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Abstract

We aimed to compare the urinary titin N-terminal fragment
(UTF) concentration after concentric and eccentric exercise and
to clarify the specific response of UTF to exercise-induced mus-
cle damage (EIMD). Nine healthy young men performed 30 con-
centric elbow flexion exercises with maximum effort, rested for
at least eight weeks, and performed eccentric exercises at the
same workload using the same arm. Changes in the maximal vol-
untary isometric contraction (MVIC), muscle soreness (SOR),
range of motion (ROM), serum creatine kinase (CK) activity, and
UTF concentrations were recorded before and after for six con-
secutive days after exercise. There was no significant difference
in workload during exercise between the two exercise types.
However, serum CK activity increased after eccentric exercise (p
< 0.05). Additionally, MVIC, SOR, ROM, and UTF concentra-
tion were significantly higher after eccentric exercise than after
concentric exercise (p < 0.05). Although workload was the same,
the UTF concentration greatly increased after eccentric exercise.
Based on these results, we suggest that UTF can be a non-invasive
and highly specific biomarker of EIMD.

Key words: Biomarker, exercise-induced muscle damage, de-
layed onset muscle soreness, validity, non-inversive.

Introduction

Exercise, including eccentric contraction and any move-
ment that a person is unaccustomed to, can result in exer-
cise-induced muscle damage (EIMD) (Clarkson and Hu-
bal, 2002; Cleak and Eston, 1992). In EIMD, muscle fibers
are disrupted (Yu et al., 2003), leading to inflammation that
can last as long as 30 d (Nosaka and Clarkson, 1996). This
causes a decrease in muscle strength and range of motion
(ROM) of the joints and also a decrease in physical perfor-
mance, including impaired balance and sprint ability (Khan
et al., 2016). The parameters used to measure the extent of
EIMD include muscle soreness (SOR), strength, ROM,
swelling, and biochemical analysis (Clarkson and Hubal,
2002; Hyldahl et al., 2017).

In a previous study, the extent of EIMD after 2, 6,
and 24 eccentric exercises performed with maximum effort
was examined. Relative to pre-exercise values, the maxi-
mum isometric torque 2 d after exercise reduced by ap-
proximately 20%, 33%, and 56%, respectively, and the
peak values of serum creatine kinase (CK) activity in-
creased by approximately 2-fold, 323-fold, and 1591-fold,
respectively (Nosaka et al., 2001a). Conversely, although

participants performed 100 repetitions (10 times x 10 sets)
of the concentric exercise, elbow flexion, with maximum
effort, the maximum isometric torque 2 d after exercise
only reduced by approximately 10% compared with the
pre-exercise value, and the CK activity hardly altered in
any of the groups (Bottas et al., 2005).

In addition to the symptoms described above, it was
recently reported that the N-terminal fragment of titin leaks
into urine following eccentric contraction exercise (Kanda
et al., 2017). Titin, a main determinant of the extensibility
of sarcomeres in muscles, is a giant tandem modular pro-
tein anchored to myosin and the Z-disc in sarcomeres (Eck-
els et al., 2018). Urinary titin N-terminal fragment (UTF)
was initially detected in patients with Duchenne muscular
dystrophy (Rouillon et al., 2014), followed by that in
healthy individuals after eccentric contraction (Kanda et
al., 2017). UTF concentrations reach a peak at 96 h after
eccentric exercise (Yamaguchi et al., in press), and this
peak is significantly correlated with other indices of mus-
cle damage, such as isometric strength (r < —0.485), ROM
(r <£-0.485), SOR (r > 0.549), and CK activity (r > 0.647)
(Yamaguchi et al., 2020). Although UTF concentrations
get altered following eccentric contraction, it is unclear
whether any changes occur after concentric contraction.

