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Egg/Sperm/Embryo HEgg/Sperm/Embryo HEgg/Sperm/Embryo HEgg/Sperm/Embryo H

Have you ever wondHave you ever wond
h t th h dli &h t th h dli &–– what the handling &what the handling &

–– Are its ingredients Are its ingredients ss
For your patients?For your patients?For your patients?For your patients?
For the babies?For the babies?
To yourself and otheTo yourself and otheyy

–– Is it defined and remIs it defined and rem
new batch?new batch?

Handling & Culture MediaHandling & Culture MediaHandling & Culture Media Handling & Culture Media 

dered: dered: 
& lt di& lt di t i ?t i ?& culture media& culture media contains?contains?
safe?safe?

er healthcare workers?er healthcare workers?
mains unaltered with every mains unaltered with every 



Disadvantages of thDisadvantages of thgg
Embryo Culture MeEmbryo Culture Me

Contains donor humContains donor hum
serum proteinsserum proteinsserum proteins serum proteins 
Or serum replacemeOr serum replaceme
from human donorsfrom human donorsfrom human donorsfrom human donors
Not defined; batch tNot defined; batch t
common affecting qcommon affecting qcommon affecting qcommon affecting q
generated; generated; 
may be hazardousmay be hazardousmay be hazardousmay be hazardous
by proteinby protein--bound agents (vbound agents (v

he Presenthe Present--Day Day yy
ediaedia

man/animal man/animal (in the past) (in the past) 

ent products derived ent products derived 
ssss
to batch variation is to batch variation is 
quality of embryosquality of embryosquality of embryos quality of embryos 

ss Ri k f di t i iRi k f di t i iss Risk of disease transmission  Risk of disease transmission  
viruses/prions)viruses/prions)



Sterilization not 1Sterilization not 1Sterilization not 1Sterilization not 1

Proteins cannot be sterilizeProteins cannot be sterilize
sterilization measures cannsterilization measures cann
certainty all unknown/knocertainty all unknown/knoyy

Extreme heExtreme he
NOT DESNOT DES

Proteins in Proteins in culture culture mediummedium
e.g. HIV, Hepatitis, BSE/CJe.g. HIV, Hepatitis, BSE/CJ

KK

5/21/20135/21/2013

KK

100% efficacious100% efficacious100% efficacious100% efficacious

ed. Stringent purification and ed. Stringent purification and 
not eradicate with absolute not eradicate with absolute 

own pathogensown pathogens (Truyen et al., 1995).(Truyen et al., 1995).p gp g ( y )( y )

eat treatment may eat treatment may yy
STROY PRIONSSTROY PRIONS

mm -- risk of disease transmissionrisk of disease transmission. . 
JD, JD, etcetc
KemmannKemmann HumHum ReprodReprod 13: 1777 199813: 1777 1998
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Donor Proteins iDonor Proteins i

Proteins are nonProteins are non--unifunif
because each batch ibecause each batch i
donorsdonors
Regulatory profileRegulatory profile::
comply with regulatiocomply with regulatiop y gp y g

5/21/20135/21/2013

in Culture Mediumin Culture Medium

form/ nonform/ non--consistent consistent 
s from different groups of s from different groups of 

: PFM anticipated to : PFM anticipated to 
ons ons 
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Disease TransDisease TransDisease TransDisease Trans

At least At least three documentedthree documented
unreported …. Check out Munreported …. Check out M
Transmission of hepatitisTransmission of hepatitisTransmission of hepatitis Transmission of hepatitis 
patients affectedpatients affected (van Os e(van Os e
165:152165:152--159)159)

CJD?CJD? -- A donor of serum pA donor of serum p
manufacturing company inmanufacturing company in
EExtend of damage not knoxtend of damage not knoEExtend of damage not knoxtend of damage not kno
CJD take as long as 20 yeaCJD take as long as 20 yea
(Kemmann, 1998, Human Reprod. 1(Kemmann, 1998, Human Reprod. 1

MedicoMedico--legal cases legal cases –– In mIn m
numerous cases under pennumerous cases under pen

smission in IVFsmission in IVFsmission in IVFsmission in IVF

d casesd cases but many more; but many more; 
MedicoMedico--Legal JournalsLegal Journals

