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Abstract

Results: IL6 peaked 24 h after while creatine kinase and
lactate dehydrogenase enzyme levels reached their peaks
at 72 h after the protocol. The level of apelin continued to
increase throughout the four measurements, and PTX3
peaked at 24 h, and then declined to the levels before the

Short Communications: Apelin, pentraxin3 (PTX3), and
interleukin6 (IL6) parameters are known as inflammation
markers and found to be related to endoplasmic reticulum
(ER) stress. The aim of the study was to investigate the effect
of eccentric exercise-induced delayed onset muscle soreness (DOMS) on ER stress-related markers in young athletes.
Objectives and Methods: ER stress and DOMS-related
blood markers, maximal strength level, and rate of perceived exertion using the visual analog scale (VAS) were
assessed before, immediately after, 24, 48, and 72 h after
the muscle damage protocol.

protocol but the differences were not signiﬁcant. The sig-
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niﬁcant decrease in the strength and the signiﬁcant increase in VAS continued 48 h after the protocol.
Conclusion: ER is activated and ER stress occurred, due to
increases in IL6, PTX3 and apelin levels after the test protocol concluded that a single vigorous eccentric exercise
should be avoided in harmful effect on health as parallel
with Physical Activity Guidelines.
Keywords: apelin; creatine kinase; eccentric exercise;
interleukin6; muscle damage; pentraxin3.

Giriş: Apelin, pentraxin 3 (PTX3) ve interlökin 6 (IL6)
parametreleri inﬂamasyon belirteçleri olarak bilinir ve
endoplazmik retikulum (ER) stresi ile ilişkili olduğu
bulunmuştur. Bu çalışmanın amacı, eksentrik egzersize
bağlı gecikmiş kas ağrısının (DOMS) genç sporcularda ER
stres ile ilişkili belirteçler üzerindeki etkisini araştırmaktı.
Materyal ve yöntem: ER stresi ve DOMS ile ilgili kan
belirteçleri, maksimum kuvvet düzeyi ve görsel analog
ölçeği (VAS) kullanılarak algılanan efor oranı, izokinetik
dinamometrede eksantrik kasılmalar ile oluşturulan kas
hasarı protokolünden önce, hemen sonra, 24, 48 ve 72 saat
sonra değerlendirildi.
This work is licensed under the Creative Commons Attribution 4.0 International
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Bulgular: IL6 DOMS protokolünden 24 saat sonra, kreatin
kinaz (CK) ve laktat dehidrojenaz (LDH) enzim seviyeleri 72
saat sonra zirve yaptı. Apelin seviyesi dört ölçüm boyunca
artmaya devam etti ve PTX3 24 saatte zirve yaptı, ardından
protokolden önceki seviyelere düştü ancak farklar anlamlı
değildi. Maksimal kuvvetteki önemli düşüş ve VAS’daki
önemli artış protokolden 48 saat sonra devam etti.
Sonuç: Kas hasar testi protokolünden sonraki mevcut
gözlemler IL6, PTX3 ve apelin düzeylerindeki artışlara
bağlı olarak ER’nin aktive olduğunu ve ER stresinin oluştuğunu göstermektedir. Fiziksel Aktivite Rehberine paralel
olarak, tek bir şiddetli eksentrik egzersizden sağlık üzerinde zararlı etkisi nedeniyle kaçınılması gerektiği sonucuna varılmıştır.
Anahtar Kelimeler: apelin; kreatin kinaz; eksentrik egzersiz; interlökin 6; kas hasarı; pentraksin3.

Introduction
Endoplasmic reticulum (ER) within the cytoplasm of
eukaryotic cells is the main organelle that serves the roles
of free intracellular calcium storage, lipid synthesis, protein folding, processing and transport to the location it
would function as well as ensuring protein quality control
through this process [1]. The newly synthesized proteins
that enter into the ER fold after undergoing four phases
with a high error probability (N-glycosylation, disulﬁde
bond formation, hydroxylation, oligomerization). However, many factors such as calcium balance upset, hypoxia,
oxidative stress, infection and heat stress may have negative effects on protein folding. This, in turn, causes ER
homeostasis disturbance and unfolded or misfolded protein formation. This process is called ER stress.
A set of intracellular signaling pathways called unfolded
protein response (UPR) is activated in order to prevent, correct ER stress or rehabilitate the homeostasis. UPR is a preventive response developed to improve protein folding
capacity against ER stress, reduce misfolding and ensure
homeostasis. The presence of a high number of misfolded
proteins within ER despite this response may incapacitate
the responses to stress. In such cases, the cell is triggered for
apoptosis in order to avoid damage to the surrounding tissue. There are several cell death pathways that are considered to mediate the initiation of apoptosis with ER stress [2].
Besides being an adipocytokine, apelin is a neuropeptide and a cardiovascular peptide as well. Studies
show that apelin regulates the apoptosis caused by ER
stress being activated through UPR signaling pathways
[3, 4]. Among acute phase proteins, interleukin 6 (IL6)

