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To QC or not to QC: the key to a consistent laboratory?
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Abstract. A limiting factor in every embryology laboratory is its capacity to grow ‘normal’ embryos. In human in vitro
fertilisation (IVF), there is considerable awareness that the environment of the laboratory itself can alter the quality of the
embryos produced and the industry as a whole has moved towards the implementation of auditable quality management
systems. Furthermore, in some countries, such as Australia, an established quality management system is mandatory for
clinical IVF practice, but such systems are less frequently found in other embryology laboratories. Although the same
challenges of supporting consistent and repeatable embryo development are paramount to success in all embryology
laboratories, it could be argued that they are more important in a research setting where often the measured outcomes are
at an intracellular or molecular level. In the present review, we have outlined the role and importance of quality control
and quality assurance systems in any embryo laboratory and have highlighted examples of how simple monitoring can
provide consistency and avoid the induction of artefacts, irrespective of the laboratory’s purpose, function or species
involved.

Introduction

Quality management systems encompassing quality control
(QC) and quality assurance (QA) programmes are routinely used
in diagnostic laboratories as cornerstones of everyday practice.
In human in vitro fertilisation (IVF) clinics worldwide, there
is an increase in the use of quality management systems to
guarantee high-quality patient care, as well to ensure that the
laboratory is maintaining consistency, thus maximising embryo
quality and pregnancy rates (Gardner et al. 2005; Mortimer and
Mortimer 2005). However, there is a great deal of variation in
governmental regulations relating to quality standards in differ-
ent countries.A key role of a QA and QC system in the laboratory
is to facilitate repeatability and accuracy of results and provide
an auditable system to ensure good laboratory practice (GLP).
Therefore, although increasingly common in a commercial set-
ting, such programmes are less frequently found in a research
setting. However, because measurements of embryos are increas-
ing on a smaller scale, with perturbations being examined on a
molecular level, there is an increasing need for QC and QA in
a research setting to ensure repeatability of embryo quality and
responses. Therefore, whether the aim of the laboratory is to cul-
ture embryos for replacement to the mother (human or animal)
with the ultimate goal of producing offspring or whether the out-
come is the assessment of ‘normal’ levels of gene expression or
functioning of the embryos, we argue that there is an essential
role for a quality system to ensure high levels of consistent and
accurate outcomes.

Susceptibility of the preimplantation embryo
to the culture environment

The ultimate role of the embryology laboratory is to maintain
the inherent viability of the gametes and embryos in an environ-
ment outside the female reproductive tract. The dynamic nature
of preimplantation embryo development is unique because,
unlike somatic cell culture, embryos are constantly changing,
both in morphology and function, every day (Leese 1991;
Bavister 1995). It is during this time that the preimplanta-
tion embryo changes rapidly, in just a matter of days, from
a metabolically quiescent, undifferentiated single cell under
genetic control from maternal transcripts into a dynamic, multi-
celled embryo that has developed homeostatic mechanisms and
its own functioning genome (Leese 1991; Lane 2001; Gard-
ner et al. 2005). The embryo changes from a pyruvate-based
metabolism solely dependent on mitochondrial oxidative phos-
phorylation for energy production and resembles a unicellular
organism lacking many key regulatory functions for pH and
osmotic control. After compaction at the eight- to 16-cell stage
(dependent on species), there is a change in metabolic control
to a highly glycolytic metabolism. Concomitantly, there is also a
marked transition in the functional complexity of other cellular
mechanism as the embryo’s physiology becomes more like that
of a somatic cell. It is the initially crude nature of homeostatic
regulation in the early embryo and its subsequent develop-
ment through later stages of preimplantation development that
pose significant challenges in the laboratory when researchers
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Fig. 1. Stress applied to the precompaction-stage embryo (from the pronu-
clear stage to the time of compaction, eight- to 16-cell stage, depending on
species) appears to have lasting effects on development of the mammalian
embryo. A stress applied at this early stage of development has effects on
metabolic and epigenetic regulation, all of which have lasting impact on
blastocyst viability and fetal growth parameters.

