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Abstract

Background: This study examines the effect of the supplements on the redox reaction in menstrual cycle.
Participants took eicosapentaenoic acid (EPA)-rich fish oil supplements over two menstrual cycles.

Materials and Methods: For this randomized, double-blind, placebo-controlled trial, 21 female members of a
university basketball team were selected. Participants were allocated into the EPA/docosahexaenoic acid (DHA)
group (EG, n=11) and control group (CG, n=10) through stratified randomization. The EG and CG took 3600 mg
fish oil (containing 900 mg EPA and 403 mg DHA) and 3600 mg corn oil (without EPA and DHA), respectively,
every day for two menstrual cycles. The redox reaction was measured four times: the menstrual and follicular
phases in two menstrual cycles.

Results: There was a significant difference in reactive oxygen metabolites (d-ROMs) and potential antioxidant capacity
during the menstrual phase by the main effect of time (before and after intake) in EGand CG (p < 0.01). In a subsequent
test, d-ROMs were significantly lower after intake in EG and CG (p < 0.05); however, no significant difference in po-
tential antioxidant capacity was found. A significant difference was noted in d-ROMs and potential antioxidant ca-
pacity during the follicular phase by the effect of time (before and after intake) only in EG (p<0.01). Significant
decreases in d-ROMs and increases in potential antioxidant capacities were observed after intake (p < 0.05).
Conclusion: EPA-rich fish oil supplementation over two menstrual cycles demonstrated active involvement in
the antioxidant function during menstrual and follicular phases.

The protocol was registered at the University Hospital Medical Information Network Clinical Trial Registry (reg-
istration no. UMIN000028795).

Keywords: docosahexaenoic acid; eicosapentaenoic acid; menstrual cycle; oxidative stress; reactive oxygen
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Introduction

Menstrual cycle affects female athletes’ performance as
well as their cardiopulmonary functions, such as exer-
cise tolerance and energy substrate.' In addition to
changes in the metabolic function caused by the men-
strual cycle, increased protection against oxidative
stress reaction from inflammatory stress during exer-
cise or the menstrual cycle is necessary. During exer-
cise, the oxygen consumption by the body increased
by >10 times than that during rest. The generation of
active oxygen and free radicals increases to a similar ex-
tent during exercise. The effect of oxidative stress on
athletes is as follows: exhaustive exercise increases the
production of reactive oxygen species (ROS). In the ab-
sence of antioxidants, oxidative injuries will occur, such
as muscle weakness and fatigue.®

Regarding the relationship between menstrual cycle
and oxidative stress, menstrual cycle is divided into
the menstrual, follicular, and luteal phases. The secre-
tion of estrogen, a female hormone, is highest during
the follicular phase, and estrogen has an antioxidant ef-
fect that eliminates active oxygen."” Conversely, nitric
oxide, a free radical, is produced with the secretion of
estrogen. The menstrual cycle might affect the redox
balance. Therefore, we assumed that in female athletes,
excessive oxidative stress or redox imbalance are
caused by hormonal secretion due to the menstrual
cycle and exercise-induced inflammation. Changes in
oxidative stress owing to the menstrual cycle as well
as the effect of the menstrual cycle on the redox reac-
tion during exercise have been described in previous
studies on the general population.*”’

Furthermore, female athletes have significantly higher
markers of oxidative stress than the general female pop-
ulation.® Of the previous studies, we focused on the re-
port of Cornelli et al* and observed changes in oxidative
stress due to menstrual cycles in female athletes. Thus,
we focused on eicosapentaenoic acid (EPA), a fish oil
component, as it was found to be associated with the
suppression of oxidative stress, inflammation, postexer-
cise test inflammation, and antioxidant potential in ath-
letes,” ! and examined the effects of EPA-rich fish oil
supplements on the suppression of oxidative stress.
This study examined the redox reaction during men-
strual cycle and the effect of EPA intake on the redox re-
action for each menstrual cycle in female athletes.

In addition, because EPA intake eases dysmenor-
rhea,"” '* we examined the subjective scale of dysmen-
orrhea and premenstrual syndrome (PMS) before and
after the intake of the trial food. We hypothesized
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that the intake of supplements with high EPA content
suppresses oxidative stress during menstrual and follic-
ular phases.

Materials and Methods

Ethics statement

This study was conducted in accordance with the
guidelines of the Declaration of Helsinki. The protocol
was registered at the University Hospital Medical
Information Network Clinical Trial Registry. This
study was approved by the Ethical Review Board of
the University of Sendai (approval no. 29-06). All par-
ticipants provided verbal informed consent. Partici-
pants were informed in advance of the purpose,
methods, and privacy protection of the study, and writ-
ten consent for participation was obtained. Joint re-
searchers of the same gender as participants recorded
and confirmed information related to menstrual cycle.

