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Abstract

Supplement

Background: This study investigated the effect of supplementation with fish oil rich in eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) on the M-wave latency of biceps brachii and muscle damage after a single
session of maximal elbow flexor eccentric contractions (ECQ).

Methods: Twenty-one men were completed the randomized, double-blind, placebo-controlled, and parallel-design
study. The subjects were randomly assigned to the fish oil group (n = 10) or control group (n = 11). The fish oil
group consumed eight 300-mg EPA-rich fish oil softgel capsules (containing, in total, 600 mg EPA and 260 mg
DHA) per day for 8 weeks before the exercise, and continued this for a further 5 days. The control group consumed
an equivalent number of placebo capsules. The subjects performed six sets of ten eccentric contractions of the
elbow flexors using a dumbbell set at 40% of their one repetition maximum. M-wave latency was assessed as the
time taken from electrical stimulation applied to Erb’s point to the onset of M-wave of the biceps brachii. This was
measured before and immediately after exercise, and then after 1, 2, 3, and 5 days. Changes in maximal voluntary
isometric contraction (MVC) torque, range of motion (ROM), upper arm circumference, and delayed onset muscle
soreness (DOMS) were assessed at the same time points.

Results: Compared with the control group, M-wave latency was significantly shorter in the fish oil group
immediately after exercise (p = 0.040), MVC torque was significantly higher at 1 day after exercise (p = 0.049), ROM
was significantly greater at post and 2 days after exercise (post; p = 0.006, day 2; p = 0.014), and there was
significantly less delayed onset muscle soreness at 1 and 2 days after exercise (day 1; p = 0.049, day 2; p = 0.023).

Conclusion: Eight weeks of EPA and DHA supplementation may play a protective role against motor nerve
function and may attenuate muscle damage after eccentric contractions.

Trial registration: This trial was registered on July 14th 2015 (https://upload.umin.acjp/cgi-open-bin/ctr/index.cgi).

Keywords: Eicosapentaenoic acid, M-wave, Nerve damage, Muscle damage, Lengthening contractions,

Background

It is widely recognized that unaccustomed muscle move-
ment, including eccentric contraction (ECC), causes
muscular damage [1, 2]. It has been shown that ECCs
result in a loss of muscle strength, delayed onset muscle
soreness (DOMS), a limited range of motion (ROM),
muscle swelling, increases in serum creatine kinase and
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myoglobin levels, prolonged transverse relaxation time
(T2) on magnetic resonance imaging (MRI), and echo
intensity on ultrasound imaging [1, 3, 4]. Interestingly,
because these effects differ in the time taken to reach
their peak [1, 2], the relationship with each muscle dam-
age marker is not clear. For example, it has been shown
that strength loss and limited ROM peak immediately
after performing ECCs, whereas DOMS reaches its peak
at 1-3 days after the ECCs and T2 and echo intensity,
which indicate the distribution of free water and/or
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interstitial edema, are at their maximum after 3-6 days
(1,2, 4, 5].

Nerve conduction velocity, M-wave latency, and amp-
litude are often measured to assess motor nerve function
[6, 7]. M-wave latency is measured as the time between
electrical stimulation and the onset of an M-wave, but
this can be influenced by a number of factors, including
various processes such as nerve conduction, neuromus-
cular transmission, and muscle fiber conduction, and
sarcolemmal excitability [8]. Previous studies have used
M-wave latency to examine nerve disorders such as
neuropathy and neural muscular atrophy [6, 9]; these in-
dicated that an increase in M-wave latency reflected the
impairment of motor nerves. It has been shown that
ECCs caused histological damage in rats, not only in
myofibrils, the extracellular matrix, and the triads of the
cytoplasmic membrane system [10, 11], but also in nerve
fibers and in the thinning of myelin sheaths [12].
Kouzaki et al. [13] reported that M-wave latency delayed
by 12% at 24 h and 24% at 48 h after 60 ECCs of the
elbow flexors performed by women, suggesting musculo-
cutaneous nerve impairment. However, it is not known
whether nutritional strategies have a role for preventing
temporal muscular dysfunction after ECCs.

