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Metabolic and practical aspects of the interaction of 
culture media components and culture parameters on 
the developmental potential of mammalian embryos 

cultured in vitro

Patrick Quinn PhD, HCLD
patrick.quinn@coopersurgical.com

Redmond, Oregon, USA

DISCLOSURE

I am Vice President of Research 
and Development at Sage IVF.

We produce a range of 
commercial ART media products
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Or,

1.  What is the effect of various 
components in ART media on the 
metabolic wellbeing of embryos 
during culture?, and 

2.  How do culture practices effect 
the wellbeing of cultured embryos?

Has culture media had an 
impact on pregnancy 

rates?
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Viable Pregnancies per Transfer
Australia & New Zealand

0

5

10

15

20

25

1992 1994 1996 1998 2000

%
 V

ia
bl

e 
P

re
gn

an
ci

es

Year

GIFT

IVF

ICSI

Results from CityWest IVF
(prize paper presenter: Simon Cooke)

Pregnancy Rates per Embryo Transferred for (HTF + Basal) 
and (QA) Sequential Culture Media Series in same 

incubator.
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Documentation for formulation and 
use of Quinn’s culture media

OUTLINE

 Some of the history of Quinn’s IVF media

 How do various media components work

 How can labs obtain the best results?
i.  pH

ii.  Aliquoting media

 Temperature

 Possible future trends
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Part 1

Some of the background 
of Quinn’s IVF media and 
how some components 

work

Documentation for formulation and 
use of Quinn’s culture media
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Documentation for formulation and 
use of Quinn’s culture media

Yang & Pang 2006 Fertil Steril 86:795-7



P. Quinn Wetenschapsdag KLEM 10-1-2013 7

Ionic Composition
Energy Sources
Amino Acids
pH
Osmolality
Vitamins
Growth Factors

Components of ART Culture Media

Components of ART Culture Media.
Quinn’s Media and most others

1. Inorganic Salts: NaCl, KCl, MgSO4, KH2PO4, NaHCO3, 
EDTA 
Variation in Ca/Mg during fertilization and embryo 
development.

2. Energy Sources: Sodium pyruvate, calcium-L+-lactate, 
glucose, sodium citrate.  
Only the bioactive L+ isomer of lactate present

3. Amino Acids: non-essential and essential, plus 
taurine, alanyl glutamine

4. pH: Specified under set CO2 level – 7.3 for Fertilization 
and Blastocyst medium, 7.2 for Cleavage medium

5. Osmolarity: 265 mosmoles/Kg
6. Vitamins: in Blastocyst medium
7. Other: Phenol red
8. Antibiotic: Gentamicin
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Quinn’s media components
Ingredient

mM
Quinn’s Advantage 

Fertilization
(HTF)

Medium
ART-1020

Quinn’s Advantage
Cleavage
Medium

ART-1026

Quinn’s Advantage
Blastocyst
Medium

ART-1029

Sodium Chloride X X X
Potassium chloride X X X
Magnesium sulfate, heptahydrate X X X

Potassium phosphate, monobasic, anhyd. X X

Sodium bicarbonate X X X
Glucose, D-(+) X X X
Sodium pyruvate X X X
Calcium lactate, (L+) X X X
Alanyl-glutamine X X X
Taurine X X X
L-Asparagine X X X
L-Aspartic acid X X X
Glycine X X X
L-Proline X X X
L-Serine X X X
L-Arginine.HCl X
L-Cystine dihydrochloride X

L-Histidine.HCl, monohydrate X

L-Leucine X
L-Isoleucine X
L-Lysine.HCl X
L-Methionine X
L-Phenylalanine X
L-Threonine X
L-Trytophan X
L-Tyrosine X
L-Valine X
D-Calcium pantothenate X
Pyridoxine.HCl X
Riboflavin X
Thiamine.HCl X
EDTA, tetra-sodium salt X X
Citric acid, trisodium, dihydrate X X X

Phenol red X X X
Gentamicin X X X
Osmolality mOs/Kg 265±8 265±8 265±8
pH 7.3±0.1 7.2±0.1 7.3±0.1

Energy 
sources

Non-essential 
amino acids

Vitamins

Essential 
amino acids

Inorganic 
salts

Specific Elements of Quinn’s Media

1. Why have EDTA?
It binds toxic heavy metals and also inhibits 

glycolytic enzyme phosphoglycerol kinase

2. Why have sodium citrate?
It acts as a direct energy substrate, feeding into 

the TCA cycle.  Originally found bound to 
albumin.  Sage media already has citrate 
present, you do not have to add it with rHSA as 
in VL media.
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Specific Elements of Quinn’s Media

