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AB

Intensive exercise can induce pro and anti-inflammatory cytokines,
which is clearly _seen with an increase in leukocytes in the
circulation. DAM rigger massive cytokine release including tumar
necrosis factor (TNF-a), interleukin (IL} -1, IL-6, IL-8, IL-12 and IFN
types | and Il. HMGB1 i an monocyte culture stimulates the
release of some TNF-a, IL-1, IL6, IL-8 and inflammatory protein
macrophages (MIPH] Exercise can cause a high inflammatory
response by increasing proinfllmmatory and  anti-inflammatory
cytokines (IL6, IL8, IL10, IL1B, and THF-al. In Men IL1E and TMF-
ahigher levels than women, both at baseline values and on the results
of the examination after exercise. Exercise with an exercise program
can increase |F F levels-a, IL-6, IL-8, IL1B, VEGF and MCP. In
aerobic ﬁrcise there were no significant changes in TNF levels-aand
IL-6 but there is an increase in the number of neutrophils. Intensity

INTRODUCTION

Physical exercise has 4 basic components, namdly cardiac
and pulmonary exercise (cardiopulmonary), muscle
grength, flexibility and body composition.” Intensive
exercise can induce pro-cytokines or anti-inflammatory,
which is clearly seen with an increase in leukocytes in the
circulation. However, it isknown that neutrophils were one
of the firgt immune cells released to respond to trauma,
esperialy those caused by bacteria? After doing exercise, the
concentration of neutrophils in the blood will increase to
100 fold. While cytokines and chemokines induced by
training activities include interleukin 6, 8, 10 and
monotactic protein monocytes (MCP) -1.5The researchers
agree that the athlete must examine aso check the levels of
several cytokine componentsin the process of checking the
detedtion of nicinflammation.*

Neutrophils play an important role in muscle tissue damage
in the acute phase of muscle injury, whereas monaocytes /
macrophages regulate subssquent tissue regeneration.
Neutrophils monocytes / macrophages secrete various
cytokines dothelia  cells  pericytes, fibroblagts
neutrophils and monocytes / macophages may all
contribute to the expression of global cytokines in skeletal
musdle®

Muscle damage and injury is one of the risks when
exercising, especialy for ahldes.me marker of musde
damageis credtinine kinase, which is released in responseto
damage to skeletd muscle and heart muscle in myocardial
infarction. Despite its limitations, credtinine kinase levels
are dill usad as biomarkers for muscle damage. After the

Systernatic Review Phar macy

Revised: 20.03.2020 Accepted: 09.04.2020

and aerobic emse in experimental animals increased THNF levels-
aand IL-6 in High Intensity Interval Training (HIT) and Moderate
Intensity Training (MIT) while in shortterm aerobic exercise the
HMGB1 level decreased. Conclusion: Exercise can affect DAMPSs,
HMGB1, prainflammatory cytokines, and blood leukocytes depending

on wvariation, duration, intensity, type of exercise, and research
sublects.

: Hmgh, Proinflammatory Cytokines, Leukocytes
Harun Achmad

Department of Pediatric Dentistry, Hasanuddin University, Makassar,
South Sulawesi, Indonesia

il: harunachrmader@gmail.com

‘@hdvanced Scientific Research. All rights reserved

biomarkersare releasad into the dreulation, immunecels a
the tissue level or naive immune cells will migrate to the
damaged target tissue and differentiate into mature
proinflammatory macrophages and function to phagocyte,
clean debris and degenerate damaged tissue The mature
macrophages will adso release severd gowth factors
cylokines and other molecules as sgnas to dart the
inflammatory process. During this inflammatory process,
macrophages turn into anti-inflanmatory components and
release growth factors and stkoin with different types and
functions from before to support the heading process.*
Muscle contraction directly induces the release of 1L6 which
is part of chemokine and plays a role and regulation of
muscle growth.6 IL6 has a positive effect in gucose uptake
and fa oxidation, beddes, in its role as an anti-
inflammatory cytokine, 1L6 weakens the production of TNF
alphaand IL1 beta where both have been known to form in
the acute phase reaction and during cd| proliferation.”
Peoplewho areoverweight (obese) have higher levelsof IL6
and TNF alpha than people with norma weight. This is
because theaocumulation of trigyceridesin adiposity causes
adiposity hypertrophy so that there will be an increase in
pro-inflammatary cytokines, one of which is neutrophils
which are the firg immune cdls respond when
inflammation occurs by infiltrating into the adipose tissue
and then stimulating the entry of M1 macrophages. These
macrophages trigger an inaease in IL6 and TNF apha
production.®