Pooled seraPooled sera IIVFVF >>200200-- Pooled sera Pooled sera -- IIVF VF >>200 200 
et al. 1991. Am J. Obstet. Gynecol. et al. 1991. Am J. Obstet. Gynecol. 

proteins for a media proteins for a media 
n USA died of CJDn USA died of CJD
ownownownown
ars to manifestars to manifest..
13:1777)13:1777)

medico legal journals medico legal journals 
nding judicial investigation nding judicial investigation 



European UnionEuropean Unionpp
Directive 2004Directive 2004
EU Di ti 2004/23/EU Directive 2004/23/
Urge member states to move away
supplements (that creates batch vasupplements (that creates batch va

Biologicals create possible contami
pathogens, prions, RNA, DNA, othp g , p , , ,

Members states must comply by 

A major challenge to researchers &A major challenge to researchers &

TimeTime--restricted urgency to seek forrestricted urgency to seek for
uniform biological supplements inuniform biological supplements inuniform biological supplements in uniform biological supplements in 

n Tissue & Cell n Tissue & Cell 

/EC/EC:
from use of non-uniform biological 

ariations) in healthcare productsariations) in healthcare products

ination risk situations by 
her hitherto unknown agents, etcg ,

April 2007

& service providers alike. & service providers alike. 

r alternatives to the use of nonr alternatives to the use of non--
health care productshealth care productshealth care products.  health care products.  



Advantageous to usAdvantageous to usgg
synthetic Proteinsynthetic Protein--FF

MAKES SENSE TO ELMAKES SENSE TO EL
Use of potentially haUse of potentially ha–– Use of potentially haUse of potentially ha
serum replacement serum replacement 
human donorshuman donors

COMPLETELY SYNTHCOMPLETELY SYNTH
–– Will remain consisteWill remain consiste

be no batch to batchbe no batch to batch
no variation in the qno variation in the q
generatedgeneratedgeneratedgenerated

se safe and defined se safe and defined 
Free mediaFree media

LIMINATE LIMINATE 
azardousazardous donordonor serum orserum orazardous azardous donordonor serum or serum or 
substances derived from substances derived from 

HETIC MEDIA HETIC MEDIA 
nt and therefore there will nt and therefore there will 
h variation h variation –– there will be there will be 
quality of embryos quality of embryos 



The ScenariThe ScenariThe ScenariThe Scenario in the 1980so in the 1980so in the 1980s o in the 1980s 



Scenario iScenario iScenario iScenario i

Pregnancy rate wasPregnancy rate was
That meansThat means 8585--9191That means That means 8585 9191
not become pregnanot become pregna
Naturally most GoveNaturally most GoveNaturally most GoveNaturally most Gove
support for ART becsupport for ART bec
–– it was expensive /noit was expensive /nop /p /
–– not efficacious and not efficacious and 
–– because there werebecause there were

sanitation and basicsanitation and basic
needed attention coneeded attention co

in the 1980sin the 1980sin the 1980sin the 1980s

s a dismal s a dismal 9 9 --15%15%
%% of the patients willof the patients will%% of the patients will of the patients will 

ant ant after ART treatmentafter ART treatment
ernments refusedernments refusedernments refused ernments refused 
cause cause 
ot cost effectiveot cost effective

e urgent matters such as e urgent matters such as gg
c healthcare facilities thatc healthcare facilities that
ompared to infertility.ompared to infertility.



Scenario iScenario iScenario iScenario i

Reasons for the poor AReasons for the poor AReasons for the poor AReasons for the poor A
multimulti--factorialfactorial
But some of the main reaBut some of the main rea
–– Use of subUse of sub--optimal optimal tissutissu

entirely meant for human aentirely meant for human a
–– Use of patient’s own serUse of patient’s own ser

quality of embryos generatquality of embryos generatquality of embryos generatquality of embryos generat
–– Lack of R&DLack of R&D to develop eto develop e

embryosembryos
–– Media was homeMedia was home--made andmade and–– Media was homeMedia was home--made andmade and

