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Temperature, osmolality and pH control are three of the fundamental aspects of cell homeostasis, 

and in consequence quality control in the IVF laboratory. However, whereas the control of temperature 
and osmolality is a standardized procedure, the control of pH is still relatively arbitrary. The correct pH 
setting of culture medium depends in major part on the relationship between levels of bicarbonate in the 
culture medium itself, and the CO2 setting on the laboratory incubator. This in turn depends on 
atmospheric pressure; and until recently also on the humidity of the air used to culture embryos (changes 
in CO2 calibration technology have diminished the importance of humidity in recent years). 

Why is pH so important to embryo development?  The correction and maintenance of internal pH 
is an energy-requiring process. Human embryos are particularly sensitive to pH because these cells have 
active transport mechanisms for the regulation of internal pH, and therefore any need to combat changes 
in external pH means the diversion of energy from vital developmental functions to homeostasis. This 
obviously means lower quality embryos, and an increase in failure to implant and form a viable fetus. 

However, a fundamental question would be ‘what is the physiological pH for embryo culture?’. 
Due to the difficulties of measuring the pH of fluids within the oviduct under physiological conditions, the 
‘ideal’ pH for human embryos has not been accurately determined. In fact, in our measurements of 
follicular fluid, a highly stable pH of 7.65 was determined. Extended culture of oocytes in this fluid was 
certainly not detrimental, and our data suggested it had a beneficial effect. However, whether this was 
physiologically relevant to human embryo development as opposed to just the oocyte stage is not known. 
Generally, embryo culture is performed in a pH range of between 7.2 and 7.4. 

In this webinar, Dr Jason Swain provides practical and theoretical evidence for the direct control 
and measurement of pH over simple control of CO2 levels in the IVF laboratory. In the first part of the talk, 
he describes the theoretical considerations for pH control over simple control of CO2 levels. He also 
describes the effects of non-physiological pH on gamete and embryo development. In the second part of 
the talk, he discusses practical aspects of the measurement of pH in the IVF laboratory. I strongly agree 
with Dr Swain in that the measurement of CO2 is limited, and pH measurements more accurate for quality 
control and standardization of procedures. I am sure you will thoroughly enjoy the talk, and put to good 
use the information gained from this webinar. 
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Transcribed text of the Webinar on practical pH in the IVF laboratory 
 
Good morning or good afternoon. My name is 
Tom Turner and I’m delighted to introduce the 
second in a series of webinars hosted by SRBT 
and Cryoport and the title of this webinar is 
‘Practical pH in the IVF Lab’. The webinar will 
run for approximately 60 minutes and we are 
very pleased that you have all joined us today, I 
think we have over 200 people now signed up 
for the webinar which is an overwhelming 
response and these webinars are educational as 
SRBT is a society for reproductive biologists and 
technologists and we’re geared towards the 
laboratories working in the field of reproductive 
endocrinology and IVF. 
 
Our hosts today, for Cryoport I believe will have 
Shannon Curiel later, the business development 
manager for Cryoport talking to us, and I’d like to 
introduce Dr Jason Swain PhD, HCLD, the 
scientific director of ART Laboratories at the 
University of Michigan Center of Reproductive 
Medicine. Jason is a leader in our field of 
optimising culture media for pH regulation, and 
this discussion will feature how pH dynamics 
can affect gamete and embryo development and 
function. I just want to say Dr Swain received his 
Ph.D. at the University of Michigan and while he 
was there he worked with Dr Garry Smith who is 
an expert in the field of cryopreservation and 
also worked with Jason on a lot of his early 
studies on embryo culture media. Then Jason 
spent some time with Dr Rusty Pool in San 
Antonio and Dr Pool is one of our gurus in the 
development of the type of culture media that we 
use in the IVF laboratory today and it’s to 
Jason’s contribution to us is a result of what he 
learned from these two men and what he has 
studied to become an expert in his own right and 
I think we are very fortunate in having him to 
speak with us. 
 
The learning objectives of this webinar are the 
following: 
 
1) Explain gamete and embryo physiology and 
pH regulation 
2) Understand the impact of pH on gamete and 
embryo development and function. 
3) Solve problems relating to pH dynamics in the 
IVF laboratory, we’re all really in need of 
understanding pH if we’re growing embryos in 
the laboratory. 

I’d like to turn it over now to Dr Swain: 
 
Dr Swain: 
I hope everybody can see my slides now. I’d just 
like to reiterate and thank Cryoport and SRBT 
for this opportunity.  It’s a valuable experience 
for all of us in the labs and we know we really 
appreciate the opportunity to get some CEU’s 
from webinars such as this. 
 
Today we’re going to be talking about pH, and 
most of us know that, despite our best efforts, 
there are various in vitro environmental 
stressors that we expose our cells to within our 
laboratories.. A lot of these stressors are within 
our control within the laboratory, and as I 
mentioned, today we’re going to be talking about 
a particular stressor, and that’s pH. We heard 
the objectives earlier, but just to quickly 
reiterate; I’m first going to start by defining pH, 
and then I’m going to explain gamete and 
embryo pH regulation and differentiate between 
internal pH and external pH of a culture media, 
then hopefully demonstrate the importance of 
pH on gamete and embryo development and 
function. Finally we’ll address practical issues of 
pH in the laboratory, considering issues such as 
equilibration, set-point, and stabilization. 
 
A good place to begin is by defining what pH is, 
and most of you are probably familiar with the 
scale seen here. This is the pH scale ranging 
from 1 to 14. Substances with a pH of less than 
7 are considered acidic, substances with a pH 
greater than 7 are basic, and a pH of 7 is 
considered pH neutral.  If you think back to high 
school chemistry or other science classes, you 
often see various other substances indicated on 
this graph or scale.  What we’re talking about 
when we mention acid or base is that acids are 
things that increase the concentration of 
hydrogen ions, whereas bases are things that 
decrease the concentration of hydrogen ions.   
So, really, in its simplest terms, pH is a measure 
of the hydrogen ion concentration.  
 
Knowing that, it would be helpful to know how 
we set the hydrogen ion concentration of the 
media we use in our laboratories.  This is really 
a balance between the incubator and the culture 
media; specifically CO2 levels within our culture 
incubator and primarily sodium bicarbonate 
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levels within our culture media, although there 
are other substances that can also influence 
media pH. 
 
Because most of us buy our media from 
commercial manufacturers the sodium 
bicarbonate concentrations are already set. So, 
the easiest way for us to adjust our media pH in 
our laboratories is through adjusting the CO2 
concentration of our culture incubators, and this 
is an inverse relationship.  As many of you 
know, when we increase the CO2 concentrations 
of our incubators, the pH of our media 
decreases. 
 
Now I want to differentiate between the media 
pH, or the external or outside pH that we 
abbreviate pHo, and the internal pH of a cell, 
which is abbreviated pHi. Cells do have the 
ability to regulate internal pH.   There’s a limited 
buffering capacity of the cytoplasm and the 
included proteins. There are also membrane-
bound regulatory mechanisms and we can see 
some of those listed here.   There are set-points 
where these transporters or regulatory 
mechanisms are activated, and, until these 
mechanisms are activated, at least initially the 
internal pH is going to follow the external pH. It’s 
also important to know that the internal pH of 
cells can also be influenced by other factors 
within the media such as amino acids or mono-
carboxylic acids such as lactate. These 
regulatory mechanisms are why cells can 
develop and function over a range of media pH.  
But as we’ll see later, this doesn’t mean that the 
quality of these cells is going to be equivalent 
over a range of pHo.  
 