endeavour to optimise viability. Thus, the maintenance of a
favourable in vitro environment that meets the changing require-
ments of the embryo through preimplantation development is
essential for maximising viability (Bavister 1995; Gardner and
Lane 1998; Gardner et al. 2000a, 2000b). Perturbations to the
environment surrounding the embryo during development in
culture, relative to ‘normal’conditions encountered in the repro-
ductive tract, result in reduced embryo viability and impaired
development (Thompson et al. 1995). Furthermore, increas-
ing evidence indicates that conditions or stresses encountered
in vitro may have far-reaching effects on fetal and placental
development, as well as offspring health (Fig. 1; Sinclair et al.
1999; Khosla et al. 2001; Zander et al. 2006; Watkins et al.
2007). Well-controlled conditions for the preimplantation
embryo are critical for normal cellular physiology and, therefore,
the maintenance of viability and future pregnancy outcomes.

The exquisite sensitivity of the early embryo, particularly
before compaction, is a result of early mammalian embryos
lacking many key homeostatic mechanisms that are generally
found in most somatic cells (Lane 2001). Prior to compaction,

the early embryo has been shown to lack robust mechanisms
for the regulation of intracellular pH and osmotic control is
poor (Baltz et al. 1990, 1991; Phillips and Baltz 1999; Steeves
and Baltz 2005). It has been demonstrated, using several differ-
ent in vitro models, that the susceptibility of the mammalian
embryo to the environment is greater at the precompaction
stage (Edwards et al. 1998; Zander et al. 2006; Rooke et al.
2007).Therefore, perturbations in the environment, such as alter-
ations in CO2 levels, pH or osmotic pressure, can have major
effects on the precompaction embryo, altering cellular physi-
ology and compromising viability (Fig. 1). Using exposure to
varying ammonium levels as a model, we have shown that the
most susceptible stage of development is the cleavage division
that coincides with activation of the embryonic genome (Zan-
der et al. 2006). A stress applied at this stage results in major
changes in embryo physiology, such as a decrease in blastocyst
cell number and an increase in apoptosis (Zander et al. 2006).
These cellular changes are accompanied by a significant loss in
viability after transfer (Table 1). Notably, however, embryo mor-
phology and the capacity to form a normal-appearing blastocyst
are not altered by this stress (Fig. 2). The same stress applied
at the post-compaction stages had no effect on embryo develop-
ment, physiology or viability (Table 1). Very small alterations to
the culture environment at these early precompaction stages can
result in major changes in the development and functioning of the
embryo.

Is QC necessary? Is embryo morphology a good marker?

The complexity of embryo development at a molecular level
and the critical role that molecular signalling has in normal
viability is only beginning to be understood. We, among oth-
ers, have shown that severe cellular perturbations that occur
when embryos are exposed to a suboptimal environment can-
not be determined using morphology as a marker (Thompson
et al. 1995; Doherty et al. 2000; Wrenzycki et al. 2001; Feil
et al. 2006; Zander et al. 2006). In many instances, embryos
can develop to apparently morphologically normal blastocysts.
However, at a cellular level, these embryos can be severely com-
promised and have a reduced capacity to subsequently implant
and produce a successful term pregnancy (Table 1). Therefore,
it is clear that the collection and culture environment that an
embryo is exposed to can significantly alter its developmental
potential and cellular regulation, without altering morphol-
ogy, making assessment of the quality of the culture system
difficult.

To counteract this, human IVF laboratories regularly use
extensive processes and equipment that help maintain the in vitro
environment of the embryo (Mortimer and Mortimer 2005).
However, the vast resources required to provide such high levels
of monitoring cannot usually be replicated in a research setting.
It is not uncommon for embryos to be collected and manip-
ulated in a research laboratory in the absence of specialised
equipment, such as calibrated warm stages. Unfortunately, this
action alone can have a major impact on the embryo and result in
adaptations to normal development. We collected mouse zygotes
(C57/BL6xCBA) in either the presence or absence of specialised
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Table 1. Effect of temporal exposure of mouse embryos to ammonium in the culture medium on embryo
development and viability

Control, zygotes were cultured to the blastocyst stage in medium G1/G2; precompaction, zygotes were exposed to ammo-
nium (300 µm) for 19 h to the two-cell stage before being returned to control medium; post-compaction, zygotes were
cultured under control conditions until compaction and then cultured in the presence of ammonium (300 µm) to the
blastocyst stage; throughout development, zygotes were cultured to the blastocyst stage in the presence of ammonium

(300 µm)

Stage of exposure to Blastocyst Apoptotic index Fetal development per
ammonium development (%) (%) embryo transferred (%)

Control (no exposure) 72.8 2.4 ± 0.6 41.7
Precompaction 70.4 5.8 ± 1.8A 18.1A

Post-compaction 70.8 2.7 ± 0.6 31.8
Throughout development 69.2 6.5 ± 1.9A 19.7A

AP < 0.05 compared with control.
Data from Zander et al. (2006).