When fish oil is consumed in the diet, the concentration
of the long-chain omega-3 polyunsaturated fatty acid
increases proportionately in the cellular membranes of
muscles [14, 15] as in other organs [16]. In mice, omega-3,
especially eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), has several important roles in reducing
the risk of cardiovascular diseases [17, 18], reducing in-
flammatory markers [19, 20], and improving vision and
cognitive functions including Alzheimer’s disease [21].
Recently, we have shown that EPA and DHA supplemen-
tation ameliorated reductions in muscle strength, the
development of DOMS, and limited ROM following ECCs
[22]. We have hypothesized that, as one of the mecha-
nisms underlying this phenomenon, EPA and DHA play
an important role related to nerve structure and/or func-
tion. However, as yet no study has investigated the effect
of EPA and DHA supplementation on ECC-induced nerve
damage.

The aim of the present study was to investigate the
effect of 8 weeks of EPA and DHA supplementation on
M-wave latency of the biceps brachii after elbow flexion
ECCs. We hypothesized that EPA and DHA supplemen-
tation for 8 weeks would inhibit the strength loss, lim-
ited ROM, DOMS, and muscle swelling after the ECCs
and would increase M-wave latency.

Methods

Subjects

A total of 21 healthy men (age, 21.0 + 0.8 years; height,
170.9 + 5.7 cm; weight, 64.3 + 6.1 kg; body mass index,
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25.0 £ 1.7) were recruited for this study. The sample size
was determined by a power analysis (G*power, version
3.0.10, Heinrich-Heine University, Dusseldorf, Germany)
by setting the effect size as 1, a level of 0.05 and power
(1-B) of 0.80 for the comparison between groups, which
showed that at least ten participants were necessary.
None had participated in any regular resistance training,
restriction of exercise, or other clinical trial, had food al-
lergies to fish, or were taking any supplement or medica-
tion. The subjects were requested to avoid interventions
such as massage, stretching, and strenuous exercise, and
the excessive consumption of food and alcohol, during
the experimental period. Prior to participation, they were
provided with detailed explanations of the study protocol,
and all signed an informed consent form. The study was
conducted in accordance with the principles of the Declar-
ation of Helsinki; it was approved by the Ethics Commit-
tee for Human Experiments at Juntendo University (ID:
27-66) and has been registered at the University Hospital
Medical Information Network Clinical Trials Registry
(UMIN-CTR, identifier: UMIN000018285).

Study design

The study was conducted following the double-blind,
placebo-controlled, parallel-group trial design. The sub-
jects were randomly assigned to two groups using a table
of random numbers in such a manner as to minimize
the inter-group differences in age, body fat, body mass
index. According to the previous studies [22, 23], the
control group consumed daily placebo capsules for
8 weeks prior to an exercise experiment and for 5 days
after the exercise whereas the EPA group consumed
EPA supplement capsules as described in the following
section. The capsules were taken for a total of 62 days
(including the exercise day). The sequence allocation
concealment and blinding to subjects and researchers
were maintained throughout this period. Compliance to
intake was assessed by daily record and a pill count at
the end of the study. To help the reliability of the pill
count, subjects were given an excess number of pills and
asked to return any remaining pills at the end of the
study. On the day of exercise testing, M-wave latency,
maximal voluntary isometric contraction (MVC) torque,
elbow joint ROM, upper arm circumference, and muscle
soreness assessed by a visual analog scale, were assessed
in the non-dominant arm before exercise. Immediately
after these baseline measurements, the subjects per-
formed ECCs with the same arm. All measurements
were repeated immediately after the exercise, and then
at 1, 2, 3, and 5 days later. Before the subjects started
taking the supplement or placebo capsules, we surveyed
their nutritional status using the food frequency ques-
tionnaire based on food groups (FFQg version 3.5,
Kenpakusha, Tokyo, Japan). This was repeated after the
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8 weeks supplementation. The primary outcome mea-
sures were MVC torque, ROM, M-wave latency, and
muscle soreness.