Participants
The participants were 23 female university students
who were part of the basketball team. Twenty-one stu-
dents with confirmed regular menstrual cycles were se-
lected. A regular menstrual cycle was defined as having
the following three items: two cycles between 25 and 38
days, a basal temperature confirmed based on the low-
and high-temperature phases, and a positive result for
luteinizing hormone. For the basal body temperature,
information about menstrual cycle was recorded by
the group ahead of time; the basal body temperature
from two menstrual cycles was used to confirm the
low- and high-temperature phases. Terumo Electronic
Thermometer WOMAN C502 (Terumo Corporation,
Japan) was used to measure basal body temperature.
For the positive determination of luteinizing hor-
mone, the ovulation day was predicted from menstrual
cycle, and a positive determination for the two men-
strual cycles was made using a self-test kit for luteiniz-
ing hormone (Mizuho Medy Co., Ltd., Japan); a female
joint researcher made this determination. Those with
gynecological diseases or severe menstrual symptoms
requiring sedatives; those taking other drugs or supple-
ments or smokers; and those with allergies to bluefish,
such as sardines and mackerel, were excluded from the
study. A flowchart showing the process of each step in
this trial is shown in Figure 1.

Supplementation
Supplementation was prepared considering the safety
based on previous studies.”'>™'® A 300-mg soft capsule
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Assessed for eligibility (n = 23) |

Excluded (n = 2)
+ Not meeting the inclusion criteria (n = 2)

| Randomized (n = 21) |
v ' v

| EPA/DHA group (n=11) | | Control group (n = 10) |
| Lost to follow-up (n = 0) | | Lost to follow-up (n = 0) |
| Analyzed (n = 11) | | Analyzed (n = 10) |

FIG. 1. Flow diagram of progress at each stage of a randomized, double-blind, placebo-controlled trial
(i.e., enrolment, intervention allocation, follow-up, and data analysis).

was made with the following fat components: fish oil Redox reaction

with high EPA content or corn oil as a placebo (Nippon Difference in reactive oxygen metabolites (d-
Suisan Kaisha, Ltd., Tokyo, Japan). The participants took ROMs), which indicate the degree of oxidative
12 supplemental capsules per day, dividing them equally ~stress, and the biological antioxidant potential
after each meal. The EPA/DHA group (EG) took (BAP), which indicates antioxidant power, were
3600mg of fish oil (900 mg of EPA and 403mg of measured by centrifuging and separating 50 uL of
DHA) per day, and the control group (CG) took blood and using a free-radical analytical device
3600 mg of corn oil (without EPA and DHA) per day. (Free CarrioDuo, Wismerll Co., Tokyo, Japan).
There were no specific instructions provided by us re- d-ROMs capture the hydroxy peroxide level in the

garding the diet during the experiment. plasma generated by active oxygen and free radicals
in the body. d-ROMs were obtained by measuring
Experimental design hydroxy peroxide concentrations in a color reaction

The study was conducted as a randomized, double- and calculating the change in absorbance. BAP was
blind, placebo-controlled trial. The trial period started obtained by adding serum to a mixed solution of a
from July to December. During the period from July to ~féagent containing a thiocyanate derivative and a
September (two menstrual cycles), the participants reagent containing iron ions and by calculating
with a regular period were selected. The interventional the change in absorbance when the serum was re-
trial was conducted between September and December, duced from trivalent iron (Fe3+) to divalent iron

which corresponded to the two menstrual cycles. The (Fe2+). ‘ o _
experimental protocol is shown in Figure 2. The potential antioxidant capacity (BAP/d-ROMs)

The participants were allocated into two groups, and ~ Was calculated by dividing the BAP (indicates antioxi-
stratified randomization was used to minimize bias in dant power) by d-ROMs (indicates the degree of oxida-
the amount of exercise due to the basketball club train- tion). The redox reaction was measured four times:
ing. The EG and CG took the capsules for two men- during menstrual and follicular phases in two men-
strual cycles (about 8 weeks). The sequence allocation strual cycles.
concealment and blinding of the participants and re-
searchers were maintained throughout this period. To Blood collection
manage and record the supplement intake, participants Under physician guidance, a nurse collected blood
noted the time of intake and health conditions on the samples from the midline of the vein. Blood samples
record sheet. were collected after 8 hours of fasting. Four fractions
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-
| Record menstrual cycle: July — September |
Menstrual phase (7 days) | Follicular phase (7 days) | Luteal phase (18 days)
After menstruation begins (15 — 17 days)
*Measurement of luteinizing hormone
-
Menstrual phase (7 days) | Follicular phase (7 days) | Luteal phase (18 days)
After menstruation begins (15 — 17 days) Before the onset of menstruation (4 — 5 days)
»Measurement of luteinizing hormone *Examination of PMS
| Selection of subjects |
-
| start of experiment: September — December |
Menstrual phase (7 days) ] Follicular phase (7 days) | Luteal phase (18 days)
Day after the onset of menstruation After menstruation begins (16 days) Before the onset of menstruation (4 — 5 days)
»Measurement of redox reaction »Measurement of redox reaction *Examination of PMS
»Examination of dysmenorrhea » Start intake the supplements.
+Blood collection: Fatty acids
o
Menstrual phase (7 days) | Follicular phase (7 days) | Luteal phase (18 days)
Day after the onset of menstruation Before the onset of menstruation (4 — 5 days)
»Examination of dysmenorrhea »Examination of PMS
i
Menstrual phase (7 days) | Follicular phase (7 days) | Luteal phase (18 days)
Day after the onset of menstruation After menstruation begins (16 days)
»Measurement of redox reaction »Measurement of redox reaction
*Examination of dysmenorrhea » Finish intake of the supplements
+Blood sampling: Fatty acids
FIG. 2. Experimental protocol. Case of the 32-day menstrual cycle.
N\