Therefore, we aimed to investigate UTF concentra-
tions after concentric and eccentric contraction exercises.
Our hypothesis, which is based on the study by Bottas et
al. (2005), was that UTF concentrations will remain un-
changed after concentric exercise but would significantly
increase after eccentric exercise. If UTF concentrations do
not alter following exercise involving concentric contrac-
tions, which induce little muscle damage, UTF should only
be detected specifically following EIMD caused by eccen-
tric contraction exercises.

Methods

Participants and study design

We recruited nine healthy men (age: 22.9 + 1.7 years;
weight: 69.5 + 9.2 kg; height: 172.5 + 5.0 cm; mean + SD)
with no injuries of the muscles of their upper limbs and
who had not performed regular resistance training in the 6
months prior to the experiment. We explained the purpose,
procedures, risks, and benefits of the study to potential par-
ticipants; they provided written informed consent before
participating. The experiment was conducted according to
the Declaration of Helsinki and was approved by the
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Waseda University ethics committee (2017-162). We fre-
quently reminded the participants to abstain from perform-
ing any strenuous physical activities or activities that they
were unaccustomed to and to refrain from taking anti-in-
flammatory medication during the experiment. Body
weight was measured using a multifrequency impedance
body composition analyzer (InBody720 Inbody Japan Inc.,
Tokyo, Japan), and height was measured using a wall-
mounted stadiometer (SECA 213, Yagami Inc., Nagoya,
Japan).

The participants performed a bout of concentric ex-
ercises (CON) comprising three sets of 10 maximal con-
centric contractions using the dominant arm and a bout of
eccentric exercises (ECC) comprising the same number of
contractions using the same arm but separated by >8
weeks. All participants were allowed to choose their dom-
inant arm for exercise because Newton et al. (2013)
demonstrated that muscle damage does not differ between
the dominant and nondominant arms. Moreover, to unify
the work intensities for both conditions, CON and ECC
were performed at the same workload measured using an
isokinetic dynamometer. The reason why we chose an in-
terval of 8 weeks between bouts was that the results of a
previous study revealed that EIMD has a protective effect
against subsequent muscle damage; any muscle damage in-
duced by eccentric exercise performed within several days
of another exercise is significantly reduced (Hyldahl et al.,
2017; Yamaguchi et al., in press). This protective effect can
last for 12 weeks (Nosaka et al., 2005); stronger the degree
of EIMD elicited by the initial exercise, stronger the effect
(Chen et al., 2007). This effect is also observed when the
initial exercise is concentric contraction (Nosaka and
Newton, 2002a). The actual duration of the effect of con-
centric contraction remains unknown, but it is assumed that
the duration of the adaptation after concentric exercise is
shorter than that after eccentric exercise because the extent
of the first EIMD affects the effect size of the next adapta-
tion. Therefore, we asked the participants to perform ec-
centric elbow flexion exercises of at time points separated
by >8 weeks following concentric condition.

Experiment protocol

The dependent variables included the maximum voluntary
isometric contraction (MVIC) torque of the elbow flexions,
ROM of the elbow joint, SOR, UTF concentration, and se-
rum CK activity. The measurements of MVIC, ROM,
SOR, and UTF concentration were obtained immediately
before and after and 24, 48, 72, 96, 120, and 144 h after
concentric and eccentric exercises (Lavender and Nosaka,
2006). Because serum CK activity barely change following
concentric exercise (Lavender and Nosaka, 2006; Pedersen
et al., 2001), serum CK activity was collected when the
other dependent variables were measured only for the ECC
condition. All dependent variables were measured by the
same investigator to ensure that the results were consistent.
Based on the intraclass correlation coefficient (R) and co-
efficient of variation (CV), the test—retest reliabilities of the
study were 1.0 and 0.0% for SOR, 0.96 and 1.5% for ROM,
0.91 and 2.9% for MVIC, 0.99 and 3.4% for serum CK ac-
tivity, and 0.94 and 4.5% for UTF, respectively.

