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SUMMARY
Objective: The measurement of urinary 8-hidroxy- 2'deoxyguanosine (8-OHdG) level by liquid chromatographytandem mass (LC-MS/MS) method in order to determine whether there is an obvious oxidative deoxyribonucleic acid
(DNA) damage in patients with polycystic ovary syndrome (PCOS) and its relationship with long term risks.
Material and methods: Twenty-eight patients with PCOS diagnosis according to the criteria of 2003 Rotterdam
Concensus Conference on PCOS were included in this study and twenty-seven healthy women were included as control
group. After collecting first morning urine samples of patients and women in control group, the urinary 8-OHdG level
were measured by LC-MS/MS method and the results were expressed as nmol/L. 8-OHdG/creatinine ratio (nmol/mol)
was used to compensate the variation of all nucleoside concentration in urine. The patients with PCOS and the control
group were compared in terms of the 8-OHdG/creatinine ratio.
Results: Statistically, there was not a significant difference between the patients with PCOS and the control group
in terms of the 8-OHdG/creatinine ratio (p= 0.533).
Conclusion: According to our research, due to an increase of antioxidant and DNA repair capacity, the urinary 8OHdG/creatinine ratio as a determinant of oxidative stress in patients with PCOS was not different from the level
analyzed in healthy women.
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L‹K‹D KROMOTOGRAF‹-TANDEM KÜTLE SPEKTROMETR‹ YÖNTEM‹ ‹LE
POL‹K‹ST‹K OVER SENDROMLU HASTALARDA
‹DRARDA 8-H‹DROKS‹-2'-DEOKS‹GUANOZ‹N DÜZEYLER‹N‹N ÖLÇÜMÜ
ÖZET
Amaç: Polikistik over sendromlu (PKOS) hastalarda oksidatif DNA hasar›n›n geliflip geliflmedi¤inin ve uzun dönem
risklerle iliflkisinin olup olmad›¤›n›n tespiti ad›na idrar örne¤inden LC-MS/MS yöntemi ile 8-OHdG seviyesinin
ölçülmesi.
Gereç ve yöntemler: 2003 Rotterdam Concencus Conferance on PCOS (ESHRE-ASRM) kriterlerine göre PKOS
tan›s›na uyan 28 hasta ve bu hastalarla benzer özellik gösteren sa¤l›kl› 27 kad›n çal›flmaya dahil edildi. Hasta ve
kontrol grubundaki kad›nlar›n sabah ilk idrar örnekleri al›narak, LC/MS/MS yöntemi ile idrarda 8-OHdG düzeyi
nmol/L cinsinden ölçüldü. ‹drardaki tüm nükleozid konsantrasyonundaki varyasyonu kompanse etmek icin 8OHdG/kreatinin oran› (nmol/mol) kullan›ld›. Hasta ve kontrol gruplar 8 OHdG / kreatinin oran› aç›s›ndan karfl›laflt›r›ld›.
Bulgular: PKOS hastalar› ile kontrol grubu aras›nda idrar 8 OHdG / kreatinin (nmol/mol) oran› aç›s›ndan istatistiksel
olarak anlaml› fark saptanmam›flt›r(p= 0,533).
Sonuç: Çal›smam›zda antioksidan ve DNA tamir kapasitesinin artm›fl olmas›na ba¤l› olarak oksidatif stres göstergesi
olan idrarda 8 OHdG /kreatinin düzeyi PKOS'lu hastalarda sa¤l›kl› bireylerden farkl› ç›kmam›st›r.
Anahtar kelimeler: 8-OHdG, LC-MS/MS, oksidatif stres, polikistik over sendromu
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disruption in tissue function such as aging, cancer,

INTRODUCTION

cardiovascular diseases, immune system diseases, and
Free radicals are quite efficient chemical products that

degenerative diseases. This balance in women's
reproductive health is also of high importance in various

arise during metabolism in the body. The most important

physiological and biochemical processes ranging from
oocyte maturation to fertilization and from embryonic
implantation to pregnancy(4).

free radicals in biological systems are those derived
from oxygen, and they are known as reactive oxygen
species (ROS)(1). Free radicals produced in the body
as a result of natural metabolism processes are normally
removed by antioxidant systems breaking down
radicals. However, the increase of reactive oxygen
radicals due to several reasons and the inadequacy of
antioxidant mechanisms are resulted in a series of
pathological cases which are called as oxidative stress.

