Cpeabl
Ana KynsTUBUPOBaHUA 3MOPUOHOB in vitro:

NcTopusa co3gaHmAa m KOMIMOHEHTHbIN COCTaB



Cpena onpeneneHHOro XMMmM4eCcKoro cocraBa
(CDM - chemically defined medium):

* MOXET ObITb NPUroTOBfIEHA NO Nponnucu B Ndon nadboparopumn

°* MOXXHO U3MEHATb cofiepXXaHue Kaxaoro KoOMnoHeHTa (ontuMmmsauums
cpeabl)

* OTCYTCTBYHOT He3ansfiaHMpoBaHHble OMOAKTUBHbIE BelecTBa
(dbepMeHTbI, FOPMOHDbI, POCTOBbIE (haKTOpPbI U T.1N.)

NMyTtn paspabotkn CDM

PN

AMNUpmnYeckmMm noadop KOMMOHEHTOB Noanop KOMNOHEHTOB Ha OCHOBe
And noriyyeHUs Haubonbluero ycnexa U3y4yeHus cocrtaBa cpeabl, B
(MakcumanbHbIK % pa3BUTUA KOTOpPOU 3IMOpPUOH pa3BuBaeTCH
in vitro): in vivo:

lMpunyun “let the embryo choose ” MpuHumn “back-to-nature”




lpunyun “let the embryo choose ”

Co3paHue cpen onsa aMOpMUOHOB
AMOPUOHBLI MbILLN

1956: Whitten — kyneTBMpoBaHNME aMOPUOHOB MbILLKM C 8-1 KNETOK Ao bnactoumcTbl (8
KOMMOHEHTOB, PaCTBOPEHHbIX B BOAE)

1957: Whitten — smMOpunoHbI pa3BuBatoTCs B KynbType Npu 3aMmeHe xnopuaa Kanbumsa Ha
nakrtaTt Kanbuus (HO pas3BUTUA C 3UrOThl HE MOSTy4YMNOCh).

1958: Ann McLaren 1 John D Biggers KynstnBnpoBanu Ha 3Ton cpege aMbpuoHbI ¢ 8-
MM KIIETOK, nepecaansnin cypporaTHon matepu 1 poansnincb Mblllarta

1963-66: Ralph Brinster, unkn pabot - nccnegoBaHne M3MeHeHuUs1 coctaBa cpebl Ha
pasBuTMe SMOPUOHOB (BO3OENCTBUE NCTOYHMKOB SHEPIUM (COOAEPXKAHUE IMIOKO3bl U
nakrtara); Bo3gencTane OCMONSPHOCTU cpeabl, BNusiHMe ra3oBoun asbl (KMcrnopos).

Ralph Brinster 1967 — onsa pas3sutnsa aMépuoHa ¢ 3urotbl HEOH6XO0ANMO NPUCYTCTBUE B
cpene nupyearta (cendac Bce cpen ansa pasButma sSMOPUOHOB MMEKOMUTaOLWMX
cogepaT nupyBarT, B T.4. U cpeabl ANs KYNbTUBMPOBAHUS 3MOPMOHOB MITEKONUTAIOLLMX.

John D Biggers - cepusa paboT no yny4lleHuto cocTaBa, B T.4. UCCreaoBaHne BNUsHUS
KOHLUEHTpauMnN pasfnnyHbIX MOHOB Ha ycnex KyrbTUBMPOBAHUSA; UCMOSb30Ban MeToabl
MaTeMaTM4eCcKoro MoaenmpoBaHna ang onTuMmmsaunm cpea.



lpunyun “let the embryo choose ”
Cpena bpuHcTepa
ANnA KynbTUBUPOBaHUSA 3M6pMOHOB MbILUU

Component o/l mivl

NaCl 5.546 94.88

Sodium Lactate 2.253 25.00

Sodium Pyruvate 0.028 0.25

KCI 0.356 4.78

CaCI2 0.189 1.71

KH,PO, 0.162 1.19 TABLE 1. Compeosition of medium

MgS0, .7H,0 0.294 1.19 M16 (Whittingham [10]).

NaHCO, 2.106 25.00 .