Eccentric and concentric exercise

Each subject was seated on the chair of an isokinetic dyna-
mometer (Biodex System 3, Biodex Medical Systems, Inc.
Shirley, NY, USA), and the shoulder joint angle was set at
45° flexion with 0° abduction. The participants were asked
to supinate their forearm and grasp the attachment con-
nected to the lever arm of the dynamometer. In the concen-
tric exercise task, the participants performed 3 sets of 10
repetitions with 60-s rest between the sets of elbow flex-
ions. In the eccentric exercise task, the participants per-
formed the same workload recorded during concentric ex-
ercise. We forcibly extended the elbow joint from a flexion
(starting position: 90°) to an extension (end position: 180°)
for over 3 s (Tsuchiya et al., 2018). To ensure that partici-
pants performed only the target actions, we set the dyna-
mometer to conduct the flexion passively from the end po-
sition to start position for 3 s for ECC and vice versa for
CON. We verbally encouraged participants during exercise
to maximize their efforts. The peak torque and work of
each contraction were calculated by the Biodex built-in
software.

Maximal voluntary isometric contraction torque

The MVIC torque of the elbow flexions was measured by
the isokinetic dynamometer (Biodex System 3, Biodex
Medical Systems, Inc. Shirley, NY, USA). We set up the
isokinetic dynamometer in the same position for each sub-
ject, as described earlier for exercise. We recorded the po-
sitions of the dynamometer and each attachment on the first
day of the experiment and measured the MVIC values of
the participants in the same position on subsequent days.
The participants performed three 5-s MVICs at an elbow
joint angle of 110° with 15-s rest between contractions.
The highest torque of the three contractions was used as the
MVIC torque for further analysis (Yamaguchi et al. in
press). The MVIC torque test was conducted by the same
researcher each time to obtain reliable results.

Active range of motion

A semi-permanent marker was used to label the center of
the acromion, lateral epicondyle, and ulnar styloid. The el-
bow joint angle was photographed in a relaxed and flexed
state to determine the active ROM, and the angle formed
between the line connecting the center of the acromion and
the lateral epicondyle and that connecting the lateral epi-
condylitis and the ulnar styloid was calculated by the Im-
agelJ software (version 1.39, NIH, USA). After we deter-
mined the relaxed and flexed angle, we subtracted the re-
laxed angle from the flexed angle to determine the ROM of
the elbow joint (Nosaka et al., 2001b; Tsuchiya et al.,
2018).

Muscle soreness

We also measured SOR when participants actively ex-
tended their arms. SOR was assessed using a 100-mm vis-
ual analog scale (VAS), on which 0 indicated no pain and
100 represented extreme pain. We asked the participants to
hold their shoulder joints at a flexion angle of 90° and el-
bow joints at an extension of 180° and to mark their levels
of perceived soreness on the VAS.



Yamaguchi et al.

123

Blood sample analysis

We obtained approximately 5 ml of blood from the antecu-
bital vein by the standard venipuncture technique using se-
rum separation tubes. We left the serum separation tubes to
clot at room temperature for 30 min and then centrifuged
the serum at 3,000 xg for 10 min. We removed serum sam-
ples and stored them at —80°C for later analyses. We esti-
mated serum CK activities using an automated analyzer
(Model 747-400, Hitachi, Tokyo, Japan). The normal range
of serum CK activities are 35—175 IU/L (Gagliano et al.,
2009; Baird et al., 2012).