of fatty acids from the participants were measured
before and after the intervention. Approximately
8 mL of blood was drawn from the antecubital vein
through a standard venipuncture technique. Blood
was collected in ethylenediaminetetraacetic acid
tubes for whole-blood and plasma analysis. Four
fractions of fatty acids (arachidonic acid [AA],
EPA, DHA, and EPA/DHA ratio) were measured
to confirm EPA concentrations in the control and
intervention groups; high EPA and DHA concentra-
tions in the intervention group confirmed that the
participants took the EPA/DHA supplemental cap-
sule. In this study, 24 fractions of fatty acids in the
serum were measured by LSI Medience Corporation
(Sendai City, Japan).

Questionnaire on PMS, dysmenorrhea,

and nutritional intake

To assess the PMS, responses were “none, 07; “mild, 17;
“medium, 2”; and “severe, 3” based on the question-
naire used in a previous study by Takeda et al.'” The
total response score was 69 points. In addition, partic-

ipants responded about dysmenorrhea symptoms
(lower abdominal pain, lower back pain, etc.) using a
numerical rating scale.

To confirm the nutritional intake of the participants,
we used the Food Frequency Questionnaire Based on
Food Groups version 5 (FFQg) software to conduct the
food survey before and after the intake of the trial food.

Statistical analysis

All data are expressed as the mean + standard devia-
tion. Significance between EG and CG was calculated
using a two-way analysis of variance (ANOVA), and
a two-way ANOVA with repeated measures in the
groups (EG vs. CG) was used to test for the interac-
tion and main effects. If a significant difference was
noted in the interaction (condition X time), the Bon-
ferroni method was used to perform multiple com-
parisons of all groups in subsequent tests. If a
significant difference was only found in the main ef-
fect (time), the t-test was used. Furthermore, to show
the effect size, a two-way ANOVA was used to calcu-
late the partial eta squared (n?), and the t-test was
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calculated using Cohen’s d. Unpaired ¢-test and redox
reaction were used to compare the menstrual and fol-
licular phases before the intake of the trial food. Sta-
tistics were calculated using the SPSS software;
p<0.05 was considered significant.

Results

No significant difference was found in the characteris-
tics between the two groups (EG, n=11, age: 20.1+1.1
years, height: 166.6 £ 3.8 cm, weight: 57.7 £4.5kg, and
body fat: 17.3%+2.7%; CG, n=10, age: 19.9+14
years, height: 165.6 £ 6.0 cm, weight, 59.2+6.0kg, and
body fat: 18.7% +£4.3%). Two subjects were excluded
because they did not have regular menstrual cycles.
Using the FFQg, no significant difference was noted
in the nutrient intake between the two groups (EG, en-
ergy: 1506.3+348.3 kcal, protein: 45.6+£12.7¢g, fat:
47.6+13.6 g, carbohydrate: 203.3+49.3 g, and omega-
3 fatty acid: 1.0£0.4g; CG, energy: 1349.4+2159
kcal, protein: 42.7+11.6g, fat: 42.5+8.8g, carbohy-
drate: 192.6+34.4¢g, and ome2ga-3 fatty acid: 1.0%
0.3g). The nutritional intake of both the groups did
not differ before and after the intervention.

Redox reaction

The result of the two-way ANOVA on pre- and posttrial
food d-ROMs, BAP, and BAP/d-ROMs for each cycle
showed a significant difference in d-ROMs and BAP/
d-ROMs during the menstrual phase by the main effect
of time (before and after intake) for EG and CG
(d-ROMs: p=0.003, n?=0.370, BAP/d-ROMs: p=0.022,
N>=0.248). Subsequent tests showed a significant de-
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crease in d-ROMS of EG and CG during the menstrual
phase after an intake of the trial food (EG: p=0.045,
d=10.689, CG: p=0.036, d=0.781); however, no signif-
icant difference was found in the BAP/d-ROMs after an
intake of the trial food. In the follicular phase, signifi-
cant differences were observed only in the main effects
of d-ROMs and BAP/d-ROMs (d-ROMs: p=0.008,
N*=0.312, BAP/d-ROMs: p=0.04, n>=0.204).