and pentraxin 3 (PTX3), are those which are produced by
many cells and rapidly increase at early phases of inflammation [5, 6]. Studies report that ER stress-related
inﬂammation causes IL6 increase [7, 8], while PTX3 increase may be an important preventer from ER stressrelated cell death [9]. While exercise-based studies have
found controversial results concerning apelin [10, 11],
PTX3 [12] and IL6 [13] have been shown to begin increasing with high-intensity exercise.
It can be seen in the related literature that ER stress
has been studied in terms of its effects on many metabolic
diseases as well as neural, inflammatory response and
age-related degenerations. Although it plays significant
roles in metabolic regulation, it is seen there is a limited
number of studies on the ER stress interaction of the
skeletal muscle and that studies available have looked at
the curative effect of regular exercise resulting from the
adaptation of skeletal muscles by employing regular
exercise method. Since such diseases are also often linked
to the presence of abnormal or unfolded proteins, one
mechanism for the protective effects of exercise may be
through activation of the UPR to increase the capacity to
deal with unfolded proteins. Despite having a limited
secretion function, skeletal muscle is intriguing in terms
of UPR since it contains an extremely wide specialized ER
network called sarcoplasmic reticulum [14].
Skeletal muscle is damaged and inflamed depending on the duration and intensity of the increased
physical work capacity. The long-lasting impairment
in muscle performance has been referred to exerciseinduced muscle damage, which causes an increase in
inflammatory markers in the blood, associated with an
increase of edema and delayed onset muscle soreness
(DOMS), as well as a prolonged impairment in muscle
strength, and range of motion. DOMS develops within
8–72 h following the unaccustomed and/or eccentric
exercises, generally peaks in 24–48 h and disappears in
5–10 days [15]. To the best of our knowledge, there is
only one previous study showing that there is a relationship between DOMS and ER stress with the increase
of ER stress proteins involved in UPR activation in the
working muscles of the rats [16].
Thus, the aim of the present study was to investigate
the effect of DOMS after the eccentric exercise by measuring apelin, PTX3 and IL6 levels on the inflammatory
mechanisms and possible endoplasmic reticulum stress
in the athletes. It was hypothesized that apelin, PTX3, IL6,
creatine kinase (CK) and lactate dehydrogenase (LDH)
levels would increase following exercise-induced muscle
damage, and there would be significant relationships
between them.
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allowed between sets. This protocol, aiming to create damage on the
hamstring muscle of the dominant leg was previously used by Cockburn et al. and Harrison and Gaffney [19, 20].

Participants
Eighteen healthy male football players from the U19 soccer league
(training age: 7.83 ± 1.15 years, age: 18.8 ± 0.43 years, mass:
70.5 ± 6.78 kg, height: 180 ± 5.13 cm; body mass index (BMI):
21.8 ± 1.66 kg m2, percentage of body fat (BF%): 8.51 ± 1.8%) volunteered to participate in this investigation. All participants were active
and were not following any speciﬁc diet regimen, nor chronically
using medications or any supplements.
The subjects’ rights were protected and written informed consents
were obtained before the procedures according to the Helsinki Declaration. The experimental protocol was approved by the Local Scientific
Research Ethics Board (approval no: 13/07/2016–20478486/ 278).

Experimental design
The repeated measures study design was used for this prospective
laboratory experiment. Body mass and height were evaluated by an
electronic scale (Seca 767, USA) and body fat % was measured by a
body analyzer (Tanita, Body Composition Analyzer, BC-418, Tokyo,
Japan) with overnight fasting. Muscle soreness protocol and maximal
strength test measurements were performed using an isokinetic
dynamometer (Isoforce, TUR Gmbh, Berlin, Germany). Blood samples
were taken from all participants 5 times in total: before, immediately
after, 24, 48, and 72 h after the muscle soreness protocol. Maximal
strength test was performed after blood withdrawal and the perceived
exertion level was assessed by a visual analog scale (VAS) [4, 18]. The
participants were instructed not to attend any physical activities, not
to change their diets during the study period.

