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Abstract

Purpose Follicular fluid (FF) might reflect the environ-

ment during follicle and oocyte growth, and an evaluation

of oxidative stress in the FF might be useful in predicting

oocyte quality. In order to measure the oxidative stress

(OS) in the FF from a single follicle of patients with

endometrioma (EM), we evaluated whether an EM might

affect the environment of follicular growth.

Methods Between December 2011 and July 2013, 26

patients with a unilateral EM (EM group) and 29 without

EM (control group) were enrolled in this study. The FF was

obtained during the first puncture of follicular aspiration,

and was stored at -30 �C until it was assayed. A Free

Radical Elective Evaluator (WISMERLL, USA) was used

to perform d-ROM and BAP tests to measure oxidative

stress (U.CARR) and antioxidant power (lmol/L).

Results The d-ROM values in the EMC and control

groups were 328.7 ± 97.8 and 414.9 ± 84.2, respectively,

and the BAP values for the two groups were

2474.3 ± 432.0 and 2552.8 ± 435.58, respectively. These

values were similar between the two groups (mean ± SD).

The number of patients with a modified BAP/d-ROM ratio

of\1.0 in the EM group was similar to that for the control

group at 16 and 15, respectively (61.5 and 51.7 %).

Conclusions The oxidative stress and antioxidant poten-

tial in the FF of the patients with unilateral EM showed

values similar to those without an EM. Therefore, we

concluded that EMs do not affect the environment for

follicle growth during ART treatment.

Keywords Antioxidant potential � BAP � d-ROM �
Endometrioma � Follicular fluid � Oxidative stress

Introduction

Oocyte quality is an important factor in the success of

assisted reproductive technology (ART) treatment, and the

environment of follicle growth has a significant influence

on this quality. It is very difficult, however, to directly

evaluate oocyte quality. We previously tried to evaluate

oocyte quality in order to measure peripheral arterial blood

flow resistance, and we demonstrated how the decrease in

intraovarian arterial blood flow resistance measured after

human chorionic gonadotropin (hCG) administration might

be a good indicator to use in the retrieval of mature

oocytes, but this result did not indicate oocyte quality [1].

Follicular fluid (FF), however, might reflect the environ-

ment during follicle and oocyte growth. Therefore, an

evaluation of oxidative stress in the FF might be useful in

predicting oocyte quality.

Endometriosis is believed to affect the environment

during follicular growth in ART, because endometriosis

produces several cytokines that interfere with reproduction

[2]. Endometriomas (Ems) are located in the ovaries;

hence, both follicular growth and oocytes could be directly

affected by this condition. At least one report has analyzed

the iron availability in an individual human ovarian follicle

[3]; however, this report evaluated neither the oxidative

stress and nor the antioxidant ability of FF. Therefore, we

attempted to quantify the oxidative stress of FF based on

the examination of a single follicle.
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Oxidative stress (OS) refers to an overproduction of

reactive oxygen species (ROS) and/or a deficit or depletion

of the scavenging capacity of antioxidant defense systems

leading to biologic macromolecule oxidative damage.

Oxidative injury has been implicated as a causal factor in

the poor quality of oocytes. Oocytes, particularly just

before ovulation, are at high risk of oxidative stress and are

extremely susceptible to oxidative damage from reactive

oxygen species (ROS). Numerous markers of oxidative

stress have been identified [4–6]. Total hydroperoxidase

(TH) represents a group of ROS generated from lipids,

peptides and amino acids. Thus, the determination of TH

provides information on some of the fundamental mecha-

nisms of oxidative stress involved in critically ill neonates.

Conversely, biological antioxidant potential (BAP) is used

to represent overall antioxidant activity. Serum BAP pro-

vides a reliable measure of the power of an antioxidant

barrier to oxidation, by measuring the ability to reduce

ferric to ferrous ions [7].

In the present study, in order to measure the oxidative

stress in the FF from a single follicle of patients with EMs

in ART treatment, we evaluated whether an EM might

affect the environment of follicular growth.