Reactive oxygen species (ROS) lead to formation of
more than 20 base damage products in DNA. Among
those bases, guanine is the one that goes easily and
frequently into reaction(5). 8-OHdG is generated by
the reaction of guanine in DNA with OH radical. 8OHdG is a quite sensitive marker of oxidative DNA
damage. This damage is important because it is
mutagenic and occurs easier than others. Thus, it is

It is a known fact that the imbalance between antioxidant
defense and free radicals may lead to oxidative stress,
and correspondingly to tissue damage(2).

potentially a biomarker for cancer risk. DNA mutation
is a critical step for carcinogenesis, and increased
oxidative DNA lesion was observed on different types
of tumors(6).

Antioxidant systems play a significant role in the
protection from harmful effects of free radicals. When
this balance is broken in oxidative stress in favor of
reactive oxygen species, deoxyribonucleic acid (DNA)
goes into biological interaction with proteins,
carbohydrates and lipids at cellular level, and

Different methods and determinants are used in order
to measure DNA damage in organism. Among 23
ROS-DNA base products, the most important and
familiar one is 8-hidroxy- 2'deoxyguanosine (8-OHdG).
For this reason, 8-OHdG is used as a marker in detection
of DNA damage(7).

consequently functional and structural damages occur
in the cell(3).
Oxidative damage on DNA by ROS is accepted as the
main cause and indicator of diseases caused by
J Turk Soc Obstet Gynecol 2014;11:21-8
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22

Urinary 8-OHdG level in patients with PCOS

as a marker of 'whole body' oxidative DNA damage
8-OHdG level also shows the balance between

28 patients with PCOS diagnosis according to the
criteria of 2003 Rotterdam Concensus Conference on

formation and reparation in DNA. The level of 8OHdG rises not only during oxidative DNA damage

PCOS (14) and 27 healthy volunteer women were

but also during the cases where reparation speed reduces
(9).

& Research Hospital, Obstetrics and Gynecology
Department between June and September in 2010. The

In 1984, 8-OHdG was identified for the first time by
Kasai and Nishimura as a marker of oxidative DNA

patients with diabetes mellitus, active lung disease,
lung or kidney failure, cardiac failure, any systemic

damage(10). Among the DNA constituents, guanine

disease, hyperprolactinemia, and thyroid problems or

has the lowest ionization potential and is predictably,
the most susceptible to oxidation(11). As a modified

symptoms of abnormal thyroid function as well as ones
who have taken drugs like steroid or sex hormones in

base, 8-OHdG is one of the 20 oxidative base products
on DNA by ROS, and it is a sensitive marker of DNA

last six months due to various reasons, who were
pregnant or lactating and drinking alcohol were not

damage due to hydroxyl radical attack at the C8 of
guanine. 8-OHdG is also one of the most frequently

included in this study.
The identity information and ages of the patients were

encountered oxidative DNA base damage products

recorded and their body weights (kg) and heights (cm)
were measured. Body mass index (BMI = kg/m2) of

(8).

selected among the cases in Ankara Numune Education

and has the highest mutagenic effects.
The reaction of OH radical with C4, C5, and C8
positions of guanine results in DNA radicals. C8-OH,
which is formed by the combination of OH radical and

each patient was also measured and recorded. The
systemic and gynecologic examination and pelvic
ultrasonography were all performed in obstetrics and
gynecology clinic of our hospital.
The reference method for the measurement of urinary
8-OHdG level of liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method was used and

C8, turns into 8-OHGua by the loss of a single electron
and a single proton(11). 8-OHGua leads to an increase
in the tendency to mutation by causing a transition
from G-C into A-T (adenine-thymine) during DNA
replication(12). On this account, the measurement of

measurement 'Ankalab' labs done. First morning urine
samples of patients and women in control group were

8-OHdG is accepted as the direct marker of oxidative
DNA damage, and it is the most common method for
the detection of oxidative DNA

collected and kept in 10 mL red top vacutainer dry
tubes at -20°C until use. After the collection process,
the samples were stored at room temperature and
centrifuged at 1500xg for 5 minutes, and then the
urinary 8-OHdG level was measured by LC-MS/MS
method(15).

damage(13).

Polycystic ovary syndrome (PCOS) is characterized
by hyperandrogenemia, chronic anovulation, and
menstrual dysfunction as well as being an endocrine
disorder that can include morbidities such as
hyperinsulinemia, insulin resistance, early-onset type
2 diabetes mellitus, dyslipidemia, cardiovascular disease
and infertility(14).

