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Introduction

Accidental exposure of oocyte to endometriotic fluid is an 
uncommon but possible event during oocyte retrieval with an 
incidence of 2.8% to 6.1% [1,2]. Only three human studies 
were published regarding the effect of fertilization rate and 
subsequent embryonic development after the accidental expo-
sure of oocyte to endometriotic contents but the results were 
conflicting [3,4]. In a recent mouse experiment, exposure of 
cumulus-oocyte complexes (COCs) to ovarian endometriotic 
fluid resulted in a similar fertilization and blastocyst-forming 
rate but a significantly lower percentage of hatching/hatched 
blastocysts when compared with non-contaminated COCs 
[5]. In the clinical setting, endometriotic fluid exposure time is 
very limited because aspirated follicular fluids are immediately 
separated from COCs. However, the amount of exposure to 
endometriotic fluid would be very variable. In this study, we 
explored various concentration of endometriotic fluid expo-
sure on mouse COCs and evaluated for subsequent fertiliza-
tion and blastocyst-forming rate.

Materials and methods

1. Oocyte collection 
Commercially available BDF1 mice (Orient Co., Seoul, Korea) 

were used after one week adaptation. They were fed ad libi-
tum and were kept under 12-hour light/12-hour dark cycle at 
23°C. The animals used in this study were in accordance with 
the institutional guidelines established by the Animal Care 
and Use Committee of Seoul National University Bundang 
Hospital.

Forty six-week-old female BDF1 mice were treated with 
intra-peritoneal injection of 5 IU pregnant mare serum go-
nadotropin (Daesung Microbiological Labs, Uiwang, Korea) 
followed by intra-peritoneal injection of 5 IU equine chorionic 
gonadotropin (Daesung Microbiological Labs) 48 hours later. 
Oviducts were collected 13 to 14 hours later after scarification 
of mice through cervical dislocation. The oviducts were dis-
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sected and placed in a Petri dish containing modified mouse 
tubal fluid medium supplemented with 0.8% bovine serum 
albumin. The COCs were released by tearing the ampulla of 
the oviducts.

2.  Exposure of oocyte to endometriotic fluid and in 
vitro fertilization

Human endometriotic fluid was obtained from a single patient 
by aspiration at the time of a laparoscopic cystectomy. She 
was 29-year-old nulligravida with 1-year infertility. Preopera-
tive serum CA 125 level was 168.8 U/mL. The fluids were kept 
refrigerated at -80°C and warmed to 37°C before the experi-
ment. The warmed endometriotic fluid was serially diluted as 
1/2, 1/4, 1/8, and 1/16. From 46-week-old female BDF1 mice, 
COCs were obtained and randomly divided into five groups. 
In four endometriotic fluid treated group, 0.1 mL of diluted 
endometriotic fluid was added to 0.9 mL of modified mouse 
tubal fluid medium containing COCs, thus final concentrations 
of endometriotic fluid within medium were 0.625%, 1.25%, 
2.5%, and 5%, respectively. After exposure for five minutes, 
the COCs were washed three times.

The cumulus cells were then removed enzymatically using 
85 IU/mL hyaluronidase and by mechanical dissociation using 
a glass pipette. Only morphologically normal mature oocytes, 
as judged by the presence of a first polar body, were used for 
insemination.

The epididymal sperm were retrieved from the cauda epi-
didymis of fourteen 9- to 18-week-old male mice. Sperm 
suspensions were pre-incubated for 1.5 hours in capacita-
tion medium (modified mouse tubal fluid supplemented with 
0.8% bovine serum albumin). Oocytes were inseminated by 
the sperms at a final dilution of 1 million/mL and incubated at 
37°C in humidified 5% CO2 in air.

Inseminated oocytes were washed by pipetting 6 hours later 
and then placed in embryo maintenance medium (Global 
medium supplemented with 0.4% bovine serum albumin; Life 
Global, Guilford, CT, USA). Fertilization was assessed by the 
formation of 2-cell on day 1 after insemination. The cleaved 
embryos were transferred to new embryo maintenance me-
dium, and development to blastocyst was recorded on day 5 
after insemination.