Materials and methods

Patients

A total of 55 patients who were undergoing assisted

reproductive technology (ART) treatment at the division of

Reproductive Medicine in the Sugiyama clinic between

December 2011 and July 2013 were enrolled in the present

study. Signed informed consent was obtained from all

patients, and this study was approved by the Institutional

Board of the Sugiyama Clinic. The patients were classified

into two groups. Twenty-six patients with a unilateral

endometrioma (EM group) and 29 patients who had no EM

(control group) received ovarian stimulation via our con-

ventional protocol and underwent oocyte retrieval. None of

the patients in the EM group received laparoscopic surgery

for endometriosis, and their unilateral endometrioma were

diagnosed by both transvaginal ultrasound and MRI.

Moreover, no patient was included in this study who pre-

sented with recurrent endometrioma during ovarian stim-

ulation. Almost half (12 out of 29) of the patients in the

control group received diagnostic laparoscopy to confirm

the lack of endometriosis in their peritoneal region and

pelvic cavity, but all patients in the control group were

checked for an EM by transvaginal ultrasound before the

beginning of the ovarian stimulation. Moreover, no patient

showed elevated CA125 levels. EMs showing that were

less than 10 mm in size were excluded from this study. Our

conventional protocol was stimulated with a combination

of clomiphene citrate (CC; Cerophen�, Merk Serono,

Japan) and recombinant follicle stimulating hormone (rec-

FSH; Gonal-F�, Merk Serono, Japan) [8]. All patients were

monitored to mark the point at which the dominant follicles

reached C16 mm in diameter, and their estradiol levels

reached C500–600 pg/ml, then 300 lg of buserelin acetate

(Buserecur, Fuji Pharma, Tokyo) was administered nasally,

and oocyte pick-up (OPU) was performed 35 h later.

Anti-Müllerian hormone (AMH) and basal FSH (fol-

licular stimulating hormone) levels were measured before

start of ovarian stimulation. Measurement of AMH was not

restricted to a particular time of the menstrual cycle, and

AMH assays were performed with the use of a Beckman-

Coulter generation II assay, and the values were presented

as ng/ml. Basal FSH level was measured between the 2nd

and 4th day of the menstrual cycle.

IVF procedure and follicular fluid collection

The IVF procedure and follicular fluid (FF) collection has

been previously described [8]. Oocytes were retrieved

transvaginally using a needle-guided technique, and were

aided by ultrasonography. The follicles with a mean diam-

eter of[16 mmwere aspirated separately, using an 18-gauge

needle connected to a 5-ml syringe for suction. The needle

was removed after the aspiration of each follicle. The aspi-

ration was interrupted and a new syringe was used if blood

appeared in the tube connected to the syringe, thus avoiding

contamination by blood. FF was obtained from a single

follicle at the first puncture for oocyte pick-up without blood

contamination, and was centrifuged at 1000 g for 10 min,

passed through a filter, and stored at -30 �C for assay.

In the control group, the FFwas obtained from one follicle

in either the right or left ovary, but in the EM group, the FF

was obtained from one follicle at the first puncture in both

ovaries. About half of the follicles in the ovary with an

endometrioma were adjacent to the endometrioma, and the

others were apart from an endometrioma.

Measurement of oxidative stress and antioxidant

potential

Oxidative stress was measured via a Free Radical Elective

Evaluator (F.R.E.E; WISMERLL, Italy), and total

hydroperoxide levels were measured using a d-ROM (re-

active oxygen metabolite) kit (U.CARR; Diacron Srl,

Grosseto, Italy) as previously described [9]. A FF sample

was dissolved in an acidic buffer for the d-ROM test. The

hydroperoxides reacted with the transition metal ions that

were liberated from the protein in the acidic medium,

resulting in a conversion to proxy and peroxyl radicals that

oxidized N,N-diethyl-para-phenylenediamine, which could
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eventually be detected spectrophotometrically [10]. Redox

potential (RP) levels were determined using a biological

antioxidant potential (BAP) test [11]. In the BAP test, a

source of ferric (Fe3?) ions adequately bound to a special

chromogenic substrate is a colored solution that is discol-

ored when Fe3? ions are reduced to ferrous ions (Fe2?)

following the addition of a reducing/antioxidant system

[12]. Measurements obtained in the d-ROMs and BAP tests

were expressed as Carr units [13] and lmol/L, respectively.