Supplements

From the previous studies [20, 22, 24] and considering
the safety factor [25], the EPA group consumed eight
300-mg EPA-rich fish oil softgel capsules (Nippon Sui-
san Kaisha Ltd., Tokyo, Japan) per day, a total of
2400 mg per day containing 600 mg EPA and 260 mg
DHA. The CON group consumed eight 300 mg corn oil
softgel capsules (Nippon Suisan Kaisha Ltd., Tokyo,
Japan) per day (not containing EPA and DHA in a total
of 2400 mg). The subjects consumed the supplements
30 min after meals with water.

Eccentric contractions

For the eccentric exercise, the subject sat on a preacher
curl bench with his shoulder joint angle at 45° flexion.
The dumbbell used was set to weigh 40% of his one
repetition maximum arm curl weight. The exercise con-
sisted of six sets of ten maximal voluntary ECCs of the
elbow flexors with a rest of 120 s between each set as
described in our previous study [22]. The subject was
handed the dumbbell in the elbow flexed position (90°)
and instructed to lower it to a fully extended position
(0°) at an approximately constant speed (30°/s), in time
(3 s) with a metronome. The investigator then removed
the dumbbell and the subject returned his arm without
the dumbbell to the start position for the next eccentric
contraction.

Maximal voluntary isometric contraction torque

For the measurement of MVC torque, the subject per-
formed two 5-s MVCs at a 90° elbow joint angle with a
15-s rest between the contractions. The peak torque of
the two contractions was used as the MVC torque. The
torque signal was amplified using a strain amplifier
(DPM-611B; Kyowa, Tokyo, Japan). The analog torque
signal was converted to digital signals with a 16-bit
analog-to-digital converter (Power-Lab 16SP; ADInstru-
ments, Bella Vista, Australia). The sampling frequency
was set at 2 kHz. The measurement was based on a pre-
vious study [26].

Range of motion of the elbow joint

To examine elbow joint ROM, two elbow joint angles
(extended and flexed) were measured using a goniom-
eter (Takase Medical, Tokyo, Japan). The extended joint
angle was recorded while the subject attempted to fully
extend the joint with the elbow held by his side and the
hand in supination [22] The flexed joint angle was deter-
mined while the subject attempted to fully flex the joint
from an equally fully extended position with the hand
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supinated. The ROM was calculated by subtracting the
flexed joint angle from the extended joint angle.

Upper arm circumference

The upper arm circumference was measured at 3, 5, 7,
9, and 11 cm above the elbow joint using a Gulick tape
measure while the subject stood with his arm relaxed by
his side. The mean value of five measurements was used
for the analysis. Measurement marks were maintained
throughout the experimental period using a semi-
permanent ink marker, and a well-trained investigator
made the measurements [22]. The mean value of mea-
surements was used for analysis.

Ultrasonography

B-mode ultrasound pictures of the upper arm were
taken of the biceps brachii using ultrasound (Aixplorer,
SuperSonic, France), with the probe placed 9 cm from
the elbow joint at the position marked for the circumfer-
ence measurement. The gains and contrast were kept
consistent over the experimental period. The transverse
images were transferred to a computer as bitmap (.bmp)
files and analyzed by a computer. The cross-sectional
area of the elbow flexors was determined by measuring
the distance between the subcutaneous fat layer and the
edge of the humerus [27] on the transverse images of
the biceps brachii. The average echo intensity for the
region of interest (20 x 20 mm) was calculated by the
computer image analysis software that provided a gray
scale histogram (0, black; 100, white) for the region as
described in previous study [27].

Muscle soreness

Muscle soreness in the elbow flexors was assessed using
a 10-cm visual analog scale in which 0 indicated “no
pain” and 10 was the “the worst pain imaginable” [4].
The subject relaxed with his arm in a natural position;
the investigator then palpated the upper arm using a
thumb and the subject indicated his pain level on the
visual scale. All tests were conducted by the same inves-
tigator, who had been trained to apply the same pressure
over time and between subjects.

