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Abstract

Purpose Since the first description about oxygen toxicity

made by Joseph Priestley, the oxidative stress has been

enrolled as a key factor in the pathogenesis of endometri-

osis. Our aim was to review oxidative stress biomarkers

measured in patients with endometriosis.

Methods Relevant studies were identified by searches of

the MEDLINE database from 1990 to March 2011 using

endometriosis, free radical and oxidative stress as mesh

terms. We only included manuscripts in English, and

review articles were excluded. In addition, free radical

chemistry and oxidative stress history were discussed.

Results After inclusion and exclusion criteria, 19 articles

were selected to be included in this systematic review. A

total of 36 oxidative stress biomarkers (20 different

markers) were measured in patients with endometriosis.

Some of the markers were measured in more than one

manuscript. They were arranged in five subgroups: Enzy-

matic activity (n = 3), Anions/free radicals (n = 5),

Lipoperoxidation markers (n = 7), DNA Damage markers

(n = 1), and Protein oxidation (n = 4). Of those 36

markers, 23 were found to be significantly higher in

patients with endometriosis comparing with control

patients.

Conclusion Oxidative stress plays an important role in

the pathogenesis and progression of endometriosis.

Keywords 8-Hydroxy-2-deoxyguanosine � Cell toxicity �
DNA damage � Endometriosis � Free radical �
Oxidative stress

Introduction

‘‘The same thing that makes you live can kill you in the

end.’’ These famous words by Neil Young perfectly

describe the bilateral role of oxygen in human body.

Oxygen, being the molecule in air most responsible for life,

was always a subject of interest of scientists. As early as in

fifteenth century, Leonardo DaVinci noted that the same air

that is capable of sustaining life also has the capacity to

support combustion, suggesting its multifaceted properties

[1].

Joseph Priestley first described oxygen toxicity in 1775.

During his experiments that led him to discovery of

‘‘dephlogisticated air’’, or oxygen, Priestley noted that pure

oxygen produced by the plants supports combustion better

than regular air. After his observation of combustion in

pure oxygen, he profoundly communicated ‘‘we might live

out too fast, and the animal powers be too soon exhausted,

in this pure kind of air. A moralist, at least, may say that air

which nature has provided for us is as good as we deserve’’.

However, he was not able to either explain why pure

oxygen is harmful or provide any evidence to support his

claim [2].

Priestley divulged his observation to Lavoisier, who

understood its theoretical implications. Despite the limited

knowledge of body’s biochemistry at the time, Lavoisier

made a correct assumption about the chemical side of

oxidative stress, explaining that ‘‘oils by adding oxygen,

are convertible to vegetable oxides and acids according to

their degrees of oxidation’’; however, he was yet to

L. F. P. Carvalho (&) � A. N. Samadder � A. Agarwal

Center for Reproductive Medicine, Obstetrics and Gynecology

and Women’s Health Institute, Cleveland Clinic,

9500 Euclid Ave, Cleveland, Ohio 44195, USA

e-mail: luizcarvalho.dr@me.com

L. F. P. Carvalho � L. F. C. Fernandes � M. S. Abrão

Department of Obstetrics and Gynecology, São Paulo

University, São Paulo, Brazil

123

Arch Gynecol Obstet (2012) 286:1033–1040

DOI 10.1007/s00404-012-2439-7



demonstrate the effects of oxygen toxicity in animal

models [3].

In 1878, Paul Bert established the toxicity of oxygen in

high-pressure environment, by showing that sparrows

exposed to atmospheric air at 15–20 atmospheres devel-

oped convulsions and died. Bert concluded that high-

pressure oxygen releases a poison, but was not able to

reproduce the symptoms by injecting the blood of ‘‘infec-

ted’’ animals into normal animals. [4, 5] Following Bert,

Lorrain Smith demonstrated that moderately high atmo-

spheric pressure results in lung inflammation and very high

pressure results in Central Nervous System irritations, but

yet she was unable to explain the phenomenon [4].

In the late 1800s, Moses Gomberg made a breakthrough

that changed our perception of biochemical processes in

the human body. He was able to isolate the first organic

free radical, triphenylmethyl. Gomberg’s discovery

allowed the understanding of a wide range of chemical

reactions, including oxygen reactions within the human

body, clarifying the nature of oxidative stress—free radical

damage [6].