In the post hoc test, d-ROM and BAP/d-ROM of the
EG were significantly different before and after sup-
plementation (d-ROMs: p=0.008, d=1.008, BAP/d-
ROMs: p=0.026, d=—0.778). The above results are
shown in Table 1.

The results of the redox reactions between menstrual cy-
cles were as follows: d-ROMs were 283 +38.3 Carratelli
unit (CARR U) and 288 +40.0 CARR U during the men-
strual and follicular phases, respectively. BAP levels were
1996 +137.8 and 2058 £135.7 uM during the menstrual
and follicular phases, respectively, and the BAP/d-
ROMs were 7.2+ 1.1 and 7.2+ 1.2 during the menstrual
and follicular phases, respectively, and no significant dif-
ference was noted.

PMS and dysmenorrhea

The results of PMS and dysmenorrhea were scored,
and data were used in the two-way ANOVA. No signif-
icant difference was observed in the main effect or in-
teraction (Table 2).

Four fractions of fatty acids
EPA (pre: 16.9+6.7 ug/mL; post: 59.6+34.8 ug/mL;
p=0.002), DHA (pre: 55.8+18.7 ug/mL; post: 84.7+

Table 1. Effects of Supplementation and Redox Reactions During Each Menstrual Cycle

EG pre EG post p

d CG pre CG post p d

Menstrual phase

d-ROMs (CARR U) 291.2+42.0 269.0+37.6

0.045*

0.689 274.2+33.6 251.7+315 0.036* 0.781

Time x condition interaction: p=0.981 and 1?=0.0; time main effect: p=0.003 and n?=0.370

BAP (uM) 2010.1£142.2 2018.7£155.0 — — 20125+117.8 1969.9+£85.0 —
Time x condition interaction: p=0.300 and 1?>=0.121; time main effect: p=0.489 and 1>=0.0
Antioxidant capacity 70%+1.0 76x1.0 0.067 —-0.619 7512 79+09 0.166 —0.477
(BAP/d-ROMs) Time x condition interaction: p=0.778 and 1?>=0.004; time main effect: p=0.022 and 1?=0.248
Follicular phase
d-ROMs (CARR U) 301.0+47.6 262.6+39.7 0.008* 1.008 273.7+248 257.6+36.9 0.304 0.345
Time x condition interaction: p=0.245 and 1>=0.071; time main effect: p=0.008 and >=0.312
BAP (uM) 2015.6+£141.3 1970.8£176.0 — — 2103.9+£119.2 20733+151.2 —
Time x condition interaction: p=0.585 and 12=0.002; time main effect: p=0.346 and 1°=0.047
Antioxidant capacity 68+14 7613 0.026* —0.778 7.7%0.8 82+15 0.368 —0.300

(BAP/d-ROM:s) Time x condition interaction: p=0.590 and 1>=0.016; time main effect: p=0.040 and 1>=0.204

Data are presented as mean = SD. Statistics: two-way ANOVA (p <0.05). Post hoc test: paired t-test (p < 0.05). d and n? value = effect size. Pre (before
supplementation); post (after supplementation).

*p <0.05 a significant difference between groups.

ANOVA, analysis of variance; BAP, biological antioxidant potential; CARR U, Carratelli unit; CG, control group; d-ROMs, difference in reactive oxygen
metabolites; EG, EPA/DHA group.
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Table 2. Effects of Supplementation on Premenstrual Syndrome and Dysmenorrhea

EG

Pre Post: Phase 1

Premenstrual syndrome (point) 79+6.1 761+6.0

Time x condition interaction: p=0.253 and 1>=0.081; time main effect: p=0.164 and 1>=0.113

Dysmenorrhea (point) 22+13 1.9+1.0

CcG
Post: Phase 2 Pre Post: Phase 1 Post: Phase 2
7.0+5.9 10.4+£9.6 57%52 74+4.6
22+17 25+22 26+28 22+19

Time x condition interaction: p=0.704 and 1>=0.013; time main effect: p=0.917 and 11>=0.005

Pre (before supplementation), post: phases 1 and 2 (menstrual weeks 1 and 2 after supplementation). Statistics: two-way ANOVA (p <0.05).