Titin N-terminal fragment excretion assay
Approximately 3 ml of urine was collected from each sub-
ject to measure UTF concentrations via an enzyme-linked
immunosorbent assay (ELISA) system using a kit (Titin N-
terminal Fragment Assay Kit, Inmuno-Biological Labora-
tories Co. Ltd., Fujioka, Japan) in accordance with previ-
ous studies (Awano et al., 2018; Maruyama et al., 2016).
Samples were stored at —20°C for later analyses. Thawed
urine samples were diluted by 1:5-1:350 so that the diluted
samples were in the linear detection range. Diluted samples
and standard solutions were added to each antibody-coated
well of 96-well microplates and then incubated the micro-
plates at 37°C for 60 min. Subsequently, the microplates
were washed four times with wash buffer, and labeled an-
tibodies were added in each well; the microplates were in-
cubated again at 37°C for 30 min. The tetramethylbenzi-
dine solution was incubated at room temperature for 30
min after washing five times using wash buffer. As the fi-
nal step of the ELISA procedure, the stop solutions were
added to each well. The absorbance was measured using a
microplate reader at a main wavelength of 450 nm and sub-
wavelength of 650 nm (VERSAmax; Molecular Devices,
Sunyvale, CA, USA). The UTF concentration was calcu-
lated using a linear regression model, and urinary creati-
nine levels were estimated using an automated analyzer
(Bio Majesty JCA-BM8060, JEOL, Tokyo, Japan). The
UTF values were normalized relative to urinary creatine
(Cr) (each raw data point in urine/Cr concentration)
(Maruyama et al., 2016). The normal range of UTF con-
centrations in the general population is 1.47-7.14
pmol/mg/dl (Maruyama et al., 2016).

Statistical analysis
Values are expressed as means + SD. The Shapiro-Wilk
test was used for normal distribution analysis; we con-
firmed the normal distribution of MVIC, ROM, and SOR
but not CK activities or UTF; t-tests were used to compare
the baseline values for MVIC, ROM, and SOR before ex-
ercise, and the Mann—Whitney U test was used for as-
sessing UTF concentrations. Change in time course of CK
activity in eccentric condition was compared using the
Friedman test. When the Friedman test results indicated a
significant difference, Scheffe’s post hoc test was per-
formed for comparing values at different time points.
Mauchly’s sphericity test was used to check the ho-
mogeneity of covariance before ANOVA. This test indi-
cated a non-normal distribution of the UTF data; therefore,
we applied logarithmic transformation (logio) before

analysis (Hody et al., 2013). The changes in the total work
during exercise of each set were compared between the
groups (ECC vs. CON) by two-way ANOVA with two fac-
tors (condition x set). The changes in SOR, MVIC, ROM,
and UTF after exercise were compared between the groups
(ECC vs. CON) by two-way ANOVA (SOR, MVIC,
ROM, and UTF) with two factors (condition % time). If a
significant interaction effect found [comparison of the total
work, condition (2) x set (3); comparison of each muscle
damage index, condition (2) x time (8)], a post hoc test was
performed to identify the time points of significant differ-
ence between groups using the Bonferroni’s method. Ef-
fect sizes were determined for these differences, and sig-
nificance was set at p < 0.05. All statistical analyses were
conducted using the predictive analytics software (PASW)
version 24.0 for Windows (SPSS Japan Inc., Tokyo, Ja-

pan).
Results

Baseline measurements

No significant differences were found in the following
measured values between exercise types before exercise
began: ROM (CON; 121.9 £ 7.8°, ECC; 122.3 £ 8.6°, p =
0.835), SOR (CON; 0.0 = 0.0 mm, ECC; 0.0 = 0.0 mm),
MVIC (CON; 55.6 £ 7.9 N'm, ECC; 56.5 £ 7.5 N'm, p =
0.715), and UTF (CON; 1.63 £ 0.6 pmol/mg/dl, ECC; 1.91
+ 0.66 pmol/mg/dl, p = 0.087).

Concentric and eccentric exercise

The total work performed in 10 contractions per set was
not significantly different between the sets; the total work
was recorded in the first set (CON; 512.2 J£109.6 J, ECC;
510.8 J£87.1J), in the second set (CON; 417.4 J£86.7 J,
ECC; 413.1 ]+ 76.7J), and in the third set (CON; 376.0 +
91.6 ], ECC; 372.2 + 83.3 J) (Figure 1A). The peak torque
of the first set of ECC (58.4 £ 11.6 N-m) was significantly
higher than that of CON (44.6 = 8.5 N-m) (Figure 1B). The
number of repetitions performed in all sets of ECC was sig-
nificantly lower than that of CON (Figure 1B).