Existence of free radicals is expected in cells at any

given time, due to their formation in normal oxidative

metabolism; however, the disturbance of the elegant bal-

ance between free radicals and anti-oxidants causes oxi-

dative stress. A state of oxidative stress can be induced by a

number of factors, including chemical agents and radiation.

Radiation-induced damage and oxidative stress are closely

tied, mainly because irradiated cells produce damaging

reactive oxygen species (ROS). In 1954, Gerschman et al.

studied free radical formation as the common basis of

action between x-ray irradiation and oxygen poisoning.

The study demonstrated that antioxidants decrease the

damage from x-ray irradiation [7]. On the contrary, study

by Spitz et al. showed that cytoplasmic irradiation could

result in damage to nuclear DNA; experiments with free

radical scavengers have shown that DNA damage is

dependent on ROS generation [8]. Thus, it can be proposed

that the formation of free radicals account for the damage

done by ionizing radiation.

Oxidative stress and endometriosis

According to Samson’s theory, iron, apoptotic endometrial

tissue, and desquamated menstrual cells are transported

into the peritoneal cavity after retrograde menstruation.

This mechanism can induce a chronic inflammation and

proinflamatory cytokines factors recruiting and activating

immune cells, especially granulocytes and macrophages.

These cells during these events produce many ROS and

maybe are involved in endometriosis pathophysiology

[9–11].

Oxidative stress has been proposed for many studies as a

potential factor involved in the pathogenic and progression

of the disease [9, 10, 12–14]. In patients with endometriosis

oxidative stress may be responsible for local destruction of

the tissue and for disease aggressiveness. This study will

attempt to correlate and understand the relationship

between oxidative stress biomarkers levels measured in

patients with endometriosis.

Chemistry behind oxidative stress biomarkers

measured in patients with endometriosis

Reactive oxygen species (ROS) are the unavoidable side

products of aerobic respiration.. Ground-state oxygen

triplet is biradical with its two outermost valence electrons

occupying separate orbitals with parallel spins and to oxi-

dize a neutral atom or molecule it would need a donor of

two electrons with parallel spins that fit into oxygen’s free

electron orbitals. Fortunately, pairs of electrons typically

have opposite spins, thus limiting the ability of oxygen

triplets to form ROS. However, the formation of ROS by

oxygen triplet can also happen in a different manner: by

energy transfer or by electron transfer reactions. The for-

mer leads to the formation of singlet oxygen, whereas the

latter results in the sequential reduction to superoxide,

hydrogen peroxide, and hydroxyl radical [15].

In the human body, cells’ ROS activity is a natural part

of a cell’s metabolism and is reproduced by intracellular

organelles. For example, in mitochondrion during the

transportation of electrons in electron transport chain,

premature reduction of oxygen happens and results in the

formation superoxide (�O2). Not highly reactive by itself,

superoxide results in an inactivation of some enzymes. In

its protonated form, as perhydroxyl radical, it results in

lipid peroxidation. Furthermore, it can release Fe3? from

iron-sulfur proteins and ferritin, propagating the progres-

sion of Haber and Weiss reaction [16, 17].

Due to the fact that reactions of superoxide (SOD) with

non-radicals are spin forbidden, superoxide would mostly

react with itself or with other biological radicals, such as

nitric oxide or metals; however, dismutation of superoxide

occurs rapidly, resulting production of O2 and H2O2 by the

following two-step enzymatic half-reactions:

M ðnþ 1Þ þ� SODþ O�2 ! Mnþ� SOD þ O2

Mnþ� SODþ O�2 þ 2Hþ ! M ðnþ 1Þ þ� SOD

þ H2O2:

The aforementioned reaction prevents the formation of

other toxic radicals, making SOD enzyme family one of the

key anti-oxidants in human body. The physiological

importance of SODs is illustrated by the severe
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pathologies evident in mice genetically engineered to lack

these enzymes. Mice lacking SOD2 die several days after

birth, amid massive oxidative stress [18].

