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Abstract
Purpose Previous studies have indicated that OxS (oxidative
stress) may appear as a possible reason for poor ARToutcome.
Our aim was to study OxS levels in both partners of couples
seeking Assisted reproduction Technology (ART).
Methods Altogether 79 couples were recruited. Oxidative
DNA damage (8-OHdG) and lipid peroxidation (8-EPI) were
measured, and clinical background and ART outcomes were
recorded.
Results Both OxS markers accurately reflected clincal condi-
tions with prominent negative effects attributable to genital
tract infections, endometriosis, uterine myoma and smoking.
Furthermore, the level of OxS was also affected by partner’s
state of health. The highest 8-EPI levels were detected in both
partners when biochemically detectable pregnancies did not

develop into clinically detectable pregnancies (in women, 97,
8±16,7 vs 72.9±22,9, p=0.007; in men, 89.6±20,4 vs 72,1±
22,6, p=0.049).
Conclusions To conclude, high grade systemix OxS in both
partners may negatively affect the maintenance and outcome
of pregnancy. Applying the detection of OxS in ART patients
may select patients with higher success rate and/or those who
require antioxidant therapy. This would lead to improvement
of ART outcome as well as natural fertility.
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Introduction

The medical definition of infertility is the failure to conceive
following 12 months of unprotected intercourse [1]. Infertility
may occur due to problems with the female, male or both
partners. ART (assisted reproductive technique) includes a
range of methods used to circumvent human fertility [2]. De-
spite many advances in ART, outcome is often unsuccessful:
according to European data collected from 36 countries, the
clinical pregnancy rates per embryo transfer were 33 % for
IVF (in vitro fertilization) and 32% for ICSI (intracytoplasmic
sperm injection) procedure [3]. The frequent reasons for un-
successful ART outcome are poor quality of germ cells or
embryos, genital tract infections, uterine pathologies or endo-
metrial receptivity or unsuitable ART method [4–10].

Some studies have indicated that OxS (oxidative stress)
may appear as a possible reason for poor ARToutcome. High
seminal ROS (reactive oxygen species) level is associated
with impaired sperm fertilizing ability and lower pregnancy

Capsule High grade systemic oxidative stress in both partners affects
negatively the maintenance of pregnancy, therefore its testing in ART
patients may select the patients with higher success rate and/or those who
need antioxidant therapy.
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rates after IVF. Also, negative association has been observed
with embryo development to the blastocyst stage after ICSI
[11]. Oxidative DNA damage may impair embryo develop-
ment, cause miscarriage and birth defects in the offspring
[6, 12]. Reason for elevated OxS level may be a general
or reproductive disease [13].

Since OxS is a possible cause of poor ART outcome, there
is a need for introducing inexpensive and effective assays to
identify OxS that can be easily conduct in any infertility clinic.
To date, one of the most common markers for assessment of
systemic OxS is 8-isoprostanes (8-iso Prostaglandin F2α or 8-
EPI), the byproducts of lipid peroxidation that is excreted by
urine [14]. 8-hydroxy-2’-deoxyguanosine (8-OHdG) is a
common marker of oxidative DNA damage [15].

Aim of this research was to detect OxS levels (applying
detection of 8-EPI and 8-OhdG) in couples attending ART
procedure as well as to examine the relationship between
OxS level, clinical parameters of both partners and also ART
outcome.

Material and methods

Study group

A total 79 couples undergoing either IVF (58 couples) or ICSI
(21 couples) procedure at Nova Vita Clinic (Tallinn, Estonia)
in 2011–2012 were enrolled. Before ART procedure was car-
ried out, sexually transmitted infections (Chlamydia
trachomatis, Neisseria gonorrhoeae , Mycoplasma
genitalium, Trichomonas vaginalis) were tested and treated
in Nova Vita Clinic. The presence of ureaplasmas
(Ureaplasma urealyticum, Ureaplasma parvum), HSV (her-
pes simplex virus), HCV (hepatitis C virus) and Treponema
pallidum antibodies were also detected. Gram stained vaginal
smears were microscopically examined to assess vaginal can-
didiasis and bacterial vaginosis [16]. The analysis of semen
was performed according toWHO guidelines [17]. Inflamma-
tory prostatitis was assessed by the neutrophil concentration in
semen applying the WHO normative 106 WBC/ml [18] as
well as lowered level of neutrophils 0,2×106 WBC/ml [19].

None of the subjects had used prostaglandins during the
last week. Table S1 describes the study group and represents
the lifestyle and clinical background of both partners.

