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Metabolic status of oocyte and IVF success —
is there a relationship?

E. Macas

Careful selection of embryos and prediction of implantation is perhaps the most critical issue in the assisted reproduction medicine. Meanwhile
numerous of methods that allow the selection of the most viable embryo for transfer have been proposed. Pronuclear zygote morphology for instance
has been recommended as one of the simplest method of embryo-selection. For the reason that this method does not accurately predict the health of the
embryo, more complex tests for assessing the metabolism of embryos have currently been suggested. Regardless of promising results obtained in some
preliminary studies using these non-invasive methods of embryo metabolism, they were never introduced into routine IVF. One of reasons certainly was
that all these studies provided only limited information regarding true marker of embryo viability. To improve further the embryo-selection procedure,
the assessment of ATP content of corresponding cumulus-corona-cell complexes has been suggested as a more plausible marker of embryo viability.

Die entscheidende Frage in der Reproduktionsmedizin ist méglicherweise die sorgfaltige Embryonenauswahl und die Abschédtzung ihres Implantations-
potentials. Mittlerweile wurden zahlreiche Kriterien entwickelt, um die entwicklungsfahigsten Embryonen zum Transfer zu selektieren. Eine der ein-
fachsten ist die morphologische Beurteilung der Vorkernstadien. Da sich die Vorhersagekraft dieser Methode als zu ungenau erwies, werden gegenwar-
tig komplexere Untersuchungen mit dem Ziel der Beurteilung des embryonalen Stoffwechsels empfohlen. Obwohl diese nicht-invasiven Methoden in
Studien vielversprechende Ergebnisse lieferten, konnten sie sich in der Routinepraxis bisher nicht etablieren. Ein Grund liegt sicher in der Tatsache, daf3
auch sie nur begrenzte Informationen in bezug auf den wahren Marker embryonaler Entwicklungsfahigkeit liefern konnten. Die ATP-Bestimmung in
korrespondierenden Cumulus-Corona-Zellkomplexen wird als aussagekréftiger Marker in der Embryonenauswahl empfohlen. J Fertil Reprod 2006; 16

4): 16-18.

1. Introduction

Presently we are witnesses of the rapid development of in
vitro fertilization (IVF) in humans. Overall pregnancy, im-
plantation and take-home baby rates have almost doubled
comparing with IVF results obtained twenty years ago [1].
Several principal factors contributed to this success. New
stimulation regimens, for example, using either highly puri-
fied or recombinant gonadotrophins, influenced remark-
ably the quality and overall number of aspirated oocytes.
Introduction of new generation of IVF media, as well as
better conditions in IVF lab, contributed also significantly
to this current success of IVF. Particularly the multiple
embryo transfer technique per se was associated with the
high success rate after IVF.

However, with regard to this last factor it is important to
stress here that apart from an increased overall pregnancy
rate, the multiple embryo transfer technique has tremen-
dously influenced the incidence of multiple gestations [2].
In the last two decades, for example, only in the United
States the incidence of twin deliveries has increased by 52
per cent whereas single births rose by only 6 per cent.
Over the same time period the incidence of triplet and
higher order gestations increased by 404 per cent. Interest-
ingly, the majority of these multiple gestations were in-
duced just through the IVF therapy [3].

On the other hand, since the incidence of multiple gestations
is frequently associated with some serious obstetrician
problems such as the immaturity, morbidity and mortality
by offspring and women, the immediate need to reduce
multiple pregnancy in human assisted reproductive tech-
nology have often been suggested by number of public
and medical authorities.

2. Assessment of embryo quality based on
morphological criteria

Meanwhile several strategies have been developed in or-
der to reduce the risk of multiple pregnancy selecting only
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a few most viable embryo(s) for embryo transfer (ET). The
first model of selection was based on the individual mor-
phology of pronuclear ova proposed by Scott and Smith
[4] and adapted later by Tesarik and Greco [5]. The second
method was based on the dynamic of cleavage and indi-
vidual morphology of early stage embryos (Figure 1) [6],
and finally third, on the morphological characteristics of
human blastocysts [7].

Irrespectively to the fact that each of these models have
significantly contributed to the reduction of multiple ges-
tations after IVF, it must be stress here that such criteria are
not an ideal strategy to select the most viable embryos for
ET. Two principal arguments might confirm this statement.
First, the incidence of pregnancy after IVF is lower than
one might expect to occur following the multiple transfer
of good-quality embryos (grading types A and B) [1]. For
instance, in most of Swiss IVF centres the pregnancy rate
does not exceed the level of 30 per cent in spite of fact that
2 or 3 embryos of a good morphology have mostly been
transferred in the majority of these centres (FIVNAT-CH
Report, 2004).

Figure 1. Morphological grading of early human embryos: Grade A: equal
size of blastomeres and no fragments. Grade B: equal size of blastomeres
with less than 10 % fragments. Grade C: equal size of blastomeres and
10-50% fragments. Grade D: equal size of blastomeres with >50 %
fragments (reprinted by permission of Hans Huber Verlag Bern from [1]).
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Second, it is especially difficult to explain the situations
when only a singleton pregnancy results after the replace-
ment of sibling embryos that appear morphologically
equivalent (grading type A only). Since in both of above
cases the strict morphological criteria have been used to
select potentially the most viable embryo(s), there is still
no explanation why so many good-looking embryos were
perished immediately or a few days after ET. Certainly that
chromosomal anomalies were responsible for the appro-
priate number of such failed cases, but here it is illogical to
argue that genetic factors were responsible for all of these
IVF failures [8].

Nevertheless, there is still pressing need in IVF to identify
those embryos with highest developmental potential in order
to increase the chance of implantation of a single embryo.