Maximal strength test
On each test day (4 days in total), the isokinetic dynamometer device
was calibrated prior to measurements. Volunteers were fixed to the
device with the help of apparatus in a sitting position without moving
their femurs and chests. The rotation axis of the dynamometer
was adjusted for each participant’s height (lateral/femoral condyle).
The test was conducted by measuring the maximal concentric
strength output (peak torque- PT) during the 6 repeated knee flexionsextensions performed with the dominant leg at an angular velocity of
60°/s and the highest peak torque value obtained from the repetitions
was recorded [19]. The participants were provided with verbal motivation during the test by the researchers. Maximal strength tests were
performed 5 times in total for the subsequent 4 days, between 09:30
and 10:30, as before, immediately after and at the 24th, 48th and 72nd
hours after the muscle soreness protocol.

Blood analysis
Venous blood samples (9 mL) were taken in a sterile vacutainer tube
by a phlebotomist between 09:00 and 09:30 in the morning. Serum
was separated by centrifugation, and samples were stored at −80 °C
until a batch assay was performed for all samples. CK and LDH measurements on the Unicel DxC 800 Synchron Clinical System device
from Beckmann Coulter (Ireland Inc.), kits with the spectrophotometric method were used in the analysis. Daily inner quality tests and
monthly outer quality tests were done regularly by the lab experts.
Apelin levels in blood samples were assessed by Enzyme-Linked
ImmunoSorbent Assay (ELISA) method with commercial kits (SigmaAldrich, Saint Louis, Mo, USA). The inter and intraassay coefficient of
variation (CV) for apelin at level 5.84 pg/mL were <15% and <10%,
respectively. PTX3 levels in blood samples were examined by the
ELISA method with commercial kits (R&D Systems Bio-Techne, Minneapolis, USA). The inter and intraassay CV for PTX3 at level 0.025 ng/
mL were 6.2 and 3.8%, respectively. IL6 levels in blood samples were
examined by the ELISA method with commercial kits (Diaclone Sas,
Besancon, Cedex, France). The inter and intraassay CV for IL6 at level
2 pg/mL were 7.7 and 3.6%, respectively.

Statistical analyses
Statistical analyses were conducted on the SPSS (version 23.0, SPSS
Inc, Chicago, IL, USA) statistical package program. For normality
(Shapiro-Wilk) testing, the Friedman F and Dunn-Bonferroni post hoc
tests were used to compare repeated measures of the group. Because of
the normally distributed data, repeated measures ANOVA and the
Bonferroni post hoc procedure were performed only for the repetitive
maximal strength (peak torque) test result, and the effect size of the
difference was evaluated using the classification of Cohen (<0.2 trivial,
0.2≤d<0.5 small, 0.5≤d<0.8 moderate, d≥0.8 large effect size). The
Spearman Rank Correlation Coefﬁcient Test was used to determine the
level of correlation between the change ratios (%) data according to
the measurement of before the test. Descriptive statistics were reported
as the mean ± SD. The level of statistical signiﬁcance was set at p≤0.05.
The sample size was calculated on the basis of the previously
reported the mean change of the PT values measured in the isokinetic
dynamometer in the study conducted by Cockburn et al. [19]. Power
analysis using a power of 80% and a signiﬁcance of p=0.05 showed
that at least 10 subjects had to be recruited to detect a minimum
clinically signiﬁcant difference of PT score between the measures,
when the mean expected value in the ﬁrst measure was 123 with a
standard deviation of 3 and the mean expected value in the second
measure was 115 with a standard deviation of 5. The possibility of drop
out during the study period, the sample size taken was 18.

Muscle soreness protocol
The protocol consisted of repeated 6 sets x 10 unilateral eccentric/
concentric actions of knee flexors at an angular velocity of 60°/s. The
participants were told to put maximum effort during the eccentric
phase of each knee ﬂexion and to take their legs back to the initial
positions during the concentric phase. 45 s-recovery periods were