It is known that moderate intensity exercise (Moderate
Intensity Training or MIT) iseffectivein reducing body fat.
This low level of fat will prevent fat cell damage and the
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posdbility of cell hypoxia so that it will reduce pro-
inflammatory cytokines, namely IL6 and TNF, through
increased adiponectin secretion  and  increased  anti-
inflammatory cytokines®
While exercise with heavy intensity (High Intensity I nterval
Training or HIIT) isknown to be effective in increasing the
lipid profile and the release of anti-inflammatory dtkoin
because when someone does HIIT there is a muscle
contraction tha causes mitochondrid activity to be
maximized in enzymatic reactions This will increase
glucose uptake in skeletd muscle which will eventually aso
cause an increase in adiponectin secretion ®
A study was conducted on 39 obese mice to
differences in levels of apha TNF and |L6 after exercisefor
6 weeks with afrequency of 4 times a week between groups
of ras with high intensty exercise (HIIT), groups of ras
with moderate intensity training (moderate intensty
training or MIT) and control groups that don't he
exercise. The results showed that the MIT and HIIT group
had significantly higher nha TNF levels than the control
group, but there were no significant differencesin the dpha
PJF level between the MIT and HIIT groups Whereas|L-6
evels in the HIIT group were significantly lower than the
MIT and control groups®
Research by Hildae Of respondents with chronic
inflammatory disease (type 1 diabetes, fibrosis cysts, and
chronic obstructive pulmonary disease). The results show
that groups with chronic inflammatory disease are more
likdy to trigger different inflanmatory responses (for
examplg theinflammatory response becomes excessi ve after
acute exercise and becomes weak ater exercise) compared
the healthy group. Inflammatory marker levels, espedadly
-6, and T cells, tota leukocytes and lymphocytes, will
remain high with alonger duration to the recovery phase
after acute exercise in patients with chronic inflammatory
diseases than in hedthy individuals. Othe than that,in her
journal tha was approved by previous studies proving a
systemic endurance exerciss program in patients with
chronic heart failure and type 2 diabetes mellitus®
Ancther study conducted on a group of respondents who
did an exacise program for 4 wesks showed that |FN
gamma and TNF alpha levels in the group did not have a
dgnificant difference between before and after 4 weeks of
training. In their journal, Marques e a said that the results
of various studies on the reldionship of exercise with
cytokinelevels werenot so consistent, not al studies showed
an increase in cytokines after exercise Like a study of a
group that did 32 wesks of training, the results actualy
showed no significant effedt on cytoin levels in some ol der
respondents.’®
LaVoy ¢ d in his Blirnad stated that the results of studies
condstently show that acute aerobic exercise in humans
does not change the cytokine activity of T cells and the
strength of exercised change theleves of TNF dpha
and IFN gamma in Individuas with type 2 disbetes
However, the results of Tierraet a. showed that swimming
training for 12 weeks caused an increase in gammalFN and
TNF apha in mice that were the study subjects. And the
same study by Lamprecht et al with research subjects in the
form of horses showed the results of increased levds of

307
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gamma IFN. These sudies adl show different and
inconsistent results This could be due to differences in
types, duration, intensity and research subjects.’®

Srength training induces leukocytosis especially neutrophils
in the systemic circulation, damage to muscles an erna
organs and immune suppression.” In contragt to the study
of Huldani & a 2020 showed there were no sgnificant
differences in the number of leukocytes in the fitter and
fatique groups, with the average number of leukocytesin the
group with VO2 max fit is 7.83 thousand / pl and 7.27
thousand / i in the less fit group. This study was also
supported by Tenorio in 2014 regarding the rd ationship of
leukocyte counts, nutritional status, and fitness status in
adolescents, which actualy showed a negative correlation
between leukocyte counts and adolescent fitness status®
Various studies have shown tha the effect of increasing
neutrophils after strength training l asts several hourslonger.
However, cytokine response is not dgnificant during and
after intendve training with short duraion. The
accumulation of inflammatory cytokines neutrophils and
macrophagesin the organs triggers the formation of tissue
damage or organ dysfunction, not only muscle, but aso the
kidneys, liver and intestine.”

