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Abstract
Background: The exact pathophysiology of premenstrual syndrome (PMS) and premenstrual dysphoric disorder
(PMDD) is still unknown. This study aimed to investigate the concentration of 8-hydroxy-2¢-deoxyguanosine
(8-OHdG) in plasma in relation to the menstrual cycle and the severity of premenstrual symptoms in young
Japanese women.
Methods: The study included 21 healthy Japanese women 19–24 years of age. Fourteen women had no or mild
PMS [PMS (�)], while five women had moderate to severe PMS and two women exhibited PMDD [PMS (+)]. The
concentration of 8-OHdG in plasma was measured by means of high-performance liquid chromatography–
electrochemical detector. The Center for Epidemiologic Studies Depression (CES-D) scale was used to evaluate
the depressive tendency.
Results: The concentration of 8-OHdG before menstruation was significantly higher than that after menstruation
in total subjects ( p = 0.04). In the PMS (+) group, the 8-OHdG concentration before menstruation was higher than
that after menstruation ( p = 0.02). Moreover, the PMS (+) group showed a higher 8-OHdG concentration com-
pared with the PMS (�) group before menstruation ( p < 0.01), as well as higher CES-D scores compared with
the PMS (�) group both before and after menstruation ( p < 0.01).
Conclusions: These results suggested that the oxidation of DNA occurred before menstruation in PMS. The
depression was associated with PMS symptoms both before and after menstruation in patients with PMS. Oxi-
dation of DNA due to oxidative stress and depression in PMS patients may be involved in the pathogenesis
of PMS. Clinical Trial Registration number 15-02-011.
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Introduction
According to population-based studies, 30%–40% of
women in the reproductive period meet the diagnostic
criteria for premenstrual syndrome (PMS).1,2 As de-
fined in the tenth revision of the International Classifi-
cation of Diseases (ICD-10), PMS is ‘‘characterized by a
group of symptoms, such as depression, anxiety, irrita-
bility, fatigue, breast tenderness, and sleep disturbance,
which start 1 to 2 weeks before menstruation and dis-
appear after menstruation starts.’’3 A severe subtype of
PMS, where affective symptoms predominate, has been
classified as premenstrual dysphoric disorder (PMDD)
and categorized as a depressive disorder in the Diag-
nostic and Statistical Manual of Mental Disorders
Fifth Edition (DSM-5).4

It has been shown that PMS, especially PMDD, has a
negative influence on personal relationships; moreover,
in PMS, work attendance and productivity, as well
as health care costs and utilization, are negatively af-
fected.1 Understanding the pathophysiology of PMS
and PMDD is beneficial for the management of these
negative aspects. However, the exact pathophysiology
of PMS and PMDD is not yet known. Elucidation of
the pathogenesis and, consequently, the establishment
of effective treatments for PMS and PMDD are highly
desired.

Several possible causes of PMS and PMDD have
been suggested, including decreased progesterone
level and secretion of the neurotransmitters such as se-
rotonin or -aminobutyric acid.5,6 Possible risk factors
associated with PMS and/or PMDD include inappro-
priate stress management, lack of exercise, and dietary
alterations, such as alterations in vitamins B6 and E
levels and insufficient levels of calcium and magne-
sium.5,6 Treatment with a-tocopherol (vitamin E), a
representative antioxidant, might be effective for PMS
and PMDD.7 We have previously reported that the bi-
ological antioxidant potential was significantly lower in
the PMS group before than after menstruation, indicat-
ing that antioxidant capacity fluctuates through the
menstrual cycle in the same subjects with PMS.8

Therefore, it can be speculated that controlling the
fluctuation of antioxidant capacity could help to cope
with PMS. In addition, fluctuating oxidative stress
might be related to the occurrence of PMS and
PMDD. To our knowledge, fluctuation in antioxidant
capacity in the same subject with PMS has been inves-
tigated by two groups. Duvan et al. have reported that
total antioxidant capacity in serum on day 21 was sig-
nificantly lower than that on day 3, which might be in

the menstruation phase.9 In contrast, Kalia et al. have
found no difference in antioxidants between the pre-
menstrual phase and after the menstruation.