M-wave latency

The musculocutaneous nerve was stimulated (for a pulse
duration of 10 ms) by a bipolar surface electrode with an
inter-electrode distance of 23 mm and a diameter of
0.8 mm (NM-420S, Nihon Kohden, Tokyo, Japan). The
stimulation electrode was placed over Erb’s point located
on the supraclavicular fossa and sternocleidomastoid
muscle and connected to an electrical stimulator (DS7AH,
Digitimer Ltd., Welwyn Garden City, UK). The M-wave
latency and amplitude were assessed according to the in-
structions in the “Manual of Nerve Conduction Studies”
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[28] and as described in our previous study [13]. The sub-
ject sat on a chair with both arms at his side and placed
his forearm on his lap, resulting in the elbow joint being
at approximately 10° flexion. This position was kept con-
sistent between measures, and a plastic goniometer was
used to reproduce the elbow joint angle. A monopolar
surface electrode was placed at the mid-belly of the biceps
brachii long head, a reference electrode was placed prox-
imal to the antecubital fossa in the region of the junction
of the muscle fibers and the biceps tendon, and a ground
electrode was placed on the acromion [13]. The electrode
locations were marked with a semi-permanent marker to
ensure the same placement over time. The stimulation
current was gradually increased to obtain the maximal M-
wave (final stimulation current: 14—-18 mA), and it was
confirmed that a further increase in the current did not
increase the M-wave amplitude. Data acquisition and ana-
lysis were performed using Lab Chart 7 (ADInstruments,
Bella Vista, Australia). The relative increase in the M-wave
latency from the pre-ECC value was then calculated. This
measurement was based on a previous study [13].

Statistical analyses

All analyses were performed using SPSS Statistics software
version 22.0 (IBM Corp., Armonk, NY). Values are
expressed as means + standard deviation (SD). MVC
torque, ROM, echo intensity, circumference, CSA, and
nerve conduction latency values at post, dayl, day2, day3,
and day5 were calculated by relative changes from baseline
(100%). MVC, ROM, upper arm circumference, echo inten-
sity, cross-sectional area, muscle soreness, and M-wave la-
tency over time were compared between the CON and
EPA groups by two-way repeated-measure analysis of vari-
ance (ANOVA). When a significant main effect or inter-
action was found, Bonferroni’s correction was performed
for the post-hoc testing. A p-value of <0.05 was considered
statistically significant.

Results

Physical characteristics and nutritional status

No subject dropped out during the study period. No signifi-
cant differences were observed between the EPA group and
the CON group for age, weight, and body mass index (EPA;
n = 10; age, 20.7 + 0.7 years; height, 171.5 + 6.6 cm; weight,
63.0 = 6.3 kg; body mass index, 25.0 + 2.0, CON; n = 11;
age, 21.3 + 09 years; height, 170.7 + 5.0 cm; weight,
65.5 + 5.9 kg; body mass index, 25.0 + 1.5). The food fre-
quency questionnaire results showed no significant differ-
ence in nutritional status between the EPA group (energy,
25781 + 3594 kcal; protein, 887 + 187 g fat,
91.9 + 185 g; carbohydrate, 330.4 + 60.0 g; omega-3 fatty
acid, 24 + 0.7 g) and the CON group (energy,
22734 + 607.7 kcal; protein, 80.7 + 207 g fat,
929 + 25.0 g; carbohydrate, 268.6 + 90.8 g; omega-3
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Table 1 Physical characteristics of subjects

Age (year) Height (cm) Weight (kg) BMI
CON (n=11) 213+ 09 170.7 £50 655+59 250+ 15
EPA (n = 10) 20.7 £ 0.7 1715+ 66 630 +£63 250+ 20

n.s.

fatty acid, 2.3 + 0.6 g) before the intake of supplements
(Table 1). These parameters did not change during the
experimental period. Blood analyses showed that EPA
was significantly higher in the EPA group than in the
CON group after 8 weeks intake of supplements, whereas
DHA was no significantly difference between two groups
(data not shown).

Maximal voluntary isometric contraction torque
Compared with the pre-exercise value, MVC torque in the
CON group had significantly decreased immediately after
the exercise and 1 day later (post; p = 0.001, day 1;
p = 0.003; Fig. 1a). MVC torque in the EPA group decreased
immediately after the exercise compared with the pre-
exercise level (p = 0.010). MVC was significantly higher in
the EPA group than in the CON group at 1 day after the ex-
ercise (CON 76.8% + 16.0%, EPA 90.5% + 14.0%, p = 0.049).
The results for the absolute MVC were similar to these.