Change in time course and difference between condi-
tions for each measurement

For all measurements, a condition x time interaction was
observed (p <0.001).

The percentage changes in MVIC immediately fol-
lowing and 24, 48, 72, 96, 120, and 144 h after exercise
were —32.4 + 12.1, =37.3 + 12.7, —28.5 + 18.5, -22.0 +
17.7, -13.0 £ 19.0, —11.0 £+ 18.1, and —8.8 + 17.5% after
ECCand—-192+74,15+7.2,02+4.0,50+64,7.6=+
7.9, 4.6 £59, and 7.2 + 6.5% after CON, respectively.
MVIC was reduced immediately after and 24 h after exer-
cise compared with the pre-exercise value after ECC (p =
0.01) and was lower after ECC than that after CON at 24
(p =0.001), 48 (p = 0.012), 72 (p = 0.019), and 96 h (p =
0.048) after exercise (Figure 2A).

The percentage changes in ROM immediately fol-
lowing and 24, 48, 72, 96, 120, and 144 h after exercise
were —13.6 £ 5.8, —12.1 £ 5.8, -12.2 £ 5.5, -11.6 £+ 8.1,
—9.4+8.2,-5.8+7.5,and —5.0 + 6.6% after ECC and —6.4
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+45,-1.7+£24,-1.1£2.0,-0.5+3.2,-1.3£29,-1.2+
2.3, and —1.2 + 2.9% after CON, respectively. ROM was
reduced immediately after and 24 and 48 h after exercise
compared with the pre-exercise value after ECC (p < 0.05)
and was lower after ECC than that after CON immediately
following (p = 0.01), 24 (p = 0.003), 48 (p < 0.001), 72 (p
=0.001), and 96 h (p = 0.022) after exercise (Figure 2B).
The percentage changes in SOR immediately fol-
lowing and 24, 48, 72, 96, 120, and 144 h after exercise

were 17.6 + 18.4, 48.6 + 16.6, 51.1 + 19.5, 45.8 + 23.1,
35.7+23.8,20.0 £ 16.8, and 14.4 + 17.7% after ECC and
6.7+9.7,1.7+£3.3,0.0£0.0,0.0 +£0.0,0.0+0.0, 0.0+
0.0, and 0.0 + 0.0% after CON, respectively. SOR was
higher 24, 48, and 72 h after exercise than that before ECC
(p <0.05); it was higher after ECC than after CON at 24 (p
<0.001),48 (p<0.001), 72 (p=10.001), 96 (p=0.003), and
120 h (p = 0.01) after exercise (Figure 2C).

700 r EMCON

600 OECC
500
400

300

Total Work ()
Peak torque (N*m)

200

100

Set

80 r — CON rep 40
_ * C—ECC rep
70 —o0— CON torque | 35
60 F - - - ECC torque | 30
£
50 25 .8
40 20 §
o, 15 &
tul > EE [
20 F 10
. m n n §
0 0
1 2 3

Set

Figure 1. Change in the total work and peak torque during two types of exercise and number of repetitions in
each set for concentric (CON) and eccentric (ECC) exercise (mean = SD). Significant differences were found between

exercise types (* p <0.05, ** p<0.01).
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Figure 2. Change in the maximum voluntary isometric contraction (MVIC, A); range of motion (ROM, B); and muscle soreness
(SOR, C) before (pre), immediately after (post) as well as 24, 48, 72, 96, 120, and 144 h after concentric (CON) and eccentric
(ECC) exercise (mean = SD). Significant differences were found between post- and pre-exercise values (f p < 0.05, 71 p < 0.01) and between
exercise types (** p <0.01). The table above each figure shows the Cohen’s d (d) at each point over time.