3. Why vary the Mg2+ concentration?
High Mg2+ decreases uptake of exogenous Ca2+.  

Therefore use with embryos to prevent damage to 
mitochondria and subsequent abnormal energy 
metabolism, but keep Mg2+ low in Fertilization Medium 
as sperm require a Ca2+ spike to undergo capacitation 
and acrosome reaction

4. Why use gentamicin instead of other antibiotics?
Gentamicin is a broader antibiotic (eg, mycoplasmas), 
is much more stable than pen/strep and doesn’t have 
patient interaction

Specific Elements of Quinn’s Media

5. Why use HEPES-buffered media?
It is an excellent way to maintain pH outside of a CO2

environment.  HEPES has NOT been shown to be 
embryotoxic.  It has saved more embryos than it has 
killed.

6. Why do we pregass our media?
This helps stabilize the media.  Extreme variations in 
pH, as would occur with non-gassed media, do not 
occur.  If media become too alkaline, calcium carbonate 
precipitates and remains as debris even if pH is 
lowered.
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Specific Elements of Quinn’s Media

7. Why do I use phenol red in my media?

It acts as an excellent pH indicator that can alert the 
user to deleterious pH changes.  It does NOT have 
estrogenic properties; this was due to impurities that 
can be removed by extraction with ether.  Vitrolife 
includes phenol red in media they sell in the USA.  This 
is an example of DOGMA!!

Specific Elements of Quinn’s Media

8. Why should you use 5% CO2 with our media?

It is more the pH that should be measured than the CO2.
We have varied the NaHCO3 concentration so that our 
media have the optimal pH under 5% CO2 in most 
circumstances.

See Quinn & Cook, Fertil & Steril, 81: 1502-5, June, 2004
Poole, The Clinical Embryologist, Winter, 2004 

www.embryologist.com
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Calcium channels

Schematic diagram of an ion channel. 1 - channel domains (typically four per 
channel), 2 - outer vestibule, 3 - selectivity filter, 4 - diameter of selectivity 
filter, 5 - phosphorylation site, 6 - cell membrane

Ligand ion channel blockade

Magnesium ions (Mg2+) in cellular biology
are usually in almost all senses opposite to 
Ca2+ ions, because they are bivalent too. 

Mg2+ ions block Ca2+ channels and reverse 
decreased rates of development caused by 
increased levels of free Ca2+ during culture

Ca2+ Mg2+

Glucose needed in Fertilization Medium

Contains  
no glucose

Quinn JARG 1995
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Concentration of Pyruvate, Lactate & Glucose in Human 
Reproductive Tract Fluids

 Site Cycle phase Pyruvate L (+) 
Lactate 

Glucose 

G1 Oviduct Mid-cycle 0.32 10.5 0.5 

G2 Uterus All phases 0.10 5.9 3.2 

 
 

Gardner et al 1996

Changes between cleavage and 
blastocyst phases

Concentration of Metabolites in 
Oviduct & Uterine Fluids

Gardner et al  Fertil Steril 1996;65:349-53

Lactate 10.5 mM
Pyruvate 0.32 mM
Glucose 0.5 mM

Lactate 5.87 mM
Pyruvate 0.1 mM
Glucose 3.15 mM
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Amino Acids: Role in ART Media

 Present in reproductive tract fluids and in 
embryos

 Some are consumed by the embryo

 Used for protein synthesis and as energy 
sources

 Act as internal buffers, osmolytes, 
antioxidants, chelators and regulators of 
development

Tricarboxylic Acid (TCA) Cycle 
Krebs Cycle
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Ammonium production from 
different culture media

Lane & Gardner, BOR 69:1109-17, 2003
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Amino Acids and Ammonium in 
Culture Media

 Ammonium is embryotoxic 
(Lane & Gardner, 2003)

 Toxic levels accumulate by 48-72 h of  
incubation

 Most of the ammonium comes from the 
spontaneous deamination of the amino 
group
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Spontaneous deamination of the 
amino group

NH3
+-CRH-COO-

+ O2 + H2O 

O=CR-COO-

+ NH4
+ + H2O2

Ways to minimize toxic effects of 
ammonium

 Do not incubate medium for longer than 72 h

 Use stable form of glutamine: 
alanyl-glutamine

 Optimize conversion of pyruvate to alanine 
by omitting alanine from culture medium
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Pyruvate acting as a sink 
for ammonium production 

during in vitro culture

transaminase
Alanine                     Pyruvate + NH3

Quinn’s media contain no alanine

Part 2

How can labs obtain the 
best results?