3. Data analysis
Statistical analysis was performed using statistical software 
(MedCalc ver. 10.4, MedCalc Software, Mariakerke, Belgium). 
All proportions were compared by the chi-square test and sta-
tistical significance was considered for P<0.05 (two-tailed).

Results

The fertilization rate in all endometriotic fluid treated groups, 
except 0.625% exposure group, was similar to those with 
a non-exposure group (Table 1). In all endometriotic fluid 
treated groups, no differences were observed in the blastocyst 
formation rate and the proportion of hatching/hatched blasto-
cyst when compared with a non-exposure group.

Discussion

Our results demonstrated no detrimental effect on subsequent 
fertilization, blastocyst formation rate and hatched blastocysts 
of mouse COCs after exposure of various concentration of en-
dometriotic fluid. This result is consistent with the human study 
previously mentioned above [2,4] but partially in agreement 

Table 1. Fertilization and embryonic development after exposure of mouse oocyte to various concentration of human ovarian endometri-
otic fluid

Concentration of endometriotic fluid 0% 0.625% 1.25% 2.5% 5%

Repeat 9 4 5 5 5

Oocyte 99 61 58 54 58

Fertilized 85 60 53 50 52

Fertilization rate (%) 85.9 98.4a) 91.4 92.6 89.7

Blastocyst 54 36 38 26 36

Blastocyst-forming rate (per fertilized, %) 63.5 60.0 71.7 52.0 69.2

Proportion of hatching/hatched blastocyst (%) 60.7 50.0 62.1 61.9 63.3
a)P<0.05 when compared with non-exposure group.
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with previous mice study done by Piromlertamorn et al. [5]. 
Piromlertamorn et al. [5] was the prototype of our study, us-
ing mouse oocyte and exposed then in a single concentration 
of endometriotic fluid. In that study, fertilization, cleavage 
and blastocyst formation rates were similar between exposed 
and non-exposed group but there was significant decrease 
in hatching/hatched blastocysts in exposed group (10.0% vs. 
20.0%, P=0.015) However, the authors have mentioned that 
this result may not be due to endometriotic content itself, be-
cause decreased hatching/hatched blastocyst was also noted 
in serum-treated group as well.

We used different endometriotic fluid concentration in order 
to represent more natural setting during oocyte retrieval. Even 
though the exposure time is short (less than 5 minutes), dif-
ferent concentration of endometriotic fluid exposure would 
theoretically have a dose-response relationship and might af-
fect oocyte quality and thus, embryo development. This study 
proved that there is no effect on different endometriotic fluid 
concentration. 

Treating endometriomas before assisted reproduction is still 
in debate, and particular attention has focused on conserva-
tive management in recent years [6-8]. Although Somigliana 
et al. [6] and Garcia-Velasco and Somigliana [7] showed a 
mean 25% decrease in ovarian response to gonadotropin 
in endometrioma-affected ovary compared to contralateral 
unaffected ovary in patients with unilateral endometrioma 
without prior ovarian surgery, the paradox of diminished 
ovarian reserve after surgical therapy must also be consid-
ered. Due to recent evidence of no effect on in vitro fertiliza-
tion outcome during the presence of endometrioma and no 
improvement of in vitro fertilization outcome after surgical 
excision, coupled with experimental results in mouse oocytes, 
a more conservative approach for endometrioma during as-
sisted reproduction would be a better choice [9].

Our study has some limitations. First, we used endometriotic 
fluid obtained from a single patient. Not all endometriomas 
have same chemical composition, and different types of en-
dometriotic fluid might have different cytokine profiles and 
oxidative stress on oocytes. Secondly, we did not analyze 
pregnancy rate and implantation rate for the endometrial fluid 
exposed group, which is also an important factor for evaluat-
ing infertility.

Therefore, in order to truly understand the pathophysiol-
ogy of detrimental effect of endometriotic fluid and infertility, 
further study regarding contents of endometriotic fluid and its 

cytotoxic effect in surrounding follicles, as well as its impact in 
pregnancy rate and implantation rate would be informative.
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