The percentage changes in the UTF concentrations
immediately following and 24, 48, 72, 96, 120, and 144 h
after exercise were —1.91 £ 16.8, 172.4 + 167.1, 1095.7 +
1678.0, 3815.8 + 6832.8, 5818.1 + 12514.6, 4061.4 +
7534.6, and 2708.9 + 4778.3% after ECC and 39.5 + 43.2,
31.1£56.0,6.7+57.7,18.0+55.3,26.6 £87.0,2.5£39.2,
and 83.5 £ 220.1% after CON, respectively. The UTF con-
centration increased 72 and 96 h after exercise compared
with that before ECC (p < 0.05) and was higher after ECC
than that after CON at 24 (p =0.012), 48 (p = 0.009), 72 (p

=0.001), 96 (p = 0.007), 120 (p = 0.005), and 144 h (p =
0.000) after exercise (Figure 3B).

Change in serum creatine kinase activity following ec-
centric exercises

The changes in serum CK activities over time after ECC
are shown in Figure 3A. The percentage changes in the se-
rum CK activities immediately following and 24, 48, 72,
96, 120, and 144 h after exercise were 6.8 £ 5.5, 226.7 +
359.1,900.2 + 1798.4, 2866.2 + 6355.6, 5140.3 + 11726.8,
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4676.3 £ 11114.9, and 2417.9 + 5630.6% after ECC. The
serum CK activities was significantly different between
different time points (p < 0.01), with post hoc tests indicat-
ing higher activities at 72, 96, 120, and 144 h after exercise
than that before exercise (p < 0.03).

Peak titin N-terminal fragment concentration

A comparison of UTF concentrations during each exercise
type at all time points (Figure 4) indicated that the UTF
concentration was significantly higher after ECC (9.67—
449.67 pmol/mg/dl) than that after CON (1.49-3.58
pmol/mg/dl) (p < 0.001).
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Figure 3. Change in creatine kinase (CK) in the eccentric condition (A) and change in urinary titin N-terminal fragment (UTF)
concentration in the concentric (CON) and eccentric (ECC) conditions (B) before (pre); immediately after (post); and 24, 48,
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Figure 4. Differences in the peak urinary titin N-terminal
fragment (UTF) concentrations after concentric (CON) and
eccentric (ECC) exercise (mean + SD). Significant differences
were found between exercise types (** p < 0.01).

Discussion

The purpose of the present study was to clarify whether
UTF specifically indicated EIMD by investigating UTF

concentration after concentric or eccentric contraction ex-
ercises. Although both types of exercise were performed at
the same workload (Figure 1), MVIC and ROM decreased
and SOR and UTF concentrations increased significantly
after ECC compared with those after CON (Figures 2-3).
These results suggest that EIMD was induced by eccentric
contraction, as shown in a previous study (Lavender and
Nosaka, 2006), and UTF was specifically responsive to
EIMD. Therefore, findings of the present study clarify that
the titin N-terminal fragment, which is a muscle structural
protein, leaks into urine after anaerobic eccentric exercise
and not after concentric exercise.

After ECC, MVIC decreased by 37.3%, ROM de-
creased by 12.2%, and SOR increased by 51.1% 24 h or
later after exercise. After CON, MVIC increased by 0.2%,
ROM decreased by 1.6%, and SOR increased by 1.7%
(Figure 2-3). The changes in SOR for ECC and in MVIC,
ROM, and SOR for CON were similar to those obtained by
Lavender and Nosaka (2006). However, the rate of change
in MVIC and displacement of ROM obtained after ECC
were lower than those determined by Lavender and Nosaka
(2006). Nonetheless, Tsuchiya et al. (2018) reported that
the rate of change in MVIC and displacement of ROM 24
h after 30 maximal voluntary eccentric exercises at the el-
bow flexion were decreased by 29.2% and 12.9%, respec-
tively. Thus, we assumed that the results for MVIC and
ROM obtained here were within the ranges found by other
researchers. Moreover, CK activity increased only 24-fold
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compared with the baseline after ECC in the present study,
whereas it increased nearly 90-fold in previous studies
(Lavender and Nosaka, 2006). Chen (2006) reported that
CK activity can be classified into the following four reac-
tion groups: low (<500 IU/L), medium (500-2000 IU/L),
high (2000-10,000 IU/L), and higher responder (>10,000
IU/L). The results of the present study (3346 IU/L) would
place CK activity in the high responder category, and the
results of Lavender and Nosaka (10,601 IU/L) would place
it in the higher responder category. Because CK activity in
the present study was in the high responder category de-
spite lower concentrations than those reported in previous
studies (Lavender and Nosaka, 2006), the exercise inten-
sity in the present study was considered sufficient to pro-
mote the onset of EIMD.