As most of us know, embryo development can 
be influenced by the external pH of a culture 
medium, and we’ll discuss this in a little more 
detail later.   The importance of pH is even more 
apparent when we consider the especially 
sensitive nature of the cells that we deal with 
within our laboratories and that the common 
procedures that we do within our labs every day 
can actually compromise the ability of these 
cells to regulate their internal pH,.   For example, 
cryopreservation and thawing of embryos can 
reduce the ability of embryos to regulate their 
internal pH.  As a result, there is approximately a 
3 hour recovery window until these regulatory 
mechanisms are reactivated.  Also, procedures 
that we do, such as denuding oocytes for ICSI, 
actually results in a compromised cell in respect 
to pHi regulation Denuded mature oocytes lack 

robust pH regulatory mechanisms, as this  pH  
regulation  is  usually  conveyed  by the cumulus 
cells.  The ability of the oocyte to regulate its 
internal pH really isn’t activated until around 6 
hours after fertilization. Finally, just to not 
exclude the male gamete entirely, sperm motility 
and binding to the zona pellucida can also be 
influenced by the pH of our culture media. So, 
one can really now begin to appreciate that 
proper and stable pH of our culture media is 
crucial. 
 
Here we can see some data indicating the 
impact of culture media pH, and this is looking at 
sperm motility. This was a study of human 
sperm cultured in media of varying pH of 7.2 to 
7.8.  Sperm were cultured for a very brief period 
of 2.5 hours and motility was then assessed by 
CASA, and internal pH was also measured. The 
results can be seen here; % motility is graphed 
on the Y-axis, and the external pH (pHo) is 
graphed on the X-axis. The internal pH (pHi) is 
graphed on the X-axis.  As you can see, as the 
pH of the external culture media increased, 
sperm motility decreased and the internal pH of 
the cell also increased.  
 
Here is another example of the importance of pH 
in the IVF laboratory and this is examining the 
influence of pH on the cellular organisation of 
embryos. This experiment was performed using 
hamster embryos that were exposed to a non-
metabolisable acid or base to slightly increase or 
lower internal pH. Control embryos were 
untreated. They were cultured for a period of 3 
hours, and then embryos were imaged for 
mitochondria and actin cytoskeletal elements.. 
As you can see in the control embryos, there is 
a perinucleolar, nuclear localization of 
mitochondria and actin. However, slightly 
lowering or raising pH results in the 
disorganisation of these organelles. This is 
important because cytoskeletal components 
regulate the meiotic and mitotic spindle and 
chromosomal positioning, and this is especially 
important when one considers the high rates of 
aneuploidy that are associated with the human 
oocyte and resulting embryo.  Additionally 
mitochondrial distribution is correlated to oocyte 
and embryo developmental competence, so 
obviously the disorganisation of the 
mitochondria carries ramifications. 
 
Internal pH can also impact embryo metabolism, 
again here we can see a study utilising hamster 
embryos where they treated the cells with a non- 
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metabolisable base to slightly increase internal 
pH.   Again cells were cultured for a very brief 
period of 4 hours, and metabolism was 
assessed. Here we can see control embryos 
and baseline rates of glycolysis and oxidative 
metabolism, however, even slight increases of 
pH of less than 0.01 or 0.15 pH units resulted in 
a significant decrease in oxidative metabolism, 
and an increase in glycolysis. Similar results 
were also found when lowering pHi using a non-
metabolisable acid, and the significance of this 
is evident when one considers that embryo 
metabolism is correlated with developmental 
competence.  Another thing I wanted to point out 
here is that these studies ranged between 2.5 to 
4 hours, so a very brief period of time, and these 
are all well within those time windows of 
compromised pHi regulatory ability that I 
mentioned previously induced by 
cryopreservation or denuding of oocytes.  So, 
you don’t have to have prolonged deviations in 
pH to cause potential detrimental effects. 
 
Perhaps more convincing in regard to the 
importance of pH is the fact that deviations of 
pHi can impact the fetus as well as the embryo. 
Here we have data from Michelle Lane’s lab 
using 1-cell mouse embryos that were treated 
with a non-metabolisable acid for 19h to reduce 
internal pH.  Embryos were then placed back 
into control media and cultured to the blastocyst 
stage. Not only was blastocyst development 
affected by decreasing cell number and 
increasing apoptosis, but following transfer,  
resulting fetal size was decreased. 
 
So, these data should at least begin to illustrate 
the importance of pH and why we should be 
concerned about it in our laboratories. Moving 
on, I now want to talk about some practical 
issues of pH in the IVF laboratory and how we 
can regulate this environmental stressor.   
 
To simplify things, I like to think of pH as 
occurring in three phases. The first phase is 
equilibration, which is the amount of time pH 
takes to come down to our set-point or desired 
point where we want to culture our cells. There  
are a variety of factors that can affect the 
equilibration timing, things such as the type of 
dish and the type of lid that can affect gas 
exchange; the amount of oil overlay used; and to 
a lesser extent media volume.  Another factor to 
consider is the starting and ending pH of the 
media. Here we can see some data from a 
commercial company that sells culture dishes. 

Dish number 1 has a lid that fits tightly and 
there’s not a lot of space that permits gas 
exchange. Dish number 2 has a larger gap to 
permit more adequate gas exchange during 
equilibration. What this graph is meant to 
demonstrate is that the type of dish or lid can 
affect equilibration timing. What I want to show 
is that it takes several hours for the pH to reach 
equilibrium.   There are other similar graphs like 
this from other groups. For example, Joe 
Conaghan notably has published some 
abstracts looking at equilibration timing using 
real time pH measurement and the impact of 
volume and oil overlay.   The take-home point is 
that it takes several hours, really a minimum of 8 
hours to reach equilibrium. Most people culture 
or equilibrate their dishes overnight, which is 
fine. What we really want to try to avoid is 
making up a dish a few hours before oocyte 
retrieval, putting it in an incubator and expecting 
it to be ready to introduce embryos.  This simply 
isn’t the case. 
 
The next phase of media pH I want to discuss is 
set-point, and this phase usually gets the most 
interest. So, I hope I will be able to address 
many of your questions. If not we can address 
these at the end of the webinar.   There are a 
variety of studies that have looked at the impact 
of pH on embryo development. This is just one 
study from Fertility Magazine of 2005, I’ve just 
picked it because it had a nice graph to illustrate 
the point. Here you can see this particular group 
did what most of us would do and that’s alter the 
CO2 level on their incubator to adjust pHo., As 
you can see, a range of CO2 values gives a 
range of measured pH’s, and then they graphed 
this against blastocyst formation of mouse 
embryos.  And in their hands they showed they 
had maximum blastocyst development at a pH 
of 7.2 and a relative CO2 level of 5.0%.  
 