Clearly these subClearly these sub--optimaloptimal
if we are going to equal oif we are going to equal o
rate of 20%rate of 20%rate of 20%rate of 20%

in the 1980sin the 1980sin the 1980sin the 1980s

ART pregnancy ratesART pregnancy rates werewereART pregnancy rates ART pregnancy rates were were 

asons were: asons were: 
e/mouse embryo culture media (not e/mouse embryo culture media (not 
application)application)
rum rum in culture media that affected in culture media that affected 
tedtedtedted
embryo culture media specific for human embryo culture media specific for human 

d QC/QA was nond QC/QA was non--compliant/subcompliant/sub--optimaloptimald QC/QA was nond QC/QA was non--compliant/subcompliant/sub--optimaloptimal
l conditions have to be overcome l conditions have to be overcome 
or better the natural fecundity or better the natural fecundity 



Scenario iScenario iScenario iScenario i

We embarked on an eWe embarked on an eWe embarked on an eWe embarked on an e
R&D venture beginninR&D venture beginnin
–– Develop Embryo CultuDevelop Embryo Cultup yp y

for:for:
((ii) mammalian emb) mammalian emb
(ii) human embryos(ii) human embryos(ii) human embryos(ii) human embryos

–– A synthetic formulaA synthetic formula
Completely definedCompletely defined
No batch to batch variaNo batch to batch varia
Very efficaciousVery efficacious
Completely safe for humCompletely safe for hum
That complies with heaThat complies with hea

in the 1980sin the 1980sin the 1980sin the 1980s

extensive and meticulousextensive and meticulousextensive and meticulous extensive and meticulous 
ng 1985 ng 1985 to to 
re Media (ECM) that is specific re Media (ECM) that is specific ( ) p( ) p

bryos bryos 
s and thence develops and thence develops and thence develop s and thence develop 
tion tion that is:that is:

ationation

man applicationman application
althcare regulationsalthcare regulations



PFMPFM--11 Synthetic Pro11 Synthetic Proyy
Outcome of 15Outcome of 15--22

This research effort resultedThis research effort resulted
Specific for human emSpecific for human em
Completely definedCompletely defined
No batch to batch variNo batch to batch variNo batch to batch variNo batch to batch vari
Very efficacious; betteVery efficacious; bette
ECM ECM 
Appears very safe for hAppears very safe for hpp ypp y
That apparently complThat apparently compl

The subsequent slides wThe subsequent slides wqq
formulatedformulated

oteinotein--Free Media ProductsFree Media Products
20 Years of Research20 Years of Research

d in a synthetic ECM that is:d in a synthetic ECM that is:yy
bryosbryos

ationationationation
r or similar current proteinr or similar current protein--containing containing 

human applicationhuman applicationpppp
lies with healthcare regulationslies with healthcare regulations

will show how the PFMwill show how the PFM--11 media was 11 media was 



DevelopmenDevelopmen
P t iP t i F CF CProteinProtein--Free CFree C

Above: Human embryos generat
Below: Human embryos generate
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Formulation of tFormulation of t
ProteinProtein--FFree Meree Me

Two main functions Two main functions 

1.   Physiological attr1.   Physiological attr
2.   Physical attribut2.   Physical attribut

the Synthetic the Synthetic yy
edium (PFMedium (PFM--11)11)

of proteins in culture:of proteins in culture:

ributesributes
eses



Formulation of tFormulation of t
ProteinProtein--FFree Meree Me

Ph i l ibPh i l ib iiPhysical attributesPhysical attributes inin

1. 1. Viscosity to cultuViscosity to cultu
2.  2.  Surfactant propSurfactant prop
–– These properties alloThese properties allo

ease and prevent emease and prevent em
and in pipettesand in pipettesand in pipettesand in pipettes

the Synthetic the Synthetic yy
edium (PFMedium (PFM--11)11)

lln culture:n culture:

ure mediumure medium
pertyperty
ow the handling of embryos with ow the handling of embryos with 

mbryos sticking to sides of dishes mbryos sticking to sides of dishes 



Formulation of the SyFormulation of the Sy
M di (PFMM di (PFM 11)11)Medium (PFMMedium (PFM--11)11)

Physiological RolePhysiological Role

antioxidant & chantioxidant & ch
prevent membraprevent membra
membmembranesranesmembmembranesranes
source of energysource of energy
capillary membracapillary membra
help solubilize liphelp solubilize lip
osmoregulationosmoregulation
pH bufferpH bufferpp
transport of COtransport of CO22//