The rise in UTF concentrations after ECC was sig-
nificantly higher than that observed after CON (Figure 3B).
To the best of our knowledge, these results are the first
findings and UTF is a biomarker that can specifically de-
tect EIMD. In the present study, UTF concentrations were
significantly elevated 24 h after exercise, peaked after 96
h, and remained significantly higher than the pre-exercise
value even after 144 h. Kanda et al. (2017) conducted a
study in which calf raise exercises were performed and re-
ported that UTF concentrations peaked 96 h after exercise,
which is a result consistent with those of the present study.
Conversely, Maruyama et al. (2016) conducted a study in
which UTF concentrations were examined after 10 km of
running; they reported that the peak was reached 9 h after
exercise, and values recovered to pre-exercise levels 66 h
after exercise. The difference between the two results may
be owing to the difference in exercise mode adopted as a
fatigue bout, and UTF concentrations after anaerobic exer-
cise may peak later than aerobic exercise. Levels of blood
biomarkers such as CK activity and Mb peak at 72-120 h
after anaerobic exercise (Baird et al., 2012) and at 6 h after
aerobic exercise such as uphill running, in which EIMD
does not develop (Malm et al., 2004). The difference in
these results is attributed to differences in the mechanism
by which the target biochemical substance leaks from the
muscle cells between anaerobic and aerobic exercise.
Nosaka et al. (2002a; 2002b) reported that as a result of
performing 3 sets of 10 eccentric contractions of the elbow
flexions, which were 50% of the maximum isometric con-
traction of the elbow flexions, using a dumbbell on days 1,
3, and 5 for a week, serum CK activity significantly in-
creased on day 3 and peaked on day 5 after the first exercise
on day 1. The leakage of CK activity into the blood after
anaerobic exercise was induced by disruptions in the con-
tractile apparatus caused by mechanical and metabolic
stress (Koch et al., 2014). The delayed elevation of serum
CK activities is owing to the activation of muscle proteases
by the increase in intramuscular Ca** concentrations during
resting. The amount of CK activity leakage into the blood
peaked at 5 days after eccentric exercise (Pandurangan and
Hwang, 2012). Conversely, Totsuka et al. (2002) reported
that as a result of performing 90 min of bicycle exercise for
three consecutive days, serum CK activity significantly in-
creased at 3 h and peaked at 3 days after the first aerobic
exercise. While undergoing long-term aerobic exercise re-
quiring a large amount of energy, muscle cells are

temporarily filled with CK, and a concentration gradient is
found between the inside and outside of the muscle cell.
Because the concentration gradient promotes the permea-
bility of the muscle cell membrane, CK leaks into the blood
without damaging the membrane. Although the mechanism
by which titin fragments and CK are generated is different,
the leakage mechanism is expected to be similar as long as
both of the biochemicals are present in muscle cells.