Unfortunately, this particular study didn’t report 
pH values up to the second decimal place, and 
so it’s not really clear why there is such a 
significant difference with two treatments both at 
pH 7.2.  However, what we can see is that the 
CO2 value differed by 0.5 units and so it’s really 
important to note the title of this particular paper 
which is ‘The effect of CO2 concentration and pH 
on the In-Vitro development of mouse embryos’. 
This would imply, perhaps, that the CO2 
concentration itself may be having some impact 
on the embryo.  
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A more recent paper can be seen here, from 
Fertility and Sterility, entitled ‘Differential pH in 
embryo culture’, and this group again looked at 
the impact of culture media pH on embryo 
development using the mouse. In this particular 
study, rather than adjusting CO2 concentrations, 
they adjusted sodium bicarbonate concentration. 
As you can see, the pH concentrations ranged 
from 7.3 down to 7.0. This is just one graph of 
many presented in this particular paper, and I’m 
not able to show all of the data due to time and 
space constraints, but the critical point is that 
this group concluded that pronuclear stage 
embryos appeared to like a slightly higher pH of 
about 7.3, whereas cleavage stage embryos 
appeared to like a pH value of about 7.1 or 7.2. 
However, as you can see the authors adjusted 
sodium bicarbonate concentrations and not just 
pH.  So, the title of this paper could very well 
have been ‘Differential BICARBONATE in 
embryo culture’. The reason I mention this is 
because the CO2 and bicarbonate can influence 
the embryo independently of pH.  It’s known that 
embryos use the carbon from CO2 for 
biosynthesis of nucleic acids, proteins and 
metabolic intermediates, and bicarbonate is 
utilised by various membrane transporters that 
can be involved in blastocoel formation as well 
as the regulation of internal pH. So, one can 
now begin to see that it’s really difficult to isolate 
the pHo as the sole variable when trying to 
design these experiments to look for an optimal 
pH for culture media. 
 
So, one may then think that we could turn to the 
in vivo environment and see if this may give us 
some insight as to what an optimal pH may be 
for culturing our cells in the laboratory. This is 
just a summary of a few papers looking at the 
pH of the female reproductive tract in the cow, 
sheep and the human, and although we can’t 
put a whole lot of stock in the absolute values of 
these numbers, because there can be variation 
in measurement technique, what we can see is 
that a trend appears to be emerging in that the 
follicular and oviductal environment seems to 
have a more basic pH than the uterine 
environment and this appears to be present 
across a variety of species. Now, this could give 
us some insight into how we should culture our 
cells in the laboratory, but it’s interesting to note 
that some commercial media companies now 
are recommending a high-low-high pH paradigm 
for culturing embryos for fertilization, cleavage 
and blastocyst culture. This is interesting 
because this may not necessarily agree with the 

pH environment these cells may be experiencing 
in vivo in the female reproductive tract. 
 
Looking at other data to try to determine what an 
optimal pH may be, this is some data from a 
book chapter by Patrick Quinn published last 
year that is based on almost 100,000 embryos 
from Kathy Miller’s lab. Here we can see from 
the graph that there’s not a lot of detail from the 
book chapter and no statistics presented, but 
from the publication you can see that culturing 
embryos from day 1 to 3, the highest number of 
8 cell embryo was achieved with a pH of around 
7.2 to 7.25. Then, looking at the pH and the 
effects of culture from day 3 to day 6, the 
highest rate of blastocyst formation was 
achieved with a pH of around 7.3 to 7.35.  This 
is potentially insightful and this may be a way to 
help indicate the optimal pH and improve 
embryo development in our labs. One thing that 
is important to note though is that if this pH is 
adjusted in the laboratory, it’s likely done by 
adjusting the CO2 concentration.  However, if a 
commercial media company is going to recreate 
this paradigm in selling their media, they’re 
going to accomplish this by altering the sodium 
bicarbonate concentration, otherwise you’d have 
to have several incubators set up with different 
CO2 concentrations, and this can become 
logistically difficult. It’s important to note that 
changing the pH of a culture media by changing 
the CO2 level is not necessarily going to give 
you the same results as changing the pH of your 
culture media by adjusting the bicarbonate 
concentration. So, it’s really important to make 
note of this because it could potentially give you 
different results depending on how you go about 
this approach.  
 
So, the question really then is what do we know 
about an optimal pH in our culture media?  Well, 
we know that the internal pH of the human 
embryo is around 7.1, and it’s thought that the 
pH of embryo culture media should be slightly 
higher than the internal pH to help offset any 
acidification that occurs from metabolic 
processes, and this is really where that lower set 
point of the range around 7.2 comes into play. 
We know that the pH would likely be a little less 
than 7.4, and this is to avoid reduced 
development, as many of the papers that have 
tried to look at the effects of media pH on 
embryo development show that you start seeing 
slight decreases when you get pH increases of 
above around 7.4. Finally although we’ve seen 
some data and some suggestions that changing 



pH and embryo culture                                                                                                                                
Swain, 2013 
Wilding, 2013 

 

67 

pH may be beneficial, there really is no proven 
well-designed study that shows that we have to 
change pH during embryo culture. What we do 
know is that a slightly higher pH, or perhaps 
more likely, bicarbonate concentration,may  
benefit sperm or fertilization.  Also, later stages 
of embryos may do better at the higher 
bicarbonate concentrations which would 
presumably also lead to a higher pH, and this is 
because, as I said, bicarbonate is used in 
blastocoel formation, so blastocysts may like 
more bicarbonate. We also know that later 
stages of embryos regulate their pH internally 
more efficiently than cleavage stage embryos 
and this is likely due to the tight junctions 
between cells. So those later stage embryos 
may be able to tolerate a wider range of pH’s 
than the earlier stage embryos. 
 
Perhaps the most important thing to take from 
this is that the optimum pH of culture media is 
likely to vary from medium to medium, and this 
is because the ingredients in each media, things 
like lactate and amino acids, can impact the pHi 
independently of pHo.  In other words, you can 
have two media with the exact same external 
pH, and if they have varying levels of lactate the 
internal pH of those embryos may be different 
and their development may be different. So 
depending on the media formulation, there may 
be a different optimal pH for that culture 
medium. So, really the best advice I can give for 
determining the optimal pH is to maintain a very 
narrow and stable range for your media pH, and, 
over time in your own laboratory, you can mine 
your data and see if you can determine a range 
that gives you better development versus 
another range. 
 
A good place to start is by following 
manufacturer’s recommendations.  Here we can 
see various recommended pH values from a 
variety of commercial media companies, and I 
apologize that because of space limitations I am 
prevented from listing every culture media out 
there.  I picked just some of the main media 
companies and, as you can see, most of these 
fall in that range of 7.2 to 7.4.  Some of the 
media have a narrower range, which is very 
good when you are considering laboratory 
quality control. One important thing to note is 
that really you’re probably not going to be able 
to achieve these ranges in your laboratory using 
a single CO2 setting on your incubator. So, 
simply setting your incubators to a CO2 
concentration of, say, 6.0%, and simply placing 

these media into that incubator; the odds are 
pretty good that not every one of these is going 
to fall into that specified range. This really starts 
to show why you should be measuring pH and 
not simply relying on the CO2 measurement of 
your laboratory incubator.  
 
Some further data that I hope helps demonstrate 
this point can be seen here and these data are 
from my recent validation study of CO2 sensors 
within our laboratory. These were new devices 
that were recently calibrated so everything was 
new and functioning as well as we could 
determine. We can see Fyrite measurement of 
CO2 levels in blue, and then we had an 
electronic infra-red measuring device called 
Viasensor to measure CO2 levels.  We then we 
also graphed our CO2 readings from our 
incubator, and at the top in purple, we measured 
pH.  This was done daily for 13 days. As you 
can see, the incubator CO2 levels were very 
consistent, right around 6.0% every day. You 
can see that there’s more variation in the Fyrite 
and in the Viasensor, but the pH was pretty 
stable as well, and that’s really what the 
important point is.  You can also see that there 
is a discrepancy between the readings of the 
Fyrite and the Viasensor.  
 
So, even though both these instruments were 
calibrated, you can see that the average reading 
using the Fyrite was 5.9%, whereas the average 
reading using the Viasensor was 5.6%, and the 
incubator reading was 6.0%. So if we were to 
simply adjust our CO2 concentration to 6.0% 
based on the Viasensor reading, our pH would 
have fallen out of its narrow, permitted range of 
7.27-7.32. This really begins to illustrate why 
you shouldn’t simply rely on the CO2 readings, 
and that you should measure the pH of your 
culture media to determine the optimal settings 
of your laboratory incubator. 
 