Range of elbow motion

As shown in Fig. 1b, a significant decrease in ROM was
observed in the CON group immediately after the exercise
(a reduction of 23.2%, p = 0.000), and ROM continued to
be lower than baseline at 1 and 2 days (day 1; p = 0.003,
day 2; p = 0.012). ROM in the EPA group decreased imme-
diately after the exercise compared with the pre-exercise
level (a reduction of 12.0%, p = 0.013). ROM was signifi-
cantly greater in the EPA group than in the CON group im-
mediately after exercise and 2 days later (post: CON
76.8% * 10.4%, EPA 88.1% + 7.2%, p = 0.006; day 2: CON
81.7% + 17.4%, EPA 96.2% + 6.3%, p = 0.014).

Muscle soreness

Compared with the pre-exercise value, a significant
level of muscle soreness was indicated by the CON
group using the visual analog scale at 1 and 2 days after
exercise (day 1; p = 0.006, day 2; p = 0.021; Fig 1c). In
contrast, no increase in muscle soreness was indicated
by the EPA group at any time points. Significantly
greater muscle soreness was observed in the CON
group compared with the EPA group at 1 day (CON,
57 + 1.6 cm vs. EPA, 4.5 + 1.0 cm; p = 0.049) and
2 days (CON, 5.4 + 1.8 cm vs. EPA, 3.7 £+ 1.2 cmy;
p = 0.023) after the exercise.



Ochi et al. Journal of the International Society of Sports Nutrition (2017) 14:23

Page 5 of 8

a —o— CON (n=11)]* b
- —e— EPA (n=10) 3 120 1 —o— CON (n=11)7,
120 X —e—EPA (n=10)]
T c t t T
—~ (]
® 100 A ; = 100 + #
g 1S
o Y
2 ©
S 80 1 g 80t
C
©
14
60 + 60
pre post dayl day2 day3 day5 pre post dayl day2 day3 day5
c d
101 —o— CON (n=11)7, 160 1 I —o—CON ("=11)J,
o e EPA (n=10)J _ —e—EPA (n=10)
@ T T 1 & 140 1
o
[ . 2
g 120 4
[ 5] C
D= 4 4 2
S € 100 -
=} o
s 2+ E 80 -
0 60
pre post dayl day2 day3 day5 pre post dayl day2 day3 day5
Fig. 1 Changes (mean £ SD) of maximal voluntary isometric contraction (MVC) torque (a), range of motion (ROM) (b), muscle soreness (c), and
echo intensity (d) measured before (pre) and immediately after (post) the eccentric contractions exercise and then 1, 2, 3, and 5 days later in
the control and EPA groups. The values of MVC torque, ROM, and echo intensity at post, 1, 2, 3, and 5 days after eccentric contractions
were calculated by relative changes from baseline (100%). * p < 0.05 for the difference between groups; t p < 0.05 for the difference
from the pre-exercise value in the control group, # p < 0.05 for the difference from pre-exercise value in the EPA group

Echo intensity

In the CON group, echo intensity increased at 1 day after ex-
ercise (133.8% + 25.9%, p = 0.005; Fig. 1d), but there was no
significant increase in echo intensity in the EPA group at any
time point. The echo intensity was significantly higher for
the CON group than the EPA group at 1 day after the exer-
cise (CON, 133.8 + 25.9% vs. EPA, 111.2 + 18.2%; p = 0.045).

Upper arm circumference and cross-sectional area of the
flexors

No significant difference in the upper arm circumference
from the pre-exercise values or between the two groups
was observed at any time point (Fig. 2a). Similarly, there
was no significant difference in the cross-sectional area
of the elbow flexors at any time point (Fig. 2b).

M-wave latency

In the CON group, but not the EPA group, M-wave la-
tency increased immediately after the exercise (p = 0.010;
Fig. 3). In addition, M-wave latency was significantly lon-
ger in the CON group than in the EPA group immediately
after the exercise (CON, 133.0 + 32.1% vs. EPA,
113.3 + 26.5%; p = 0.040).

