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Abstract
Eleven patients underwent controlled ovarian hyperstimulation yielding seventy-two embryos for
evaluation. Mean nitric oxide metabolite (NOx) levels in the insemination media (IM) were 2.6
times higher in embryos that progressed to blastocysts by culture day (CD) 5 than those that did
not (p=0.009). A comparison of the ROC curves between morphologic predictors and NOx levels
revealed a trend toward a stronger association of IM NOx with blastocyst formation.

Improvements in in vitro fertilization (IVF) outcomes have largely been due to the
generation of supernumary embryos allowing for multiple embryo transfer (ET). The
development of extended embryo culture has resulted in increased implantation rates and the
potential for reductions in multiple births through single ET (1,2). One of the major
disadvantages, however, has been the worry that in approximately 40% of patients, embryos
would not be available for transfer (3).

Unfortunately, culture day (CD) 3 morphologic assessment is not optimal for the prediction
of blastocyst progression on CD 5 (4–5). Investigators have therefore sought quantifiable
objective measures of embryonic health with a focus on metabolic activity (6–11). One such
metabolic factor, nitric oxide (NO), has been implicated in a variety of biological and
reproductive processes including oocyte maturation, fertilization and embryonic progression
(12). Gouge et al. (13) demonstrated that NO production is essential for embryonic
progression in the murine model. Chen and colleagues showed that blastocyst development
in culture is inhibited by L-NAME, an NO inhibitor, in a concentration-dependent manner
and SNP, an NO donor, can effectively reverse this effect (14). These studies highlight the
potential importance of NO in embryogenesis.

© 2008 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved.

Corresponding Author: Annabelle Rodriguez, M.D., Division of Endocrinology and Metabolism, Johns Hopkins University School of
Medicine, Johns Hopkins Bayview Medical Center, 5200 Eastern Avenue, Baltimore, Maryland 21224, Telephone: (410) 550-8487
Fax: (410) 550-3219, arodrig5@jhmi.edu.
Reprints: Address requests to corresponding author

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Fertil Steril. Author manuscript; available in PMC 2012 May 23.

Published in final edited form as:
Fertil Steril. 2009 April ; 91(4 Suppl): 1316–1318. doi:10.1016/j.fertnstert.2008.01.108.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The objective of this study was to investigate the potential relationship of NO metabolite
(NOx) levels generated by human preimplantation embryos in culture with developmental
capacity. Our goal was to compare the prediction of blastocyst formation on the basis of the
standard subjective morphological assessment on CD 3 with an objective, quantifiable
measure of metabolic function.

Eleven subfertile women between 27 and 44 years of age undergoing sonographic-guided
transvaginal oocyte aspiration at Johns Hopkins Hospital between March 31st and June 26th

of 2006 were included in the study. This study was approved by the Johns Hopkins
Institutional Review Board. Patients were treated with either a gonadotropin releasing
hormone (GnRH) agonist (-ag) or antagonist (-an) protocol. All patients received a single
dose of 10,000 IU of hCG once three follicles achieved a diameter of at least 18 mm.
Ultrasound-guided oocyte retrieval followed 36 hours later.

Following oocyte retrieval, metaphase II oocytes were placed in individual 80 μL droplets
of IM. Intracytoplasmic sperm injection was performed on 20 of the retrieved oocytes as
described by Palermo and colleagues (15). Once the zygotes were transferred to cleavage
media, the IM was collected and placed in separate microcentrifuge tubes and stored at −80
ºC until processing. Embryo free media droplets were cultured under identical conditions
and used as controls. Embryos were assessed morphologically on CD 3 and either prepared
for ET or placed in blastocyst media. Morphological assessment of the cleavage stage
embryo on CD 3 was performed through the use of a modified grading system as proposed
by Veeck (16).

Media isolated from cultured embryos or control plates were thawed to room temperature.
Due to the short half-life of NO, the stable metabolic products (nitrite and nitrate), referred
to as NOx, were measured as described by the QuantiChrom™ Nitric Oxide Assay Kit
(BioAssay Systems, Hayward CA, USA), which is an assay based on a modified Greiss
reaction with a detection range of 0.1 to 50 μM. Measurements of NOx in duplicates from
each sample were performed as described in the kit protocol. The NOx (μM) was calculated
for each of the samples and controls. To account for non-independence of IM NOx levels in
oocytes derived from the same donor, all analyses with IM NOx as the dependent variable
used Generalized Estimating Equations regression methods with an exchangeable
correlation structure. The average levels of IM NOx in the analysis groups were calculated
as linear combinations of the regression coefficients. We examined whether IM NOx,
blastomere number, or subjective grade were effective in predicting survival of the embryo
to CD 5 using simple logistic regression adjusting for clustering of data by donor. Receiver
Operating Characteristic (ROC) curve analysis was performed for predicting survival of the
embryo to CD 5 using IM NOx, blastomere number, and subjective grade as classifying
variables.