The Haber and Weiss reaction is an essential part of

oxidative damage in cells. It is responsible for decompo-

sition of hydrogen peroxide to highly reactive hydroxyl

radicals, hydroxyl anions, and hydroperoxides. The reac-

tion was described for the first time in 1930s by the Ger-

man chemist Fritz Harber and his student Joseph Weiss

based on the reaction developed in the late nineteenth

century by Henry John Horstman Fenton. The reaction is

catalyzed by iron and it is a catalytic cycle. The first step

(1) of the reaction involves reduction of ferric ion to fer-

rous. The second step is the Fenton reaction, which

decomposes the hydrogen peroxide into hydroxyl radical

and hydroxyl anions [19].

1. Fe3? ? �O2
- ? Fe2? ? O2

2. Fe2? ? H2O2 ? Fe3? ? OH- ? �OH

Review methods

This review was done to evaluate the role of oxidative

stress in patients with endometriosis. Relevant studies were

identified by searches of the MEDLINE database from

1990 to August 2011. Electronic database searches were

conducted in MEDLINE, using endometriosis and oxida-

tive stress as a key word to retrieve relevant studies over

the past 20 years. We only included manuscripts in Eng-

lish. Review articles and repeated manuscripts were

excluded. A manual search of references was done for

additional articles retrieval. Mesh terms included oxidative

stress, endometriosis, and free radical. Some of the elec-

tronic search strategies of MEDLINE are available in the

Appendix.

Combining all our MEDLINE findings and references

retrieved, we start our review with 247 articles. Based on

title, we excluded 194 citations. Abstracts of the remaining

(n = 53) studies were examined, and, if relevant, were

MEDLINE (01/01/1990-08/31/2011), 
Refrences retrieved 

Article: n=247  

Select on title 53 to read abstract.  
Duplicated excluded (n=6) 

Select to read full  
(n = 21) 

Records excluded  
(n = 2) with reasons:  

No measuring oxidative 
stress markers 

Full-text articles assessed 
for eligibility

(n =19) 

Full-text articles excluded, 
with reasons  

(n =0) 

Final Number of studies 
included  
(n = 19) 

Records excluded based 
on title (n=194)

Records excluded based 
on Abstract (n=25)

Fig. 1 Flow chart showing the

methods for the review
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selected to read unabridged. Of these, using the inclusions

criteria, 19 papers that measured markers of oxidative

stress in patients with endometriosis were selected to be

part of this review (Fig. 1). We also described oxidative

stress history and free radical chemistry in the markers

measured in patients with endometriosis.

Study selection

Our inclusion criteria were original articles that have

measured markers of oxidative stress in patients with

endometriosis. The retrieved articles were reviewed by two

independent authors included in this manuscript. We only

included papers that were published in English. Studies

considered in this review were manuscripts that measured

markers of OS in blood, tissue, and peritoneal fluid. A total

of 21 papers were selected as eligible articles. Finally, after

the exclusion criteria, informed on Fig. 1, 19 were selected

to be part of this systematic review.

Data extraction

From studies that we included in this review, we extracted

the following information: sample used, phase of the cycle

measured, technique used to measure, number of patients

involved, in which stage of endometriosis were the patients

included, which group of patients were used as a control

group.

Biomarkers measured in Endometriosis patients

Between 1997 and 2011 we found 19 manuscripts that

measure markers of oxidative stress in endometriosis

patients. A total of 36 oxidative stress markers (20 different

markers) were measured in patients with endometriosis.

They were arranged in five subgroups. All markers are

showed in Table 1.

1. Enzymatic activity [20–24]

2. Free radical/anions [11, 20, 22, 25–28]

3. Markers of lipoperoxidation [10, 23, 24, 27, 29–33]

4. DNA damage markers [27, 30, 34, 35]

5. Oxidation of protein [34, 36]

The oxidation of lipids was extensively studied with 14

manuscripts between 1990 and 2011; the second one was

measurement of free radical and anions with nine markers,

followed by five manuscripts quantifying enzymatic

activity and with four manuscripts each looking at DNA

damage markers, and protein modification by oxidative

stress.

