and Tumor Necrosis Factor Alpha Levels after
High Intensity Training

PesynbraTu. PesynbraTy JOC/TIPKeHH [I0Ka3alu, 110 B TPy 0ci0, sKi mpuiiMam 1miane6o, He BUABIEHO CYTTEBOI pi3HMII
B nokasHuKax piBHiB NF-kB y cupoBartiii KpoBi, TOfi fIK y y4aCHUKIB, AKi OTPUMYBa/M PORIONY POXKEBY, CIIOCTEPIranocs MOMiTHe
sHypKkeHH: piBHA NF-kB y cuposarii kposi. JJo Toro x, B 060X rpynax BifzHauanocs icrorHe sHypkenHs piBusa TNF-a y cupoatiii
KpPOBI.

BucHosku. ITifcymoByioun, MOXHa CTBEpPPKYBATH, L0 IPUITOM POfionu poxeBol y £o3i 500 Mr/5o6y MOTEHITHO CIpusie
sHIDKeHHIO piBHA NF-KB. BogHouac, B 060X rpymnax crocrepiranocs sumkenH: piBHa TNF-a y cuposarni kposi. OToke, peKOMeH-
JYETbCs IPOBECTU MOMIA/IbIII JJOCTIIKEHHSA 1I0/[0 BUBYEHHS BIUIMBY POMIiONIM POXKEBOI Ha iHILI MapKepy 3alajleHHsl, BK/IIOYar4n
inrepreiikin-10 (IL-10) ra intepneiikin-1p (IL-1P), a Tako>x 6ioMapkepy MOIIKOJKEHHA M A31B, TaKi AK KpeaTHHKiHa3a.

Krrouosi croBa: popiiona poykeBa, HOMIKO/PKEHHA M A31B BHAC/IINOK (isMYHIX HaBaHTaXKeHb, 3aIIa/leHHA, 3[J0POB 4.
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