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ABSTRACT The purpose of this study is to investigate effects of heavy exercise such as a boxing match on serum
cytokine composition of elite boxers. Blood samples were collected from boxers before and after a 3-round of
boxing match. Cytokines were assessed by high sensitive ELISA. Acute traumatic exercise increased serum levels of
IL-6, TNFa, and IL-10 whereas no significant change was observed for serum levels of IFN-g, IL-4, and IL-17A.
To the best of the researcher’s knowledge, this is the first report to investigate Th1/Th2/Th17 balance in heavily
trained boxers. These findings suggested that strenuous exercise did not affect IL-17 secretion during exercise. In
conclusion, alterations in serum cytokine composition of elite boxers could be important to have a properly
working immune system against to infectious agents.
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INTRODUCTION

Immune system is the main defense system
of human body against infectious agents (Par-
kin and Cohen 2001; Alam1998). Cytokines are
hormone-like glycoproteins that play very im-
portant roles in regulation of the immune sys-
tem (Tsokos et al. 1997; Rankin 2004). T helper
(Th) cells have a crucial role in the immune re-
sponse. Plasticity of Th cells  is known to regu-
late cellular and humoral immunity. As reported,
Th1 cells regulate cellular immunity via produc-
tion of interleukin (IL)-2 and interferon (IFN)-g,
whereas Th2 cells regulate humoral immunity
via production of IL-4, IL-5 and IL-13 (Abbas et
al.1996; Zhang et al. 2014). Th17 cells, a third Th
cell lineage, with their capacity to secrete IL-17
but not IFN-g or IL-4 regulate inflammation by
their production of distinct cytokines such as
interleukin (IL)-17 (Harrington et al. 2005; Park
et al. 2005).

Pro-inflammatory cytokines such as inter-
leukin -6, tumor necrosis factor alpha (TNFa)
take place in inflammatory processes during ini-
tiation of inflammatory reactions. Interleukin-10
(IL-10) and tumor growth factor beta (TGFb), as
anti-inflammatory cytokines, on the other hand,
inhibit inflammatory reactions (Cavaillon 2001;

Dinarello 1997). Such regulations are particular-
ly crucial factors for the immune system of ath-
letes, because it has been suggested by many
studies that athletes are more susceptible to mi-
nor infections (Peake 2005). It seems that immune
cell functions are temporarily impaired due to
prolong continuous heavy exercise (Nieman
1994; Pedersen 1995), therefore, sore throats and
flu-like symptoms are more common in athletes
when compared to general population (Gleeson
2007).

Boxing is an intermittent sport characterized
by high intensity short duration, and bursts of
activity. Therefore, it is an intense and strenu-
ous sportive activity. Boxing is determined as
20-30 percent aerobic and 70-80 percent anaero-
bic (Smith 2006; Khanna 2006).  Based on these
characteristics, boxers should be more suscepti-
ble to minor infections. Although there are many
studies regarding negative effects of heavy ex-
ercise on the immune system of athletes such
as, swimmers, long distance runners, and soccer
players, almost no study about boxers’ immune
system exist in the literature (Malm 2004; Mackin-
non 1994; Alpay 2014). As to cytokines produced
by Th17 cells, there have been a limited number
of studies so far. Perry et al. reported that exer-
cise induced an elevation in Th17 cell counts,
while Tregs levels diminished, both in healthy
athletes and in patients with chronic lympho-
cytic leukemia (CLL) (Perry et al. 2012; Perry et
al. 2013).

The purpose of this study is to investigate
for serum cytokine composition, in particular for
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IL-17 levels, of elite boxers before and after a box-
ing match. Results of this study were discussed
with comparison of other sports activities.

