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Modulation of preimplantation embryo development and apoptosis by peritoneal 
fluid from patients with endometriosis  
 
 
N. Esfandiari, T. Falcone, J. M. Goldberg, A. Agarwal, R. K. Sharma; Cleveland Clinic 
Foundation, Cleveland, OH  
 
Objective: Endometriosis affects approximately 10% of women of reproductive age. The 
mechanisms by which endometriosis impairs fertility are not fully understood. The aim of 
our study was to assess the effect of peritoneal fluid (PF) from endometriosis patients on 
pre-implantation mouse embryo development and apoptosis. Design: Prospective study 
Materials and Methods: Peritoneal fluid was collected at the time of laparoscopy from 
endometriosis patients (n = 7) with infertility or chronic pelvic pain. Controls (n = 7) 
were patients undergoing laparoscopy for benign conditions who did not have chronic 
pelvic pain or infertility and had no endometriosis. Two hundred and twenty one mouse 
embryos were cultured to the blastocyst stage in human tubal fluid (HTF) medium (Goup 
I, n = 72) or in presence of 10% PF from women with endometriosis (Group II, n = 69) 
and controls (Group III, n = 80). The embryo morphology was assessed and the total cell 
number (TCN) per embryo was determined by Hoechst 33258 staining. Allocation of 
inner cell mass (ICM) and trophectoderm (TE) in blastocysts, and incidence of apoptosis 
were determined using a confocal microscopy. A terminal transferase-mediated dUPT 
end labeling (TUNEL) kit was used to determine apoptosis. Results: Blastocyst 
development rate was significantly lower in both group II and group III compared with 
Group I (59% and 61% vs. 92%, P <0.05). The mean ± SD of TCN and TE in blastocysts 
cultured in the presence of PF was significantly lower (P = 0.034 and 0.01, respectively) 
compared with HTF alone. A statistically significant higher incidence of apoptosis was 
seen in the blastocysts that were cultured in HTF-alone compared to embryos cultured in 
presence of PF (P = 0.001). Conclusion: Peritoneal fluid significantly alters the 
development of early mouse embryos to blastocyst. Exposure to PF did not induce 
apoptosis in mouse preimplantation embryos. The differences cannot be attributed to 
endometriosis but to the presence of peritoneal fluid in the culture media. Reduced 
implantation reported in endometriosis patients is most likely to be the result of an 
endometrial event such as expression of implantation receptors or with earlier event such 
as final stages of meiosis or fertilization. Support: None 

Blastocyst development rate and incidence of apoptosis in blastocyst cultured in HTF 
alone (Group I) 



    Apoptosis 
Groups BDR (%) TCN Apoptotic cell/blastocyst ICM TE 

Group I 92 (66/72) 55.94 ± 
6.78 5.81 ± 1.11 2.51 ± 

0.75 3.50 ± 1.14

Group II 59.4 (41/69) 50 ± 11.06 2.6 ± 2.73 1.66 ± 
1.35 0.9 ± 1.62 

Group III 61 (49/80) 48.3 ± 
12.93 3.18 ± 2.05 1.62 ± 

1.14 1.3 ± 1.38 

P value 0.01 0.034 0.001 0.01 0.014 
ICM = Inner cell mass; TE - Trophectoderm; P<0.05 was considered significant. 
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