Control NH4
�

Fig. 2. Similar morphology of typical mouse blastocysts after 96 h culture, without (control) or in the presence of ammonium (NH+
4 ).

warm stages calibrated to 37◦C before culture under our stan-
dard conditions. Oviducts that were collected from females
were allocated one to each treatment. The collection took less
than 5 min and performed simultaneously by two operators who
worked at the exact same pace.There was no difference in blasto-
cyst development rates (Fig. 3a) whether embryos were collected
in warm calibrated conditions v. those collected at room temper-
ature, nor was there a significant difference in blastocyst cell
numbers. However, there were significant alterations in gene
expression by these blastocysts (Fig. 3b). For collections in well-
controlled conditions, where the temperature was kept constant
at 37◦C, there was no difference in gene expression between
cultured blastocysts and in vivo-produced blastocysts. In con-
trast, there were significant increases in the expression levels of
insulin-like growth factor (IGF2) and IGF2 receptor (IGF2R)
genes from blastocysts that were collected in the absence of
warm stages (Fig. 3b). Therefore, significant changes in the
gene expression of blastocysts could be introduced by simply
collecting embryos under different temperature conditions. We
conclude that care should be taken to ensure that the temperature

is constant for embryo collections and manipulations, as well as
culture.

Therefore, it is critical that due consideration is given to
providing consistent conditions under which embryos are col-
lected and maintained. In our experience in a research setting,
the implementation of rigid QC and QA can meet with skepti-
cism, because embryos, particularly bovine and mouse embryos,
have the ability to grow to the blastocyst stage under a wide vari-
ety of conditions. However, simply monitoring developmental
parameters, such as blastocyst development, is unlikely to estab-
lish the real quality of the culture system. Therefore, in order to
accurately determine that each ‘run’ of embryo development is
consistent and of a sufficient quality, it would be necessary to
examine a series of molecular markers with each experiment.
Further, such measurements are usually destructive and there-
fore would not always be reflective of a heterogeneous group
of embryos, such as bovine embryos. Alternatively, a simple
solution can be the implementation of a quality management
system to provide a level of assurance that no outside factor has
crept into the experiment to confuse or confound the outcome.
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Fig. 3. Effect of culture of mouse embryos with or without a warm stage
on (a) development (%) and (b) gene expression (relative levels). There
was a significant increase in gene expression of IGF2 and IGF2R between
treatments (P < 0.05).
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Fig. 4. Different aspects of a quality management system that should be monitored in an embryology laboratory (adapted from Gardner et al. 2005).

Therefore, the establishment of a quality system that can assure
the quality and consistency of the environment that the embryo is
exposed to is an essential component of any laboratory that grows
embryos, whether the outcomes are babies (human IVF and com-
mercial domestic animal embryo production) or for research
purposes.

Establishment of a quality management system

When establishing a quality system for the laboratory, one of the
first decisions to be made is to what degree the system will be
proactive v. reactive and what aspects should be included. The
methods of how to implement such systems have been exten-
sively detailed elsewhere (Mortimer and Mortimer 2005). The
implication for a quality system with high levels of monitor-
ing is the significant ongoing resource commitment. In our own
experience of maintaining human IVF as well as research embry-
ology laboratories, we have different standards of QC for each
situation, ranging from a highly extensive, externally accredited
system in the human setting to a slightly less stringent system in
the research laboratory.

No matter what decision is made as to the extent of the
resource commitment, it is clear that a minimal system of quality
management is required in every embryo laboratory. Therefore,
throughout the present review, we have attempted to identify the
key aspects that need to be controlled in the laboratory and have
listed appropriate monitoring options (Fig. 4).