The measurement of urinary 8-OHdG level with LCMS/MS method:
The measurement of urinary 8-OHdG level with LCMS/MS method depends on quantitative measurement

In the literature, the negative effects of oxidative stress
on various tissues and diseases have been negotiated
so far; however, the number of the researches on PCOS

of 8-OHdG following urine extraction. API 3200
tandem mass spectrometry is used in positive mode
with Turbolon Spray electrospray (spray voltage 5 kV
and temperature 500°C). Monitoring (MRM) mode
was used for the detection of analytes. For each analyte,
one MRM transition and internal standard were
monitored. MRM mode 284/168 m/z was used for 8OHdG, while mode 725.3/144.3 m/z was used for
internal standard (Vancomycin ).
Zorbax Eclipse XDB-C18 5 µm, 4.6x150 mm column

is limited. Therefore, the aim of this study is to
determine whether there is an oxidative DNA damage
in PCOS or not by measuring 8-OHdG level.

MATERIALS AND METHODS
This prospective study was undertaken in Ankara
Numune Training and Research Hospital with the
approval of the local ethics committee. For this study,

was used for separation process. For mobile phase,
23
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two different eluents were used. Mobile phase A
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formic acid. The flow rate was 500 µL/min and 20 µL
was injected for each sample. For the elution of analytes
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Figure 2: Chromatogram of 0 nmol 8-OHdG standard.
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centrifuged at 1500g for 5 minutes. The supernatant
was worked. Then, to prepare samples, 1 mL of urine
(calibrator, urine sample of control group and patient
group) and 10 µL of internal standard were added into
Eppendorf tubes. Concentration of Vancomycin 0.05
mg/mL was used as internal standard. After adding
100 µL tricarboxylic acid (TCA), the samples were
mixed with vortex during 30 seconds and the tubes
were centrifuged at 13000 rpm for 5 minutes. All the
samples in the tubes were transferred to inserts and
the inserts that were placed into vials were sent to the
device for injection. The results of 8-OHdG was
expressed as nmol/L.

62.5 nmol/L of 8-Deoksiguanozin
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Figure 3: Chromatogram of 62.5 nmol 8-OHdG standard.
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The standards of 8-OHdG:
8-OHdG standard curve and chromatograms related
to 0, 62.5 and 250 nmol of 8-OHdG are illustrated in
the figure of 1,2,3,4.
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Figure 4: Chromatogram of 250 nmol 8-OHdG standard.

8-OHdG / creatinine ratio (nmol/mol):
8-OHdG/creatinine ratio (nmol/mol) was used to
compensate the variation of all nucleoside concentration
in urine.
Method of measuring urinary creatinine:
Abbott Architect device was used for the measurements.
The method of measuring creatinine is based on the
reaction between creatinine and sodium picrate. At an
alkaline pH, creatinine in the sample reacts with picrate
to form a creatinine-picrate complex. The rate of increase
in absorbance at 500 nm due to the formation of this

10 20 30 40 50 60 70 80 90 100 110 120 130 140150160 170180 190200 210220230240250260

Figure 1: 8-OHdG standard curve.

complex is directly proportional to the concentration of
creatinine in the sample. The results were introduced as
mg/dL and they were converted to mol/L.
J Turk Soc Obstet Gynecol 2014;11:21-8
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Statistical analysis

The statistical analysis showed that there was not a

The statistical analysis of data was made analyzed

significant difference between the patients with PCOS
and the control group in terms of the 8-OHdG/creatinine

using SPSS version 16.0 for Windows. As descriptive
statistics, mean ± standard deviation was used.

ratio (p= 0.533) (Table II).

Kolmogorov-Smirnov Z Test was conducted to analyze
whether there was a normal distribution of constant

Table II: The comparison of urinary 8-OHdG/creatinine ratio

variables. The statistical difference between groups in

(nmol/mol) between patients with PCOS and control group.

terms of concerning variables was measured by
Independent Samples T Test in parameters with

Urinary 8-OHdG/

was used in parameters with non-homogenous
distribution. Correlation analysis was performed to
examine the relationships between urinary 8-OHdG
and BMI. The error rate was estimated as a =0.05.

p

PCOS (n=28)

19.45 ± 5.4

0.533

Control (n=27)