METHODOLOGY

Participants and Experimental Protocol

A total of 20 elite male boxers (n= 20) partic-
ipated in this study. These participants were from
Turkish National Boxer Team.  Physical features
of the participating athletes were shown in Ta-
ble 1. The participating athletes were informed
about the aim and any possible risk of the study
before they signed a written consent. Certifica-
tion of the study protocol was obtained from
The Local Ethics Committee and experiments
were performed according to the Declaration of
Helsinki. Participating elite boxers were asked to
complete a three-round of boxing match during
the National Championship in 2014. Each round
was 3 minutes. Boxers spent a minute rest peri-
od between each round.

Collection of Blood Samples

Blood specimens were collected from the
participating boxers before and immediately af-
ter a three-round of boxing match in vacutainer
tubes (BectonDickinson, Franklin Lakes, NJ,
USA).  Each sample was centrifuged at 2000 rpm
for 15 minutes in an Allegra® X-15R centrifuge
(Beckman & Coulter, USA). Serum was separat-
ed and placed in 15 ml tubes. Serum samples
were stored in a deep freezer (Sanyo, Japan) at -
85 oC until use.

Enzyme-linked Immuno Sorbent Assay (ELISA)

Cytokines, interleukin-4 (IL-4), IL-6, IL-10, IL-
17A, interferon gamma (IFN-g), and tumor ne-
crosis factor alpha (TNFa) were quantified by
using commercially available high sensitive
ELISA kits. Tests were performed according to
the manufacturer’s recommendations (eBio-
science, CA, USA). Briefly, serum samples were
placed in wells of ELISA plates, and incubated
in the presence of biotin-labeled conjugate for 2
hours at room temperature followed by a 1-hr
incubation with HRP-conjugated streptavidin.
Measurements were performed at 450 nm by
using a microplate reader (BioTek Instruments

Inc. Winooski, VT, USA).  All samples were test-
ed in duplicates.

Statistics

Statistics were performed by using two-way
analysis of variance (ANOVA). Student’s t-test
was applied for paired samples. P<0.05 was con-
sidered statistically significant. Data were ex-
pressed as mean ± SD.

RESULTS

Twenty elite boxers were included in the
present study because of their physical charac-
teristics and experiences as elite boxers.  The
boxers were 49-110 kg and 20-30 years of age.
They had at least 3-year experience in boxing.
The mean values for the physical characteris-
tics of those boxers were shown in Table 1.

Circulating cytokine composition was deter-
mined before and after exposing to a physical
activity and trauma by a 3-round of boxing match.
Pro-inflammatory cytokines, IL-6 and TNF-a in-
creased dramatically in circulation of boxers af-
ter boxing games (Fig. 1).

IL-10, an anti-inflammatory cytokine in-
creased significantly whereas another anti-in-
flammatory cytokine, IL-4 levels were not altered
(Fig. 2).

Likewise, there was no significant change in
the Th1 cytokine, IFN-g and Th17 cytokine, IL-
17A after the boxing games (Fig. 3).

DISCUSSION

In this study, effects of heavy exercise and
trauma on serum cytokine levels in elite boxers
were investigated. Cytokine levels that were
measured before and after a 3-round of boxing
match were compared.

A large number of investigators have report-
ed that athletes under influence of prolonged,
continuous heavy exercise are more susceptible
to minor infections (Peake et al. 2005; Gleeson

Table 1: Mean physical characteristics of partici-
pating elite boxers

Age Weight (Kg) Height (cm)

24.35 ± 4.74*       71.3 ± 14.93                 173.7 ± 8
(20-30)                  (49 -  110)                 (162 - 190)

n = 20, *: SD
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2007). For example, some minor infections such
as sore throats and flu-like symptoms are more
common in athletes than in the general popula-
tion and these infections may be prolonged in
athletes compared with normal sedentary peo-
ple (Gleeson 2007). Most of the studies regard-
ing anti-inflammatory effects of exercise have
been achieved in elite athletes such as swim-
mers, marathon runners, and soccer players.
Boxers are exposed to heavy training conditions
as well as trauma (Smith 2006; Khanna 2006; Malm
2004; Mackinnon 1994; Alpay 2014). Very few
studies investigated negative influences of ex-
ercise on the immune system of boxers.