20.6 ug/mL; p=0.000), and EPA/AA ratio (pre: 0.09 %
0.03; post: 0.31 £0.19; p=0.003) of EG showed a signif-
icant difference after the intake of the trial food.
However, no significant difference was noted in
AA (pre: 181.6+28.6 ug/mL; post: 204+44.5 ug/mL;
p=0.064). AA (pre: 186.9+47.6 ug/mL; post: 186.5+
27.7 ug/mL; p=0.972), EPA (pre: 22.0+9.9 ug/mL;
post: 27.5+20.6 ug/mL; p=0.368), DHA (pre: 67.3 %
19.5 ug/mL; post: 67.7+£22.8 ug/mL; p=0.944),
and EPA/AA ratio (pre: 0.1210.05; post: 0.15%
0.12; p=0.366) of CG did not show a significant
difference.

Discussion

In this study, we compared d-ROMs, BAP, and BAP/
d-ROMs before and after intake of the trial food for
each menstrual cycle. d-ROMs during menstrual
phase were significantly lower after an intake of the
trial food for EG and CG. During the follicular
phase, this trend was only seen in EG. BAP/d-
ROMs during the follicular phase was significantly
higher after an intake only in EG. In addition, BAP/
d-ROMs during the menstrual phase showed a de-
creasing trend after an intake in EG. These results in-
dicate that an EPA intake suppressed oxidation in the
oxidation-reduction balance, leaning toward the re-
duction side. In addition, oxidative stress was re-
duced despite inadequate nutritional intake in
participants.

A possible factor is the anti-inflammatory and phys-
iological functions of EPA. EPA and DHA can partially
inhibit inflammation: the production of eicosanoids,
such as prostaglandins and leukotrienes, from n-6
fatty acid AA, and production of inflammatory cyto-
kines.”*>* This means that these immune cells sup-
press excessive production of ROS, where muscle
damage from muscle movement activates macrophages
through the production of cytokines.”** Furthermore,
anti-inflammatory actions following an exercise load
were clarified by Corder, who conducted an interven-

tion trial with women using omega-3 fatty acid
DHA.** Considering that this study’s participants
were athletes exposed to oxidative stress, a decrease
in d-ROMs with an intake of EPA and DHA, the effects
on BAP/d-ROM:s can be explained with the above rea-
sons. In the study by Buonocore et al., n-3 fatty acid
supplementation was given to long-distance runners
for 8 weeks.

As a result, oxidative and inflammatory markers de-
creased.” The results of this study also showed a de-
crease in oxidative markers. Furthermore, in the
inflammatory process during menstruation, a decrease
in progesterone suppresses the metabolism of prosta-
glandins, eliminating the protective functions of ROS.
When active oxygen increases, nuclear factor-xB
changes from a restraint to a release state, activating
the transcription of target genes and increasing the syn-
thesis of inflammatory prostaglandins.”>*” As such, in
an endocrine event of a menstrual cycle, the anti-
inflammatory action of EPA is likely involved with
the above-described mechanism. Furthermore, given
that the lack of change in BAP indicates antioxidant ef-
fects, with the actions of EPA and DHA, a reducing
agent was not needed.

However, in a previous study, its action as an an-
tioxidant has been indicated.'" The above mecha-
nism on EPA supplementation is the reason why
the redox balance tilts toward reduction. A decrease
in d-ROMs was confirmed in CG during the men-
strual phase. Fluctuations in d-ROMs in both groups
were lower after the intake of the trial food. This pos-
sibly occurred because of a hot environment and ox-
idative stress. For the measurement of redox reaction
in the menstrual phase, preintake was conducted
from early to late September, and postintake was
given from late October to mid-December. During
the former period, caution was taken in regard to
heat stress. Heat stress is an environmental factor
that could stimulate ROS generation,”® and during
the study period, a hot environment may have some
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effects on the fluctuations of oxidative stress. Consid-
ering the objective of this study, this is one of the
limitations.

In a previous study, the degree of oxidative stress
gradually increased from the menstrual phase to the
follicular phase®™’; however, in this study, a similar
trend was not observed. The study participants were
college athletes who are members of a university bas-
ketball team; thus, the generation of endogenous anti-
oxidants by exercise was more activated in these
athletes than in the general female population. In addi-
tion, lifestyle is related to factors of oxidative stress.’
Specifically, this study’s population had a lower average
nutritional intake than the requirement3 031, thus, we
can assume that different lifestyles and nutritional in-
take affect oxidation-reduction balance. A challenge
with the health management of female athletes is the
“low energy availability,”>> where many participants
fit this description.

However, during the experimental period, the
participants maintained regular menstrual cycles
and conditions. However, we assume that it has a
minor effect on the hormone level, and estrogen
and progesterone levels in menstrual cycle affect
redox reactions. However, in this study, these lev-
els were not measured. Thus, we were unable to
further discuss hormone levels, which is another
limitation.