10.08 ± 2.05

Statistically, no significant difference was found when
8-OHdG/creatinine ratios of PCOS patients with BMI
<27 and BMI ≥27 was compared control group of BMI
<27 and BMI ≥27 but a negative correlation (r= -0.59,
p <0.05) was found between 8-OHdG/creatinine ratio

RESULTS

and BMI in PCOS patients (Table III).
Statistically, no significant difference was found when
8-OHdG/creatinine ratios of PCOS patients with

Mean ages and mean body mass index of 28 patients
with PCOS and 27 patients in control group were
shown in Table I. No statistical difference concerning
age and BMI was noted when the groups were

smokers and non-smokers was compared control group
of smokers and non-smokers but a positive correlation
(r= 0.42, p <0.05) was found between 8-OHdG/

compared according to demographic features (p>0.05).
Those 28 patients with PCOS diagnosis were divided

creatinine ratio and smoke in PCOS patients (Table
IV).

into two groups as ones having obesity (BMI ≥ 27
kg/m2) and without obesity. The obesity limit was
determined as 27 kg/m 2 due to reduced insulin
sensitivity(16).

DISCUSSION
All living organisms are exposed to oxidant agents
deriving from both endogenous and exogenous sources
during their lifetime, and correspondingly they produce
free radicals(17). These free radicals are neutralized with

Table I: Demographic features of groups.
Age
(Mean ± SD)

BMI
(Mean ± SD)

p

26,4 ± 6

21,7 ± 3

p>0.05

24,6 ± 3,8

p>0.05

PCOS patients (n= 28) 23,3 ± 5,6

Mean ± SEM

creatinine (nmol/mol)

homogenous distribution while Mann-Whitney-U Test

Control (n=27)

Group

antioxidant defense mechanisms which are enzymatic

Table III: The comparison of 8-OHdG/creatinine (nmol/mol) ratio of groups concerning BMI.
8-OHdG/creatinine
(Mean ± SEM)

Coefficient of variations
(%)

p

PCOS patients with BMI ≥ 27 kg/m2 (n=8)

30.38 ± 11.4

38.51

0.83

Control with BMI ≥ 27 kg/m2 (n=3)

17.2 ± 7.6

44.18

PCOS patients with BMI < 27 kg/m2 (n=20)

15.08 ± 6.03
9.1 ± 2.1

39.98
23.07

Control with BMI < 27 kg/m2(n=24)

0.86

Table IV: The relationship between 8-OHdG/creatinine (nmol/mol) ratio of patients with PCOS and cigarette use & BMI.
8-OHdG/creatinine

Coefficient of variations

(Mean ± SEM)

(%)

PCOS patients with non smokers (n=20)
PCOS patients with smokers (n=8)

26.5 ± 14.2
16.61 ± 5.29

53.58
31.84

0.601

PCOS patients with BMI < 27 kg/m2 (n=20)
PCOS patients with BMI ≥ 27 kg/m2 (n=8)

15.08 ± 6.03
30.38 ± 11.4

39.98
37.52

0.63

25
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or non-enzymatic. When free radicals increase beyond

Oxidative stress has a negative effect in reproductive
life of women(4). ROS has many physiological effects
ranging from oocyte maturation to fertility, as well as

sufficiency of this defense mechanism, they cause cell
injuries by attacking on biological macromolecules such
as lipids, proteins, and DNA(2).

embryonic development and pregnancy. The balance
of oxidative stress in patients with PCOS was analyzed

All changes that occur on molecular integrity of genetic
material due to the effect of endogenous and exogenous

in studies with methods which are not relatively specific
such as malondialdehyde (MDA) and glycolysis

factors are called "DNA damage". The integrity of
genomic DNA is constantly under threat because of

products. In many of these studies, oxidative stress

environmental factors. DNA may undergo some

level in patients with PCOS was observed to increase

endogenous changes during cellular events such as DNA
replication or DNA recombination(18). DNA damage is

(20).