Eleven patients with a mean age of 34.3 years (range: 27–44 years) underwent oocyte
aspiration. The level of NOx was assessed in the IM of 72 individually cultured embryos
with 27 and 45 cultured for 3 or 5 days, respectively. The five day culture resulted in 27
blastocysts, 26 of which had media analyzed post insemination/injection.

No significant differences were noted between IM NOx of embryos fertilized via ICSI (1.00
± 1.22 μM) or IVF (0.73 ± 0.72 μM) (p= 0.849). There was no significant difference in
mean IM NOx when considering CD 3 blastomere number or morphologic grade. The IM
NOx produced from embryos that were eventually transferred or cryopreserved was 0.630
μM, compared to embryos that were ultimately discarded, −0.204 μM (p=0.053). The mean
NOx level in the IM was 2.6 times higher in embryos that progressed to blastocysts by CD 5
than those that did not (1.33 ± 0.51 vs. 0.52 ± 0.84 μM, p=0.009).
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While we did not find differences between IM NOx levels, morphologic grade and
blastomere number at CD 3, others have shown that embryonic morphology can be of
assistance in predicting blastocyst progression on CD 5 (17). Therefore, given that we found
that embryos with higher IM NOx levels progressed compared to embryos with lower IM
NOx levels, we used logistic regression and ROC to compare IM NOx levels, morphologic
grade and blastomere number as predictors for blastocyst progression. Analysis revealed that
only the IM NOx level and CD 3 blastomere number were significantly associated with
progression to the blastocyst stage by CD 5 (p<0.02).

Due to the fact that CD 3 morphologic grade was found to have little predictive value, this
parameter was omitted from the model utilized to generate the final ROC. Figure 1 displays
the ROC generated from IM NOx and CD 3 blastomere number, highlighting the predictive
nature of the two parameters. IM NOx alone revealed a sensitivity of 73.1% with associated
specificity of 68.4%, utilizing a cutoff of IM NOx greater than or equal to 0.136 μM. A CD
3 blastomere number of at least six yielded a sensitivity of 69.2% with associated specificity
of 68.4%. Statistical analysis revealed that the decision for extended culture to day 5 was not
dependent on CD 3 morphology. Although there was no significant difference between the
predictive potential of IM NOx and blastomere number on CD 3, a comparison of the curves
revealed a trend toward a stronger association of IM NOx with blastocyst formation by CD
5.

To the best of our knowledge, this is the first study to examine the relationship between
NOx levels in the IM media of individually cultured human preimplantation embryos and
blastocyst progression. It appears that when considering CD 3 morphology and NOx, NOx
was the strongest predictor of blastocyst formation and is an assessment made
approximately 48 hours earlier. The level of NOx did not differ according to fertilization
technique and may therefore be a reflection of the metabolic activity of the oocyte or zygote.

The study has several limitations that deserve mention. The sample population limits our
ability to see significant differences with regard to final embryo disposition or pregnancy.
Furthermore, although the NOx levels did not differ with regard to fertilization technique,
one cannot assume that gamete manipulation does not potentially result in increases in NOx.
Furthermore, the study utilizes blastocyst progression as a measure of embryonic health,
whereas live birth would be optimal.

Battaglia et al. were the first to demonstrate secretion of NOx in human preimplantation
embryos. They showed that embryonic mean NOx concentrations were significantly higher
in embryos transferred that resulted in pregnancy when compared to nonpregnant patients,
p=0.02 (18). This study differs from ours in that all embryos in the former were transferred
at the 2–4 cell stage, hence limiting the ability to comment on sequential morphology or
blastocyst progression over time.

The presence of NO synthase (NOS) in each reproductive compartment has been
demonstrated in the literature (19–21). Chen and colleagues proposed a biphasic relationship
of NO, with apoptosis induced through a cGMP independent pathway at high NO levels
(14).

Although the reasoning behind a beneficial role of higher levels of NOx in the media of
human preimplantation embryos remains unclear, this study has demonstrated that the
production of NOx does correlate with blastocyst progression, even more so than the
standard morphologic criteria. This objective, quantitative measurement obtained early in
the developmental process can potentially impact embryo selection at an early stage.
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Figure 1.
ROC analysis: IM NOx, CD 3 blastomere number and progression to the blastocyst stage by
CD 5.
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