Research also shows that the magnitude of the IL6 response
after strength training depends on decreasing cdlular energy
and increasing heat stress which is then related to stress
hormones This response will be suppressed by an increase
in energy supply and cooling interventions of the body.
Acoording to Katsuhiko in his journal, exercises conducted
at night will induce more IL6 relesse than morning
exercises

Research by Richard & a of hedthy young adults who
undewent random aerobic exercise (cycling, swimming,
ec.) for 12 weeks The results showed a 15% increase in
VO2 max and an increase in free fat mass in the group that
did the exercise program and this did not ocaur in the
control group who did not do the exercise. The hypothesis
in this study isthat exerdsewill reducethe induction of the
release of TNF apha IL6 and TLR4. But apparently the
results of the hypothesis are wrong. However, post hoc
analyss shows that exercise triggers IL6 and TNF apha
responses to lipopolysaccharide dtimulation, this is
condstent with the possble postive dfects of aerobic
exercisa on hedth.™ 34

Alarmin is an endogenous molecule that plays arole in the
physiological function of homeostasis, but can be produced
quickly as a result of cell damage due to stress, infection or
trauma. There are severa types of alarmin based on the
location of the cellular compartment where it is located.
Adarmin which is in the nudeus is caled High Mobility
Group Box-1 (HMGBI), it binds to DNA. HMGB1
circulatingin dreulation forms heterocomplex with 12 CXC
motif chemokines (CXCL12).2 Activated HMBG1 will bind
to PRR in immune cells to contribute to proinflammatory
dgnds. inducing cytokines, such as the release of TNF
alpha, TLR-4 and the CXC receptor 4 kine receptor
(CXCR4). Then, it is CXCR4 that induces microglial
adivation, phosphorylaion of MAPK p42 / 44 and
expression of interleukin 6 and TNF apha ™
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A person who exercises with severe intensity has the
possbility to experience injury or muscle breskdown,
dthouch it is rare, or life-threstening conditions such as
rhabdomyolisis3 In the case of such an injury, there will be
a condition called secondary inflammatory response as a
result of the release of inflammatory factors intracellular to
extracellular parts This will then cause an endogenous
danger signal called damage-associated molecular patterns
(DAMP). One of the protansof thisDAMP is high mobility
group box 1 (HMGB1).® It is released as a danger signal of
damage to muscle cells so that it activates and triggers the

RESEARCH ON HUMAN
Dmeressarch comparisons based on the subject, training methods and research results based on acute exerd ses:

mobilization of immune cells toward the target location.
HMGB1 levels will return to ther origind concentration
after 30 minutes of rest after exercise.

Not al exercises can trigger a meaningful increase in
HMGB1 systemically. One of the gudies that looked a
HMGB1 levels in plasma respondents who did exercise in
the form of bicycle racing asfar as 1200 km, obtained results
that wer e exactly the opposite of the results of other studies
Although there aretechnical errors in plasma examination
and the influence of biologica phenomena in this study
cannot beruled out.?

No a‘tle (Author) Research subject .hrﬂr::?:gd Subject Condusions/ Research Results

1. The effects of acute | Adult and child | 7 children doing | An exercise program
and chronic | groups, each with | acute training, 8 | can reduce chronic inflammation
exercise on | chronic adults doing acute | in some patients in the study
inflammatory inflamma@p) training, 5 other | subjects. However, if only doing
markersin children | dissase (type 1 | adults doing | one sinde exercise will actually
and adults with a | didbetes madlitus | chronic  drength | cause a worse inflammatory
chronic patients,  fibrosis | training, 1 person | response. Inflammatory response
inflammatory cysts and chronic | doing  resistance | arising from exercisetrainingcan
disease: a systemic | obstrudive training  (wedht | be higher, depending on thetype
review pulmonary disease) | training) an ity of the disease, as well
(Hilde E. Ploeger, as the frequency, duration and
Takken Team, intensity of the exercise
Mathieu HG de performed.