To further illustrate this point, here we can see 
pH measurements of the same culture medium 
from the same company. The only difference is 
that one of the media is pre-supplemented with 
protein, and with the other media we add the 
protein ourselves in our lab. This was 
supplemented with the exact same protein at the 
same concentration. What you can see here is 
that there’s a difference in pH between media 1 
and media 2 depending on whether they were 
pre- or post-supplemented with protein. So if we 
simply left our CO2 readings at 6.0%, media 2 
would have been well outside of our acceptable 
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pH range. We actually had to increase CO2 
readings to 6.5% to bring media number 2 into 
range. So again, if we didn’t measure pH, we 
wouldn’t have known this and our cells would 
have been grown in improper conditions. 
 
Now, this measuring of pH also holds true to 
other media in your laboratory not simply those 
placed in your culture incubator. I just quickly 
wanted to show the data here; these are the 
same media, these are all HEPES-buffered HTF 
media from different commercial companies. 
You can look at the pH at 37°C, and, as you can 
see, media number 4 and number 5 at 37°C 
actually gave a pH significantly lower than the 
other 3 HEPES-buffered HTF media. Again this 
is well outside of our acceptable range of about 
7.2 to 7.4 or 7.27-7.32.  Again if we didn’t 
measure the pH of these media, we wouldn’t 
have known this. 
 
So, the point of all of this is that not all media 
give the same specific pH and there are lab 
specific factors that can also impact this and this 
really reiterates why you should be measuring 
pH. Different laboratory elevation; different 
protein or concentration of proteins can all 
impact the pH of your culture media. 
 
Hopefully we’ve made the point that measuring 
the pH of your media is a good idea. Importantly, 
if you’re measuring your pH, you want to make 
sure you’re doing so correctly.  To begin, a 
proper calibration of the device is crucial. You 
need to be using fresh standards that are stored 
properly. pH standards do expire. You want to 
make sure you are using the correct standards, 
those that bracket your target pH range. In our 
case this would be a pH standard of pH 7.0 and 
pH 10.0. You want to make sure that you 
compensate for the impact of temperature to 
achieve as accurate a reading as possible. You 
want to use a proper electrode in the correct 
storage conditions, and you want to make sure 
you replace or clean this electrode at regular 
intervals to ensure accuracy of the readings. 
You want to make sure that you are testing the 
appropriate media  with protein added, so you 
really want to be sure that you are using the 
media that you use in your laboratory, not 
alternative, sometimes cheaper ‘test media’ 
because as we indicated, not all media are the 
same.  It may cost a little bit more money to 
make aliquots of your culture media, but unless 
you are testing your particular media, your pH 
readings are really not going to be particularly 

meaningful. You really should test every 
incubator. At a minimum you should test new 
lots of the media that come into your laboratory, 
and then you can test your media at regular 
intervals. Some labs I know test daily in lieu of 
doing daily CO2 readings, but you can also test 
weekly; whatever fits into your particular 
laboratory workload. 
 
There are various pH meters and probes for us 
to use; There are some new technologies and 
devices out there that allow you to test the pH in 
real-time inside of laboratory incubators. You 
can also now get hand-held blood gas 
analyzers. Some of these devices can be 
expensive, and some of these may not be overly 
accurate. So you really want to make sure you 
validate the accuracy of any sort of new device 
in your laboratory before you use it for your 
culture system.  You can imagine that if your pH 
meter is giving you inaccurate readings and you 
adjust your incubators accordingly, this can have 
detrimental effects on embryo development. 
 
So, what many laboratories use, and what we 
use in our laboratory, is the tried-and-true bench 
top pH meter.  This is a picture of one of our 
setups – it is a basic benchtop pH meter sitting 
next to a warming block set to 37°C.  We have 
our glass double junction electrode, which is 
recommended by the manufacturer for pH of 
culture media that has albumin or protein 
present.  We also have an ATC temperature 
compensation probe, and here you can see a 
close-up of our probe – this is a microprobe so 
that we can put it in a smaller test tube so that 
we can use fewer volumes of culture media to 
try to save some money there. We fit this down 
through the cap of the test tube and seal it with 
parafilm to try to create more-or-less a tight seal. 
This then sits down in either the sample or the 
storage buffer and can sit in a warming block to 
ensure that we are accounting for the effects of 
temperature. When we do a measurement, we 
first calibrate using warm standards of pH 7 and 
pH 10. We aliquot and warm these immediately 
prior to use to make sure the measurements are 
accurate. We then rinse the probe quickly with 
deionized water, blot dry with a Kimwipe.  We 
don’t wipe because this can impact the pH 
reading of the electrode. We then quickly 
remove the tubes from the incubator, cap them, 
move to the adjacent pH meter which is right 
near our incubators. We place the pH probe in 
the tube through the gasket to create a seal, and 
then we wait for the reading to stabilize and 
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record this reading.  It takes a matter of 
seconds, it’s very repeatable, and really the take 
home point is to make sure you’re doing it the 
same way every time and you’re doing it as 
quickly as possible,  If so, you can have 
confidence in the reliability of your results. At 
least initially, if you like, you can repeat this 
process with a second tube and take an average 
if you’re trying to see how repeatable your 
measurements are, but this is probably one of 
the less expensive ways of doing it and it works 
very well. 
 
I want to wrap up by talking about the third 
phase of media pH which is stabilization, or the 
prevention of detrimental oscillations in pH 
during excursions from the laboratory incubator 
for routine procedures such as embryo 
observation, or ICSI, or embryo transfer. This is 
an abstract from the ESHRE meeting in 2011 
that demonstrate the importance of maintaining 
a stable pH and preventing oscillations. You can 
see here from the title that is ‘Epigenetic 
consequences of pH stress in mouse embryos’, 
and in this abstract the authors quite simply 
removed mouse embryos from the incubator for 
varying points of time, approximately 3,6 or 8 
minutes. They maintained a constant 
temperature so the only variable was a rise in 
pH. What they found was that these rises in pH 
from very brief excursions from the incubator 
resulted in reduced blastocyst formation, 
reduced rates of hatching, lower cell number, 
increased rates of apoptosis, as well as altered 
methylation of key imprinting genes and also 
reduced fetal weight. 
 
There are different ways of stabilizing pH of our 
media. As most of know, we really want to 
minimize incubator openings, and this can be 
done by proper incubator management, which 
includes limiting the number of patients in any 
particular incubator. We want to work quickly 
when we are outside of the incubator. During 
observations, we want to reduce prolonged 
exposure. You can use oil overlay to help 
maintain pH. If it fits into your workflow you can 
use isolettes in your laboratory. Finally you can 
also use the proper media when outside of the 
laboratory incubator, and this would be a 
handling media, or a zwitterionic media made to 
maintain stable pH outside of the elevated CO2 
concentrations of the IVF lab incubator.  This 
media is commonly used for things like 
cryopreservation, embryo transfer or oocyte 
retrieval and includes a zwitterionic buffer.  