3. Metabolism as a marker of embryo viability

Nowadays it is well known that metabolic defects due to
inappropriate culture conditions may also lead to preim-
plantation failure. If culture conditions are extremely poor
than metabolic defects might reflect primary on the entire
morphology of zygotes or cleavage stage embryos. For ex-
ample, the presence of numerous vacuoles or fragments
within the cytoplasm is only one of the most severe type of
defects caused by disordered cell metabolism. Retarded
rates of cleavage and cleavage arrest are two additional
important consequences of extremely poor culture condi-
tions [9].

On the contrary, if the culture conditions are slightly disor-
dered, considerable less amount of morphological anoma-
lies can be observed within developing zygotes and em-
bryos. Interestingly, here opposite to the previous case,
along with a good morphology, the embryo is usually af-
fected with more delicate disorders such as abnormal pat-
terns of energy metabolism, or abnormal genome activa-
tion and gene transcription [9].

Anyway, almost ten years ago the utilization of metabolic
markers has become an interesting diagnostic toll for iden-
tification of the most viable human embryo(s) in some IVF
clinics. In one study, for example, pyruvate uptake was
used as a marker to select human embryo for ET on day 2
of development [10]. The pyruvate uptake by embryos that

Figure 2. Five days old human blastocyst in vitro (reprinted by permission
of Hans Huber Verlag Bern from [1]).

implanted was slightly higher, compared to those which
failed to induce a pregnancy. In another study, Van den
Berg et al. [11] observed significantly higher glucose up-
take in group of embryos which were able to induce the
pregnancy following blastocysts transfer compared to
those blastocysts which failed to establish a pregnancy. Fi-
nally, Gardner et al. [12] found that glucose consumption
on day 4 by human embryos was twice as high in those
embryos that went on to form blastocysts (Figure 2). Inter-
estingly, this group of authors also observed that poor
quality blastocysts consumed significantly less glucose
than highly scored embryos.

Nevertheless, irrespectively to these very promising results
obtained in above studies, non-invasive methods of assess-
ing nutrient uptake were not so far integrated in the routine
praxis of IVF. One of the reasons certainly lies in the fact
that all these studies on nutrient consumption were able to
provide only limited information regarding true marker(s)
of embryo developmental potential, and secondly these
methods were time consuming and therefore difficult to be
applied routinely in IVF.

Consequently, further methods to assess embryo viability
using new metabolic markers would certainly help in the
assessment of embryo potential.

4. ATP content of oocyte and its potential
contribution on the embryo development

Preimplantation period of human embryo development is
characterised with several important segments, including
germ cells maturation, fertilization, early cleavage, com-
paction, blastocoel formation and hatching.

Almost one decade ago, Van Blerkom et al. [13] observed
that the development of later embryonic stages, opposed
to the meiotic maturation, fertilization and early cleavage,
might be impaired in absence of sufficient amount of intrac-
ellular adenosine tri-phosphate (ATP). This sufficient amount
of ATP was specifically required to support the compac-
tion, formation of blastocoel cavity, hatching and implan-
tation. By contrast, the embryo with the suboptimal amount
of ATP can develop in vitro slowly, can possess inner cell
mass defects, or in the worst cases, can not develop to the
morula or blastocyst stage.

Van Blerkom et al. [13] further observed that the ATP con-
tent, needed for the normal growth of embryo in vitro, was
not generated through embryonic cells but rather derived
from the oocyte. One of the most interesting findings in
this study was that this initial amount of ATP generated by
the egg persists throughout preimplantation period of de-
velopment i.e. from the time of oocyte maturation to the
latest stages of embryo development in vitro. Consequently,
since the ATP content in the oocyte reflects the ATP content
of embryo derived from this oocyte, the indirect assessment
of ATP prior fertilization might have important clinical
implications if applied to oocyte selection for IVF [13].

However, presently due to technical difficulties it is still
impossible to assess the ATP content in the leaving cell
without the risk to damage the oocyte. Therefore, in order
to elevate this problem of direct measurement of ATP in
leaving human oocytes, we have currently attempted to
figure out an alternative approach to estimate this impor-
tant compound for IVF.
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We have started to investigate the physiological associa-
tion between cumulus cells and the cumulus cells-en-
closed oocyte for the ATP content. Namely, it is now well
known that the oocyte communicates actively with sur-
rounding corona cells and inversely, the cumulus cells can
actively support the growth of oocyte within the follicle
[14]. Communication occurs via paracrine and gap-junc-
tional signalling between these two cell types i.e. oocytes
and companion somatic cells (Figure 3) [15]. Moreover, it
was found almost in parallel that ATP produced in the cu-
mulus cells in response to glucose metabolism, may flow
down to the oocyte through gap-junction coupling path-
way where it could accumulate and later, contribute sig-
nificantly to further development of human embryos [16].

Thus, the main purpose of our prospective research project
is to assess the ATP content of cumulus-corona cells and to
see whether this ATP content correlates with the implanta-
tion potential of the derived embryo. Individual samples
will be obtained immediately after follicle aspiration cut-
ting one part of the cumulus-corona complexes. ATP con-
tent will be determined quantitatively by measurement of
luminescence generated in an ATP-dependent luciferin-
luciferase bioluminescence assay.

If the positive correlation for investigated parameters (ATP
content of cumulus masses and implantation potential of
derived embryos) will be found after the completion of our
preliminary experiment, our further investigation will be

Follicle formation
A

Differentiation

4

Proliferation

-
Cumulus expansion
Ovulation

Steroidogenesis

Figure 3. Bidirectional communication between cumulus cells and
cumulus-enclosed oocyte. (O Society for Reproduction and Fertility 2001;
reproduced by permission from [15]).

focus on the possibility to select the most viable embryo
within a given cohort. In conclusion, the search for the most
credible marker(s) of embryo viability represents still today
one of the most exciting part of IVF.
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