Oxidative stress induces the oxidation of lipids, pro-
teins, and DNA. It has been reported that the level of
malondialdehyde (MDA) as a marker of lipid peroxida-
tion did not differ significantly between PMS patients
and controls.10,11 However, among 20 previously de-
scribed DNA oxidation products, 8-hydroxy-2¢-
deoxyguanosine (8-OHdG) has been most often studied
because of its sensitivity and mutagenic potential12,13; it
is also considered an oxidative stress biomarker. An in-
crease in the concentration of 8-OHdG has been ob-
served in psychiatric diseases, including depression,
bipolar disorder, and anxiety disorders.14,15 However,
it is not clear whether oxidative stress-induced DNA ox-
idation is involved in the pathogenesis of PMS and
PMDD. In addition, Duvan et al.9 and our previous
study suggested that oxidative stress and antioxidant ca-
pacity may fluctuate during the menstrual cycle.

Nevertheless, 8-OHdG has not been investigated in
the same subjects before and after menstruation in re-
lation to PMS and PMDD. Therefore, in this study, we
analyzed the concentration of 8-OHdG in plasma in re-
lation to the menstrual cycle and to the severity of the
premenstrual symptoms in young Japanese women.

Materials and Methods
Chemicals
We obtained 8-OHdG from Sigma (St. Louis, MO). In
addition, we obtained dl-isoproterenol hydrochloride,
which was used as an internal standard (IS); sodium
dihydrogen phosphate dehydrate; and disodium hy-
drogen phosphate 12-water from Wako Pure Chemical
Industries (Osaka, Japan). We purchased ethylene di-
amine tetra-acetic acid disodium salt (EDTA-2Na)
from Dojindo Laboratories (Kumamoto, Japan). Meth-
anol of chromatographic grade was produced by Kanto
Chemical Co., Inc., (Tokyo, Japan). Ultra-pure water
was produced using the Milli-Q water purification sys-
tem (Millipore, Bedford, MA). Other chemicals and
solvents were of high-performance liquid chromatog-
raphy (HPLC) grade or reagent grade quality.

Standard preparation
First stock standard solutions (1 mg/mL) of 8-OHdG
and IS were prepared in ultra-pure water and stored
at �80�C. The assay standards for each assay were pre-
pared fresh by diluting the stock standard solutions
with the mobile phase.
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Participants
We recruited healthy Japanese females with a men-
strual cycle of 28 – 5 days between February and
April 2016; the subjects were students at the Hokkaido
University of Science. None of the subjects was taking
medications or food supplements. They were all non-
smokers and did not have any history of serious dis-
eases. We excluded the subjects with abnormalities in
hemostatic function and coagulability.

The purpose and design of this study were explained
to the subjects, and they gave their written, informed
consent. The study was carried out in accordance
with the Declaration of Helsinki and approved by the
Ethics Committee of Hokkaido Pharmaceutical Uni-
versity (IRB Approval No. 15-02-011).

We included 21 healthy Japanese women 19–24
years of age. Progesterone levels were measured using
electrochemiluminescence immunoassay (SRL, Inc.,
Sapporo, Japan) to confirm the luteal phase. The refer-
ence values for progesterone in the luteal phase were
>2.05 ng/mL. We excluded participants with progester-
one levels below 2.05 ng/mL from the analysis.

Plasma sampling
About 5 mL of whole blood was collected between 8:30
and 10:30 am into tubes containing 0.01 mM of EDTA-
2Na, and plasma was obtained. The samples of plasma
were stored at �80�C until analysis.

Assessment of PMS
To assess psychological and physical symptoms before
menstruation, we applied the PMDD scale, which is a
Japanese modification16 of the premenstrual symptoms
screening tool.17 The PMDD scale encompasses sec-
tions A and B. Specifically, the questions in section A
focus on the symptoms, such as depressive mood, anx-
iety, tearfulness, anger, decreased interest, poor con-
centration, fatigability, overeating, sleep disturbances,
and feeling out of control, as well as physical symp-
toms. Section B addresses the interference with activ-
ities at the workplace or school; housework; and
relationships with coworkers, family, and friends.
The rating of the severity of symptoms or interfer-
ence was as follows: ‘‘not at all,’’ ‘‘mild,’’ ‘‘moderate,’’
or ‘‘severe.’’

PMDD was determined on the basis of a participant
having answered ‘‘severe’’ to at least one of the first four
items in section A, ‘‘moderate’’ or ‘‘severe’’ to at least
five items in total in section A, and ‘‘severe’’ to at
least one of the items in section B. In addition to

PMDD, moderate to severe PMS was defined if a par-
ticipant answered ‘‘moderate’’ or ‘‘severe’’ to at least five
items in section A, at least one of which had to be
within the first four items, and answered ‘‘moderate’’
or ‘‘severe’’ to at least one of the items in section B.
The remaining participants were regarded as having
mild PMS or no PMS.