 
A zwitterionic buffer is a substance by which its 
presence in solution increases the amount of 
acid or base that must be added to cause a unit 
change in pH.  So, really what it’s doing is 
stabilizing pH outside the incubator where you 
don’t have the elevated CO2, and this is really 
replacing the role of bicarbonate as the buffer in 
the media. Here we can see practically what 
these media do for us; you can see that in 500ul 
of medium, with no oil overlay, with bicarbonate-
buffered media the pH ris es steadily and rapidly 
over a 10-minute period. After around just 3.5 to 
4 minutes you can see that the pH has already 
increased over that upper set point of 7.4, which 
is where we start to see decreases in embryo 
development. However when you include a 
buffer like HEPES in that medium, you can see 
that the pH remains stable over the entire 10 
minute period. 
 
 
Now there are concerns in some labs over the 
use of buffers and many of these concerns are 
invalid. It simply takes time to look through the 
literature to determine that buffers appear safe. , 
One of the concerns some bring up  is that 
HEPES is toxic.   However,  if you actually go 
through the literature you will see that the 
toxicity of HEPES is due to light exposure and 
the interaction with riboflavin in the medium. 
This is not an issue in IVF labs because  embryo 
culture media does not contain riboflavin. 
Another common misconception is that the 
injection of buffers such as HEPES or MOPS 
may alter the internal pH of oocytes and 
embryos resulting from procedures such as 
ICSI.   This again is not true. It has been shown 
that microinjection of buffers like MOPS, TES or 
HEPES does not influence the resulting embryo 
pHi. It’s also been mentioned that buffers are 
detrimental to embryo development, again if you 
look at the literature you can see that reports of 
low fertilization rates or decreased embryo 
development in the presence of HEPES, MOPS 
or other buffers is more likely due to the reduced 
bicarbonate levels and lack of CO2 levels in 
those media, not the buffer itself. 
 
Probably one of the most damaging papers on 
the use of buffers in the IVF laboratory can be 
seen here in Fertility and Sterility ‘Use of a 
medium buffered with HEPES during ICSI is 
detrimental to the outcome of In Vitro 
fertilization’, and this group reported that they 
had increased rates of embryo degeneration, 
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triploidy, reduced pregnancy rates and reduced 
implantation rates using HEPES buffered media. 
We really can’t get into the specifics, but there 
were several problems with the study including 
the mis-citation of several references, and 
inadequate conditions, so really not a whole lot 
of stock can be placed in this paper due to 
problems with experimental design.  
 
That’s not to say that we shouldn’t be concerned 
with the potential detrimental effects of the use 
of buffers. We do know that brief exposure to 
inappropriate handling media for use outside the 
incubator can significantly reduce embryo 
development and this has been shown in a 
variety of species.  But we really need to ask the 
question ‘what is the specific impact of the 
buffer?’. So we designed some experiments to 
look at this.   We used the 1-cell mouse embryo 
assay and cultured these in KSOMAA in our 
laboratory incubator to give us a pH of around 
7.3. We then cultured cells in a MOPS-buffered 
or HEPES-buffered KSOMAA medium with 
reduced bicarbonate in room air, as these media 
are made to be utilised, and we assessed rates 
of development over 96 hours.  Here we can see 
some of that data, and, as you can see, rates of 
blastocyst hatching was significantly reduced 
when cultured in the presence of a HEPES or 
MOPS buffered media, and the resulting 
blastocyst cell number was also reduced. 
 
However, when we went back and controlled for 
the other variables, such as bicarbonate 
concentration and CO2 concentration, we saw 
different results. Again, we used the 1-cell MEA 
and cultured the control embryos in KSOMAA 
media in our incubator in elevated bicarbonate 
concentrations and approximately 6% CO2,. We 
then cultured in the same concentration of 
MOPS or HEPES used previously, but we raised 
the bicarbonate concentration and the CO2 
concentration to equal that of the control 
treatment. The pH values were all within the 
same specified range. What we saw was there 
was now no longer any significant difference 
between rates of blastocyst formation, hatching 
or cell number.   So, this told us that there was 
no detrimental effect of the buffer itself; any 
detriment was indeed due to the reduced 
bicarbonate or reduced CO2 concentration. 
 
Now, there are some potential valid concerns 
with buffers. These include cell-specific 
sensitivity to a particular buffer, and that’s really 
why we want to evaluate various buffers--to see 

which work best with our gametes and embryos. 
We want to make sure that it has adequate 
buffering capacity and that it’s not toxic in some 
fashion, 
 
When looking at buffer selection, we also need 
to consider maximal buffering capacity. Without 
getting into too many specifics of the equation, 
maximal buffering capacity is achieved when the 
pKa value of the buffer is equal to the pH of the 
culture medium.  When this occurs, you can use 
less buffer and it’s easier to maintain the pH.  
 
Looking at common buffers, here we can see 
their pKa values.   Circled here we can see the 
buffers commonly used in IVF labs, those being 
HEPES or MOPS.   You can see that the pKa 
value of HEPES is 7.55 and that of MOPS is 
7.20, and if we’re culturing our embryos at 
around pH7.2 to 7.4 you can see that, at 20°C, 
MOPS is probably going to give us better 
buffering capacity. However it’s important to 
note that, in our laboratories, we culture our 
embryos at 37°C, and there is an impact of 
temperature on pKa. When you consider the 
impact of this temperature at 37°C, you can see 
that the pKa or maximal buffering capacity of 
HEPES is now right around 7.3, whereas MOPS 
is below 7. So this tells us that at 37°C, HEPES 
may be a little better buffer, and what this also 
tells us is that no one buffer may give us the 
maximal buffering capacity over the range of 
temperatures that might be experienced by cells 
in the IVF laboratory.  
 
This also opens up the potential of other buffers 
for use.  Phosphate, as you can see, has a pKa 
value in the recommended range at both 
temperatures.  However, by-in-large, most 
people consider phosphate a very poor buffer 
because it can be detrimental to embryos due to 
interference with metabolic processes.   We can 
also see that other buffers, like DIPSO or TES, 
may be beneficial when considering their pKa 
value at 37°C. So, we tested a variety of these 
buffers in the laboratory using the 1–cell MEA.  
As you can see, phosphate buffered or PBS 
media gave significantly lower rates of embryo 
development at 30 hours and at 96 hours, 
thereby confirming what most people already 
know; that phosphate is a poor buffer for 
embryos.  You really shouldn’t be using 
phosphate-buffered media in your IVF 
laboratory. We also saw that TES performed 
equally as well as DIPSO, MOPS and HEPES, 
and these may be alternative buffers in the 
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future. We also looked at blastocyst cell number 
and size, and here you can see the size data.  
There was no significant differences between 
buffers with regard to blastocyst size, but TES 
was giving embryos or blastocysts of slightly 
larger perimeter, so this is a buffer that in the 
future could be potentially useful in IVF.  
 
There can also be some concentration-
dependent side effects of buffers. This is really 
why you want to minimize the concentration 
where possible.  Therefore we performed 
studies in our laboratory looking at the pH 
stability over time of buffered media at reduced 
concentrations.  As you can see here, the 21mM 
buffer, the standard used in many of the media 
used in our labs, maintains pH stable over 1 
month. You can also see that lower 
concentrations actually maintain pH stability, 
down to around 10mM when looking at pH drift 
over 1 month. And, if you look at embryo 
development, you can see that there was really 
no significant difference in embryo development 
using a 1-cell MEA assay using reduced buffer 
concentrations and culturing cells over a 96 hour 
period compared to controls.  
 
So, putting all these data together, we published 
an article a few years ago in RBM Online 
introducing the idea of using a combination 
buffering system for IVF.   This really permits 
one to optimise buffering capacity or that pKa 
value I mentioned.  It also accounts for the 
impact of temperature.  Furthermore, it also 
helps avoid concerns with toxicity due to 
elevated concentrations of buffer or a particular 
cell specific sensitivity.   There are now at least 
1 and I think 2 companies who are coming out 
with combination-buffered media, and so I think 
this may be a benefit to our field.  
 