From all 19 manuscripts included in this systematic

review, a total of 36 markers of oxidative stress markers

were measured and 23 markers were found to be signifi-

cantly higher in patients with endometriosis; in addition,

only in 13 markers were not significant between patients

with endometriosis and control patients. (Table 2)

Jackson et al., in 2005, evaluated the association

between oxidative stress and endometriosis. In their study,

women aged between 18 and 40 years who were

Table 1 Summary of the methods used in manuscripts included in this systematic review

Enzymatic activity Free radical/anions Lipoperoxidation markers DNA damage markers Protein oxidation

XO (Ota et al. [20]) NO (Ho et al. [25]) LPO (Shanti et al. [29]) 8OHdG (Kao et al. [30]) P-Cadherin (Slater et al. [34])

NOS2 (Osborn et al.

[21])

ROS (Wang et al. [26]) MDA (Shanti et al. [29]) 8OHdG (Slater et al. [34]) IMA (Lambrinoudaki et al.

[36])

XO (Foyouzi et al.

[22])

NO (Ota et al. [20]) LPO (Shanti et al. [29]) 8OHdG (Yamaguchi et al.

[27])

HSP70 (Lambrinoudaki et al.

[36])

PON-1 (Jackson et al.

[23])

H2O2 (Foyouzi et al. [22]) LPO (Szczepanska et al.

[10])

8OHdG (Matsuzaki et al.

[35])

HSP70b’ (Lambrinoudaki

et al. [36])

PON-1 (Verit et al.

[24])

FreeIron (Yamaguchi et al.

[27])

8-F2-Iso (Jackson et al.

[23])

O2
-. (Ngo et al. [11]) TBARS (Jackson et al.

[23])

O2
-. (Leconte et al. [28]) LPO (Kao et al. [12])

H2O2 (Leconte et al. [28]) LOOH (Cabrera et al. [31])

NO(Leconte al [28]) LPO (Yamaguchi et al.

[27])

8-Iso-PGF2a (Sharma et al.

[32])

25-OH-Chol (Sharma et al.

[32])

MDA (Mier et al. [33])
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Table 2 Summary of oxidative stress markers measured in patients with endometriosis

Authors Year Markers Samples Endometriosis/stage

(ASRM)

Control Significance

Ho et al. 1997 Nitric oxide Peritoneal

fluid

I–II (N = 12) and III–

IV (N = 12)

No pelvic pathologic

(N = 10)

No

significance

Wang et al. 1997 ROS Peritoneal

fluid

(I N = 9) (II

N = 4 [ (III

N = 1 [\ IV

N = 1)

Tubal ligation (N = 13)

linfertility (N = 11)

No

significance

Shanti et al. 1999 Oxidized LDL(Ox-LDL) Blood/

peritoneal

fluid

Endometriosis–no stage

(N = 40)

Tubal Ligalion (N = 21) No

significance

1999 Lipid peroxide Blood/

peritoneal

fluid

No

significance

1999 Malondialdehyde

modified LDL

Blood/

peritoneal

fluid

No

significance

Ota el al. 2001 Xanthine oxidase Tissue Endometriosis–no stage No Pelvic Pathologic (N-

44)

No

significance

Osborn et al. 2002 Nitric oxide Peritoneal

fluid

(I N = 2) (II

N = 4 [ (III

N = 3 [ (IV N = 4)

No Pelvic Pathologic

(N = 10)

Higher

2002 Nitric oxide synthase 2 Peritoneal

fluid/

macrophages

Higher

Szczepanskaetal 2003 Lipid peroxides Peritoneal

fluid

I (N = 29) Linfertility (N = 15) and

Fertile (N = 24)

Higher

Foyouzi et al. 2004 H2O2 Tissue Endometriosis–no stage No pelvic pathologic Induced

proliferation

2004 Hypoxanthine/

xantineoxidase (HX/

OX)

Tissue No pelvic pathologic Induced

proliferation

Jackson et al. 2005 8-F2-lsoprostane Blood Endometriosis–no stage

(N = 32)

Tubal ligation (N = 23)

linfertility (N = 30)

Lower

2005 PON-1 (paraoxonase-1) Blood Lower

2005 TBARS Blood No

significance

Kao et al. 2005 8-OHdG (8-hydroxy-2-

deoxyguanosine)