Apparatus
The Eicom PC-300 HPLC system (Eicom, Kyoto,
Japan) was used, coupled with the Eicom ECD-300
electrochemical detector (ECD) with a glass carbon
cell WE-GC. The system was operated in the d.c.
mode at +500 mV versus an Ag/AgCl electrode. Chro-
matograms were recorded and evaluated using a Power
Chrom System EPC-300 (Eicom).

Chromatographic analysis of 8-OHdG
in plasma sample
The HPLC separation condition used was based on the
previous work described by Yohei et al.18 and Koide
et al.19 In this study, the HPLC–ECD analysis method
was slightly modified. The eluate and the plasma level
of 8-OHdG were measured using the HPLC–ECD.
The separation of 8-OHdG was carried out on Develo-
sil RPAQUEOUS-AR-5 Column C30 (250 · 0.6 mm
I.D., 5 lm) analytical column (Nomura Chemical Co.,
Ltd., Aichi, Japan); the mobile phase used for isocratic
elution of 8-OHdG and IS consisted of a mixture of
0.1 M sodium phosphate buffer (pH 6.0) and methanol
(90:10, v/v), and 5 mg/L EDTA. The solution was vac-
uum filtered through a 0.22 lm cellulose acetate filter
and ultrasound bath for 30 min.

The flow rate was 0.5 mL/min, and the temperature
was maintained at 40�C. The optimal detection was
achieved at 500 mV potential. The injection volume
was 20 lL, and the retention time of the eluted
8-OHdG and IS was 12 min and 8 min, respectively.
There was a high correlation between the concentra-
tion of 8-OHdG and the ratio of 8-OHdG and IS
peak-area (r2 = 0.999).

8-OHdG and IS were added to the obtained plasma
at a final concentration of 1 ng/mL and centrifuged
(15000 rpm, 4�C, 30 min) using an Amicon Ultra-0.5
Centrifugal Filter Devices (30K) for ultrafiltration
(Millipore). The correlation coefficient was 0.999.
The lower limit of detection of 8-OHdG was
0.025 ng/mL. The averages of 8-OHdG and IS recov-
eries were 113.2% and 101.4%, respectively.
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Assessment of depression
We adopted the Center for Epidemiologic Studies
Depression (CES-D) scale20 to evaluate the level of
depressiveness in the study subjects both before men-
struation and after menstruation. The CES-D scale is
a four-grade (0–3) scale, including 20 questions for
self-assessment of depression; we used the Japanese
version of the CES-D scale.21 The total score on the
CES-D scale is between 0 and 60. Subjects with a
total score of ‡16 tend to be more depressive, especially
those with higher scores.

Statistical analyses
We recorded main demographic characteristics, in-
cluding age, menstrual cycle, and days of collecting
blood samples; these characteristics were compared be-
tween the subjects with PMS and those without PMS
symptoms using the t test. The CES-D scores were
expressed as median (range); since these data did not
follow the normal distribution, they were analyzed by
nonparametric tests. Specifically, data before and after
menstruation were compared using the Wilcoxon
signed-rank test. The data were compared between
the subjects with PMS symptoms and those without
PMS symptoms by the Mann–Whitney U test. The cor-
relation of 8-OHdG and CES-D score was analyzed
using a Spearman’s rank correlation coefficient. All
the analyses were conducted in Bell Curve Excel statis-
tics for Windows (SSRI, Tokyo, Japan). The signifi-
cance level was set at a p-value of 0.05 and lower.

Results
Background of the study subjects
Twenty-one Japanese women were offered to partici-
pate and none of them met the exclusion criteria.
They were 19–24 years of age (average 22 – 1 years).
The mean duration of the menstrual cycle was
30.1 – 3.1 days. The blood samples were collected
5.6 – 2.9 days before the start of menstruation and
7.4 – 1.6 days after. Five women had moderate to severe
PMS, while two women had PMDD (PMS (+) group).
Fourteen women had no or mild PMS [PMS (�)
group]. The mean age of PMS (+) and PMS (�) groups
was 21 – 2 years and 22 – 1 years, respectively. The
mean duration of the menstrual cycle was 30.6 – 4.4
days in the PMS (+) group and 30.0 – 2.4 days in the
PMS (�) group. There were no significant differences
between the groups in age, duration of the menstrual
cycle, and timing of blood sampling (Table 1).