A modified BAP/d-ROM ratio was calculated by dividing a

single BAP/d-ROM ratio by mean BAP/d-ROM ratio. The

values of d-ROM and BAP for each sample were measured

twice, and average values were used for analysis.

We evaluated the characteristics of the patients in both

groups and compared the antioxidant power and oxidative

stress in the FF between the two groups. We also evaluated

the antioxidant power and oxidative stress in the FF

obtained from both ovaries in the same patients with uni-

lateral ovarian EMs. The data, expressed as the

mean ± SD, were analyzed for statistically significant

differences via a parametric test for two independent or

related samples (unpaired t test).

Results

A total of 55 samples were obtained. The backgrounds of

the EM and control groups are summarized in Table 1. The

average age of the EM group was 37.4 ± 2.9 years

(mean ± SD), which was similar to that for the control

group. The EMs in the EM group ranged between 13 and

67 mm in size. Basal FSH level (IU/L) in the EM and

control groups were 9.1 ± 3.2 and 8.7 ± 3.5, respectively,

with no significant differences. The AMH value (ng/ml) for

the EM group was 2.2 ± 1.3, which was similar to that in

the control group (2.8 ± 1.3). The totals for the dosage of

gonadotropins (IU) for ovarian stimulation and peak

estradiol concentration (pg/ml) in the EM group were

653 ± 40 and 1092 ± 415, respectively, which were

comparable to those in the control group (622 ± 35 and

1121 ± 466, respectively). The numbers of retrieved

oocytes in the EM and control groups were 4.9 ± 3.2 and

4.6 ± 2.0, respectively, and the insemination methods

were similar for both groups. The fertilization rates in the

EM and control groups were 72.1 and 45.2 %, respectively,

and there were no significant differences. In the EM group,

23 patients had received embryo transfer either using fresh

or thawed embryos, and 11 patients achieved pregnancy

(pregnancy rate per patients was 47.8 %). In the control

group, 24 patients received embryo transfer using either

fresh or thawed embryos, and 10 achieved pregnancy

(pregnancy rate per patients was 41.7 %). The miscarriage

rates were similar for both groups.

A total of 52 samples were obtained from the EM group.

The BAP values (lmol/L) for ovaries with EMs averaged

2487.6 ± 571.6, and this value was similar to that from the

ovaries without an EM (2461.0 ± 393.1, Fig. 1a). The

d-ROM values (U.CARR) from the ovaries with an EM

averaged 326.6 ± 57.7, which also was similar to that from

the ovaries without an EM (330.9 ± 74.0, Fig. 1b). The

BAP values in the EM group averaged 2474.3 ± 432.0,

which was comparable to that for the control group

(2552.8 ± 435.5, Fig. 2a). The d-ROM values in the EM

group averaged 328.7 ± 97.8, which also was comparable

to that in the control group (414.9 ± 84.2, Fig. 2b).

The number of patients whose modified BAP/d-ROM

ratio was less than 1.0 in the EM group was 16, and the

percentage of the patients showing a lower modified ratio

was 61.5 % (16/26). By contrast, the number of the patients

in the control group was 15, and the percentage was 51.7 %

(15/29). There were no significant differences (Fig. 3).