Results
All parameters of participants measured before (1), immediately after (2), 24 h (3), 48 h (4), and 72 h after (5) the
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exercise protocol are shown in Table 1. The results obtained
from the 1st and 2nd measures showed a non-signiﬁcant
increase for apelin and PTX3, a signiﬁcant increase in IL6,
CK, LDH levels and VAS (p<0.05) and a signiﬁcant decrease
in PT as the strength test results [F=34.679, p<0.000,
ηρ2=0.671]. The signiﬁcant difference was found in all
parameters except PTX3 and apelin in the repeated measures. It was seen that PTX3 and IL6 levels reached their
maximum levels (peak) in the measurements at the 24th
hour; and apelin, CK, and LDH level at the 72nd hour.
Change ratios (%) according to the measurement of
before the test for all parameters were calculated using
formula: 2–1/1×100. According to the results, CK increased
28.6,132, 181, and 135%; LDH increased 19.4, 22.4, 94.7, and
161%; apelin changed 0.8%, −0.3, 1.1, and 1.5%; PTX3 increased 32,110.7, 42.3, and 23%; IL6 increased 87, 99, 69.6,
and 94%; VAS also increased dramatically 1069, 1887, 2142,
2073%, while PT decreased −16.6%, −24.2%, −26.5%,
and −18.3% respectively (Figure 1).
There were significant correlations between change
ratios (%) according to the first of repeated measurements
for all parameters shown in Table 2.

Discussion
The aim of the present study is to examine the effects of the
eccentric exercise-induced DOMS on apelin, PTX3, and IL6
parameters which are known as inflammation markers and
are found to be related to ER stress as well. However, no
study has been found on the relationship between DOMS
and ER stress in the related literature.
The only study related to the aim of our research,
carried out by Pereira et al. (2016) on ER stress and DOMS
relationship suggested the hypothesis that excessive training model involving eccentric exercise may cause ER
stress on the skeletal muscles (extensor digitorum longus

Figure 1: Change ratios (%) according to the measurement of before
the test for all parameters.

and soleus) of rats. They performed downhill and uphill
level running protocols designed with similar external
loadings (intensity with volume) for eight weeks on rats
and examined ER stress proteins (BiP, ATF-6, pIRE1,
pPERK, and peIF2alpha) that participate in UPR activation
in the two-week recovery period. As a result, they stated
that protein synthesis in the UPR pathways increased in
both muscle groups examined in the downhill running
group and that the values did not go back to normal in the
recovery period, which confirmed their hypothesis [16].
It was seen in the literature review, that due to the
negative relationship of apelin level with coronary artery
diseases, particularly with endothelium dysfunction and
the curative effects of regular aerobic exercise [17], apelin
and exercise interaction has been studied on the elderly or
individuals with metabolic diseases, especially diabetes;
however, study results have revealed different ﬁndings.
Apelin levels have been reported to increase signiﬁcantly
after eight-week aerobic training in the middle-aged and
older group [17], after 12-week aerobic training in type two
diabetes and overweight group [21], at the end of
six months in the aerobic exercise group and aerobic and

Table : Changes in biochemical markers, muscle function, and perceived exertion following exercise-induced muscle damage (mean ± SD).

Apelin, pg/mL
PTX, ng/mL
IL, pg/mlL
CK, U/L
LDH, U/L
PT, Nm
VAS (–)
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after()

 h after()

 h after()

 h after()

p-Value
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. ± .
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. ± .
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 ± . Ω
. ± .
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. ± . Ω
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 ± . Ω
. ± . Ω
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. ± .
. ± . Ω
 ±  Ω
 ±  Ω
 ± . Ωβ
. ± . Ωβ€

 ± .
. ± .
. ± . Ω
 ± 
 ±  Ω
 ± . Ω
. ± . Ωβ

.
.
.
.
.
.
.

PT, peak torque; PTX. pentraxin ; IL, interleukin ; CK, creatine kinase; LDH, lactate dehydrogenase; VAS, visual analog scale; Ω: shows
statistically significance when compared to (), β: shows statistically significance when compared to (), €: shows statistically significance
when compared to ().
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Table : Signiﬁcant correlations between change ratios (%) according to the ﬁrst measurement for all parameters.
PTX

IL

CK

PT

Apelin

Apelin-PTX
r=−.

Apelin-IL
r=.

CK-Apelin
r=.

IL

IL-PTX
r=.
CK-PTX
r=−.

Apelin-PT
r=.
Apelin-PT
r=.
IL-PT
r=.

CK-IL
r=.

LDH-PTX
r=−.

LDH-IL
r=.

CK

LDH

CK-IL
r=.

CK-LDH
r=.

LDH-PT
r=.

VAS

CK-VAS
r=−.
CK-VAS
r=−.
LDH-VAS
r=−.
LDH-VAS
r=−.
LDH-VAS
r=−.
LDH-VAS
r=−.