After boxing game, IL-6 increased in boxer’s
serum. The researcher’s results agree with other
studies formerly done. Serum IL-6 levels increase
dramatically in people who are influence of trau-
ma (Northoff et al. 1998). Serum IL-6 levels in-
crease in athletes as a result of muscle injury
during acute endurance exercise (Starkie et al.
2001; Steensberg et al. 2000). Boxers receive
many hits to various parts of their body during a
boxing match. These hits plus physical activity
contribute muscle injury that may cause secre-
tion of IL-6 from tissue cells such as muscle cells

Fig. 3. Serum levels of Th1 cytokines, IFN-g and IL-17A
Cytokine level was tested by ELISA before and after 3-
round of   boxing match *p<0.05
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Fig. 2. Serum levels of anti-inflammatory cytokines,
IL-4 and IL-10
Cytokine levels were tested by ELISA before and
after 3-round of boxing match *p<0.05

Fig. 1. Serum levels of proinflammatory cytokines,
IL-6 and TNFa
Cytokine levels ware tested by ELISA before and
after 3-round of boxing match *p<0.05
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and fibroblasts, and from immune system cells
(Alpay 2014; Sacheck et al. 2006). Most proba-
bly, accumulation of those effects resulted in
increase of serum levels of IL-6.

TNFa increased in circulation of boxers. It
has been reported that TNFa might increase in
human blood during exercise (Bernecker et al.
2013; Moldoveanu et al. 2000). Moldeveanu et
al. (2000) reported that TNFa at protein level in-
creased in blood during prolonged endurance
exercise. However, they also found that mRNA
of TNFa did not change in PBMC of those ath-
letes during prolonged endurance exercise.
Therefore, they speculated that leucocytes in
blood circulation were not the source of elevat-
ed TNFa during the exercise.

In the present study, IL-10 increased in cir-
culation of boxers. IL-10 is an anti-inflammatory
cytokine. It usually increases during inflamma-
tory responses such as tissue injury or infec-
tions to regulate local immune responses. There-
fore, in this case, IL-10 increase would be a part
of normal regulatory processes in response to
elevation of pro-inflammatory cytokines
(Dinarello 1997; Peake et al. 2005).

Function of IL-17 has been published in the
last decade. Therefore, studies regarding IL-17
production during exercise have not been es-
tablished completely. The present study showed
that heavy exercise did not change IL-17 levels
in circulation of elite boxers. In a recent compar-
ative study, Tofighee et al. (2014) showed that
IL-17 did not increase after intense exercise in
different groups of athletes. Therefore, results
of that study supported the results found in the
present investigation. In another study report-
ed recently, Kakanis et al. (2014) suggested that
endurance exercise in ten highly trained road
cyclists resulted in post-exercise changes in
concentrations of plasma cortisol, IL-2, TNF, IL-
4, IL-6, IL-10, and IL-17A compared with pre-
exercise values. However, these changes were
observed at 4-24 hrs post-exercise measure-
ments. The present data represents results of
circulating cytokine levels right after the boxing
match (probably in 30 minutes). Therefore, re-
sults of the present study regarding IL-17A pro-
duction may not be similar due to the time differ-
ence. In fact, Kakanis et al. (Kakanis et al. 2014)
concluded that changes in concentrations of
serum cytokines begun to appear at the 4th hour
after endurance exercise.

CONCLUSION

In conclusion, it seemed that Th1/Th2/Th17
balance was not affected by the traumatic exer-
cise in elite boxers. On the other hand, acute
traumatic exercise led to increased serum levels
of IL-6, TNF-a, and IL-10. However, these re-
sults may not be applied all the other boxers or
athletes in other sports branches. Additional
experiments are required to have a definitive fi-
nal conclusion.
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