Discussion
This study investigated the effect of EPA and DHA sup-
plementation on the M-wave latency of the biceps brachii

and on muscle damage after single session of maximal
elbow flexion ECC exercises. The results demonstrated
that EPA and DHA supplementation inhibited the loss of
muscle strength, limitation of ROM, development of
DOMS, and increases in echo intensity and M-wave la-
tency. These results support our original hypothesis.

The reduction of isometric torque was significantly
inhibited in the EPA group. Our recent study also
showed that 600 mg EPA and 260 mg DHA supplemen-
tation for 8 weeks inhibited strength loss following elbow
flexion ECC exercises [22]. To the best of our knowledge,
that study was the first to demonstrate that EPA and
DHA supplementation had a positive effect on MVC
torque following ECC exercises, and the present study
supports those results. Strength loss following ECCs has
been considered to be the result of disruption of the
myofibrils, muscle membranes, and neuromuscular junc-
tions, and abnormal calcium (Ca**) levels [3]. Temporary
strength loss following ECCs has also been assumed to
be due to excitation—contraction coupling failure [29].
Importantly, omega-3 polyunsaturated fatty acids are a
major component of the cell membrane, with the total
concentration in muscle cellular membrane significantly
increasing after the ingestion of fish oil [30]. Thus, it is
possible that the muscle membrane structure may be
protected by EPA supplementation and that EPA and
DHA thereby reduced the muscular dysfunction that
resulted from the ECCs at day 1.
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Fig. 2 Changes (mean + SD) of upper arm circumference (a) and cross-sectional area (CSA) of the elbow flexors (b) measured before (pre) and
immediately after (post) the eccentric contractions exercise and then 1, 2, 3, and 5 days later in the control and EPA groups. The values of upper
arm circumference and CSA at post, 1, 2, 3, and 5 days after eccentric contractions were calculated by relative changes from baseline (100%). n.s.
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Nerve injuries are classified as neurapraxia, axonotmesis,
or neurotmesis [31-33]. In neurapraxia, nerve conduction
is impaired by a segmental myelination of the nerve trunk
without axonal degeneration. The causes of neurapraxia in-
clude mechanically induced lesions, ischemia, inflamma-
tion, toxic compounds, and metabolic disturbances [31,
34], and M-wave latency increases without an apparent
change in M-wave amplitude [33]. In the present study, the
M-wave amplitude did not significantly change after the
ECCs (data not shown), and the prolonged M-wave latency
was not observed at 2 days post-exercise. Thus, the effect
of ECCs on the nerve may have been similar to neura-
praxia. The present study also demonstrated that EPA and
DHA supplementation inhibited the increased M-wave la-
tency following the eccentric exercise. We believe that this
is the first report to show that EPA and DHA have import-
ant roles in counteracting the muscle dysfunction resulting
from ECCs. Braddom et al. [35] observed structural
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Fig. 3 Changes (mean + SD) of nerve conduction latency measured
before (pre) and immediately after (post) the eccentric contractions
exercise and then 1, 2, 3, and 5 days later in the control and EPA
groups. The values of nerve conduction latency at post, 1, 2, 3,

and 5 days after eccentric contractions were calculated by relative
changes from baseline (100%). * p < 0.05 for the difference between
groups, T p < 0.05 for the difference from the pre-exercise value in
the control group

damage to musculoskeletal nerves and ischemic neur-
opathy with high-intensity weight lifting exercise. In
addition, it has been shown in rats that repeated sessions
of ECCs caused histological damage in nerve fibers and
thinning of myelin sheaths [12]. It is therefore possible that
the decreased M-wave latency was associated with a pro-
tective role for EPA and DHA with regard to nerve fiber
damage and myelin sheaths thinning. As mentioned earlier,
one cause of neurapraxia is mechanically induced inflam-
mation [31, 34]; we assume that EPA and DHA reduce the
inflammation resulting from nerve injury.