-- serving as reserving as re
-- these compothese compo

ynthetic Proteinynthetic Protein--FFree ree 

es of Proteins es of Proteins 

helators of metal ionshelators of metal ions
ane peroxidation/stabilize ane peroxidation/stabilize 

yy
ane permeabilityane permeability
pidspids

/hormones/vitamins/metals/hormones/vitamins/metals
eservoirs for storage/release of eservoirs for storage/release of 
onentsonents



Role of proteins inRole of proteins in
iimedium: medium: the prevthe prev

Is the presence of proteinIs the presence of protein
sperm capacitation?    sperm capacitation?    p pp p
interaction of male andinteraction of male and
fertilization and develofertilization and develofertilization and develofertilization and develo

Can absence of protein iCan absence of protein i
impair normal spermatimpair normal spermat
impair fertilization & dimpair fertilization & d
impair normal impair normal zonazona haha

n Embryo culture n Embryo culture 
i i ii i ivailing wisdomvailing wisdom

n in CM a prerequisite for         n in CM a prerequisite for         
                                                                  
d female gametes?d female gametes?
opment of embryos?opment of embryos?opment of embryos?opment of embryos?
n CM cause ZP hardening?     n CM cause ZP hardening?     
tozoa penetration? tozoa penetration? 
development of embryos?  development of embryos?  
atching?atching?



Formulation of the SFormulation of the S
Medium (PFMMedium (PFM--11)11)

It i th f l thIt i th f l thIt is therefore clear thaIt is therefore clear tha
–– No single substance No single substance cc

i lt dii lt diin culture media.in culture media.
–– However However many compmany comp

combination/concentcombination/concentcombination/concentcombination/concent
synergistically to repsynergistically to rep

Synthetic ProteinSynthetic Protein--FFree ree yy

ttat:at:
can substitute serum proteins can substitute serum proteins 

ponents in appropriate ponents in appropriate 
tration may acttration may acttration may act tration may act 
place serum proteinsplace serum proteins



Plan of workPlan of workPlan of workPlan of work

Phase 1:Phase 1: A systematic investigaA systematic investiga
of various componentsof various components
reproductive tract reproductive tract andandpp
using mouse zygote asusing mouse zygote as
[optimal conc. of indiv[optimal conc. of indiv

Phase 2:Phase 2: Based on these findingBased on these findingPhase 2: Phase 2: Based on these findingBased on these finding
evaluated with mouse evaluated with mouse 

Phase 3:Phase 3: The best of these mediThe best of these medi
human IVF procedurehuman IVF procedure
Trial)Trial)

Phase 4: Phase 4: Subsequently the protSubsequently the protq y pq y p
proteinprotein--free media evafree media eva

ation to determine oation to determine optimum concentration ptimum concentration 
s normally found in the female s normally found in the female 
d other components d other components was undertaken was undertaken pp
say say 

vidual components n=50 determined]vidual components n=50 determined]
gs a number media were formulated andgs a number media were formulated andgs a number media were formulated and gs a number media were formulated and 
zygoteszygotes

ia was then evaluated during routine ia was then evaluated during routine 
eses (medium contained HSA; Approved (medium contained HSA; Approved 

ein in the medium was removed to create ein in the medium was removed to create 
aluated with mouse embryos aluated with mouse embryos 



Plan of workPlan of workPlan of workPlan of work

Phase 5:Phase 5: ProteinProtein--free mefree me
and 3PN embryand 3PN embry

Phase 6:Phase 6: Effect of proteinEffect of protein
human spermathuman spermat

Phase 7:Phase 7: The capability oThe capability o
support the devsupport the dev
was determinedwas determined
cumulus cocumulus co--cultcult

CClin triallin trial: H: Human embryouman embryo
medium was permedium was per

dium evaluated with human 1PN dium evaluated with human 1PN 
yos (Approved Trial)yos (Approved Trial)

nn--free medium on survival of the free medium on survival of the 
tozoa for 48hrs (Approved trial)tozoa for 48hrs (Approved trial)

of the proteinof the protein--free medium to free medium to 
elopment of viable human embryos elopment of viable human embryos 

d during routine IVFd during routine IVF with & without with & without 
ture (Approved Trial)ture (Approved Trial)

os generated in the proteinos generated in the protein--free free 
rformedrformed (Approved Trial)(Approved Trial)