Importantly, there is continuing research looking 
at the impacts of these buffers and the media on 
gametes and embryos, This is a recent abstract 
presented at the ASRM in San Diego from Barry 
Behr’s lab looking at the interchange between 
HEPES and MOPS in vitrification and warming 
solutions, and they showed that there is really 
no detrimental effect when you switch between 
these buffers.  This may help alleviate some 
concerns about potential detrimental impacts 
when you combine or use multiple buffers within 
an individual laboratory.  
 
So I just want to wrap things up by saying that 
the goal in our IVF laboratories is to maximize 

embryo development and our outcomes 
ultimately leading to healthy babies. One way to 
do this is by educating ourselves, such as 
attending webinars like this. It also means using 
good technique.   This includes monitoring pH 
and measuring it, you want to set a narrow 
range, and you want to work quickly outside the 
incubator, and make sure you use appropriate 
conditions; things like oil overlay or the 
appropriate buffered media.   And, perhaps most 
importantly, you have to be ready to adopt 
change. Attending webinars and other seminars 
like this may help us learn new techniques, but if 
you don’t implement them into your lab or you 
are not willing at least to see how it works in 
your hands, it really does very little good. 
 
So I’d just like to again thank Cryoport and 
SRBT for this opportunity, and then I’d like to 
thank the members of my laboratory staff at the 
University of Michigan. Without their help I 
wouldn’t have the time to make these slides or 
attend functions such as this. So thank you. I 
can now answer questions, or turn things back 
over to Cryoport. 
  
 
Questions 
 
Q: Any thoughts on elevation and if a 
potential equation can be created so every 
clinic can have the most appropriate levels 
for their geographic location? 
Elevation can impact the levels of CO2 needed 
in the incubator to achieve a desired pH. The 
higher the altitude, the higher the CO2 level 
required. I’m not aware of any equation 
(modification of Henderson Hasselbach) that 
addresses this though. You will likely have to 
simply measure the pH to see what CO2 levels 
are required.  
 
Q: Is a blood gas analyzer appropriated to 
measure the pH of our culture media? 
Yes. If there is access to a blood gas analyzer, 
this can be used to measure pH. There are 
portable systems available. However, it should 
be pointed out that they are expensive and 
required a cartridge for each use (which can 
also be expensive if dealing with several 
incubators/samples). I would also recommend 
verifying the reliability/repeatability of the results 
by measuring pH with a meter if one is available. 
 
Q: Would you please the information about 
the electrode type? 
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I use a glass, double junction, KCL filled 
electrode in my lab. This was recommended by 
the manufacturer for use with samples with 
protein content or with biologic buffers present. 
However, other electrodes can also be used. I 
would recommend contacting your pH meter or 
electrode manufacturer to get their 
recommendations. We also use a semi-micro 
electrode to be able to measure smaller volumes 
of media and help reduce the associated 
waste/cost of media. Other “in incubator” pH 
measuring devices use other technology, which 
can work as well. 
 
Q: With oil overly, what is the maximum time 
we should have the embryos outside the 
incubator? 
As quickly as possible is the rule of thumb. I 
believe Joe Conaghan has presented some data 
in abstract form showing that pH rises above 
~7.4 after around 5 minutes (Steel & Conaghan, 
Fert & Stert 2008). One also has to consider that 
it then takes much longer for the pH to 
re�equilibrate once put back into the 
incubator…as this isn’t an instantaneous event. 
Another reference is “Real-Time pH Profiling Of 
Ivf Culture Medium Using An Incubator Device 
With Continuous  Monitoring” Journal of Clinical 
Embryology Summer 2008 Vol 11, issue 2 
 
Q: Hi, at our lab we achieved optimal pH at 
8% CO2. Does the higher CO2 concentration 
have an effect on fragmentation? 
I can’t say for certain. I also can’t say for certain 
that the higher CO2, while maintaining the 
correct pH, wouldn’t potentially be beneficial 
either. I’m not aware of any data that 
demonstrates that a higher CO2 level to achieve 
an appropriate pHo is detrimental (in fact, some 
very successful labs are present in areas of high 
elevation, like Denver, that need to use elevated 
CO2 levels (~7% )and have excellent embryo 
development and outcomes. You may want to 
re�zero your incubator to make sure your CO2 
reading is correct. This may help alleviate some 
of your concerns if it is a bit “off”. 
 
Q: Any recommended make for a pH probe? 
I have probes from two separate companies in 
my lab and both work well and give similar 
readings. So, I don’t really have a 
recommendation for a particular manufacturer. It 
may be safest to use the probe sold by the 
maker of your pH meter to ensure compatibility 
of fittings, etc. However, you should be able to 
interchange the correct probes as well. I use a 

glass, double junction, KCl filled, semi micro 
probe…but other probe types can also be used. 
 
Q: Could you please recommend one good 
electrode for measuring the pH of culture 
media? 
I don’t really have a recommendation for a 
particular manufacturer. It may be safest to use 
the probe sold by the maker of your pH meter to 
ensure compatibility of fittings, etc. However,  
 
you should be able to interchange the correct 
probes as well. I use a glass, double junction, 
KCl filled, semi micro probe, but other probe 
types can also be used. 
 
Q: How often do you measure pH? Daily, per 
lot? 
We measure our pH with each new lot of media 
and also on a weekly basis to verify incubator 
functioning. However, measuring daily is fine as 
well if it fits in with your lab workflow and budget. 
It should be noted that CAP is asking for daily 
incubator checks, independent of the CO2 
readouts. If you supplement CO2 measurement 
daily with a Fryrite or some other system, pH 
measurement scheduling can fit into your 
program however you like. Alternatively, daily 
pH checks can replace the need for independent 
daily verification of CO2 levels. pH should likely 
also be checked with each new of lot pre-mixed 
gas if this is used. Periodic checks in the 
incubator on various shelves may also be 
beneficial. 
 
Q: Is there a real need to adjust CO2 in 
function of the altitude your lab is situated? 
Labs at higher elevation often need to use 
slightly higher CO2 levels to achieve the desired 
pH. This may also be due, in part, to the method 
of CO2 measurement. If using Fyrite, corrections 
to CO2 readings are needed. The following 
expert is from a Fyrite manual: 
The gas concentration read on the FYRITE is 
directly dependent upon the mass of air in the 
sample. The aspirator bulb used in the FYRITE 
is a constant-volume pump, not a constant-mass 
pump. Altitude, therefore, affects the FYRITE 
reading due to the air’s density changing with 
altitude, thus requiring higher CO2 or O2 
concentrations to reach the same mark on the 
scale. Use a table to find the altitude correction 
(e.g., add the correction to the reading to get the 
correct concentration). 
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Q: What is the suggested corrective action 
when your media pH is out of range and you 
need it within the hour, since it takes hours 
to equilibrate? 
If new lots of media are tested prior to 
implementation, and incubators have been set 
accordingly, there shouldn’t be many instances 
where pH falls out of range enough to 
compromise development. Slight daily variation 
is expected, which is why an acceptable pH 
range is set. So, if your pH falls out of range by 
say 0.01 or 0.02 pH units, this may simply be 
due to probe/meter variation. You could try 
recalibrating the machine and retesting the 
sample and see if it is back “in range”. We don’t 
like to constantly adjust CO2 levels on our 
incubators. Doing this daily is likely an exercise 
in futility. (if your pH is falling out of range too 
often, there may be issues with consistency of 
how it’s equilibrated/measured, etc). We pH 
weekly and have a target range of 7.27-7.32. 
Our acceptable range is slightly wider of 7.25-
7.35. We only adjust the CO2 levels when the pH 
falls out of our acceptable range 2 weeks in a 
row or immediately if it falls outside of the target 
range. If the pH is far outside the range, perhaps 
use of an extra dish from another incubator, or a 
tube of media with the correct pH from another 
incubator would be feasible. Your corrective 
action could be the same as if an incubator 
fails…move to a new incubator until corrected. 
(an alternate method could be to keep pre-
equilibrated media/dishes in the refrigerator in 
sealed bags filled with  premised gas to give the 
correct pH. Because pH is already set in these 
dishes, only temperature needs to be 
equilibrated. These dishes could then be 
removed as needed and placed in the incubator, 
as temperature will equilibrate to 37°C much 
faster than if they were ungased—
recommended by Bavister & Poole 2005. 
Storing these at the cooler temp may help 
prevent degradation of components and allow 
the dishes to be ready for use for several days, 
rather than making up extra dishes every day 
and placing them into the incubators.) 
A colleague also recommends use of a control 
chart for plots of incubator pH (see David and 
Sharon Mortimer's Quality and Risk 
Management in the IVF Laboratory book). It is 
just a plot of pH as a function of time. You can 
put a line for the pH mean you want, an upper 
limit to the range, and a lower limit to the range, 
but you can also put warning limits short of the 
upper and lower limits. Use these as warning 