Moreover, no significant difference was found be-
tween the groups in terms of dysmenorrhea and PMS
scales. The participants were not selected based on
the experience of dysmenorrhea and PMS; thus, our re-
sults were inconsistent with previous studies on dys-
menorrhea. However, because prostaglandin secretion
is involved in dysmenorrhea,” given the physiological
actions of EPA, it might lessen dysmenorrhea. Overall,
this study is limited by the relatively small sample size.
Thus, a further survey with larger sample size is neces-
sary. Furthermore, the effect size was calculated due to
the small sample size; however, the significance was
weak. Regarding the markers of redox reactions,
Fumiaki et al. believe that individual differences in
blood iron levels may affect the accuracy of the
d-ROMs test.>*

However, in a study by Tomonori et al, the relation-
ship of nontransferrin-bound iron (NTBI) and oxida-
tive stress with cardiac burden in the general
population was observed; their results revealed an inde-
pendent relationship between NTBI and d-ROM.>® In
terms of their subjects, these two studies have charac-
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teristics similar to the present study.”® Moreover,
these two studies, most recent previous studies,””®
and most other studies have not adjusted for confound-
ing iron concentrations. Therefore, we did not measure
iron concentrations. As per the hypothesis by Fumiaki
et al, the unmeasured iron concentration may be a lim-
itation. In the future, we hope that their hypothesis will
be clarified.

The strength of this study was on the management of
menstrual cycle of each participant, which was per-
formed by joint researchers in cooperation with the
participants. Thus, measurements of biochemical
markers, questionnaire survey on dysmenorrhea, and
other processes were performed appropriately. Fur-
thermore, this is the first study to provide EPA and
DHA to female athletes over 8 weeks (two menstrual
cycles) and observed the redox reaction during each
menstrual cycle. The present result could lead to a rec-
ommendation of EPA-rich fish oil in female athletes for
conditioning management.

Conclusions

Supplementation with EPA over two menstrual cycles
is strongly involved in the antioxidant action during
the menstrual and follicular phases. This is an impor-
tant finding in terms of controlling the redox balance
during menstrual cycles.

Acknowledgments

We express our deepest appreciation to all participants.
The authors thank Kenichi Yanagimoto and Ayaka
Katou of Nippon Suisan Kaisha, Ltd. (Tokyo, Japan)
for their helpful assistance and production of the sup-
plements used in this study.

Authors’ Contributions

Conceived and designed the analysis: Y.M., A.K., and
K.Y. Data collection: K.Y., N.F., and Y.M. Contrib-
uted data/analysis tools: Y.M., A.K,, and K.Y. Per-
formed the analysis: Y.M., A.K,, and K.Y. Wrote the
article: Y.M.

Data Sharing Statement

The datasets generated during and/or analyzed during
the current study are available from the corresponding
author on reasonable request.

Author Disclosure Statement
No competing financial interests exist.



Mano, et al.; Women’s Health Reports 2022, 3.1
http://online.liebertpub.com/doi/10.1089/whr.2022.0003

Funding Information

Research expenses are supported by Sendai Univer-
sity’s financial support (grant no.: 0020) provided to in-
dividual researchers. The funder did not play any role
in any aspect of the study or its publication.

References

1.

2.

Wiecek M. Menstrual cycle and physical effort. IntechOpen 2018:79675;
doi: 10.5772/intechopen.79675

Nocella C, Cammisotto V, Pigozzi F, et al. Impairment between ox-
idant and antioxidant systems: Short- and long-term implications
for athletes’ health. Nutrients 2019;11(6):1353; doi:
10.3390/nu11061353

. Michos C, Kiortsis DN, Evangelou A, et al. Antioxidant protection during

the menstrual cycle: The effects of estradiol on ascorbic-dehydroascorbic
acid plasma levels and total antioxidant plasma status in eumenorrhoic
women during the menstrual cycle. Acta Obstet Gynecol Scand 2006;
85(8):960-965; doi: 10.1080/00016340500432812

. Cornelli U, Belcaro G, Cesarone MR, et al. Analysis of oxidative stress

during the menstrual cycle. Reprod Biol Endocrinol 2013;11:74; doi:
10.1186/1477-7827-11-74

. Karowicz-Bilinska AK, Plodzidym M, Krol J, et al. Changes of markers of

oxidative stress during menstrual cycle. Redox Rep 2008;13(5):237-240;
doi: 10.1179/135100008X308993

. Massafra C, Gioia D, De Felice C, et al. Effects of estrogens and androgens

on erythrocyte antioxidant superoxide dismutase, catalase and glutathi-
one peroxidase activities during the menstrual cycle. J Endocrinol 2000;
167(3):447-452; doi: 10.1677/joe.0.1670447

. Matsuda T, Ogata H, Kanno M, et al. Effects of the menstrual cycle

on oxidative stress and antioxidant response to high-intensity in-
termittent exercise until exhaustion in healthy women. J Sports Med
Phys Fitness 2020;60(10):1335-1341; doi: 10.23736/50022-
4707.20.10868-5

. Arsic A, Vucic V, Glibetic M, et al. Redox balance in elite female athletes:

Differences based on sport types. J Sports Med Phys Fitness 2016;56(1-2):
1-8.