Plan of workPlan of workPlan of workPlan of work
Phase 1, Experiments Phase 1, Experiments 

Determination of the OpDetermination of the Op
about 50 components,about 50 components,
1 A A id1 A A id1. A. Acids 1. A. Acids 
2. Anti2. Anti--Oxidants (knownOxidants (known
33 OsmolytesOsmolytes3. 3. OsmolytesOsmolytes
4. Vitamins 4. Vitamins 
5. Alternate Energy sourc5. Alternate Energy sourcgygy
6. Other components6. Other components
Basal salt solution +BSA Basal salt solution +BSA ––

Tested on SO mice zygotes. ETested on SO mice zygotes. E

11--5050

ptimal concentration of ptimal concentration of 
, namely:, namely:

n & novel)n & novel)

cesces
Duration: Duration: >3>3 yearsyears

End point: :blastocyst formationEnd point: :blastocyst formation



ResultsResults
Phase 1: ExperimenPhase 1: Experimen

Determination of tolerance aDetermination of tolerance a
optimal concentration of optimal concentration of op co ce o oop co ce o o
Individual components Individual components 

Beyond scope/ time does notBeyond scope/ time does notBeyond scope/ time does notBeyond scope/ time does not
permit the presentation of repermit the presentation of re
of experiments of experiments 

The The optimal concentrationoptimal concentration
identified and used foridentified and used for
formulating new mediaformulating new mediagg

nts 1nts 1-- 5050

and and Component 1

tt Component 26t t 
sults sults 

Component 50

% Blastocysts



Plan of workPlan of work
Phase 2Phase 2

Based on results of inBased on results of in
Ph 1 (E iPh 1 (E iPhase 1 (ExperimentsPhase 1 (Experiments
were formulated.were formulated.

Test MediaTest Media::
TESTTEST 11 TESTTEST 22 TT–– TESTTEST--11 TESTTEST--22 TT

Evaluated with mouse zyEvaluated with mouse zy
Control medium:Control medium:
–– CM1  CM1  (Commercial medium)(Commercial medium)

nvestigations in nvestigations in 
11 50) di50) dis 1s 1--50), many media 50), many media 

TESTTEST 33TESTTEST--33
ygotes and compared with ygotes and compared with 



ResultsResults
Phase 2: ExperimenPhase 2: Experimen

Table 1: Development of 1Table 1: Development of 1--cece
control media control media 

________________________________________________
MediaMedia TESTTEST--11 TESTES
%Blast%Blast 97.397.3 94.794.7
%Hatch%Hatch 78.878.8 57.057.0
________________________________________________
Blast=blastocyst formation; HBlast=blastocyst formation; H

nt 51nt 51

ell mouse embryos in test ell mouse embryos in test and and 

______________________________________________________
STST--22 TESTTEST--33 CM1CM1__________
77 98.298.2 84.2     S84.2     S
00 72.672.6 62.2     S 162.2     S 1
______________________________________________________
Hatch=blastocyst hatchingHatch=blastocyst hatching



Plan of workPlan of work
Phase 3Phase 3

Th b t di id tifi dTh b t di id tifi dThe best media identifiedThe best media identified
was then evaluated duringwas then evaluated during
(Test Medium 6 contained(Test Medium 6 contained(Test Medium 6 contained(Test Medium 6 contained
Random selection all age Random selection all age 
E f tili d/ lt d iE f tili d/ lt d iEggs fertilized/cultured inEggs fertilized/cultured in
The best embryos selectedThe best embryos selected
(Approved Trial)(Approved Trial)(Approved Trial)(Approved Trial)

d i Ph 2 (d i Ph 2 (TEST M diTEST M di 11&3&3))d in Phase 2 (d in Phase 2 (TEST MediaTEST Media--11&3&3) ) 
g routine human IVF proceduresg routine human IVF procedures
d HSA instead of BSA)d HSA instead of BSA)d HSA instead of BSA)d HSA instead of BSA)
groupsgroups
b th t t d t l dib th t t d t l din both test and control media. n both test and control media. 