Tissue Endometriosis–no stage

(N = 38/N = 46)

Topic endometrium

normal (N = 5)

Higher

2005 Lipid peroxides Tissue Topic endometrium

normal (N = 10)

Higher

Slater M et al. 2005 8-OHdG (8-hydroxy-2-

deoxyguanosine)

Tissue Endometriosis–no stage

(N = 16)

Topic endometrium

normal (N = 5)

No

significance

2005 P Cadherin Tissue No

significance

Mier-Cabrera et al. 2008 Lipid

hydroperoxides(LOOHs)

Blood/

peritoneal

fluid

l–l (N = 18) Placebo group (N = 16) Lower/after

vit

2008 Malondialdehyde (MDA) Blood/

peritoneal

fluid

Lower/after

vit

Verit et al. 2008 LOOH (Lipid

hydroperoxide)

Blood l–ll (N = 24) lll–IV

(N = 23)

No pelvic pathologic

(N = 40)

Higher

2008 PON-1 (paraoxonase-1) Blood Lower

Yamaguchi et al. 2008 8-OHdG (8-hydroxy-2-

deoxyguanosine)

Ovarian Cysts/

tissue

Endometriosis–no stage

(N = 21)

13 nonendometriotic/4 C

cell (N = 15)

Higher

2008 Free iron Ovarian cysts Higher

2008 Lipid peroxides Tissue Higher

Arch Gynecol Obstet (2012) 286:1033–1040 1037

123



undergoing laparoscopy were contacted to participate

(n = 100); 84 were eligible and agreed to be interviewed;

78 provided blood specimens. Four markers of oxidative

stress and antioxidant status were measured in serum for 61

women. They found that 32 women had visually confirmed

endometriosis at laparoscopy while 52 did not, including

22 undergoing tubal ligation and 30 with idiopathic infer-

tility. There was a weak association between thiobarbituric

acid-reactive substances (nmol/ml) and endometriosis,

after adjusting for age, body mass index, current smoking,

hormone use in the past 12 months, gravidity, serum

vitamin E, serum estradiol, and total serum lipids

(b = 1.18; 95 % CI 0.04, 2.39) [23].

Van Langendonckt et al. in 2002 found that there was a

positive correlation between the prevention of endometriosis

induction in rabbits with increasing antioxidants. They also

observed and increase in ROS release by macrophages,

increased peritoneal levels of oxidized low-density lipo-

proteins and their by-products, altered expression of endo-

metrial pro-oxidant and antioxidant enzymes, and

consumption of peritoneal fluid vitamin E. Retrograde

menstruation is likely to carry highly pro-oxidant factors,

such as heme and iron, into the peritoneal cavity, as well as

apoptotic endometrial cells, which are well-known inducers

of oxidative stress. Reactive oxygen species may be involved

in endometriosis-associated infertility and may play a role in

the regulation of the expression of genes encoding immun-

oregulators, cytokines, and cell adhesion molecules impli-

cated in the pathogenesis of endometriosis [9].

There is increasing evidence that oxidative stress is

related to the progression of endometriosis. Two important

manuscripts correlated the ROS (reactive oxygen species)

with the progression of endometriosis. The first one was

published by Ngo et al. in 2009. Using biopsy from patients

with and without endometriosis, the authors found that high

endogenous oxidative stress biomarkers and less detoxifi-

cation were associated with the MAP kinase ERK1/2

activation and cellular proliferation. According Ngo et al.

the same cellular activation pathway is observed in tumor

cells. The authors concluded that the progression of

endometriosis is more likely to be linked to a pseudotu-

moral disease than a menstrual regurgitation. [11].

Two years later, the same group published a manuscript

using a mice model of deep infiltration endometriosis.

Leconte et al. (2011) studied the effect of oxidative stress

biomarkers on a proliferative pathway PI3KmTOR/AKT.

The authors showed for the first time that deep infiltration

endometriosis is related to an increase of OS and the higher

levels of ROS induced the activation of mTOR/AKT

pathway [28].

Szczepańska et al., in 2003, assessed the total antioxi-

dant potential of women with endometriosis-associated

Table 2 continued

Authors Year Markers Samples Endometriosis/stage

(ASRM)

Control Significance

V. Lambrinoudaki

et al.

