
DOUBLE-EDGED ROLE OF NITRIC OXIDE IN PRE-IMPLANTATION 
EMBRYO APOPTOSIS  

Navid Esfandiari, Tommaso Falcone, Ashok Agarwal, Marjan Attaran, David R Nelson, Rakesh K Sharma, 
Cleveland Clinic Foundation 

Objective: Apoptosis is essential to normal development as well as physiological cell turnover. Although apoptosis 
in excess can manifest as tissue damage, a failure to undergo apoptosis constitutes pathological cellular overgrowth. 
Nitric oxide (NO), a free radical with several physiologic functions, exhibits contradictory effects in the regulation 
of apoptosis and both pro- and anti-apoptotic effects have been demonstrated. This study examined the effect of 
different amounts of NO on apoptosis in mouse pre-implantation embryos.  
 
Design: Prospective, controlled in vitro study.  
 
Materials/Methods: Sodium nitroprusside (SNP) was used as NO donor. Two-cell mouse embryos were cultured 
for 72h in human tubal fluid medium supplemented with 10% serum substitute (HTF-SSS) and concentrations of 
SNP (1µM - 1mM) at 37°C in a 5% CO2-humidified incubator. The 4 groups were as follows: Group I (1µM, n = 
61), Group II (10µM, n = 73), Group III (100µM, n = 75), and Group IV (1mM, n = 66). Control group consisted of 
embryos cultured in HTF medium supplemented with SSS (n = 71). Total blastomere count per embryo was 
determined by staining with bisbenzimide (Hoechst 33258). A terminal transferase-mediated dUPT end labeling 
(TUNEL) assay was used to determine apoptosis in blastocysts using confocal microscopy. The nuclei of inner cell 
mass (ICM) and trophectoderm (TE) in blastocyst were recorded using a confocal microscopy based on a 
combination of position and morphology of the nuclei. To distinguish apoptosis from necrosis, embryos were 
counter-stained with propidium iodide (PI) before the TUNEL assay.  
 
Results: The incidence of cell death was significantly higher in blastocysts formed in media containing higher 
concentration of SNP than the control group, while the blastocyst cultured in presence of the low concentration of 
SNP (1µM and 10µM) showed lower incidence of apoptosis.  
 
Conclusions: Our results indicate that the incidence of apoptosis was changed in presence of NO in a concentration-
dependent manner. Lower concentration of NO resulted in lower incidence of apoptosis in blastocysts. It seems that 
physiologically relevant levels of NO may suppress the apoptotic pathway and decrease the incidence of apoptosis.  
 
Supported by: None  

Effect of nitric oxide on apoptosis in pre-implantation embryos 

Group  No. of 
embryos  Blastocyst  Apoptosis in blastocyst Apoptosis in 

ICM  
Apoptosis in 
TE  

  (%)  (%)  (%)  (%)  
Control  71  92  4.9  15.2  1.1  
Group I  61  90  3.2*  5.3*  1.6  
Group II  73  77.5*  3.5*  6.5*  1.8*  
Group III  75  51.4*  8.8*  21.6*  3.8*  
Group IV  66  4.5*  17.4*  ND  ND  
*Significantly different from control using repeated measures ANOVA (p <0.05); ND = not differentiated. 

 
 