d irrespective media employed d irrespective media employed 



ResultsResults
Phase 3: ExperimPhase 3: Experim
Table 2: Comparison between Table 2: Comparison between TESTTEST

on the development of humaon the development of huma
____________________________________________________________________________________________________________________________________________________________________

MediaMedia NoNo FertilFertil ArresArresMediaMedia No.  No.  FertilFertil ArresArres
hhEggsEggs RateRate 11--celcel

%% %%
____________________________________________________________________________________________________________________________________________________________________

TESTTEST--66 301301 69.469.4 4.34.3SS
CM1CM1 370370 71.671.6 7.37.3
CM2CM2 374374 70.170.1 8.88.8

__________________________________________________________________________________________________________________________________________________________________________________________

[Embryo grade: 4=excellent; 3=good; 2= fair[Embryo grade: 4=excellent; 3=good; 2= fair
CM=Commercial mediumCM=Commercial medium
All media, test and controls, contained HSAAll media, test and controls, contained HSA, ,, ,

ment 54ment 54
TT--66 and control mediaand control media
an day 2 embryosan day 2 embryos
________________________________________________________________________________________________________________________________________________________

st @st @ BlastomereBlastomere GradeGradest @st @ Blastomere Blastomere GradeGrade
llll numbernumber

Mean Mean Mean Mean 
__________________________________________________________________________________________________________________________________________________________

SS 2.9 2.9 3.3 3.3 
3.1 3.1 3.03.0
3.2 3.2 3.0 3.0 

__________________________________________________________________________________________________________________________________________________________

; 1=poor]; 1=poor]

AA



ResultsResults
Phase 4: ExperimenPhase 4: Experimen

Table 3:  Development of Table 3:  Development of late late 22--cece
media supplemented witmedia supplemented wit

____________________________________________________
DescriptionDescription No.No.

MMMouMou
________________________________________________________________________________________________________

TESTTEST--6 Med6 Med (+ protein)(+ protein)

TESTTEST--6 Med 6 Med ((-- protein)protein)

______________________________________________________________

nt 55nt 55
ell mouse embryos when cultured in ell mouse embryos when cultured in 
th and without proteinth and without protein

______________________________________________________
. of  2. of  2--cellcell % Blastulation% Blastulation &&

bb H t hi /H t h dH t hi /H t h duse embryosuse embryos Hatching/HatchedHatching/Hatched
__________________________________________________________________________________________________________

6666 95.595.5

6969 100.0100.0
p=0 2274p=0 2274p=0.2274p=0.2274

______________________________________________________________



Plan of workPlan of work
Phase 5Phase 5

ProteinProtein--free mediufree mediu
b (b (Human Embryos (Human Embryos (

Preliminary Human TesPreliminary Human Tes
ProteinProtein--free medium wafree medium waProteinProtein free medium wafree medium wa
and 3PN (abnormal) emand 3PN (abnormal) em

um evaluated with um evaluated with 
A d i l)A d i l)Approved Trial)Approved Trial)

st Material 1PN & 3PNst Material 1PN & 3PN
as evaluated with human 1PNas evaluated with human 1PNas evaluated with human 1PN as evaluated with human 1PN 

mbryosmbryos



ResultsResultsResultsResults
Phase 5: Experiment 5Phase 5: Experiment 5
Table 4: Evaluation of proTable 4: Evaluation of proTable 4: Evaluation of proTable 4: Evaluation of pro

3PN human embr3PN human embr
__________________________________________________________

Stage of DevelopmentStage of Development No. No. 
__________________________________________________________________________________________________

Day 1 (1Day 1 (1--Cell Stage)Cell Stage)Day 1 (1Day 1 (1 Cell Stage)Cell Stage)
Day 2 (2Day 2 (2-- to 6to 6--Cell)Cell)
Day 3 (8Day 3 (8--Cell)Cell)
Day 4Day 4 (12(12 to 16to 16 cell)cell)Day 4Day 4 (12(12-- to 16to 16--cell)cell)
Day 5 (compacted morula)Day 5 (compacted morula)
Day 6/7 (early blastocyst)Day 6/7 (early blastocyst)
Day 7 (expanded blastocyst)Day 7 (expanded blastocyst)Day 7 (expanded blastocyst)Day 7 (expanded blastocyst)
______________________________________________________________
Finding comparable to previous reporFinding comparable to previous repor