indicators to help know when to make 
adjustments. 
 
Q: We use PBS only for egg retrievals. Is that 
acceptable or should we switch? 
Various labs still use PBS for retrievals. Some of 
these labs have very good success rates. My 
personal recommendation, based on the 
literature that shows that elevated phosphate is 
detrimental to embryo development, is to not 
use phosphate buffered media in my lab. The  
 
elevated phosphate compromises metabolism 
(via the Crabtree effect). In the original 
publications by Norman Good detailing 
development of the Good’s buffers, like HEPES 
and MOPS, it was pointed out these buffers 
were developed due to the limitations and 
problems associated with using phosphate as a 
buffer. Thus, I prefer to use a HEPES or MOPS 
buffered medium that is supplemented with the 
same/similar energy substrates and additives as 
my regular culture media. Any added expense 
due to a media change is likely worth it if it 
avoids detriment to the oocyte or resulting 
embryo (would you put an embryo into PBS for 
culture? Why would you then put an oocyte into 
PBS?) 
 
Q: A plate made with CO2 equilibrated oil can 
be used after only 3-4 hours isn't it? 
I would say the only way to know this would be 
to measure it. The CO2 from the incubator still 
has to diffuse through the oil and reach 
equilibrium in the culture medium to set the pH. 
Simply putting pre-equilibrated oil on top of 
culture media doesn’t necessarily mean the 
media is going to equilibrate faster. Also, leaving 
oil in the elevated temperature of the incubator 
for extended periods to “pre-equilibrate” may not 
be the best practice. This could lead to 
peroxidation in the oil that could end up 
compromising embryo development. Just as it’s 
not a good idea to leave media in the incubator 
for too long, it’s not a good idea to leave oil in 
the incubator for too long. (oil can also act as a 
sink for VOCs and could be accumulating these 
if left in the incubator for extended periods. You 
wouldn’t want to then put this oil on your culture 
media). This is why many labs are now storing 
their oil at 4°C, to cut down on peroxidation, etc. 
This idea of limited pre�equilibration time due to 
potential degradation of media/oil is also 
addressed in Bavister & Poole, 2005. 
 
Q: Any optimal volume of medium to oil? 
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Not really. Most people use just enough to cover 
their microdrops or wells, without running the 
risk of spilling when moving the dish. Having 
enough is crucial to prevent evaporation, 
prevent pH rise, as well as acting as a heat sink. 
Of note, too much oil will extend the equilibration 
process as well. When using 4/5 well dishes, 
common approaches are 300-500µl of oil over 
~500ul of media. Volumes will vary for 
microdrops, depending on the size of the dish, 
the volume of the microdrop, etc. There are also  
 
“embryo specific” dishes now from various 
companies. Some of these use microwells. 
These products usually give recommendations 
on the volume of oil to use. 
 
 
Q: What about the ATC probe? 
The ATC probe helps compensate for the impact 
of temperature on measuring pH. These can be 
purchased from the manufacturer of your pH 
meter. Some probes have this capability in 
them. 
Meters often have another input for a separate 
ATC probe. Some meters let you program them 
to the appropriate temperature, so you don’t 
need an external probe. Use of temperature 
compensation ensures the greatest accuracy, 
since our media are warmed to 37°C and 
temperature does have an impact. 
 
 
Q: Does altitude of the place affect pH 
widely? 
Generally, the higher the altitude, the higher the 
CO2 level that will be needed. This can be 
impacted by the method used to measure CO2 
concentration (if using Fyrite…see above). 
Measuring the pH will help determine what CO2 
levels is required. 
 
 
Q: Would you use a bicarb buffered media 
for embryo transfers? How fast will the pH 
shift in a small volume of media during ETs 
(20ul)? How detrimental is this brief shift in 
pH? 
Bicarb buffered media can be used for transfers 
if you’re confident they proceed quickly and 
smoothly. However, with no oil overlay, in just a 
minute or so (likely less) the pH will have risen 
above 7.4 (probably much quicker with such 
small volumes of media…but it’s hard to 
measure such small volumes). I prefer to use a 
HEPES or MOPS buffered medium to ensure pH 

stability. It’s hard to say how detrimental this 
shift may be. However, it is something that can 
be easily avoided using buffered media. A 
colleague commented “Before moving to using 
HEPES media for all embryo transfers, we had a 
two minute window to load the catheter and 
deposit embryos into the uterus. 16 years of 
data using HEPES as the transfer medium has 
proven the ‘old’ system is not required”. There 
are no published data to suggest that HEPES or 
MOPS buffer is detrimental to the embryo during 
this brief exposure or to outcomes following 
transfer. 
 
 
Q: We use phosphate for our freezing media 
and it works very well. 
Phosphate has been used for cryopreservation 
in the past and it can work. However, the data is  
pretty clear as to the detrimental impact of 
elevated phosphate on embryo development. 
The short exposure period and low temperatures 
involved with cryopreservation may help mitigate 
some of the metabolic impact of the phosphate. 
 
 
Q: Why does pHo change rapidly after 
removing from the incubator but take >8 hrs 
to re�equilibrate? 
Great question. Joe Conaghan presented some 
data on this (Steel & Conaghan Fert & Stert 
2008). He showed that pH, even with oil overlay, 
could climb above pH 7.4 after around 5 
minutes. However, it took ~64 to 148minutes to 
re-equilibrate, depending on media/oil volume. 
So, it doesn’t take >8hrs, as the pH doesn’t have 
as far to shift to re�equilibrate (the 8hrs 
mentioned in the slides was for initial 
equilibration out of media out of the 
bottle…which has farther to go to reach 
equilibrium). Still, it does take longer. This 
indicates it takes longer for CO2 gas to diffuse 
from the incubator atmosphere, though the oil, 
into the culture medium, and then to reach 
equilibrium with bicarbonate that it does for the 
CO2 to escape from the culture medium under 
the oil….which results in the equilibrium shifts 
rapidly back toward the bicarbonate side of the 
equation. This may also be due in part to the 
humidified air of the incubator that can act a sink 
and could slow CO2 diffusion compare to room 
atmosphere. 
 