Greef, Brian W.
Timmons, 2009)

2. Changes in | 50 men (mean age | The rescarch | o All cytokine
kinelevelsaﬂer 589 + 99 years) | subject groupswere | concentrations observed  after
prolonged and | and 50 women | monitored for 4 | exercise (IL6, IL8, IL10, IL1 beta,
repeated (average age 509 + | consecutive  days | and TNF apha) experienced an
moderate intensity | 11.2years). and had to walk for | increase in basdline values (P>
exercise in middle- about 9 hours each | 0.001). Then the concentration
aged men and day a their own | decreased from the firg day to
women pace. The firg | the second day (P <0.01).

(R. Teink, CCWG blood sample is| e Basdine values of
Bongers RF taken one to two | cytokines in the group of men
Witkamp, M. days before the | and women have different. And
Mensink, ™ exercise begins s a | |L1 beta and TNF dpha arethe 2
Eijsvogels, JMT reference vaue or | types of cytokines with the
Klein  Gunnewiek, basdine, the next | highest levds in the group of
MTE Hopman, sample is taken | mde respondents, both a
2018) every day | basdline valuesand on the results
immediately after | of the examination after exercise.
the exerciss is| . Exercise induces an
completed. increase in cytokines, but these
levels will go down in the
following days while till doing
the same intensity and training
load
Someressarch comparisons by subject, trai ning methodsand research results by type of exercise:

No | Title(Author) Research subject Pr”rg:?:gc’f it | Gondusions/ Ressarch Results

1. The effect of a| 10 taskwondo | All research | o The levels of gamma
fourwesk exercise | ahletes were male, | subjects underwent

Systernatic Review Phar macy
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intensity: 796 =+
3.5% of the second
ventilation turning
point).

Leukocytes
program on the | with erage age | taskwondo training | IFN and apl F did not differ
secretion of IFN-y, | of 2067 = 024 ams every day | significantly between before and
TNF-a, IL-2 and | years and weight | for 4 wesks The | after the 4 wesk exercise
IL-6 cytokines in | 65.45 + 1.60 kg, in | exerciss program | program.
dite  Taskwondo | good hedth, | gtarts with warming
athletes (Oktay | studying at a high | up for 20 minutes | « The highest IL6 level
Kaya, 2016) school level | each exercise is | was found i fatigue phase
Physica and Sports | repeated 3 times | after exercise (P<0.05).
Education, Selcuk | and ends with | A 4wek execise
University, Konya, | cooling. program resulted in adecreasein
g Turkey. IL6 levels (P <0.05)

2. et of Intense hedthy men of | Subjects must | There was a significant
Exercise on | high school age | atend a single and | decrease in anabolic mediator
Inflammatory ranging from 14 to | spedal  wredling | after exercise ie totd IGF1,
Cytokines and | 185 years old, took | exerciss  program | IGF1  bound and insulin.
Growth 1.5 hours of dnge | for 1.5hours Whereas free IGF-1 does not
Medigors in | wrestling change.

Adolescent  Boys . An increase in
(and Nemet, proinflammatory cytokines after
Youngman Oh, exerdise, namely |IL6. Alpha TNF
Ho-Seong  Kim, and IL1 beta

MaryAnn Hill,

Dan M. Cooper,

2002) g

3. Circulating ifteen female | All study subjects | « Cardiorespiratory
Inflammatory rowers (183 = 1.6 pleted 1 hour | fitness as by VOZ2 max
Cytokine Responses | years; 172.0 + 50 | endurance exercise | corrdaeswith gesin IL-6 (r
to urance | cm; 675 = 88 kg; | (digance: 121 £ 1.1 | =-0.55;P<0.05) |
Exercise in de | maximum oxygen | km; energy | « improvement (%05}
Rowers. consumption [VO2 | expenditure [EE]: | in |L-6, IL-8, VEGF and MCP
(Jirimée, J, | max]: 472+ 79 ml. | 639 + 69 keal; heart
Vaiksaar, S, & | .-1kg-1) raee 151 = 7
Purge P., 2018). beatsmin-1;