5757
oteinotein--free medium on 1PN andfree medium on 1PN andoteinotein free medium on 1PN and free medium on 1PN and 
ryosryos
____________________________________________
of embryosof embryos % cleavage% cleavage

________________________________________________________________________________

n=24n=24 --n 24 n 24 
n=24n=24 100100
n=23n=23 95.895.8
n=21n=21 87 587 5n=21n=21 87.587.5
n=7n=7 29.229.2
n=3n=3 12.5 (poor)12.5 (poor)
n=0n=0 00n=0n=0 00

__________________________________________________
rts on media containing proteinsrts on media containing proteins



Plan of workPlan of work
Phase 6Phase 6

Effect of proteinEffect of protein--free mfree m
human spermatozoa forhuman spermatozoa for

To determine response oTo determine response o
mediummedium

Control media : CommerControl media : Commer

medium on survival of the medium on survival of the 
r 48hrsr 48hrs

f human spermatozoa to PF f human spermatozoa to PF 

rcial medium CM1rcial medium CM1



ResultsResults
Phase 6: ExperimenPhase 6: Experimen

Table 5:  Human sperm sTable 5:  Human sperm s
medium CM1 medium CM1 aa

______________________________________________________________________________________

MediumMedium 0h0hrr
mil/mLmil/mL
MMMeanMean

______________________________________________________________________________________

PF MediumPF Medium 6.6 6.6 
C t l CM1C t l CM1 5 15 1Control CM1Control CM1 5.1  5.1  

SignificanceSignificance
(Individual semen specimen was portioned equ(Individual semen specimen was portioned equ

used)used)

nt 58nt 58

survival characteristics in survival characteristics in control control 
ndnd the proteinthe protein--free mediafree media

______________________________________________________ ______________________________________________________ 

No. No. 24h24hrr 48h48hrr
(% Survival at 37(% Survival at 37ooC)C)
MM MMMean Mean MeanMean

____________________________________________________________________________________________________________

2222 79.0 79.0 41.741.7
2222 50 150 1 26 226 22222 50.1 50.1 26.226.2

p=0.0113     p=0.0113     p=0.2141p=0.2141
ually  for  test and control groups; only normal specimen ually  for  test and control groups; only normal specimen 



Plan of workPlan of work
Phase 7Phase 7

Phase 7.1Phase 7.1

The capability of the proThe capability of the pro
the development of humathe development of huma
during routine ART procduring routine ART proc
Random selection all ageRandom selection all age
Eggs fertilized/cultured iEggs fertilized/cultured i
The best embryos selecteThe best embryos selecte
(Approved Trial)(Approved Trial)

teintein--free medium to support free medium to support 
an embryos was determined an embryos was determined 
cedurescedures
e groupse groups
in both test and control media. in both test and control media. 
ed irrespective media employed ed irrespective media employed 



Phase 7.2:Phase 7.2: Quality of day 2 hQuality of day 2 h
ti l IVFti l IVFconventional IVF conventional IVF 

__________________________________________________________________
Medium   Medium   FertilFertil Arrested Arrested 

@ 1@ 1--cell cell 
%% stage %stage %% % stage % stage % 

__________________________________________________________________

ii ddProteinProtein--Free MedFree Med 85.385.3 2.22.2
( ( -- protein) protein) (116/136)(116/136)

MediMedi--Cult   Cult   79.279.2 8.18.1
(+ protein)(+ protein) (118/149)(118/149)(+ protein) (+ protein) (118/149)      (118/149)      

Significance  Significance  p=0.235      p=0.052p=0.235      p=0.052
__________________________________________________________________
[Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor][Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor]
C t l b t d b ICSI IVFC t l b t d b ICSI IVFControl embryos generated by ICSI or IVFControl embryos generated by ICSI or IVF
Blast = blastomereBlast = blastomere

human sibling embryos generated by human sibling embryos generated by 
i t ii t i f dif diin proteinin protein--free mediumfree medium

______________________________________________________________________________
BlastBlast Grade   Grade   %% % % 
number   Mean      number   Mean      ≥ 4≥ 4 ≥3≥3
MeanMean (1SD)(1SD) cellscells G adeG adeMeanMean (1SD)        (1SD)        cells cells GradeGrade
(1SD)(1SD)