8-OHdG levels
The plasma 8-OHdG concentration before menstrua-
tion was significantly higher than that after menstrua-
tion in total sample ( p = 0.04) (Table 2). The 8-OHdG
concentration before menstruation was higher than
that after menstruation in the PMS (+) group
( p = 0.02), but not in the PMS (�) group ( p = 0.69).
The concentration of 8-OHdG showed higher values
in the PMS (+) group than in the PMS (�) group be-
fore menstruation ( p < 0.01), but did not differ between
the groups after menstruation ( p = 0.53).

CES-D score
The CES-D scores did not change in relation to men-
struation in total sample (Table 3). However, in the
PMS (+) group, there was a tendency for higher CES-
D scores before menstruation compared with those
after menstruation ( p = 0.06). In contrast, no change
was observed in the PMS (�) group ( p = 0.83). The
PMS (+) group, both before and after menstruation,
showed significantly higher CES-D scores compared
with the PMS (�) group ( p < 0.01 for both before
and after menstruation). In addition, there were no

Table 1. Background of Study Subjects

Total
(n = 21)

PMS (+)
(n = 7)

PMS (�)
(n = 14)

Age (years) 22 – 1 21 – 2 22 – 1
Menstrual cycle (days) 30.1 – 3.1 30.6 – 4.4 30.0 – 2.4
Date of collecting blood

before menstruation (days)
5.6 – 2.9 5.7 – 2.8 5.7 – 3.1

Date of collecting blood
after menstruation (days)

7.4 – 1.6 7.3 – 1.1 7.5 – 1.9

Data are presented as median (IQR).
None or mild PMS; PMS (�).
Moderate to severe PMS, and PMDD; PMS (+).
IQR, interquartile range; PMDD, premenstrual dysphoric disorder; PMS,

premenstrual syndrome.

Table 2. 8-OHdG Levels in the PMS (+) and PMS (�) Groups
Before and After Menstruation

8-OHdG levels
(ng/mL)

Before
menstruation

After
menstruation p*

PMS (+) (n = 7) 0.78 (0.69–4.18) 0.71 (0.07–0.76) 0.02*
PMS (�) (n = 14) 0.31 (0.00–3.99) 0.27 (0.00–1.61) 0.69
Total (n = 21) 0.57 (0.00–4.18) 0.43 (0.00–1.61) 0.04*
p 0.53# <0.01# 0.53

Data are presented as median (min–max).
*p < 0.05, before menstruation versus after menstruation.
#p < 0.05, PMS (+) versus PMS (�).
8-OHdG, 8-hydroxy-2¢-deoxyguanosine.
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significant correlations between 8-OHdG concentra-
tion and CES-D score in the total sample and PMS
(+) and PMS (-) groups (data not shown).

Discussion
The plasma concentration of 8-OHdG before menstru-
ation was significantly higher than after menstruation
in the total sample (Table 2) and in the PMS (+)
group, but not in the PMS (�) group. Subjects with
PMS exhibited higher concentrations of 8-OHdG com-
pared with those in the PMS (�) group before men-
struation. However, the two groups did not show
differences in 8-OHdG concentration after menstrua-
tion. These results suggested that DNA was oxidized
before menstruation in subjects with PMS. Oxidation
of DNA due to oxidative stress in PMS patients may
be involved in the pathogenesis of PMS, suggesting
that 8-OHdG might be useful as an indicator of PMS.

Our previous study indicated a decrease in the anti-
oxidant capacity before menstruation in subjects with
PMS8; these results imply that the increased oxidative
stress and decreased antioxidant capacity in patients
with PMS produce an imbalance in oxidative status be-
fore menstruation, which may be involved in the path-
ogenesis of PMS.

We observed that subjects with PMS exhibited
higher CES-D scores compared with those without
PMS, both before and after menstruation (Table 3).
This suggests that in patients with PMS, depressive ten-
dency is related to PMS symptoms both before and
after menstruation. Such a relationship may reflect an
association between PMS and major depressive disor-
der.22 Indeed, there is some overlap between PMDD
criteria, including insomnia and depression, and the
CES-D scale. In addition, PMS is most often confused
with depressive and anxiety disorders.23 These facts
suggest that understanding the pathophysiology and
treatment of psychiatric disorders may be useful for a
better understanding of the background of PMS.