Our study also demonstrated that EPA and DHA
supplementation had a preventive effect on ROM and
DOMS following eccentric exercise. These results are
consistent with those of previous studies [22, 24].
Tartibian et al. [24] showed that daily supplementation
with 324 mg EPA and 216 mg DHA attenuated the limi-
tation of ROM after 40 min of bench stepping. Similarly,
our recent study demonstrated that 600 mg EPA and
260 mg DHA supplementation for 8 weeks inhibited the
limitation of ROM and the development of DOMS [22].
The limited ROM following ECC has been attributed to
an inflammatory response within myofibrils leading to
an increase in passive stiffness [36]. Although DOMS
can be attributed to a combination of several factors,
previous studies have suggested that its primary cause is
a local inflammatory response [11, 37]. It is well estab-
lished that EPA and DHA have anti-inflammatory effects
that reduce levels of interleukin-6 [22]; we therefore
suggest that their inhibition of limited ROM and the
development of DOMS could be attributed to their anti-
inflammatory effects.

In this study, the echo intensity was significantly
lower in the EPA group than in the CON group
1 day after the ECC exercise. Increased echo intensity
is associated with edema of the muscle due to
trauma, ischemia, or infraction [1]. Indeed, previous
studies have confirmed that echo intensity in the
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biceps brachii and brachialis increases with elbow
flexors after ECC exercise [1, 26, 38]. In addition, be-
cause echo intensity appears to be related to creatine
kinase level after ECC [1], it has the potential to be a
useful marker of muscle damage. Although the mech-
anism is unclear, the results in present study suggest
that EPA and DHA supplementation may inhibit
edema. However, no significant difference was ob-
served in the upper arm circumference. This observa-
tion is similar to that of our previous study [22], and
we assume that it related to a limitation of the study
method. Although we used a Gulick tape measure, we
could not exclude the effects of other muscles, fat,
skin, etc. For this reason, in the present study we also
calculated the cross-sectional area using ultrasonog-
raphy. However, we observed no significant difference
between groups, although the cross-sectional area
showed a non-significant tendency to be smaller in
the EPA group than in the CON group. The reason
for this could be that the intensity of ECC and the
reduction of muscle strength were lower than in the
previous studies [2], and that the accuracy of ultra-
sonography is lower than that of MRI. A further
study is needed that uses MRI to determine the
response after severe ECC exercise.

The present study had the following three limitations.
First, we did not evaluate the inflammatory response
such as C-reactive protein (CRP) and tumor necrosis
factor-alpha (TNF-a), and interleukin (IL)-6 [22, 39].
Although the results demonstrated that EPA and DHA
supplementation had a positive effect on DOMS and
ROM following eccentric exercise, the actual inflamma-
tory response was unknown. Second, we investigated
only a single dose of EPA and DHA administration. It
has been shown that the amount of EPA and DHA is
limited 3000 mg in total per 1 day for the safety in hu-
man by natural medicines comprehensive database [25].
Regarding the effect of EPA and DHA supplementation
on muscle damage, the minimal effect was with 540 mg/day
(EPA and DHA) according to Tartibian et al [24]. Hence, we
have decided to use the amount of supplementation
(600 mg EPA and 260 mg DHA). However, further investi-
gation is needed to study the different doses of EPA and
DHA to elucidate the appropriate amount. Third, we used
one bout of eccentric exercise model, which was a single-
exercise, to untrained subjects. Therefore, our observations
could not provide to athletes and multiple training sessions.
Further study is required to investigate this point.

Conclusions

In summary, we showed that 600 mg EPA and 260 mg
DHA supplementation for 8 weeks inhibited the in-
creased M-wave latency following a session of intense
ECC exercise, as well as the strength loss, limitation of
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ROM, and development of DOMS. We speculate that
the mechanism underlying these observations may be re-
lated to the improvement of nerve structure and func-
tion. These findings of the beneficial effects of EPA and
DHA supplementation are of importance for applied
sport scientists, nutritionists, and strength and condi-
tioning professionals and could help them to design
better nutritional interventions aimed at preventing
temporary muscle strength loss, limited flexibility, and
DOMS after exercise.
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