8-OHdG measurement is one of the most reliable
methods for the analysis of oxidative stress and

relatively a common event that may lead to mutation,
cancer, aging, and subsequently to cell death. Throughout

specifically it points out DNA damage related to

the life, DNA is constantly exposed to changes by
cellular metabolites (ROS) and exogenous agents.

oxidative stress. 8-OHdG is studied with different
methods such as high-performance liquid

Depending on this issue, those changes may cause cell

chromatography (HPLC), enzyme-linked
immunosorbent assay (ELISA), tandem-mass

deaths in single-celled organisms as well as degeneration
or aging in multi-celled organisms(3).

spectrometry, and immune histochemical techniques.
Although these methods have mutual advantages and
disadvantages, the most frequent methods are HPLC

Apart from 8-OHdG, there are many base damage
products in DNA. 8 hydroxyadenine, 8 hydroxyguanine
and 7 methyl - 8 hydroxyguanine are some of those

and electrochemical detector. However, each laboratory
working on 8-OHdG depends on different levels of 8OHdG. So far, common quality control method for 8OHdG has not been found, and no standardization for

products. A few of these (like 8 hydroxyadenine) may
arise in whole or in part from diet. Especially during
the cooking of foods, DNA may undergo oxidation
and oxidized bases may be absorbed after hydrolysis

8-OHdG measurement has existed yet. For this reason,
striking differences may occur between laboratories

of DNA in the gastrointestinal tract. However, urinary
8-OHdG is not affected by diet, because, under normal

and their methods(15).

conditions, nucleosides are not absorbed from the
gastrointestinal system(9). Therefore, as a difference,

In our study, we used liquid chromatography/mass
spectrophotometry (LC-MS/MS) method so as to

we made our research in urine and we tried to determine
the formation level of endogenous 8-OHdG in PCOS
without being affected by external input. Relatively,
we have not found any research on 8-OHdG as a
biomarker of DNA damage in urine although there are
many studies measuring 8-OHdG level in serum and
plasma as oxidative stress marker in patients with
PCOS.
PCOS is one of the most frequent endocrinological
diseases observed in women with proven infertility.

measure 8-OHdG levels in urine samples of patients
with PCOS. The level of 8-OHdG/creatinine ratio in
urine of patients with PCOS was expected to be higher
than control group due to increased DNA damage related
to reactive oxygen radicals. However, we have not found
any statistical difference between PCOS and control
group. This result may depend on two reasons. The first
reason shows that oxidative DNA damage in patients
with PCOS was treated or antioxidant mechanisms were
efficient at the same rate. In a study in which 8-OHdG
was used in plasma as a marker of oxidative DNA
damage, no difference was noted between healthy women
and patients with PCOS, and this is because of increased
endogenous DNA treatment in women with PCOS(13).

PCOS, which is the most common reason of chronic
anovulatory infertility, is of high importance nowadays
in terms of women's health due to having long- term
health risks such as endometrial carcinoma,
atherosclerosis, cardiovascular disease, dyslipidemia,
and type-2 diabetes mellitus as multisystemic
reproductive-metabolic syndrome. Recently, some
studies also have shown that PCOS is a risk factor for
ovarian and breast cancer(19).
J Turk Soc Obstet Gynecol 2014;11:21-8

In another study, serum 8-OHdG levels in PCOS group
were found to be markedly lower when compared to
control group(21). According to second reason, high
ROS levels increase antioxidant enzyme production in
patients with PCOS, and concerning this issue oxidative
26
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stress may undergo pressure. Some studies show that

and slim people is ascribed to increasing ROS

major antioxidant enzymes are found to be apparently
increased in patients with PCOS when compared to

production related to metabolism(25). In our study, we
have have found a negative correlation (r = - 0.59, p

healthy women(22).

= 0.034) between 8-OHdG/creatinine ratio and BMI
in PCOS patients but we have not found any significant

In a study analyzing protein in serum depending on
MDA in patients with PCOS and without PCOS, the

difference between PCOS patients with BMI ≥27 and
BMI <27 in terms of 8-OHdG/creatinine ratio.

level of serum protein-MDA was found to be apparently
high in patient group. Some studies put forward that

As a consequence, due to an increase of antioxidant
and DNA repair capacity, the urinary 8-OHdG/
creatinine ratio as a determinant of oxidative stress in

the reason of increased oxidative stress may depend
on metabolic and reproductive anomalies related to
PCOS(23).

patients with PCOS is not different from the level
analyzed in healthy women. However, the urinary 8OHdG/creatinine ratio can be analyzed in a larger
group of patients and can be associated with prospective

Cigarette smoke contains a mixture of free radicals. It
is quite possible that smokers are under threat of
increasing cancer risk due to serious effects of free
radicals. Smoke increases the level of 8-OHdG in
human urine and DNA of white blood cells (24) .

studies about PCOS.

According to Loft and his colleagues, urinary 8-OHdG
level is 50% higher in smokers than in healthy ones
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