2009 Ischemia-modified

albumin (IMA)

Blood l–ll (N = 13 lll–IV

(N = 32)

No pelvic pathologic

(N = 21)

No

significance

2009 Heat shock protein 70

(HSP70)

Blood No

significance

2009 Heat shock protein 70b0

(HSP70b0)
Blood Higher

Matsuzaki et al. 2009 8-OHdG (8-hydroxy-2-

deoxyguanosine)

Ovarian cysts Endometriosis–no stage 7 Dermoid cysts/serous

cysts

Higher

Ngo et al. 2009 Superoxide anion Tissue Endometriosis–no stage No pelvic pathologic Higher

Sharma Indu et al. 2009 25-Hydroxycholeslerol

(25-OH-Chol)

Blood (I N = 2) (II

N = 4 [ (III

N = 3 [ (IV N = 4)

Tubal ligation (N = 1)/

unexplained infertility

(N-14)

Higher

2009 8-iso-prostaglandin F2a
(8-iso-PGF2a)

Peritoneal

fluid

Higher

2009 8-iso-prostaglandin F2a
(8-iso-PGF2a)

Urine Higher

2009 25-Hydroxycholesterol

(25-OH-Chol)

Peritoneal

fluid

Higher

Leconte et al. 2011 Superoxide anions Tissue Deep endometriosis

and eutopic

endometrium

Tubal factor/infertility/

ovarion cyst/myoma

(N = 12)

Higher

2011 H2O2 Tissue No

significance

2011 NO Tissue Higher

Mier-Cabrera et al. 2011 Malondialdehyde Peritoneal

fluid

l–ll (N = 32) Tubal ligation (N = 30) Higher
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infertility, women with idiopathic infertility, and fertility

controls. In their study, peritoneal fluid samples were

analyzed for superoxide dismutase activity and total anti-

oxidant status measured by spectrophotometry, glutathione

peroxidase activity on enzyme-linked immunosorbent

assay, and lipid peroxides levels on colorimetric. They

found that the activity of superoxide dismutase, glutathione

peroxidase, and total antioxidant status was lowest and

lipid peroxide level was highest among infertile patients

with endometriosis. Women with idiopathic infertility, in

contrast, had the highest superoxide dismutase, glutathione

peroxidase, and total antioxidant status activity, and the

lowest lipid peroxide level. Low total antioxidant status

and low activity of antioxidant enzymes in the peritoneal

fluid of infertile women with endometriosis probably do

not influence fertility in these women, but these factors

may play a role in the development of the disease [9, 10].

Conclusion

This systematic review was conducted to synthesize all

articles that measured biomarkers in endometriosis

patients. From all 19 manuscripts included in this review,

11 manuscripts found significantly higher levels of oxida-

tive stress biomarkers in patients with endometriosis

comparing with control patients. Lipoperoxidation markers

were the first one among the number of manuscripts pub-

lished in the literature (Table 2).

Oxidative stress plays an important role in the develop-

ment and progression of endometriosis. This study is the first

to describe the chemistry behind oxidative stress biomarkers

measured in patients with endometriosis and attempts to

show the importance of considering oxidative stress as a new

approach in studying the pathogenesis of the disease.

Mesh terms

((‘‘oxidative stress’’ [MeSH Terms] OR (‘‘oxidative’’ [All

Fields] AND ‘‘stress’’ [All Fields]) OR ‘‘oxidative stress’’

[All Fields]) AND (‘‘endometriosis’’ [MeSH Terms] OR

‘‘endometriosis’’ [All Fields])) AND (English [lang] AND

(‘‘1990/01/01’’ [PDAT]: ‘‘2011/10/24’’ [PDAT])).

(‘‘endometriosis’’ [MeSH Terms] OR ‘‘endometriosis’’

[All Fields]) AND (‘‘free radicals’’ [MeSH Terms] OR

(‘‘free’’ [All Fields] AND ‘‘radicals’’ [All Fields]) OR

‘‘free radicals’’ [All Fields] OR (‘‘free’’ [All Fields] AND

‘‘radical’’ [All Fields]) OR ‘‘free radical’’ [All Fields]).
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