Some research comparisonsby subject, training methods and research results based on aerobic exercise:

Method of Subject

Adults (Richard P.
Soan, PhD; Peter
A. Shapiro, MD:;
Paula S McKinley,

PhD; * Matthew
Bartels, MLy 7
Daichi Shimbo,
MD; Vincenzo
Lauriola, MS,

Wahida Karmally,
RD; Martina

program can go on
to the next session
for 12 weeks
(eerobic  exercise
program) and after
thaa a second
sample (T2) is
taken. Then, given 4
weeks to not do the
exercise, only the
third sampling (T3)

No @e (Author) Research subject Training Condusions/ Research Results

1. erobic  Exercise | 119 young adults | All ressarch | o There were no changes
Training and | (ages 2045 years), | subjects took part | in the inflanmatory markers
Indudble hedlthy, not | in running for 2 | even though during exercise
Inflammation: smoking, low | weeks then | therewas amaximum increasein
Reaultsof a activity, do not | underwent the first | oxygen consumption by fifteen
Randomized have good exercise | blood sample (T1). | percent.
Controlled Tria in | habits Individuals who | « Agrobic exercises with
Hedthy, ~ Young meet  the fird | different longitudinds dso

produce different polysaccharide
dfectsin inducing TNF dphasan
IL6, conditions in T1 and T2
trigger  polysaccharides  to
increase their induction of the
release of TNF apha (P = 0.041)
and IL6 (P = 011), and
dgnificantly the phase between
T2to T3 triggers polysaccharides
to reduce their indudtion in the
release of TNF apha (P = 0.007)

Systernatic Review Phar macy
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Pavlicova, PhD; C. was conducted. and IL6 (P <0.001)
Jean Choi, MS Tse . There were no
Hwei Choo, MS sgnificant changes in TNF apha
Jennifer M. Scodes, and IL6 between each phase
MS; Pamela Flood, when lipopolysaccharide levels
MIx £ were0.0ng/ mL
Kevin Jd  Tracey,
MD, 2018)

2. Effects of mild and | 31 mae students of ple underwent | » ﬁ increase in  the
moderate  aerobic | SMAN 1| mild aerobic | number of neutrophils after
exercisson levels of | Banjarbaru, with an | exercise, 12 people | doing aerobic exercise, can be
interleukin 8 and | age range of 15-18 | underwent seen from the average number of
tota neutrophils in | years, physicaly fit, | moderate  aerobic | neutrophils in the mild and
adolescents do sports a leasst | exerciss, and 10 | moderate aerobic group
(Huldani, 2016) onceaweek d least | people  did not oomparedtotheoontrolgroupa

jogging for 30 | undergo trainingor | o There was no
minutes, ascontrols difference between the mild
cooperdive,  not aerobic and control groups (P =
smoking, not taking 0.519).
drugsthat afect the . There was a difference
number of between the modeae aerobic
neutrophils  and group and the control group (P =
levels IL8 & leagt 2 0,000)
days before blood . There was no
draw, normal body difference in the number of
mass index (20-25), neutrophils between the group of
Y02 max value = adolescents who did light aerobic
384 exercise with the control group
(P=0519)
. Moderate aerobic
exercise causes an incresse in the
number of neutrophils in the
group of study subjects.
RESEARCH ON ANIMALS
Some research compari sons based on subjed, training methods and research results:

No éﬂe (Author) Research subject ."If'rg:?:gd bt | Condusions/ Research Results

1. fect of High | Thirty Nine white | Rats were divided | « Blood tedt results
Intensity  Interva | Rattus norvegicus | into thres groups: | showed tha the group that had
Training  (HIIT) | rats wistar drain, | 13 control groups | done HIIT and MIT had
and Moderate | mae sex, aged 2-3 | without any | sgnificantly higher levels of TNF
Intendty Training | months with fat | exercise dpha compared to the control
(MIT) on TNF-a | body weight (> 160 | intervention, 3 | group (P =0.003and P =0.001,
and IL-6 leves in | grams). were given hich | respectively).
rats intendty  intervd | o Both groups
(Hadiono and BM training (HIIT) and undergoing HIIT and MIT
Wara Kushartanti, 13wereundergoing | training did not have significant
2018) moderate intensity | differencesin alpha TNFlevels.

physicd  training | o The group undergoing

(MIT) HIIT had the lowest IL-6 levels
compared to the MIT and
control groups.