Sample collection for biochemical analyses

The samples were collected in Nova Vita Clinic on the day of
follicular puncture. Urine samples of both partners were col-
lected into a sterile collection tube and frozen at −20 °Cwithin
1 h. Semen samples were obtained after urinating and were
self-collected into a sterile collection tubes in a private room
after washing the glans penis with warm water. After

ejaculation, the semen was incubated at 37 °C for 25–
45 min for liquefaction, seminal plasma was obtained by cen-
trifugation of semen 3000 g×15 min and frozen at −20 °C.

Biochemical analyses

Oxidative DNA damage (8-OHdG) and lipid peroxidation (8-
EPI) levels were detected from different body fluids: 8-OHdG
from seminal plasma, women’s urine and 8-EPI from urine of
both partners.

The level of systemic OxS marker 8-EPI was detected in
urine from all patients (79 men and 79women) enrolled in this
study using the previously described method [20]. This assay
is a competitive enzyme-linked immunoassay (ELISA) for
determining levels of 8-EPI in biological samples
(BIOXYTECH 8-IsoprostaneAssay, Cat. No. 21019; Oxis In-
ternational, Inc., Portland, OR, USA). The urinary concentra-
tions of isoprostanes were corrected by urinary creatinine con-
centrations to account for the differences in renal excretory
function.

Local OxS level was measured by using oxidative DNA
damage marker 8-OHdG in seminal plasma. Furthermore, to
assess the systemic OxS, 8-OHdG was also detected in urine
from 50 couples. 8-OHdG was detected by using a commer-
cial ELISA kit and following the manufacturer’s instructions
(Trevigen HT 8-oxo-dG ELISA Kit II, Cat. No. 4380-192-K;
Trevigen, Inc., Gaithersburg, MD, USA).

Statistical analysis

Statistical analyses were performed with the use of SigmaPlot
12.0 (Systat Software Inc, IL, USA) (Jandel Scientific, San
Rafael, CA, USA) and Excel (Microsoft Corp., Redmond,
OR, USA) software programs. The study groups were com-
pared with t-test (in case of normal distribution) and Mann–
Whitney rank sum test (in case of nonparametric distribution)
as well as Fisher Exact test. In addition, a multiple regression
model was constructed to uncover the significant effects of
known clinical parameters and oxidative stress level on ART
outcome. Stata IC/12.1 (StataCorp LP, USA) software pro-
gram was used for correlation analyses and 2-Way ANOVA.
Statistical significance was assumed at p<0.05 level for all
parameters.

Ethical considerations

Participation in the study was voluntary. Informed written
consent was obtained from the patients. The study was ap-
proved by the Ethics Review Committee on Human Research
of the University of Tartu.
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Results

Clinical data of the study subjects are presented in
Table S1. Sperm motility and semen volume were normal
in all 79 male partners while sperm concentration
remained below the WHO limit in 4 men and neutrophil
concentration in semen was elevated in 23 male partners.
55 women had been pregnant, previous IVF procedures
were done for 34 women and ICSI for 9 women. Twelve
men of 79 had at least one child with current partner, 11
men with previous sexual partner and one man with both
partners (Table S1).

8-EPI and 8-OHdG levels in infertile couples

8-EPI mean value among all 79 women was higher compared
to male partners (p=0.009; Table 1). A strong positive corre-
lation in systemic OxS marker 8-EPI levels among couples
was found (r=0.42, p<0.001), indicating a significant associ-
ation between the partners’ organisms.

The mean values of 8-OHdG level are shown in Table 1.
Unlike with 8-EPI, urinary 8-OHdG levels between men and
women were not statistically significant. A positive correla-
tion between urinary 8-OHdG and 8-EPI in female partners
was seen (ρ=0.32, p<0.022). Systemic oxidative DNA dam-
age (8-OHdG, measured in urine) was significantly higher
compared to local oxidative DNA damage, measured in sem-
inal plasma (p<0,001).

Association between clinical background and OxS
markers

We revealed association between women’s clinical back-
ground and oxidative DNA damage (8-OHdG; Table S2).
Women with mycoplasmosis, candidiasis, salpingo-
oophoritis, endometriosis and/or uterine myoma had higher
8-OHdG level compared to the women without known dis-
eases. Men whose partners had genital tract infections,

showed significantly higher 8-OHdG levels compared to
men, whose partners were without known diseases. Subse-
quent 2-Way ANOVA analysis confirmed that men, whose
sexual partner had bacterial vaginosis, had significantly higher
oxidative DNA damage in seminal plasma due to the women’s
state of health (p<0.0005). Furthermore, men whose partners
had salpingo-oophoritis had also higher lipid peroxidation
(8-EPI) levels compared to men, whose partners were
without known diseases.