For all the measures discussed in the present review, it is
necessary to establish the tolerance levels for each individual lab-
oratory. The tighter the tolerance levels, the more consistent and
repeatable the culture environment will be. However, this also has
significant resource implications, because a large personnel time
is required for equipment maintenance and monitoring and per-
haps also investment in additional equipment. Methods for the
establishment of tolerance levels have been elegantly described
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elsewhere and so are not discussed in detail here (Mortimer and
Mortimer 2005).

Equipment
The maintenance of equipment is a key aspect to providing a con-
sistent environment that ensures normal embryo development.

Incubators
The incubator environment is the single most critical aspect

to be maintained because, in most cases, the embryo will spend
most of its time ex vivo in this environment. Incubator carbon
dioxide and oxygen levels (if applicable), as well as temperature,
should be checked at least once a week, although daily check-
ing is highly recommended. Levels should be checked using
calibrated equipment (e.g. a Fyrite device is commonly used
to check carbon dioxide levels). Although popular, Fyrite mea-
surement has a variance of up to ±0.5%, thus electronic meters
with infrared (IR) sensors with a variance of only ±0.2% should
preferably be used. Whichever technology is favoured, based on
an acceptable tolerance level, it is essential that the first step
to any equipment reading is to calibrate (or check) against a
known carbon dioxide concentration (e.g. a certified gas cylin-
der) before taking the incubator reading. Similarly, temperature
should be checked against a certified thermometer. All readings
are best performed before an incubator is opened for the first
time on any given day.

Opening the door of the incubator significantly alters the envi-
ronment within and studies have shown that it can take up to 1 h
for carbon dioxide (Avery et al. 2000) and 20 min for incubator
temperature levels to return to set levels (Fujiwara et al. 2007).
In addition, culture medium temperature can take up to 30 min to
equilibrate (Fujiwara et al. 2007). The more times the incubator
is opened, the less consistent the environment is for the embryos
inside. Studies with mouse (Gardner and Lane 1996) and cow
(Avery et al. 2000) embryos showed that multiple openings of
the incubator door significantly reduced cell numbers of blasto-
cysts. Furthermore, both increases and decreases in temperature
can affect embryo viability (McKiernan and Bavister 1990;
Wakayama et al. 2004; Jousan and Hansen 2007; Sugiyama
et al. 2007). Thus, it is important to keep these things in mind
when conducting experiments, because different replicates may
produce different results simply as result of incubator usage
(Avery et al. 2000).

One simple solution to reduce the number of incubator
door openings is to designate incubators as either ‘working’ or
‘longer-term culture’incubators.Working incubators can be used
for incubating media and dishes, as well as for storing embryos
for activities that require more frequent opening, such as embryo
assessments or change overs to fresh media. The use of signage
sheets on incubators ensures monitoring of the number of open-
ings, as well as acting as a deterrent for overly frequent use. If
conditions exist such that incubators are unavoidably opened
frequently, modular incubation chambers can be used. These
modular incubation chambers are gassed with the appropriate
gas phase for embryo development and act as mini-incubators
within the larger incubator.This effectively protects the gas envi-
ronment surrounding the embryo when the incubator door is
opened and sustains greater development.

pH
The maintenance of culture media pH in the incubator is also

important, because small changes in the CO2 level within the
incubator can have major effects on the pH of the bicarbonate
buffered culture medium, based on the Henderson–Hasselbalch
equation. An example of this is shown in Table 2, where we
examined the effects of growing mouse embryos in a bicarbon-
ate (25 mm)-buffered medium system in an incubator calibrated
to have a CO2 concentration of either 6% or 5%, giving an extra-
cellular pH level based on the Henderson–Hasselbalch equation
of 7.30 and 7.40, respectively (M. Lane and D. L. Zander-Fox,
unpubl. obs.). Measurements of embryos from all species mea-
sured to date indicate that intracellular pH levels are in the range
7.2–7.3 (Baltz et al. 1991; Dale et al. 1998; Lane et al. 1998;
Lane and Bavister 1999). Therefore, a CO2 level of 5% indicates
a small pH elevation of between 0.1 and 0.2 pH units above
optimal. Because embryos have a limited capacity to regulate
intracellular pH, this would result in a stress on the embryo to
maintain intracellular pH at optimal levels. When embryos were
cultured in an atmosphere of 5% CO2, there was a significant
reduction in blastocyst cell numbers compared with culture in
6% CO2 (72.1 ± 2.1 v. 84.5 ± 2.4, respectively; P < 0.05, Stu-
dent’s t-test). Furthermore, and perhaps more significantly, there
was a significant reduction in the implantation rates and fetal
development rates after embryo transfer when embryos were cul-
tured in 5% CO2. It is clear that there is a significant effect of the
CO2 concentration within the incubator on pH and it is essential
that the incubator is set consistently to maintain pH and ensure
reliable experimental outcomes. We use CO2 level monitoring
by an IR sensor whenever possible and maintain our incubators
between 6% and 6.5% CO2 in order to preserve medium con-
taining 25 mm bicarbonate in a pH range of 7.2–7.3, as per the
Henderson–Hasselbalch equation.