i.  pH
ii.  Aliquoting media
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Culture Strategies That Affect 
Outcomes

* pH & CO2

*  Temperature

*  O2 concentration

*  Oil

pH and CO2

Swain RBM Online 2010 21:6-16
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pH and CO2

OH- + CO2

NaHCO3 + HCl       H+ + HCO3
- + NaCl

H2CO3 (carbonic acid)

CO2 + H2O

Ways to adjust pHo

 HCl / NaOH

 CO2

 NaHCO3

I have chosen to vary pH of the media by changing the 
concentration of NaHCO3.  Then, media have different 
pHs under the same CO2 concentration.
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pH of Media

Historical Observations

“7.2 with P1 medium gives more 8-cells
7.4 is better for blastocyst medium”

Council Advancement Ovulation Induction 
& ART, Ferring Pharmaceuticals, 1999

Intracellular pH Regulation in 
Human Preimplantation Embryos

Phillips et al., Human Reprod 15:896, 2000
• Mean pHi of cleavage stage embryos (2 - 8-cells) 
=  7.0 - 7.3 (mean 7.12 ± 0.01)
• Two mechanisms to relieve changes

*  HCO3
-/Cl- exchanger to relieve alkalosis

*  Na+/H+ antiporter to relieve acidosis
• Further system that is both Na+ and HCO3

-

dependent mediates further recovery from acidosis
• These three systems maintain pHi within a narrow 
range

• Medium with a pH similar to pHi is probably best
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Recommended pH of Media

Fertilization medium: pH 7.3 ± 0.1

Cleavage medium: pH 7.2 ± 0.1

Blastocyst medium: pH 7.3 ± 0.1

All of the above values can be obtained with 
Quinn’s IVF media under 5% CO2 (on average), 
because we have adjusted NaHCO3

N=13,163 patientsOptimum pH for Cleavage Medium 7.18-7.25 n = 96,431 embryos

Courtesy Kathy Miller
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N=5,582 patientsOptimum pH for Blastocyst Medium 7.28-7.35
n=39,567 embryos

Courtesy Kathy Miller

N= 9600 embryos
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The Relationship Between Medium pH 
and Mouse Blastocyst Formation Rate

pH

Acceptable Range = 6.50-7.00

Brinster et al., ’65

Recommended pH of Commercial Media

Swain RBM Online 2010 21:6-16
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Recommended pH of Media

MEASURE YOUR pH!!!!

• for every new lot of medium

• when gas tanks are changed

• at least every week

Measuring pH

Rusty Pool,

The Clinical Embryologist, 
Winter, 2004 

www.embryologists.com
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The Clinical Embryologist, 
Now,…

The Journal of Clinical 
Embryology

www.embryologists.com

Not only is selecting the optimal pH 
important, but also maintaining it

The most important thing is to 
prevent CO2 out-gassing by keeping 
culture vessels under the CO2 
atmosphere as much as possible…

..and renewing the desired CO2
concentration as quickly as possible 
after culture vessels are returned to 
the incubator.
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Rapid change in pH

Under oil
No 
oil

Time to equilibrate medium

Need a minimum of 4 h to equilibrate. 
Or overnight for 9-12h
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Effect of Altitude on CO2
Requirement

4,000 ft

Medium with lower 
bicarbonate 
concentration 
optimized for 5% CO2
at sea level,
eg SAGE Blastocyst 
Medium

Relationship between CO2 and pH

This is with 25 mM NaHCO3.  Sage media have a lower NaHCO3
than this and therefore would have a lower pH than in the 
example above.  As a general rule, for every 1% increase in CO2, 
the pH will decrease by 0.05 - 0.1 units. 
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Aliquoting Media
1. Crystalline deposits of calcium carbonate appear when pH 

goes too high, eg when bottle is opened too often.
Once precipitated it is impossible to get CaCO3 back into
solution even if the pH is lowered to a more acceptable pH range.

2. I do not recommend aliquoting.
A.  Many labs aliquot medium to extend use, eg  3 x 7-8 mL.
B.  Do you store these under 5% CO2 at 2-8 C before use (except for the first        
aliquot that you would use straight away)?
C.  Are the crystals immediately present when the dishes are set up or do they 
appear over time? If immediately present, this means the pH has been too high 
in the shipped bottle. If they appear over time, this means that the pH of the 
aliquot is gradually increasing during prolonged storage.  

3. If you must aliquot, quickly remove 2 x 7 mL portions from a 20 mL bottle and 
place them into 14 mL tubes, tightly cap the tubes and place them in a sealed 
container that has been gassed with 5% CO2 in air at 2-8oC.  Use one portion 
entirely on one day.  The other 2 portions should be used within one week of 
opening the bottle.