2. Aerobic  training | SHR HR and TWK |« Short-term aerobic
normalizes (spontaneoudy mice were divided | exercise reduced HMGB1 levels
autonomic hypertensve  rat) | into two groups | in the paraventricular nucleus
dysfunction, mice and Wistar- | Thefirgt group did | (NPV), cerebrospinal fluid (CSS
HMGB1 content, Kyoto (TWK) mice, | not undergo | (P<0.01) and plasma (P <0.01) in
microgiaactivation | aged 12 weeks were | training (sedentary | the SHRrat group.
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and inflanmation | placed a room | rats) andthesecond | « HMGB1 expression in
in the hypothalamic | temperature of 22 | group underwent | NPV in SHR mice was higher
paraventricular degrees Celsiusand | moderate intensity | than in TWK.
nucleus regulated light | training (50-60% of | « Doing aerohic exercise
R cycles 12 hours | maximum traning | can reduce HMGB1 levds in
ustavo  Santos | bright and 12hours | cepacity), carried | NPV to normal levelsin the SHR
Masson, Anand R | dark, accompanied | out as many as 5 group (P <0.01).
Nair, Pedro Paulo | by free access to | days per week, | o However, HMGB1

Siva Soares, Lisete | food and water. duration of 1 hour | |evelsin NPV in the TWK group
Compagno for exth exercise | were not significantly affected by
Michelini routinefor 2wesks. | gerpbicexercise.
and Jbseph Francis,
2015)

DISCUSSION CONCLUSION

In the table above it can be seen that the results of acute
exercise with exercise training programs can cause a high
inflammatory response with an increasein proinfl aory
and anti-inflammatory cytoki IL6, IL8, IL10, [L1 beta,
and TNF apha). The levels of betaand TNF aphaare
higher in men than women, both a basdine and after
exercise. Exercise with an exerdse program can incresse
levelsof IFN, TNF apha, IL-6, IL-8, IL1B, VEGF and MCP.
In aerobic exercise there was no dgnificant changein TNF
dpha and |L-6 levd s but there was an increase in neutr ophil
counts.
Previous dudies have reported that prolonged single
endurance exercise can cause acute increases in various
variants of inflammatory cytokines, such as IL-2, IL-6, IL-8,
IL-8, IL-10, IL-1p, TN[-a , gamma interferon {IIN-y),
monocyte-1 monocyte protein (MCP-1) and granulocyte-
macrophage colony stimulating factors in mae endurance
ahletes. However, there is only very limited information
available for physically active women, wherea single aerobic
exercise has been reported to have no effect or can cause an
increase in post-exercise in some inflammatory cytokines.
The most sudied inflammatory cyies arelL-6 TNF-a
and |L-1p. which usually increase as a result of a single
training session that produces an acute inflammatory
response. However, other investigations did not find
changes in these inflanmatory cytokine levels after acute
exercise.®
Overdl, DAMPs tri the rdease of massive cytokines
including TNF-q, 1L-1,1L-6, IL-8, | g§2 and IFN types | and
Il. This medidtor strengthens activation, maturation,
proliferation, and recruitment of immunecells a the site of
trauma causing indirect activation of innate and adlaptive
immune cellssuch asDC or T edls.””

sureto HMGB1 in human monocyte culture slimul ales
the releass of sovera proinflanmatory cytokines including
tumor necrosis factor (TNF), interleukin (IL) -1, IL-6, IL-8
and inflammatory protein macrophages (MIP) -1.The
kinetic response to TNF release mediated by HM GB1 and
LPS is different. The release of TNF induced by
HMGBT1 is biphasic with the second wave being delayed,
whereas the release of TNF mediated by LPS only occursin
theinitia monophasic mode. 819202122
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Exercisscan affect DAMPs, HMGB1, proinflammatory
cytokines, and blood leukocytes depending on variation,
duration, intensity, typeof exercise, and research subjeds.
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