The removal of bicarbonate-buffered culture medium from a
controlled CO2 environment results in an immediate degassing
and loss of dissolved CO2 from the medium. Thus, there is
an immediate increase in media pH, which can reach levels
that are detrimental to embryo development in 1–2 min. One
simple method to avoid such rapid changes is the use of an
oil overlay, which can significantly slow the loss of CO2 from
the medium and allow pH to be maintained while embryos are
manipulated or assessed outside the incubator. However, an oil

Table 2. Effect of incubator CO2 levels on the development and viability
of mouse zygotes cultured to the blastocyst stage

There was no difference in blastocyst development; however, resultant blas-
tocysts had significantly lower cell numbers and significantly reduced fetal
development rates after transfer. All other conditions of the culture were
maintained consistently and therefore the effect seen is a result of the differ-
ent set-point of the CO2 within the incubator. n > 100 embryos cultured per

treatment

Incubator CO2 Implantation rates Fetal development per
level on Day 18 (%) embryo on Day 18 (%)

5% 68.5A 38A

6% 82.3 62.5

ASignificantly different from 6% CO2 as determined by Fisher’s exact test.
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Fig. 5. Measurement of heat loss of media in culture dishes after removal
from the incubator and placement on either on a calibrated warm stage or
at room temperature for (a) 50-µL drops of medium under oil. After 7 min,
dishes that had been removed from the warm were returned to the warm stage
and observation was continued. (b) 3 mL medium without an oil overlay.
After just 2 min at room temperature, there is a highly significant loss in
temperature of the medium resulting in significant cooling and stress on the
cultured embryos.

overlay does not prevent the loss of CO2; rather, it reduces
the rate of CO2 diffusion and, therefore, the time that dishes
are removed from incubator should be kept to a minimum.
For embryo manipulation and collection, a medium buffered
with N-(2-hydroxyethyl) piperazine-N′-(2-ethanesulfonic acid)
(HEPES) or 3-(N-morpholino) propanesulfonic acid (MOPS)
should be used. Such media maintain pH in an air environ-
ment, are commonly available in formulations similar to culture
medium (i.e. containing amino acids) and are an effective way
of maintaining pH during prolonged (>5 min) manipulations.

Microscope warm stages and heating blocks
As mentioned above, the use of microscope warming stages

for embryo culture can have a major impact on the cellular phys-
iology of developing embryos. Replicates may differ if heated
stages are not used or if they differ in temperature. Microscope
warm stages and heating blocks should be calibrated in a manner
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Fig. 6. Determination of the increase in osmolarity that occurs when
medium is incubated in a non-humidified environment. When 3 mL medium
is placed in a dish on a warm stage at 37◦C without a lid, there is a 5%
increase in osmolarity after just 30 min, which increased to a 14% rise after
1 h. This increase would be greater with smaller volumes or increased tem-
perature. The increase in osmolarity was less pronounced in a dish covered
with a lid.

that takes into account the loss of heat across the culture dish
(i.e. the heated stage should be set at a slightly higher tempera-
ture than is required for culture; Fig. 5). A study conducted by
Cooke et al. (2002) showed that media at 37◦C in a four-well
dish can decrease up to 2◦C in 30 s, depending on the type of
heated stage. However, all heating stages tested lost at least 1◦C
in the first 5 min and some lost >3◦C during this time. Even a
short time at an increased or decreased temperature can cause
irreversible stress to embryos (Pickering et al. 1990; Kimmel
et al. 2002); therefore, it is essential that heated stages are set
correctly and maintained. A further consideration is the culture
dish itself, because dishes without a flat bottom do not come
into direct contact with the heating stage, facilitating heat loss.
Consequently, flat-bottomed dishes should be used to provide
even heating where possible.