Table S3 shows OxS levels of both partners according to
the male partner’s state of health. Men who had infections
(prostatitis, inflammation of foreskin or glans penis, others)
showed significantly higher levels of 8-EPI compared to nor-
mozoospermic men without infections. Furthermore, women
with infectious partners had significantly higher 8-EPI levels
compared to women whose male partners did not have infec-
tions. Men with infections had also higher 8-OHdG levels
compared to men without known diseases (p=0,007).

Seminal plasma 8-OHdG level was higher among smokers
compared to non-smokers (344,2±193,7 vs 282,7±99,6, p=0,
037), similar tendency was revealed for 8-EPI level (77,9±24,
3 vs 67,2±19,8, p=0,029).

Association between ART outcome and OxS markers

After collecting the study material for current research, ART
procedures (IVF or ICSI) were performed. No pregnancies
after IVF or ICSI procedures occurred among 63.3 % of pa-
tients (n=50), 8.8 % (n=7) of pregnancies were detectable
only by pregnancy test (biochemical method) and 27.9 %
(n=22) of pregnancies were detectable also by ultrasound
(clinical method). The lowest 8-EPI levels were seen when
pregnancy was detectable by clinical method (Fig. 1). We also
found that the 8-EPI levels were below the suggested refer-
ence level (50 ng/mmolCr) in 23% of the women with clinical
pregnancy while only in 7 % in the other women (p=0.10,
Fisher exact test). A multiple regression analysis was subse-
quently performed to uncover the effects of clinical parame-
ters and oxidative stress level on ART outcome. The associa-
tion between OxS and ARToutcome was confirmed in case of
both female (p=0.018) and male partners (p=0.022). It also
revealed association of ART outcome with some clinical pa-
rameters of female partners (ovulation cycle disturbances,
p=0.013; smoking, borderline significance p=0.060) and
male partners (age, p=0.005; chronic diseases in anam-
nesis, p=0.027; myco- or ureaplasmosis in anamnesis,
p=0.011; prostatitis, borderline significance p=0.099).

Discussion

Our study uncovered negative effect of both partners’ oxida-
tive stress on maintenance and outcome of pregnancy. A

Table 1 OxS levels in urine and seminal plasma

Systemic OxS Local OxS

Urine
(women)

Urine
(men)

Seminal
plasma

8-EPI (ng/mmol
creatinine)

78.2 (±23.1)1 69.6 (±21.0)1

8-OHdG (nM) 434.3 (±200.0) 429.1 (±142.1) 296.9 (±128.3)

1 p=0.009

8-EPI (8-iso Prostaglandin F2α), 8-OHdG (8-hydroxy-2’-deoxyguanosine)

The data are presented as mean (±SD)

The urinary levels of 8-OHdG were detected in 50 couples
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strong positive correlation between the partners’ OxS levels
was seen. We also showed that both OxS markers – 8-OHdG
in seminal plasma and female urine, and urinary 8-EPI levels
of both partners reflected the clinical conditions very well,
therefore both can be considered as suitable markers for esti-
mating the OxS in infertile couples, and 8-EPI may have a
potential for predicting ART success rates.

A net of pro-oxidants and the potency of an antioxidant
defense system are normally balanced in the body. Low levels
of reactive oxygen species (ROS) are needed for maintaining
several biofunctions like intracellular messaging, growth, cellu-
lar differentation, phagocytosis and immune response while
ROS abundance may have deleterious effects on cellular func-
tions. Any imbalance in favour of the pro-oxidants potentially
leading to damage of biomolecules has been termed ‘oxidative
stress’ [21–24]. The correct balance between ROS and antiox-
idants has an important role also in reproductive processes such
as folliculogenesis, ovarian steroidogenesis, oocyte maturation,
ovulation, corpus luteum formation and function, luteolysis,
germ cell function, embryogenesis, embryonic implantation,
maintenance of pregnancy and beginning of parturition. OxS
is known to be one of the possible factors causing infertility by
affecting oocyte quality, fertilization, early embryo develop-
ment, implantation and pregnancy rates [25–28]. Endometriosis
has been shown to be associated with higher lipid peroxidation
and DNA damage [29] while bacterial vaginosis with high
grade OxS levels and adverse pregnancy outcome [30]. OxS-
related DNA damage has been identified as a major contributor
to poor ART outcomes, including impaired embryo develop-
ment, miscarriage and birth defects in the offspring [6, 12].

In male reproductive tract, small quantities of ROS have
also important role in sperm functioning by regulating capac-
itation, acrosome reaction, hyperactivation and fusion with the
oocyte [31, 32]. At the same time high-grade OxS is associat-
ed with reduction of sperm quality and the level of antioxi-
dants in seminal and blood plasma are significantly lower
among infertile men compared to fertile men [15, 33]. Mam-
malian spermatozoa are particularly vulnerable to
peroxidative damage, because they are endowed with more

of polyunsaturated fatty acids (that are highly vulnerable to
free radical attack), superoxide anion generating system in
their membranes, less antioxidants and less repair capacity
[34]. Oxidative DNA damage in human spermatozoa is
known to be associated with a variety of adverse clinical out-
comes affecting both reproductive efficiency and the health
and wellbeing of the offspring [4, 35].