Glucose 10 5 56 Component Concentration (mM)

Bovine Serum Albumin 1.0 — MNaCl 94.70
KCI 4.78

Used in an atmosphere of 5% carbon dioxide with balance air, pH=7.4. KH;PO, 1.18

MgSO0, 1.189
Lactate 23.30
Pyruvate 0.33
Glucose 5.56
BSA* 4.00
NaHCO, 25.00
CaCl, 1.7

Cpena M16 (Whittingham, 1971) *BSA concentration is in mg/ml. Peni-

cillin and streptomycin were also added
AnA KyNnsTUBUPOBaHUSA SMOPUOHOB MbILLU at concentrations of 100 U/ml and 50

w@,/mi, respectively.



lpunyun “let the embryo choose ”

Ralph Brinster — B kakon cucteme KynsTuBUpoBaTb 3MOPUOHDbI?
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B HacTosilwee BpemA
UCNOJb3YHOTCA TOMMbKO BapuaHT
A — KynsTBMpOBaHue c
MUKpOKanJsiax nog Mmacriom u
Bapuauus BapuaHTa

C — KynsTUBMpOBaHue B 4-x
JIYHOYHOM nnaTte




moKo3a 1 nupyBaT MOryT ObITb YTUNN3UPOBaHbI KIleTKaMu aMOpUoHa
(B pe3ynbraTte- aHeprua ansa amopuoHa + CO2)
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Mpob6nema npu paspadboTke cpen:

Kak oueHnBaTb B3anmogencTBMe KOMMNOHEHTOB B cpene Nnpwu
U3MEHEeHNMN NX KOHLIeHTpauun?
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“Response surface model” B naHHOM cny4ae npeacTaBrieHa oLeHkKa
-reoMeTpuyYecKoe NpeacTaBneHme COBMECTHOro AeucTBusa 2-x KOMMOHEHTOB B
37Ol NPOGNEMbL. 3aBMCUMOCTM OT UX KOHLIEHTpaLun B cpeae npu

noMoLLM 3Ton mogenu: 3-Xx MepHasi Mmoaernb.

NMpu nameHeHnn N KOMNOHEHTOB cpeAabl — HYXXHa
n+1 - MepHasa mogenb
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BNoK pa3BUTUA NpU KYNLTUBUPOBAHUU C 3UrOTbI: ANA peLlieHuns I1p06.l19Mbl
OblNN UCNONb30BaHbl MaTeMaTUYECKMe nporpaMmmbl U KOMIMNbHOTEPHbLIE MOAEJIN

Printed it Greal Brilair

©1991 Jourmis of Reproduction & Ferstiy L.~ O€quential simplex optimization

J. Reprod. Fert. (1991) 91, 543-356

Optimization of mouse embryo culture media using
simplex methods

J. A. Lawitts and J. D. Biggers

Laboratory of Human Reproduction and Reproductive Biofogy. Harvard Medical School,

45 Shattuck 5t, Boston, MA 02115, USA

Summary. Culture media were developed for pronuclear-stage mouse embryos using
simplex optimization, which has the beénefit of being able to optimize several com-
ponents simultaneously. Initially, several different media were generated. All media
contained the same components, yet each medium was characterized by having a differ-
ent component at a high concentration. The simplex procedure identified 4 components
(NaCl, pyruvate, KH, PO, and glucose) which at high concentrations were detrimental
to embryo development, compared to the other components tested. For example, all
embryos cultured in 3 medium with high NaCl blocked at the 2-cell stage. The optimiz-
ation method then adjusted each medium by lowering the concentration of the com-
ponent or removing it entirely, which resulted in & significant increase in development.
In an experiment comparing 8 media generated from the simplex optimization, along
with 7 other media, removal of KH,PO, resulted in the largest increase in develop-
ment; #8% of embryos were =4 cells on Day 3 after hCG, and 53% developed into
blastocysts by Day 5.

Another experiment compared 4 of the best media generated from the simplex
oplimization. In 3 out of the 4 media, 90% or more of the embryos were =4 cells on
Day 3. In 3 of the media, approximately 60% or more of the embryos developed into
blastocysts. The simplex optimization procedure is an efficient method for developing
culture media and determining requirements for development in vitro,

Keywords: Simplex; culture; mouse; embryo

\

SOM - simplex optimization method

Y

Cpena KSOM

Liwitts, Biggers:

“.... Two computer programs are now
commercially available to control the
experimental program—COPS from Elsevier
Scientific Software, New York, USA, and
SIMPLEX-V® from Statistical Programs,
Houston, Texas, USA.