Osmolarity
Balances and osmometers that are used to make and test media
should be calibrated against known standards to ensure correct
readings. Both increases and decreases in osmolarity have been
shown to negatively affect embryo development (Li and Foote
1996; Hadi et al. 2005; Fong et al. 2007). The calibration of
pipettes is also important to ensure accurate measurement when
preparing media, because the use of uncalibrated pipettes can
alter concentrations of solutes, as well as media osmolarity. A
further consideration for the maintenance of osmolarity is tem-
perature, because the osmolarity of the medium can change when
media are left on a warm stage in a non-humidified environment.
Placement of medium in a dish on a warm stage over time can
result in a significant and unacceptable elevation in osmolarity
(Fig. 6). Similar to pH, the use of an oil overlay is an effective
way to reduce the increase in osmolarity.
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Air quality
Air quality is difficult to completely control in the laboratory,
but should always be considered for the provision of a qual-
ity embryology research environment. Poor air quality has a
range of effects, from fertilisation failure and delayed embry-
onic development to a reduction in the viability of embryos,
which may or may not be evident morphologically (Cohen et al.
1997).

Air quality can fluctuate depending on events both within
and external to the laboratory. To best protect the quality of the
air in the laboratory and ensure that as much incoming air as
possible undergoes HEPA filtration, the ceilings and walls of
the laboratory should have a minimum number of penetrations
(e.g. a solid ceiling, sealed lighting and airtight utility connec-
tions; Cohen et al. 1998; Hall et al. 1998; Boone et al. 1999).
Seals and sweeps should be fitted to doors, which should be
lockable or have restricted access. The spacing of air inlets and
outlets is important to avoid drafts that can result in localised
temperature fluctuations, which emphasises the importance of
the physical location of workstations in the laboratory. Laminar
flow hoods and manipulation workstations should not be located
too close to air supply vents, thus minimising disturbances to the
sterile field and preventing cooling of microscope and handling
warm stages. In order to further protect the internal laboratory
space, storage areas should be independent of the laboratory,
particularly for newly sterilised items, which release multiple
deleterious compounds for prolonged periods of time.

Ideally, air within the laboratory should undergo HEPA filtra-
tion. However, at a minimum it is important to be aware of, and
ideally limit, the external activities in the vicinity of the embryo
laboratory that may affect air quality (Cohen et al. 1998; Hall
et al. 1998; Boone et al. 1999). Activity related to any type
of construction, especially paints, adhesives and other solvents,
industrial hazards, general pollution and wind direction can be
important in protecting the internal laboratory environment. In
situations where air quality may be affected by external activities,
measures to prevent a decrease in air quality can be taken, such
as increasing the frequency of the routine HEPA filter changes or
by protecting cultures with the use of modular incubation cham-
bers gassed with certified gas to protect the quality of the air for
culture.

A large proportion of the air in incubators is ambient air from
the laboratory, dependent on the gaseous environment being
used.Therefore, maintaining good-quality ambient air in the lab-
oratory also affects the quality of the air contained in incubators.
In addition to this, the source and quality of gases used to main-
tain appropriate incubation conditions should be considered as
part of the quality of the environment for incubating gametes
and embryos. Often producers of these gases may not be aware
of the high standards required for such specialised laboratory
techniques. Gas lines should consist of as little plastic or rub-
ber tubing as possible to minimise alterations in concentration
due to leakage and contain carbon filters to absorb some of the
volatile agents dissolved in the atmosphere. There have been
some reports that the quality of the air within the incubator can
be improved by the use of specialised filters within the incu-
bator that purify the gas entering the chamber (Merton et al.
2007).

Plastic-ware and consumables in the research
laboratory: what should we test?