. Tartibian B, Maleki BH, Abbasi A. The effects of ingestion of

omega-3 fatty acids on perceived pain and external symptoms
of delayed onset muscle soreness in untrained men. Clin J
Sport Med 2009;19(2):115-119; doi:
10.1097/JSM.0b013e31819b51b3

. Bloomer RJ, Larson DE, Fisher-Wellman KH, et al. Effect of eicosapentae-

noic and docosahexaenoic acid on resting and exercise-induced inflam-
matory and oxidative stress biomarkers: A randomized, placebo
controlled, cross-over study. Lipids Health Dis 2009;8:36; doi:
10.1186/1476-1511X-8-36

. Richard D, Kefi K, Barbe U, et al. Polyunsaturated fatty acids as antiox-

idants. Pharmacol Res 2008;57(6):451-455; doi:
10.1016/j.phrs.2008.05.002

. Rahbar N, Asgharzadeh N, Ghorbani R. Effect of omega-3 fatty acids on

intensity of primary dysmenorrhea. Int J Gynaecol Obstet 2012;117(1):45-
47; doi: 10.1016/.{jg0.2011.11.019

. Moghadamnia AA, Mirhosseini N, Abadi MH, et al. Effect of Clupeonella

grimmi (anchovy/kilka) fish oil on dysmenorrhea. East Mediterr Health J
2010;16(4):408-413; doi: 10.26719/2010.16.4.408

. Harel Z, Biro FM, Kottenhahn RK, et al. Supplementation with omega-3

polyunsaturated fatty acids in the management of dysmenorrhea in ad-
olescents. Am J Obstet Gynecol 1996;174(4):1335-1338; doi:
10.1016/50002-9378(96)70681-6

. Simopoulos AP. Omega-3 fatty acids and athletics. Curr Sports Med Rep

2007;6(4):230-236; doi: 10.1007/511932-007-0037-4

. Kawabata F, Neya M, Hamazaki K, et al. Supplementation with

eicosapentaenoic acid-rich fish oil improves exercise economy
and reduces perceived exertion during submaximal steady-state
exercise in normal healthy untrained men. Biosci Biotechnol
Biochem 2014;78(12):2081-2088; doi:
10.1080/09168451.2014.946392

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

35.

650

. Tsuchiya Y, Yanagimoto K, Nakazato K, et al. Eicosapentaenoic and

docosahexaenoic acids-rich fish oil supplementation attenuates
strength loss and limited joint range of motion after eccentric con-
tractions: A randomized, double-blind, placebo-controlled, parallel-
group trial. Eur J Appl Physiol 2016;116(6):1179-1188; doi:
10.1007/s00421-016-3373-3

. US Food and Drug Administration (2000) Letter Regarding Dietary

Supplement Health Claim for Omega-3 Fatty Acids and Coronary Heart
Disease. Maryland, US: Docket No. 91 N-0103.

. Takeda T, Imoto Y, Nagasawa H, et al. Fish consumption and premenstrual

syndrome and dysphoric disorder in Japanese collegiate athletes.

J Pediatr Adolesc Gynecol 2016;29(4):386-389; doi:
10.1016/j.,j0ag.2016.01.122

Calder PC. Omega-3 fatty acids and inflammatory processes: From mol-
ecules to man. Biochem Soc Trans 2017;45(5):1105-1115; doi:
10.1042/BST20160474

Wu D, Lewis ED, Pae M, et al. Nutritional modulation of immune function:
Analysis of evidence. Mech Clin Relevance 2019;15:9; doi:
10.3389/fimmu.2018.03160

Gammone MA, Riccioni G, Parrinello G, et al. Omega-3 polyunsaturated
fatty acids: Benefits and endpoints in sport. Nutrients 2018;11(1):46; doi:
10.3390/nu11010046

Peake JM, Neubauer O, Della Gatta PAD, et al. Muscle dam-

age and inflammation during recovery from exercise. J Appl
Physiol (1985) 2017;122(3):559-570; doi: 10.1152/japplphy-
5i0l.00971.2016

Corder KE, Newsham KR, McDaniel JL, et al. Effects of short-term doco-
sahexaenoic acid supplementation on markers of inflammation after
eccentric strength exercise in women. J Sports Sci Med 2016;15(1):176-
183.