According to Eckels et al. (2018), titin filaments act
specifically during eccentric contraction and cooperate
with actin and myosin filaments to generate great tension.
However, it has been reported that titin, which activates the
tension of eccentric contraction to complement actin and
myosin filaments, is unfortunately degraded after intense
eccentric contraction (Eckels et al., 2018). In a study in
which muscle biopsies were performed before and after ec-
centric exercise and the content of titin was examined, titin
reduced by 30% after exercise compared with that before
exercise (Trappe et al., 2002). Furthermore, muscle biop-
sies were performed before and after eccentric exercise,
and the structure of the muscle fibers was confirmed using
an electron microscope. Z- and M-lines were largely
streamed after exercise; the N-terminus of titin attached to
M-line was dissociated, and the content of titin was re-
duced (Macaluso et al., 2014; Yu et al., 2003). The mech-
anism by which muscle fibers are destroyed is the degrada-
tion by proteases in addition to direct destruction by me-
chanical stress (Ono et al., 2016). Calpain 3, a Ca*'-de-
pendent cysteine protease that functions in skeletal muscle
specifically cleaves and degrades titin (Raastad et al.,
2010) and is confirmed to be present in myocytes after ec-
centric exercise but is not confirmed to be present after
concentric exercise (Ato et al., 2017; Ono et al., 2016;
Vissing et al., 2008). Based on the above-mentioned stud-
ies (Ato et al., 2017; Ono et al., 2016; Vissing et al., 2008),
as a mechanism by which titin is excreted in urine, titin is
degraded by calpain 3 and released into urine via blood af-
ter eccentric contraction performed in the descending limb
of the sliding filament theory; conversely, because calpain
3 is not expressed after concentric exercise, titin may not
be degraded and released in urine.

The present study has two limitations. The first is
that the peak torque is different between the two types of
exercise. In a present study, although the workload of the
exercise task was controlled between the conditions (Fig-
ure 1A), a significant difference was confirmed in the peak
torque of the first set (Figure 1B). Thus, the difference in
peak torque during exercise probably influenced the differ-
ence between the conditions of all the measured values.
However, when 100 repetitions of concentric exercise were
performed with maximum effort, there was almost no
change in the muscle strength and SOR (Bottas et al.,
2005), but even if 30 repetitions of eccentric exercise were
performed at 40% of the maximum torque, the MVIC de-
creases in approximately 20% and SOR increases in 25%
48 h after exercise (Chen et al., 2007). Therefore, because
concentric contractions do not result in EIMD even if they
are performed with maximum effort and high frequency
and eccentric contractions occur at low effort and low fre-
quency contraction, it is considered that the difference in
the contraction mode influenced the onset of EIMD rather
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than the peak torque, as evidenced by the results of the pre-
sent study. The second is that the peak UTF concentration
clearly differs between the low and high responders (Fig-
ure 4). The peak UTF concentration after eccentric exercise
obtained in the present study showed a large difference be-
tween low and high responders (7.43 wvs. 449.70
pmol/mg/dl). Gender, age, muscle mass, genetic factors,
ethnicity, contraction times, effort, intensity, number of
contractions, muscle length, selected muscle groups, fre-
quency of daily exposure to eccentric contractions, and
training frequency can cause differences in the EIMD
symptoms among individuals (Brancaccio et al., 2007;
Hyldahl et al., 2017; Koch et al., 2014). In the present
study, because all factors except for genetics and frequency
of exposure to eccentric contractions on a daily basis are
the same, the cause of the difference in UTF concentrations
may be this one or both. The participants in this study per-
formed limited resistance training for six months but had
no control over the frequency of exposure to eccentric con-
tractions on a daily basis. Furthermore, genetic differences
among individuals affect the degree of EIMD (Pimenta et
al., 2012). Therefore, future studies are required to deter-
mine the factors affecting UTF concentrations by examin-
ing the effects of daily exposure to eccentric contractions
and the genetics of the individual participants.

Conclusion

In the present study, although eccentric exercise was per-
formed as the same workload as the concentric condition,
UTF concentrations increased only after eccentric con-
traction. This result suggests that UTF will be useful as a
new biomarker for specific measurement of EIMD.
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Key points

e This study investigated urinary titin N-terminal frag-
ment (UTF) concentration after concentric and eccen-
tric exercise performed at the same workload.

e Although both exercises were performed at the same
workload, UTF concentrations significantly differed
between the concentric and eccentric conditions.

e UTF will be useful as a new biomarker for specific
measurement of EIMD because it UTF specifically re-
sponded to EIMD after eccentric contraction.
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