Encouragingly, the involvement of OxS in the aetiology of
infertility has opened up new opportunities for therapeutic
interventions involving the judicious administration of antiox-
idants. Antioxidant therapy is used as an alternative to expen-
sive ART procedures or to improve ART outcome and im-
prove natural fertility [36]. Antioxidant therapy includes either
oral consumption or in vitro addition of antioxidants during
ART procedure. While choosing antioxidant therapy, the dual
function of ROS in the body must be taken into account. It
should be also considered that the antioxidants work together
as integrated antioxidative defence network system. Current
antioxidant treatments, given irrespectively of clinically quan-
tified deficiencies, may be potentially detrimental and overex-
posure to them is risky [37].

To get more information about the need and justification of
antioxidant therapy we aimed to detect the level of OxS in
both partners attending ART procedure. Oxidative DNA dam-
age marker 8-OHdG was measured in urine and seminal plas-
ma, and 8-EPI, marker of lipid peroxidation was measured in
urine. The suggested reference values for urine 8-EPI are 10–
50 ng/mmolCr while in case of serious infections these values
are typically more than 100 ng/mmolCr. Our study subjects
were not fully healthy but consecutive, thus having different
health problems and underlying diseases that could contribute
to their OxS levels (Table S1), therefore the mean values (78
for women, 69 for men) seem to be consistent.

We found higher level oxidative DNA damage in women
with genital tract infections, candidiasis, salpingo-oophoritis,
endometriosis and uterine myoma in comparison with the rest
of women. Also the polymicrobial condition bacterial vagino-
sis showed association with higher 8-OHdG levels. According
to the literature, OxS is common in women having candida-
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vaginitis. This fungal pathogen uses a complicated antioxidant
defense mechanism to survive in high grade OxS environment
[38]. Increased OxS levels were associated also with male
genital tract inflammation as has been revealed also by previ-
ous studies [39, 40]. Other studies have shown that smokers
have higher level OxS [41] and that was revealed also in our
study. This is one of the mechanisms by which smoking may
have an adverse impact on fertility and also ART outcome. In
fact, many other factors may influence ART outcome and our
study could not cover all of them, however, Table S1 describes
many possible factors, both from female and male side.

Very interesting is the finding that OxS levels in men and
women are in correlation and reflect the clinical conditions of
both partners, indicating a significant bond between the part-
ner’s organisms. The influence of partner’s state of health on
OxS level in women organism has been previously described
in one investigation only indicating that sexual intercourse
with male partner having leukocytospermia increased the
OxS level in women’s organism [42]. Another earlier study
showed that sexual intercourse with men having prostatitis
had an influence on the women’s genital tract microbiota
[43]. In the present study we noted that the women whose
sexual partner had prostatitis, inflammation of the foreskin
or glans penis, had significantly higher 8-EPI levels compared
with women whose men were without known diseases. An
opposite relationship seems to exist also –menwhose partners
had genital tract infections, candidiasis, bacterial vaginosis or
salpingo-oophoritis had higher 8-OHdG levels in seminal
plasma compared to men whose partners were without known
diseases. To date, there are no previous studies on the effects
of vaginal microbiota on her partner, hence, supportive studies
would be indispensable in the future.

Our most interesting finding was the association between
ART outcome and 8-EPI levels of both partners: when preg-
nancy was detected by clinical method (in addition to biochem-
ical method), the level of 8-EPI was significantly lower in both
partners. Thus, high grade systemic OxS may negatively affect
the maintenance and outcome of pregnancy. According to the
literature, the quality of embryos that were achieved after ICSI
procedure was higher in case of lower urinary 8-EPI levels and
greater amount of antioxidants in blood plasma [44].

The weakness of current study was the absence of fertile
control group and small study groups. As there are large num-
ber of markers and a lot of different technologies available for
detecting OxS level in different body fluids, the confirmatory
studies with bigger study group are necessary.

Conclusions

Oxidative stress levels in male and female partners’ organisms
are significantly associated. Both 8-OHdG and 8-EPI are suit-
able markers for estimating the rate of OxS in infertile couples.

High grade systemic OxS in both partners affects negatively the
maintenance of pregnancy, therefore its testing in ART patients
may select the patients with higher success rate and/or those
who need antioxidant therapy. This would all in all lead to
improvement of ART outcome as well as natural fertility.
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