PT, peak torque; PTX, pentraxin ; IL, interleukin ; CK, creatine kinase; LDH, lactate dehydrogenase; VAS, visual analog scale.

resistance exercise group in patients with type 2 diabetes
divided into different exercise groups [22], and after 6-week
high-intensity interval training in hypertensive elderly
individuals [23]. In the study carried out by Besse-Patin
et al. (2014), it was found that apelin mRNA level increased
in the skeletal muscle of obese individuals while the basal
apelin level in the circulation remained the same at the end
of an 8-week endurance training program. This ﬁnding was
interpreted as the apelin expression is induced by exercise
signaling pathways, can be secreted by human primary
myotubes in vitro and can act as a new exercise regulator
myokine with autocrine/paracrine activation [10].
In contrast with these studies, some others state that
aerobic exercise decreases apelin levels. In these findings,
it is thought that the positive correlation between apelin
levels and BMI may have an effect; and the fact that basal
plasma apelin level is higher in obese individuals compared with thin individuals or that exercise programs ending
in weight or body fat loss decrease basal apelin levels may
prove this hypothesis [11, 24].
In the only study examining the effect of acute exercise on apelin levels Shaibani, Shemshaki, and Hanachi
(2011) examined the effect of single-session interval exercise on apelin levels in elite female runners (n=15) prior to
and following the exercise as well as at the 24th hour after
the exercise [11]. Compared with the pre-exercise level,
post-exercise plasma apelin level was observed to decline,
while increasing signiﬁcantly 24 h after the exercise
(p=0.001), which was not signiﬁcantly different from the
pre-exercise level [23].

In our study, on the other hand, there was no significant difference between the first and the repeated measurements of apelin level after the muscle damage protocol.
The apelin levels observed after the exercise may have
been caused by the nature of the exercise protocols
performed.
It is reported that increased cardiorespiratory fitness
elicits anti-inflammatory and cardio-protective effects,
which reduce the risk of cardiovascular disease [25]. It is
stated in the literature that basal PTX3 level, a marker of
inﬂammation, is low in individuals with obesity and
metabolic syndrome [26], whereas it is high in trained
athletes [27] and that PTX3 levels go up with the chronic [25]
effect of exercise given to obese or healthy individuals,
which all support this idea.
Regular exercise could prevent cardiovascular morbidity by decreasing systematic inflammation, while excess
inflammation can be reduced by anti-inflammatory protein
PTX3 as well. In their study, Slusher et al. (2017) reported
that although the basal PTX3 level of obese participants
were lower after a single session aerobic exercise performed with 75% of VO2max, it remarkably fell immediately
after the exercise both in obese and normal-weight participants (p <0.05), and went up to reach the basal values 1 h
after the exercise [28].
Although no study has been found concerning the
relationship between PTX3 and muscle damage in the
literature, there is one study reporting that high-intensity
exercises like cycling and resistance exercise, which go up
gradually and are performed until voluntary exhaustion
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unlike aerobic exercise, increase plasma PTX3 values significantly [12]. Similarly, although no signiﬁcant difference
was found between measurements in our study, it can be
seen that measurement results are higher immediately
after (2) and 24 h after the exercise (3) compared with the
pre-exercise levels (1) and this level decreased in the following 4th and 5th measurements, but did not fall back to
the basal level (1).
In contrast with the anti-inflammatory effects of
regular exercise, acute high-intensity and prolonged
exercises are known to increase stress hormones as well as
the number and functions of several immune cells, activate
an acute-phase inflammatory response, increase the secretion of cytokines such as IL6 and inflammatory mediators
and cause serious tissue damage [12, 13]. It is reported that
IL6 secretion, regardless of the exercise type, increases in
direct proportion to duration and intensity after both acute
and chronic exercises, which may reach 25–100 times of
the basal level [29]. Correspondingly, the evident increase
in plasma IL6 concentrations following different exercise
protocols based on maximum eccentric contractions has
been revealed by many studies [12, 13, 27]. In one study
comparing the effects of three different types of exercise, it
was shown that in high-intensity exercises like cycling
(respectively 0.89–1.40–0.99 pg/mL) and resistance exercises (0.66–1.03 – 1.06 pg/mL) which increase gradually
and are performed until volitional exhaustion, plasma IL6
levels measured before, immediately after and 1 h after the
exercise went up signiﬁcantly; however, no change was
observed after the aerobic exercise session [12].
Although the finding that ER stress-induced inflammation causes IL6 increase [7, 8] supports the result of our
study, the limited number of studies on IL6 and exerciserelated DOMS interaction in the literature restrict our discussion. For instance, as a result of muscle soreness protocol induced by eccentric exercise to 12 male participants,
IL6 reached the peak level at the 6th hour [30]; while in
another study, IL6 level peaked at the 24th hour after the
eccentric exercise performed.
When the abovementioned studies are compared, both
the basal and post-exercise IL6 levels we obtained are seen
to be higher. This is considered to be caused by the effect of
the positive correlation between IL6 and VO2max, one of
the markers of physical ﬁtness [25] since the study participants consisted of athletes attending regular training.
Eccentric or unaccustomed exercise has been reported to induce muscle soreness and muscle damage. The
structural damage of muscle cell is accompanied by the
leakage of proteins such as CK and LDH out of the cell and
into the circulation [31]. Signiﬁcant serum CK elevations
response to exercise may vary depending on the exercise