Discussion

There is evidence that oxidative stress causes deleterious

effects in mammalian oocytes in vitro [14, 15], but the

relevance of these studies is questionable in light of

equivocal conclusions reached in a limited set of clinical

Table 1 The characteristics of the patients in the EM and control

groups

EM group Control group

Number of patients 26 29

Number of samples 26 29

Age (years) 37.4 ± 2.9 37.5 ± 2.6

Indications for ART, % (n)

Unexplained 0 25

Male 2 4

Endometriosis 24 0

Basal FSH level (IU/L) 9.1 ± 3.2 8.7 ± 3.5

AMHb value (ng/ml) 2.2 ± 1.3 2.8 ± 1.3

Total dosage of gonadotropins (IU) 653 ± 40 622 ± 35

Peak estradiol concentration (pg/ml) 1092 ± 415 1121 ± 466

Number of retrieved oocytes 4.9 ± 3.2 4.6 ± 2.0

Percentage of ICSI (%) 47.8 48.3

Fertilization rate (%) 72.1 75.2

Number of patients who received ET 23 24

Number of pregnancies, n (%) 11 (47.8) 10 (41.7)

Miscarriage rate (%) 18.2 20.0

Values are reported as the mean ± standard deviation unless other-

wise specified

ART assisted reproductive technology, bAMH anti-Müllerian hor-

mone, ET embryo transfer
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studies. The follicular fluid content makes up the actual

environment of a mature oocyte before fertilization has

occurred and may influence IVF outcome parameters such

as fertilization, embryo cleavage, and pregnancy rates [16–

18]. Few published studies have tracked individual follicles

and detailed the correlations between FF measurements

and oocyte/embryo outcomes. Additionally, there are few

studies using individual follicles to track oocytes [19, 20].

Previously, several published reports have measured the

oxidative stress and antioxidant potential in FF, and these

reports indicated that oxidative stress in FF is positively

correlated with embryo developmental ability and ART

outcomes [19, 21]. Therefore, oxidative stress in the FF

might be a good predictive marker for the outcome of

ART.

It is well known that women with peritoneal

endometriosis or an ovarian EM have reduced spontaneous

pregnancy rates, and that the surgical removal of peritoneal

Fig. 1 These figures show the BAP and d-ROM values in the FF

from ovaries with or without an EM (n = 26). The black column in

a indicates a BAP value (lmol/L) in the FF from an ovary with an EM

at 2487.6 ± 571. This value was similar to that from an ovary without

an EM (2461.0 ± 393.1, white column). The black column in

b indicates the d-ROM value (U.CARR) in the FF from an ovary

with an EM, at 326.6 ± 57.7, which also is similar to that from an

ovary without an EM (330.9 ± 74.0, white column)

Fig. 2 These figures compare the BAP and d-ROM values between

the endometrioma (EM) and the control groups. The diagonal column

in a indicates the BAP values in the EM group at 2474.3 ± 432.0,

which is similar to the value in the control group (2552.8 ± 435.5,

white column). The diagonal column in b indicates the d-ROM value

in the EM group at 328.7 ± 97.8, which also was similar to that in the

control group (414.9 ± 84.2, white column)

Fig. 3 This figure compares the percentage of patients showing a

lower modified BAP/d-ROM ratio in both the EM and control groups.

The diagonal column indicates the percentage of the patients showing

a lower modified BAP/d-ROM ratio (ratio\1.0) at 61.5 % (16/26).

By contrast, the percentage in the control group was 51.7 % (15/29,

white column), but the difference is not significant
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endometriosis improves the spontaneous fecundity and

success rates of artificial insemination and IVF treatment

[22, 23]. Intraovarian endometriosis, or the presence of an

EM, generates an unfavorable fluid environment as

observed with peritoneal endometriosis [2]. This matter is

particularly relevant in IVF, because the developing

oocytes would be in contact with the affected follicular

fluid. The link between peritoneal endometriosis, inflam-

mation and infertility is well established, but the associa-

tion between intraovarian inflammation and an EM is

unknown. With most endometriomas, there is no evidence

of increased cytokine concentration in the ipsilateral

leading follicle. Infrequently, the concentration of inflam-

matory cytokines is increased in the FF [24].