 
Q: How do you clean a probe after testing 
media with protein? 
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I simply rinse my probe with deionized water and 
then store in my storage solution. However, if 
your probe is becoming sluggish due to a 
clogged junction with protein, the probe manual 
should detail cleaning instructions. This usually 
entails soaking for various periods in a strong 
acid and then  strong base solutions to clear the 
junction. You should then replace the internal 
solution of the electrode. We also routinely 
replace our probe at set times to ensure optimal 
functioning and rapid readings. 
 
Q: When measure CO2 level with Fyrite, the 
CO2 level was 6% when O2 level was set for 
5%. However, when O2 level change to 20% 
and CO2 set was not change, CO2 level 
increased dramatically to more than 7% with 
Fyrite. Why? 
This could be due to chemical or mechanical 
interferences with the Fyrite. As recommended 
by the manufacturer, retesting the new 
environment 3�4 times may help correct any 
interferences. 
Regardless, if your pH is still in range, you 
should be fine as far as your growth conditions. 
Fyrite readings can vary quite a bit. Use of an 
alternate CO2 measuring device, using and IR 
sensor, could be used if you wanted to explore 
the phenomenon further. Of note, Fyrite is 
caustic and many labs no longer want the 
chemical in the laboratory for fear of possible 
contamination concerns, etc. 
 
Q: Which electrode was more reliable in your 
experience? 
A glass, double�junction, KCl filled electrode 
has always worked well for me. This is what 
many companies recommend for our 
applications. However other types of probes can 
work as well. I have a semi micro Orion probe 
from Thermo, as well as another micro electrode 
from Denver Instruments. Colleagues use 
electrodes from Cole Palmer and Oakton with 
good results. Purchasing the probe that is 
compatible with your particular pH meter is 
important (correct fittings, etc). 
 
Q: Does reduced O2 alter pH? 
Lowering the O2 level of your incubator should 
not affect the pH of your media. However, it 
could impact the CO2 readings of a Fyrite or 
other device. This is why measuring pH is 
recommended. You can then simply adjust your 
incubator CO2 level until your pH is in your 
desired range. 
 

Q: Did you know of pH changes during 
retrieval dealing with potential temperature 
changes during follicle aspiration? 
I do not. But this is a good point. pH can change 
with temperature. Thus, prior phenomena 
attributed to temperature changes, could be also 
due, in part, to pH changes. We place a small 
amount of HEPES or MOPS buffered media into 
our oocyte collection tubes prior to retrieval and 
keep these warmed. Though we work as rapidly 
as possible, there is likely a brief cooling period  
 
as the fluid/oocyte travels through the aspiration 
tubing prior to entering the warmed media of the 
collection tube. . This helps us ensure we are 
maintaining pH to the best of our ability. (Of 
note, the oocytes are somewhat protected by 
their surrounding cumulus cells) 
 
Q: I had difficulty with the pH meter when 
using the ATC, so we now use warmed stds 
to cal and this is working for us, can you see 
any potential issues with this procedure? 
This is likely fine. The elevated temperature will 
result in a slightly lower pH. You can see this 
with your standards. When you pH your 7.0 
standard at room temp, it will read 7.0. When 
pHing at 37°C, it will read around 6.98. The pH 
difference is relatively minor, especially when 
one considers probe variance is around 0.02 pH 
units. However, the further you move away from 
pH 7.0, the more impact you will see due to 
temperature. (When you use your 10.0 standard 
at room temp, it read around 10.0. However, at 
37°C it will read around 9.89 or so depending on 
the buffer solution). So, using an ATC probe, or 
setting your pH meter to 37°C is going to give 
you the best accuracy. 
 
Q: How do you measure the pHo of media 
overlaid with oil? 
You can do this using one of the commercially 
available devices used to measure pH in small 
volumes within the incubator. I believe RI 
Instruments and MTG sell such devices. 
However, I wouldn’t recommend placing a pH 
probe though a layer of oil to try to measure the 
pH of the media beneath, as this could damage 
the pH electrode. We simply aliquot ~2ml of 
media into a small test tube with no oil overlay 
and place this in the incubator. We then 
measure the pH in this tube as described in the 
slides. 
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Q: In time lapse equipment we have had 
problem measuring ph, do you know how to 
measure ph in them? 
This will be difficult with the current designs of 
some of the real-time systems that are enclosed 
in their own incubator. If the real-time system 
had a small port to permit the placing of a small 
test tube of media, this would be one way you 
could test the pH. A small tube could be placed 
here overnight to equilibrate, and then removed 
to verify the pH with a bench top pH meter. 
Otherwise, there really is no good way to 
measure the pH for some of these systems, as  
 
the volumes are too small and the system 
doesn’t permit use of large dishes or tubes. 
If you could place a 4-well dish or larger petri 
dish in the incubator unit, there are devices that 
can measure pH inside the incubator. However, 
I’m not sure either of the devices would fit inside 
the real-time unit. Another approach might be to 
remove one of the culture slides/dishes quickly 
and try to aliquot some media and test the pH 
with a blood gas analyzer. There are handheld 
blood gas analyzers that can be purchased. 
They do require a cartridge for each use, so this 
can get expensive. This may be the best route 
for the time being. Of note, the small microwells 
used in the static time lapse systems bring up 
the issue of localized pH around the embryo. It 
would be nice to have a way to measuring 
localized pH in small volumes around the cell, as 
has been done using microelectrodes for other 
media components (calcium, etc). 
 
Q: What combination do you use for the 
premixed gas? 
We don’t use premixed gas. However, the 
mixture should be that which gives you your 
desired pH range…meaning your gas supplier 
should adjust the CO2 concentration based on 
your request. You should test the pH of your 
particular media/protein with your current gas 
mixture. If the pH is in range, you’re all set. If it’s 
low, ask you supplier to raise the CO2 
concentration slightly. Trial and error is needed 
to determine what mixture is needed for you 
lab/media/protein. If you’re using 5% O2, the 
balanced Nitrogen concentration will then be 
adjusted accordingly based on the final 
concentration of CO2. Of note, once you choose 
a mixture you cannot change it easily, unless 
you have several mixes on hand. You can also 
talk to the manufacturers and ask for smaller 
volumes of different mixes to establish your mix 
requirements. It’s also important to determine 

pH for every cylinder to ensure it is mixed 
correctly. 
 
Q: What pH meter you use? 
I have a couple different pH meters. I have an 
Orion 3 star model from Thermo and another 
basic model from ISC Bioexpress. I’ve also used 
models from Beckman Coulter in the past. All 
work very well. 
 
 
 
 
 
Q: We have a dry incubator at the moment 
and we face problems measuring the pH. Do 
you have any suggestion how we can 
overcome this problem? 
There shouldn’t really be a problem with 
measuring the pH of a dry incubator. The 
humidity isn’t going to affect the pH of the 
culture media. You should still be able to place a 
tube of media inside and then take it out to 
measure with a pH meter. (Though the media i 
could evaporate over time if left in the incubator 
too long…but you should still be able to 
measure the pH). Now, if your incubator uses a 
TC CO2 sensor, this can be impacted by 
humidity. So, this could possibly impact your 
CO2 readings. However, you should still be able 
to adjust your CO2 to give you your desired pH. 
You could always use a device to measure pH 
inside the incubator as well. These permit media 
to be placed in dishes and covered with oil. This 
would presumably address evaporation 
concerns if that was your issue. These devices 
are available from MTG and RI Instruments. The 
accuracy of any new device should be validated 
prior to clinical implementation and adjusting of 
your incubator gas levels 
 
Transcribed by Martin Wilding, PhD 
 