We have adapted the COPS program to
optimize 10 components in a medium for the
culture of mouse preimplantation embryos.
Our method takes into consideration the
biological variation associated with culture
systems.... “
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Seq uential simplex optimization Simplex optimization of culture media

Component B

Fig. 6. Theoretical response surface with two different optima. Simplex I is started in an area of
the surface where the contours of similar response are far apart. Little progress, if any, will be
made. Simplex Il and Simplex III are started in an area of the response surface where the
contours are closer together, resulting in a rapid ascent toward the optimum, compared to
Simplex I.

Slmplex (noun) plural sim-plex-es

a spatial configuration of » dimensions determined by » + 1 points in a space of

dimension equal to or greater than n

<a triangle together with its interior determined by its three vertices is a two-dimensional simplex in

the plane or any space of higher dimension>



lNMpunyun “back to nature”

CoctaB CD (chemically defined) cpen ana KynstTuBMpoBaHUs 3MOPMUOHOB

Bce nyeckKkue BellecTtBa

&da OpraHnM3mMma

CocTaB XNaKocTun

CocTaB -
B AuueBoge

CD cpepbl

llpocmasi cpeda — 0o 12 koMrnoHeHMoe
CnoxxHasi cpeda — 6osiee 12 KOMNIoHeHMoe8



lMpunyun “back to nature” — no06op KOMMOHeHMO8 cpeodbi Oisl
KynibmueupoeaHusi 3aM6puoHos in vitro, 8 coomeemcmeuu ¢ ux
KOHUeHmpauueli 8 ecmecmeeHHOM 0Jisi IMO6PUOHO8 OKPY)KeHuU in Vvivo.

HTF human tubal fluid (Quinn et al., 1985).

CpaBHeHue cocTtaBa cpeabl HTF ¢ ony6nnkoBaHHbIMU AAaHHbIMU
O cocTaBe XuakocTtu smuesonoB (no Biggers, 2001)

Compound Lippes er al. Lopata er al, Medium HTHF Dravid er al. Borland er al. Gardner er al.
(mmaol/1) (1976 (1976)° (1985) (19734 ( 1980y (1996)F

Ma* 139140 1442 148 .3 142-148 130 -

K* 7.7-99 45 5.06 6.7 21.2 B

Cl 117-120 B 108 .3 112-127 132 -

Ca* 384 1.3% 204 - 1.13 -

Mg+ - 0.19 0.2 - 1.42 -

Glucose 239-3.(4 B 2.78 - - 232

Pyruvate - (.18 0.33 -~ - 0.16

Lactate - 252 21.4 - - 6.1%

[amples collected over 24 h by cannulation (n = 16).

PSamples collected at laparoscopy (n = 2).

“Concentrations of wons calculated from the concentrations of constituents in Table 7 from Quinn er al. (1985 ).
dSamples collected at laparotomy (n = 33).

Microsamples collected by microsampling (n = 7).

Microsamples collected during the luteal phase at laparoscopy (n = 9).
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Table 11. Compositions of media HTF (Quinn er al., 1985), modified HTF
(Quinn er al., 1995), Pl (Gardner er al., 2000) and KSOM (Lawitts and
Biggers, 1993)

Compound (mmol/1) HTF Modified HTF Pl KSOM
Na(Cl 101.6 1016 101.6  95.0
KCl 4.69 4.69 4.69 2.50
KH->PO, 0.37 - - 0.35
CaCl, 2.04 2.04 2.04 1.71
MgSOy 0.20 0.20 0.20 0.20
NaHCO; 25.0 250 250 25.0
Glucose 2.78 - - 0.20
Na pyruvate 0.33 0.33 0.33 0.20
Na lactate 21.4 214 214 10.0
Citrate - - 0.5 -
Glutamine - 1.0 - 1.0
Taurine - - 0.05 -
EDTA - 0.1 - 0.01
Penicillin (U/ml) 100 100 - -

Streptomycin SO, (50 pg/ml) 100 100 - -
Phenol red (ng/ml) 10 10 5 -
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MroKo3a: oTpuuaTenbHoOe BO34eNCTBUE HAa AIMOPUOHDLI Ha cTaamax apoobrneHna?