The culture of gametes and embryos is an integral part of any
reproductive research laboratory, as is the use of plastic-ware and
other consumables, such as gloves, media, chemicals and oil. For
some time now, it has been understood in the human IVF setting
that the QC of all consumable and plastic-ware is essential for
maintaining an optimal environment for embryo culture, thus
ensuring normal embryo physiology and subsequent pregnancy
rates. The QC system in an IVF laboratory not only ensures the
consistency of outcomes, but also allows the tracing of events
during a laboratory procedure (Gardner et al. 2005). Recently,
scientific societies and regulating bodies have strongly recom-
mended that continual evaluation of the culture environment
in the IVF laboratory becomes routine, if not mandatory, and
that laboratory protocols should include in-house QC procedures
using appropriate bioassays, such as the sperm motility bioassay
or the mouse embryo assay (MEA; Tucker and Jansen 2002).

Despite the importance of QC in the human IVF setting, little
or no attention has been paid to consumable and plastic-ware QC
in the research setting. Multiple studies have demonstrated the
effect of various toxic sources on embryo quality and growth. For
example, exposure of embryo culture media to powdered latex
gloves can completely inhibit blastocyst development (Reddy
et al. 1999) and exposure to ethylene oxide, a commonly used
sterilising agent, can inhibit embryo cleavage, despite a 12-day
aeration period (Holyoak et al. 1996).

The purchasing of embryo toxicity tested plastic-ware is
essential, including all plastics that are used for media stor-
age, and these should be discarded after use and never re-used.
However, because there is no standard testing regimen, the type
of embryo toxicity testing should be evaluated against internal
standards and tolerance levels determined for the research labo-
ratory, because different conditions can affect the sensitivity of
the assay (see below).

Culture media

Media preparation is a time-consuming and often complex task
and requires appropriate training and technical competence. In
clinical settings, it is now highly unusual for individual labora-
tories to prepare their culture medium ‘in-house’ because of the
enormous burden of QC that accompanies each batch.This helps
ensure that no artefact is introduced into the system that may
disturb embryo physiology and alter pregnancy potential. There-
fore, IVF clinics routinely purchase aseptically produced media
formulated under good manufacturing procedures (GMP) under
the control of various regulatory, QC and inspection systems.

However, concerns surrounding the introduction of artefacts
into the culture system exist in all laboratories in the practice
of growing embryos, irrespective of whether the laboratory is
a clinical IVF laboratory or one growing embryos for commer-
cial production or research purposes. Therefore, every batch of
medium that is used for the development of embryos should
undergo a basic set of QC and QA to determine consistency.
This aids in reducing batch-to-batch variation and provides con-
sistent and repeatable results. The storage of media, with regards
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to temperature, moisture and humidity for example, is also an
important consideration that should not be overlooked.

The quality of the chemicals, water and equipment is
paramount to producing high-quality media. Ideally, all new
chemicals should be tested for embryo growth compatibility,
using the MEA for example, to ensure they are not embryo
toxic. Wherever possible, chemicals should be of pharmacopeia
grade, stored correctly (i.e. at the correct temperature, humid-
ity and light conditions) and are not cross-contaminated. The
equipment required to make the media, such as glassware, must
also be clean and sterile to prevent the transfer of impurities to
the media (Gardner and Lane 1999). The water used to make
the media should be of the highest quality and be free of bacte-
rial contamination and endotoxins, which themselves can affect
embryo development (Rinehart et al. 1988). Each new batch of
medium should be tested. We routinely test our ‘in-house’media
preparations for osmolarity, pH, bacterial load and endotoxin
levels; in addition, we use MEA.

Storage of media and the invisible demon, ammonium

It has been clearly established across all mammalian species that
amino acids are important regulators of development and, as
such, all media designed to culture mammalian embryos should
now contain amino acids. One of the consequences of includ-
ing amino acids, in particular glutamine, is that it breaks down at
37◦C to produce ammonium in the culture medium (Gardner and
Lane 1993; Lane and Gardner 2003). The high levels of ammo-
nium that are produced by medium containing glutamine (1 mm)
incubated at 37◦C in just 24 h are sufficient to inhibit embryo
development (Gardner and Lane 1993; Lane and Gardner 2003;
Orsi and Leese 2004;Virant-Klun et al. 2006).As mentioned ear-
lier, although the build up of ammonium in the medium does not
alter blastocyst development and morphology, the cellular health
of embryos is significantly affected, including altered levels of
gene expression, epigenetic regulation and viability (Gardner
and Lane 1993; Zander et al. 2006).