IVF Chamber for microscopic viewing 
culture dishes in a CO2 environment

CO2 controller

Temperature 
& humidity 
are 
controlled

Stereo microscope

Or have a set 
time for 
exposure to 
air, eg < 2 
min
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pH SUMMARY

 Keep in mind that different media have 
different compositions and will probably 
have different pH under same CO2 
concentration.

 The way media are used has an important 
impact

 pH control probably has one of the most 
important impacts on the success of 
embryo culture

Effect of Osmolality on Development 
of Mouse Zygotes to Blastocysts

Dawson & Baltz, BOR 59:225-32, 1998

250 280 Same range as that established by Whitten, 1971
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Part 3

Temperature

Hand in hand with 
maintaining pH is 

maintaining temperature
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TEMPERATURE

Warm stage

Gap = heat loss
Temperature of drop measured
Stage temp adjusted

 Dianna Payne, The Pipette Company

N= 537 patients
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Embryologist 1 Embryologist 2

Probably due to 
hot spot in Isolette

Proper placement 
in Isolette
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What happened
• Cleavage Arrest
• Fragmentation
• Slow Development
• < Blastocyst 

Development

Probably Why
• Improper Dish Preparation
• Aggressive Pipetting
• Too many incubator opening
• Excessive Exposure

Bench top Incubator

Can also use a 
metal disc under 
the dish on a flat 
shelf surface
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Understand the operation of 
your laboratory’s incubator to 

have the most efficient recovery 
of temperature, humidity and 

gaseous state.

Limit embryo observations as a 
way to decrease incubator door 
openings and decrease embryo 

exposure to unnecessary 
changes in temperature or pH.
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Part 4

Future Trends?

Sequential v. 1-Step Medium

• Sequential Media
Separate media for 
D1        D3 = zygote to 8-cell: Cleavage medium, and 
D3        D5/6 = 8-cell to blastocyst: Blastocyst medium

Based on the “Back to Nature” concept

• Monoculture Medium (aka 1-Step medium)
Same medium for D1        D5/6:  Global, 

Continuous Single Culture =         
Irvine’s Embryo Choice

Based on the “Let the Embryo Choose” concept
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Culture Media for Human IVF

“Back to nature” = add selected compounds probably 
present at a specific location when the embryo is there.
Based on analysis of constituents in vivo

Menezo et al 1984 
Quinn et al 1985
Leese 1991,1998
Gardner et al 1996;1998;2002;2003;2004

********************************************************************
“Let the embryo choose” = add all compounds likely to be 
throughout the reproductive tract
Based on systematic assessment of responses of mouse embryos 

to controlled changes in medium composition
Lawitts & Biggers 1992; 1993
Biggers et al 1997; 1998; 2003

Strategies for Development

Time Line for Human Embryo Evaluation

Author Date Observation

Edwards 1980s Cell # & Size, fragmentation

Mohr & Trounson 1985 Morphological scoring

Steer et al 1992 Cumulative Embryo Score

Pickering 1995 Multinucleation

Sakkas 1997 Early cleavage

Scott, L 1998-2007 Zygote scoring & gated Embryo Score

Gardner 1999 Blastocyst scoring

Fisch et al 2001, 2003 Graduated Embryo Score

Angle 2006 Modified GES

Scott R, Emri et al 2006 → Metabolomics?

various present Morphokinetics by time lapse videography
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Day of ET & Embryo 
Selection

1. If sufficient embryos, eg ≥3 good quality 8-
cell embryos on D3, then culture to 
blastocyst stage.

2. If not pregnant after 3 IVF cycles of D3 ET, 
then go to D5 ET.

3. However, if few embryos, eg < 5 oocytes, 
then D2 (or even D1) ET may be better.
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Understand the operation of 
your laboratory’s incubator to 

have the most efficient recovery 
of temperature, humidity and 

gaseous state.

Limit embryo observations as a 
way to decrease incubator door 
openings and decrease embryo 

exposure to unnecessary 
changes in temperature or pH.

This has lead to the use
of time-lapse videography.

This technology still has to 
be validated in prospective 
randomized trials where 
embryos for ET are 
selected based on 
morphokinetic parameters. 
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Other Techniques that may be useful

 Well of the Well culture

 Vibration during culture

 Low oxygen concentration

Well of the Well Culture
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Vibration during culture

“Good” media used 
badly  poor 

results
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Thank you!
Jack our grandson!

Conceived and cultured in Quinn’s 
medium!