In evaluating the follicular environment using FF, it is

questionable as to whether the FF conditions in the right

and left follicles are similar. To solve this question, we

previously tried to compare the FF from the right and left

follicles in the same patients [25]. In that report, no sig-

nificant differences were found concerning antioxidant

power and oxidative stress in the follicular fluid between

the right and left ovaries of a single patient based on single-

follicle analysis [25]. In the present study, the oxidative

stress in the FF from ovaries with an EM was almost equal

to that in the FF from ovaries without an EM in the same

women who had a unilateral intraovarian EM. The

antioxidant potential in the FF was also similar, and there

were no differences in the antioxidant potential in the FF

from ovaries with or without an EM in the same patient.

These data suggest that an EM might not affect the envi-

ronment of follicle growth. This result agrees with a recent

report, which showed no differences in cytokine concen-

trations in the FF from ovaries with or without an EM [24].

There is concern that the presence of an EM in the ovary

might induce oxidative stress during follicular growth,

because recent reports have indicated that EMs contain an

abundant amount of free iron, and this free iron has been

significantly associated with greater oxidative stress and

frequent DNA mutations [26]. This report is evidence that

the presence of an intraovarian EM might affect the envi-

ronment of follicular growth in ovaries. In the present

study, however, the oxidative stress in the FF of the EM

group was comparable to that in the control group. At least

one other report, however, has indicated a lower antioxi-

dant capacity in infertile women with endometriosis [27].

A recent report indicated that the presence of an EM

increased iron levels in individual follicles proximal to the

EM [3]. In the present study, however, the antioxidant

potential in the FF of the EM group was also comparable to

that in the control group. Therefore, regardless of the

presence of a unilateral EM, there was no difference in the

intrafollicular environment among the women with or

without an EM, and this result was not associated with the

distance between a follicle and an EM. A question was

raised as to whether the size of an EM might affect the

oxidative stress in the FF. We analyzed the BAP and

d-ROM values according to the EM size. The average BAP

values (lmol/L) for ovaries with smaller EMs (the EM size

\30 mm) was 2256, which compares favorably to that for

ovaries with larger EMs (EM size C30 mm; BAP = 2552).

The average d-ROM values (U.CARR) from the ovaries

with smaller EMs was 328.1, and this was also similar to

that for ovaries with larger EMs (EM size C30 mm;

d-ROM = 356.8). Based on our results, the EM size

affected neither oxidative stress nor antioxidant potential.

In the present study, we used d-ROM and BAP tests to

evaluate oxidative stress and antioxidant potential,

respectively. For evaluating oxidative stress, several tests

were available, and d-ROM is one of the main tests used.

This test is very convenient because it is easy to measure

and the measuring time is short (within 2 h). However,

this test expresses the earlier phase of oxidative damage,

and reflects neither the middle nor the late phases of

oxidative stress. On the other hand, the BAP test is also

convenient because it also is easy to use and the mea-

suring time is short (within 2 h). This test, however, is

easily affected by the concentration of ferric (Fe3?) ions,

and this test is used to measure the reduction ability of

ferric (Fe3?) ions.

The modified BAP/d-ROM ratio was used as an index

for latent antioxidant potential. This ratio was less than 1.0,

which indicated that antioxidant potential was decreased in

a latent fashion. In the present study, the percentage of

patients who showed a low modified BAP/d-ROM ratio in

the EM group was 61.5 % (16/26), and this percentage was

comparable to that in the control group. According to this

result, about 60 % of the patients in the EM group showed

low antioxidant potential, but a similar percentage of

patients was found in the control group. Therefore, the

presence of an EM did not induce an adverse environment

for follicular growth.

A recent report indicated that critical endometrioma size

was associated with reduced ovarian responsiveness in

ART treatment [28]. In patients with endometriomas

C30 mm, endometrioma size was the most influential

contributor to the total number of follicles and oocytes

retrieved. In our study, 15 out of 26 patients in the EM

group had a larger endometrioma (size C30 mm); how-

ever, their responsiveness to ovarian stimulation was sim-

ilar to those in the control group.

In conclusion, the oxidative stress and antioxidant

potential in the FF from a single follicle of the patients who

had a unilateral EM showed values similar to those of the

patients without an EM. Therefore, we must conclude that

EMs do not affect the environment for follicle growth

during ART treatment.
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