type: In normal resting conditions, plasma CK is approximately 100°IU/L. However, following eccentric exercise,
circulating levels of CK have been known to rise to
40,000°IU/L [32]. In our study, CK increase was 29, 132, 181
and 135% day by day, and the mean highest value reached
was 12083°U/L. In other studies, after performing 50
maximal eccentric elbow ﬂexor contractions, 55% of
participants had CK elevations >2000°IU/L at 4 days after
exercise; 25% had CK elevations >10,000°IU/L; 13% had
levels>20,000°IU/L. Another study found signiﬁcant increases in CK (approximate mean of 15,000°IU/L) after
repetitive eccentric elbow ﬂexor contractions in collegeage males [33]. Though It is possible that the CK response
to exercise depends on the individual’s physical characteristics or training background, CK peaks in 2–4 days
whereas it is reported to reach its peak on the 5th day after
high-intensity eccentric exercise but at an earlier time
after downhill running and is at a lower level than maximal and high-intensity eccentric exercise [34]. In our
study, CK peaked at the 72nd hour. Based on this ﬁnding it
is possible to mention muscle damage with the protocol
performed. LDH is another marker of muscle damage and
has been shown to increase following eccentric exercise
[35]. In the present study, it is observed to reach its
maximum level at the 72nd hour. Similarly, LDH plasma
levels following a 130°km cycling race increases and
may remain elevated for up to 72 h in trained cyclists [36].
Peak torque deﬁcits are most pronounced 24–48 h following DOMS-inducing exercise. The duration of strength
reduction is also greater following eccentric activity and
may require up to 8–10 days to return to normal baseline
levels. In the present study, isokinetic concentric knee
extension PT values decreased %−17, %−24, %−27, and
%−18 respectively according to the measurement of
before the test. Exercise protocol, ﬁbril type, contraction
type, and the size of the muscle involved in the movement
are known to affect the strength and muscle sensitivity
caused by DOMS. Signiﬁcant differences were shown in
isokinetic eccentric PT of the elbow ﬂexors at 0 h (43.5%),
24 h (38.8%) and 48 h (−32%) following repetitive eccentric contractions using an isokinetic dynamometer. The
duration of strength recovery may have important implications for the athlete as an alteration in the strength ratio
of agonist to antagonist muscle groups may contribute to
an increased risk of injury [37].
Change ratios (%) according to the first measurement
reflecting the relative values were used in the correlation
analysis because of different sizes and different units of the
parameters in the study. The significant correlations found
between CK and LDH, CK and LDH as well as PT and VAS as
a result of repeated measurements in our study support the
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existence of DOMS created with exercise; and based on the
correlations found between apelin and PT, IL6 and PTX3,
CK, and between PTX3, IL6, apelin and CK and LDH, it can
be considered that apelin, PTX3 and IL6, whose interaction
with pathways have been revealed and which are also ER
stress markers, can be used as DOMS markers in future
studies as well.
The major limitations of the current study are the
absence of concurrent assessment of ER stress-related
marker proteins by in vitro methods, the absence of a
control group, and uncontrolled design for the testing
process. Although with limitations our study suggests a
different way of understanding and discussion for ER stress
in DOMS which may inﬂuence further studies needed in
this ﬁeld.
The current observations after the muscle damage test
protocol suggest that ER is activated and ER stress occurred, due to increases in IL6, PTX3 and apelin levels. It is
concluded that a single vigorous eccentric exercise should
be avoided in harmful effect on health as parallel with
Physical Activity Guidelines.
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