TABLE 1. Composition of modified culture medium TLP-PVA® used

BIOLOGY OF REPRODUCTION 39, 1183—1192 (1988)
for culture of 2-cell hamster embryos.

Two-Cell Block to Development of Cultured Hamster Embryos |s Caused

by Phosphate and Glucose' s i Concentration (mM)

NaCl 98.0

SCOTT A. SCHINI and BARRY D. BAVISTER? KCl 3.2

cacl, 2.0

. . MgCl, 0.5

Department of Veterinary Science NsHCO, 25.0

University of Wisconsin-Madison Na lactare 10.0
Madison, Wisconsin 53706 f:,@ﬁ';.:’n":t‘ g:;a
L-Arginine 0.30
ABSTRACT L-Asparagine 0.50
y L. . . . . L-Aspartic Acid 3.00
The failure of bamster 2-cell embryos to develop in vitro (2-cell block) was examined with experiments in L-Cysteine 0.10
which concentrations of glucose and phespbate in the culture medium were varied, Embryos were cultured in a L-Glutamic Acid 5.00
protein-free modified Tyrode's solution that normally contains 5.0 mM glucose and 0.35 mM sedium dibydro- L-Glutamine 1.00
gen phospbate. In the presence of 0.35 mM phosphate but without glucese, 23% of 2-cell embryos reached the Glycine 7.00
4-cell stage or further after culture for 1 day and 27% after 2 days. Glucose inbibited embryo development L’H"l;':",“ 0.10
even at 0.1 mM (4% development to »4-cells after culture for 2 days); there was no dose-related inbibition Ii:.s:um :;"'—‘ g,;;
above this glucese concentration. In a second experiment, pbosphate levels were varied in the absence of glu- L-Lysine 0.75
cose. Phosphate was bighly inbibitory to development, with 97% of 2-cell embryos reaching the 4-cell stage or L-Methionine 0.70
further after culture for | day in the absence of phosphate compared to 9—-21% in the presence of 0.1-1.05 L-Phenylalanine 0.30
mM phosphate. After culture for 2 days, 26% of embryos reached the 8-cell stage or furtber when phospbate L-Proline 0.17
was absent compared to 0% development to 8-cells with 0.1 mM pbospbate or bigher. In a factorial experiment, L-Serine 0.24
phosphate blocked development when glucose was present or absent, whereas glucose did not block embryo devel- Taurine 7.00
opment in the absence of phospbate. However, 2-deoxyglucose (a non-metabolizable analogue of glucose) inbibited L-Threonine 0.50
embryo development in the absence of phosphate. These data sbow that the in vitro block to development of bam- L-Tryptophan o
. £ Z L-Valine 0.20

ster 2-cell embryos is caused at least in part by glucose and/or phosphate. Deletion of these compounds from the Polyvinylalcohol 1.0 mg/ml

culture medium eliminates the 2-cell block to development in virtually all embryos, and approximately 25-75%
of embryos develop to the 8-cell or morula stages in vitro. The observations provide a possible explanation for
the 2-cell and 4-cell blocks that occur in conventional culture media: stimulation of glycolysis by glicose and/or
phospbate may result in inefficient adenosine tripbospbate (ATP) production, The data indicate marked dissimi-
larities in the regulation of in vitro development of early cleavage stage bamster embryos compared with em-
bryos of inbred mice, since the latter bave an inactive glycolytic patbway prior to the 8-cell stage of develop-
ment and will grow from 1-cell to blastocyst with both pbospbate and glucose in the culture medium.

“The medium was supplemented in some experimental treatments
with sodium dihydrogen phosphate, glucose, and/or 2-deoxyglucose.