Previous studies have demonstrated increased oxida-
tive stress in patients with depression.24–26 Biomarkers
that have been shown to be relevant to depression in-
clude MDA and 8-OHdG.27 The increase in reactive
oxygen species due to the activation of the sympathetic
nervous system might lead to DNA oxidation in pa-
tients with depressive symptoms.26 These findings sug-
gest that PMS and depression may be related to the
DNA oxidative damage caused by oxidative stress.
Therefore, regulating oxidative stress might help to
control the pathogenesis of PMS. Duvan et al. reported
that the total antioxidant capacity levels decreased on
day 21 of the menstrual cycle; moreover, lipid hydro-
peroxide levels, which are indicators of oxidative status,
significantly increased in subjects with PMS, while the
oxidative balance shifted to the oxidant side.9

Our previous study indicated that the antioxidant
capacity decreased before menstruation in subjects
with PMS.8 Such phenomenon may reflect a change
in the oxidant/antioxidant status and may be related
to the pathogenesis of PMS. In this context, controlling
the fluctuation of antioxidant capacity could be a
promising strategy to cope with PMS.

Bellanti et al. suggested that both estrogens and pro-
gestin are potent antioxidants with protective and
adaptive effects.28 In fact, estrogen level positively cor-
related with plasma antioxidant capacity and antioxi-
dant enzyme expression throughout the menstrual
cycle.29–31 These reports suggested that estrogen levels
might influence the oxidant/antioxidant balance.
Although estrogen levels were not measured in this
study, they have likely fluctuated during the menstrual
cycle. To confirm this, it is necessary to measure estro-
gen levels and to consider their associations with oxida-
tive stress levels and antioxidant capacity.

To the best of our knowledge, there has been no pre-
vious study on the relationship between plasma 8-
OHdG concentrations and symptoms and signs of
PMS and PMDD in the same subjects. Our results in-
dicate that 8-OHdG might be useful as an indicator
of PMS. The measurement of 8-OHdG levels by
blood sampling is more convenient than urine or tissue
collection because it does not require sample concen-
tration. In general, oxidative stress increases with age;
since our subjects were young, the influence of age
may not be significant.

This study had several limitations. First of all, our
sample included female students of only one university;
therefore, generalization of the findings may not be ap-
propriate. Next, the sample size was rather small

Table 3. CES-D Scores in the PMS (+) and PMS (-) Groups
Before and After Menstruation

CES-D score (point) Before menstruation After menstruation p

PMS (+) (n = 7) 41 (16–50) 26 (9–42) 0.06
PMS (�) (n = 14) 11 (4–21) 12 (5–29) 0.83
Total (n = 21) 17 (4–50) 16 (5–42) 0.22
p# <0.01# <0.01#

Data are presented as median (min–max).
#p < 0.05, PMS (+) versus PMS (�).
CES-D, Center for Epidemiologic Studies Depression.
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(n = 21), and PMS and PMDD were not diagnosed by
prospective observation as recommended.4 Moreover,
the luteal phase and follicular phase were not accu-
rately determined. In addition, physical information
such as height and weight was not collected. Finally,
this study did not distinguish between premenstrual
exacerbation and aggravation of an existing psychiatric
or medical illness. To verify our findings, larger-scale
studies in which PMS and PMDD are precisely diag-
nosed and follicular and luteal phases are identified
are desirable.

Conclusions
The increase in 8-OHdG was observed irrespective of
premenstrual symptoms, suggesting that oxidative
stress occurred before menstruation. Before menstrua-
tion, the concentration of 8-OHdG in subjects with
PMS was higher than that in subjects without PMS,
which indicates the presence of a premenstrual imbal-
ance in oxidant/antioxidant status in subjects with
PMS. To the best of our knowledge, this was the first
study to compare 8-OHdG levels before menstrua-
tion with those after menstruation in the same sub-
jects. Considering that the premenstrual imbalance in
oxidant/antioxidant status may be involved in the
pathogenesis of PMS, it may be a reasonable therapeu-
tic target.
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HPLC ¼ high-performance liquid chromatography

IQR ¼ interquartile range
MDA ¼ malondialdehyde

PMDD ¼ premenstrual dysphoric disorder
PMS ¼ premenstrual syndrome
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