Buonocore D, Verri M, Giolitto A, et al. Effect of 8-week n-3
fatty-acid supplementation on oxidative stress and inflammation
in middle- and long-distance running athletes: A pilot study.

J Int Soc Sports Nutr 2020;17(1):55; doi: 10.1186/512970-020-
00391-4

Evans J, Salamonsen LA. Inflammation, leukocytes and menstruation. Rev
Endocr Metab Disord 2012;13(4):277-288; doi: 10.1007/s11154-012-
9223-7

Graziottin A, Zanello PP. Menstruation, inflammation and comorbid-
ities: Implications for woman health. Minerva Ginecol 2015;67(1):
21-34.

Slimen IB, Najar T, Ghram A, et al. Reactive oxygen species, heat
stress and oxidativeinduced mitochondrial damage. A review. Int J
Hyperthermia 2014;30(7):513-523; doi:
10.3109/02656736.2014.971446

Sharifi-Rad M, Anil Kumar NV, Zucca P, et al. Lifestyle, oxidative
stress, and antioxidants: Back and forth in the pathophysiology of
chronic diseases. Front Physiol 2020;11:694; doi:
10.3389/fphys.2020.00694

Kerksick CM, Wilborn CD, Roberts MD, et al. ISSN exercise & sports nu-
trition review update: Research & recommendations. J Int Soc Sports Nutr
2018;15(1):38; doi: 10.1186/512970-018-0242-y

Dietary reference intakes for Japanese; 2020. Available from: https://
www.mhlw.go.jp/stf/newpage_08517.html [Last accessed: June 5,
2021].

Logue DM, Madigan SM, Melin A, et al. Low energy availability in athletes
2020: An updated narrative review of prevalence, risk, within-day energy
balance, knowledge, and impact on sports performance. Nutrients 2020;
12(3):835; doi: 10.3390/nu12030835

lacovides S, Avidon |, Baker FC. What we know about primary dysmen-
orrhea today: A critical review. Hum Reprod Update 2015;21(6):762-778;
doi: 10.1093/humupd/dmv039

Ito F, Sono Y, Ito T. Measurement and clinical significance of lipid per-
oxidation as a biomarker of oxidative stress: Oxidative stress in diabetes,
atherosclerosis, and chronic inflammation. Antioxidants (Basel) 2019;8(3):
72; doi: 10.3390/antiox8030072

Sugiura T, Dohi Y, Takase H, et al. Analytical evaluation of serum non-
transferrin-bound iron and its relationships with oxidative stress and
cardiac load in the general population. Medicine 2021;100(7):e24722; doi:
10.1097/MD.0000000000024722


https://www.mhlw.go.jp/stf/newpage_08517.html
https://www.mhlw.go.jp/stf/newpage_08517.html

Mano, et al.; Women’s Health Reports 2022, 3.1 651
http://online.liebertpub.com/doi/10.1089/whr.2022.0003

36. Militello R, Luti S, Parri M, et al. Redox homeostasis and metabolic profile  /~ ™
in young female basketball players during in-season training. Healthcare Abbreviations Used
(Basel) 2021;9(4):368; doi: 10.3390/healthcare9040368

37. Nishihara T, Yamamoto E, Sueta D, et al. Impact of reactive oxidative
metabolites among new categories of nonischemic heart failure. J Am
Heart Assoc 2021;10(7):e016765; doi: 10.1161/JAHA.120.016765

38. Norihito S, Takeshi K, Nozomi F, et al. Intra-arterial anti-oxidant power neg-
atively correlates with white matter injury, and oxidative stress positively
correlates with disability in daily activities. Exp Neurol 2021;336:113539.

AA = arachidonic acid
ANOVA = analysis of variance
BAP = biological antioxidant potential
CARR U = Carratelli unit
CG = control group
DHA = docosahexaenoic acid
d-ROMs = difference in reactive oxygen metabolites
EG = EPA/DHA group
EPA = eicosapentaenoic acid

Cite this article as: Mano Y, Kato A, Fukuda N, Yamada K, and FFQg = Food Frequency Questionnaire Based on Food Groups
Yanagimoto K (2022) Influence of ingestion of eicosapentaenoic acid- version 5

rich fish oil on oxidative stress at the menstrual phase: a randomized, NTBI = nontransferrin-bound iron

double-blind, placebo-controlled, parallel-group trial, Women'’s Health PMS = premenstrual syndrome

Reports 3:1, 643-651, DOI: 10.1089/whr.2022.0003. ROS = reactive oxygen species

e
-

-

.

Publish in Women’s Health Reports

= |[mmediate, unrestricted online access
‘Women*s Health

o Ri .
Reports Rigorous peer review

= Compliance with open access mandates
= Authors retain copyright

= Highly indexed

= Targeted email marketing

g o it o e

liebertpub.com/whr



http://www.liebertpub.com/whr