Although glutamine is quite labile in culture media, it can be
substituted with a stable dipeptide of glutamine, such as alanyl-
glutamine, which provides the benefits of glutamine without the
problem of the toxic build up of ammonium. Therefore, care
should be taken to ensure that media containing glutamine are
never stored at high temperatures.

Mouse embryo assay: the QC ‘gold standard’?

Although the preimplantation MEA is one of the most widely
used bioassays for screening laboratory consumables, media and
equipment in the human IVF setting, it is not used routinely in the
research environment. The ability of the MEA to detect toxins
has been the subject of some contention and this is primarily
due to differences in various MEA bioassay protocols, which
vastly influence the effectiveness of the assay. Embryo stage (i.e.
one- or two-cell embryos) can influence assay sensitivity, as can
media composition and the presence of serum albumin (Fig. 7).

Many companies and IVF laboratories use the two-cell mouse
bioassay to detect toxins in consumables, but it is now widely
accepted that the one-cell stage bioassay is more sensitive in
responding to toxins in the culture environment (Davidson et al.
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Fig. 7. Parameters of culture conditions on the sensitivity of a mouse
embryo assay (MEA). For each MEA test, the outcome (i.e. whether blasto-
cyst development rates of >80% are achieved) is altered by the conditions of
the assay. (a) Stage of embryo collection: one- or two-cell stage. (b) Strain of
mouse: F1 hybrid females or CF1 outbred females. (c) Presence or absence
of serum albumin. *, significantly different from control (P < 0.05).

1988; Tucker and Jansen 2002). This is because the first cell
division in the mouse preimplantation embryo appears to be the
most sensitive stage to in vitro stress (Zander et al. 2006). Mouse
strain can also influence assay sensitivity, with inbred strains and
F1 hybrids being less sensitive to their environment than outbred
stains, whose embryos can block at the two-cell stage if certain
media are used.
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The presence of amino acids and albumin can also affect the
sensitivity of the MEA because both have the ability to chelate
toxins and perhaps mask their presence (George et al. 1989).
Therefore, it has been postulated that the ideal MEA assay uses
an inbred hybrid mouse strain from the zygote stage of develop-
ment, cultured in a simple medium (lacking in amino acids) in the
presence of albumin from the zygote to the two-cell stage and
then without albumin through to the blastocyst stage to prevent
the masking of any toxins (Gardner et al. 2005).

Because blastocyst development alone is not an accurate
marker of embryo viability (Lane and Gardner 1997; Zander
et al. 2006), multiple time-points of on-time embryo develop-
ment should be used. It is suggested that embryo morphology
should be determined at 24, 78 and 96 h of culture to indicate that
blastocyst development may be both morphologically different
and delayed. Cell number, cell allocation (to the inner cell mass
and trophectoderm lineages) and birth rate after transfer can also
be used as other more robust end-points because these assess not
only embryo development, but also blastocyst viability.

The importance of the MEA in human IVF suggests that it
has a place in the reproductive research setting. Although many
plastics and media manufacturers test their products for embryo
toxins, some consumables used in the research setting are not
tested or are tested under less-sensitive MEA bioassay protocols.
Thus, there are a number of toxins commonly in the research
setting that may negatively impact results.

Although it may be a little extreme to suggest that research
laboratories that routinely culture gametes and embryos should
practice QC to the same extent as human IVF laboratories, it is
strongly advised that all plastic-ware and consumables that come
into contact with gametes or culture media should be embryo
toxin tested, if not by the manufacturer, then by an in-house MEA
bioassay system. This will lead to an increase in the consistency
of experiments without the influence of external embryo toxins,
which may otherwise confound results and lead to false research
outcomes.

Conclusions

Maintaining a consistent environment in the laboratory is an
essential goal for preserving normal embryo physiology and,
therefore, development and viability after transfer. Small pertur-
bations in the laboratory environment can result in stress and the
resultant adaptation to conditions during preimplantation stages
can affect pregnancy loss and fetal growth. It is also clear that
such stressors can also cause subtle alterations in the cellular
physiology and genetic control of the cells of the embryo that are
not evident by assessing morphology. Therefore, the establish-
ment of robust QC mechanisms within the laboratory is essential
to maintain consistency, whether the goal of the laboratory is to
grow embryos for transfer to a recipient or in a pure research
context, where study of the cellular or molecular make-up of the
embryo is the primary objective.
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