TABLE 2. Effect of glucose concentration on in vitro development of
hamster 2-cell embryos (Experiment 1).%

Day 1 Day 24
Glucose No. of 2- Mo. of »4-cells Mo. of =4-cells
conc. (mM)  cell embryos (% £ SEM) (% + SEM)
0.0 147 34 (23.1 £ 5.5 40(27.2:5.6)°
0.1 148 2( 14+21) 6( 4.0% 2.5)
0.5 149 90 6.0¢34) T(47+29
5.0 147 1{ 07215 4( 2.7:22)
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One-step versus two-step culture of mouse preimplantation

embryos: is there a difference?

doi:10.1093/ Immrep/de1228

J.D. Blgger

‘Department of Cell Biology, Harvard Medical School, 240 Longwood Avenue, Boston, MA 02115 and *Beth Israel Deaconess Hospital,

Boston, MA 02115, USA

L K.McGinnis! and J.A.Lawitts®

3To whom correspondence should be addressed. E-mail: john_biggers@hms.harvard.edu

BACKGROUND: A comparison has been made of the development of mouse zyvgotes in either one-step or tw u—step

culture systems. METHODS: Embx
significant differences were abserv
cell mass (ICM) and trophectodery
optimized medium supplemented
and two-step culture in G1.2/G2.2
in the one-step protocol using KS|
groups of fetuses were not signific
differences were observed in the f
that developed in protocols: one-g
culture in DN2/DMI1. EDTA is not
lin KSOM,**. CONCLUSIONS: ]
development in vitro but they are 1

7 pp- 19351044, 2006

Humnn Repl oduction Vol 21, No.7

Letters to the Editor

One-step versus two-step culture of mouse preimplantation
embryos

Sir,

We would like to offer a different perspective on the study reported
by Biggers er ol (2005) whose findings are contradictory to our
own previous studies on these embryo culture media systems.

In our previous publication comparnng KSOMAA to sequential
media (Gardner and Lane. 2002, 2003; Reed ef a/, 2003). we
were careful to ensure that all conditions used were exactly the
same for the medium being tested. e.g. the same volume of
medmm. This was done because in our extensive experience.
the volume of medium has a significant impact on culture out-
come if there are problems with the oil source used. Specifically.
when suboptimal oil 1s used, embrvo development increases
with mereasmg velumes of medium. In the article by Biggers
et al. (2003), two different volumes were used, 50 pul for the
KSOMAA and 20 Ul for the sequential media. The source of
oil used was one not sold for nse in human TVE One therefore

Furthermore, the addition of ammonium chloride to the culture
medivm can induce the same birth defect (Lane and Gardner.
1994. Sinawat ef a/.. 2003). Therefore. three independent
laboratonies, including that of Biggers, have demonstrated that
ammonium can induce exencephaly in mouse fetuses. follow-
ing the exposure of the preimplantation embrve. What has
been debated 1s the frequency at which the birth defect 1s
induced. What is not for discussion is that the birth defect 1s
induced by ammonium. As a result. we are obligated to renew
media which contain amino acids at 48 h, irrespective of the
formulation. to ensure that ammonium levels cannot build up

sufficiently to induce the neural tube birth defect. So. rrespec-
fi = of the arficle b Rigassre of Al

L2005% hie ovwn nresniong

:‘; David K.Gardner' and Michelle Lane’ E\S
W YColorado Center for Reproductive Medicine, |he
cy Englewood, CO, US4 and [el-

. ) . L
°H  “QObstetrics and Gynaecology Department, The Queen [

Elizabeth Hospital, University of Adelaide, Adelaide,
South Australia, Ausiralia
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Biggers JD (2002), Reproductive BioMedicine Online



Noninvasive Metabolic Profiling Using Microfluidics for Analysis of Single Preimplantation Embryos

John Paul Urbanski, Mark T. Johnson, David D. Craig, David L. Potter, David K. Gardner,|

and Todd Thorsen
Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge,
Massachusetts Fertility Laboratories of Colorado, Englewood, Colorado 80110
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Anal. Chem. 2008, 80, 6500-6507



AHann3 metabonnyeckom akTUBHOCTU eAUHUYHbIX 3SMOPUOHOB
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deviation. The mean values for this
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dashed lines for visualization.
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Metabolic profiles obtained from 10 murine embryos, labeled a-j. Results are from day 4 of the
culture and are presented relative to original G2 media (analyzed in parallel with culture
samples) to ascertain the changes in metabolite levels due to embryo activity.

Individual embryos were cultured in 1 yL of medium G2 for 48 h prior to analysis.
Heterogeneity in metabolism becomes apparent among morphologically similar embryos.

Anal. Chem. 2008, 80, 6500-6507
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