______________________________________________________________________________

3.4 3.4 3.1 3.1 58.4 58.4 74.3  74.3  
(1.0)(1.0) (0.9)(0.9)

3.4 3.4 2.7 2.7 56.256.2 58.1 58.1 
(1.0)(1.0) (0.8)(0.8)(1.0)(1.0) (0.8)(0.8)

p=0.865 p=0.865 p=0.001p=0.001 p=0.847  p=0.847  p=0.017p=0.017
______________________________________________________________________________



ResultsResults
Phase 7.1: ExperimePhase 7.1: Experime

Table 6:Table 6: Quality of day 2 huQuality of day 2 huTable 6:Table 6: Quality of day 2 huQuality of day 2 hu
when cultured in when cultured in PP

__________________________________________
MediumMedium FertilizationFertilization BlastBlast

RateRate numnum
%% MM%% MeanMean

________________________________________________________________________
PF MediumPF Medium 87.1 (27/31)87.1 (27/31) 2.7 (02.7 (0
Control CM1Control CM1 74 5 (35/47)74 5 (35/47) 3 2 (03 2 (0Control CM1Control CM1 74.5 (35/47)74.5 (35/47) 3.2 (03.2 (0
Signif.Signif. p=0.7785p=0.7785 p=0.3p=0.3
________________________________________________________________________

[[Embryo grade: 4=excellent; 3=goodEmbryo grade: 4=excellent; 3=good[[Embryo grade: 4=excellent; 3=goodEmbryo grade: 4=excellent; 3=good
* All zygotes cleaved in PF medium but * All zygotes cleaved in PF medium but 

ent 59ent 59
uman sibling ICSI embryosuman sibling ICSI embryosuman sibling ICSI embryos uman sibling ICSI embryos 
PF PF and and controlcontrol mediamedia

________________________________________________
tomere tomere GradeGrade No.No. ofof
berber cleavedcleaved

(SE)(SE) M (SE)M (SE) bbn (SE)n (SE) Mean (SE)Mean (SE) embryosembryos
____________________________________________________________________________________
0.225)0.225) 3.6 (0.163)3.6 (0.163) 2727
0 215)0 215) 3 2 (0 169)3 2 (0 169) 3434**0.215)0.215) 3.2 (0.169)3.2 (0.169) 3434**
35813581 p=0.2141p=0.2141

____________________________________________________________________________________

d; 2= fair; 1=poor]d; 2= fair; 1=poor]d; 2= fair; 1=poor]d; 2= fair; 1=poor]
1 arrested in Control medium1 arrested in Control medium



Plan of workPlan of work
Phase 7Phase 7

Phase 7.3Phase 7.3

Cumulus coCumulus co--culture was culture was 
whether the PF was deficwhether the PF was defic
If deficient, to further imIf deficient, to further im
medium to generate qualmedium to generate qual

employed to determine employed to determine 
cientcient

mprove the quality of the PF mprove the quality of the PF 
lity embryoslity embryos



ResultsResults
Phase 7.3: ExperimePhase 7.3: Experime

Table 7:Table 7: Quality of day 2 huQuality of day 2 hu
in in ProteinProtein--free mefree me
andand controlcontrol mediamediaand and control control mediamedia

MediumMedium FertilizationFertilization ArrArr
R tR t 11RateRate 11--cece
%% %% MeMe

______________________________________________________________________
PF Med+CCPF Med+CC 69.9 (51/73)69.9 (51/73) 00PF Med+CC PF Med+CC 69.9 (51/73)69.9 (51/73) 00
Cont. CM1Cont. CM1 55.1 (54/98)55.1 (54/98) 11.111.1
Signif.Signif. p=0.0715p=0.0715 p=0p=0
______________________________________________________________________
[Embryo grade: 4=excellent; 3=good; 2= fair; 1=p[Embryo grade: 4=excellent; 3=good; 2= fair; 1=p

ent 60ent 60

uman sib. embryos  cultured uman sib. embryos  cultured 
edium with edium with cumulus cocumulus co--culture culture 
aaaa

rested @rested @ BlastomereBlastomere GradeGrade
ll tll tell stageell stage no.no.

ean ean Mean Mean 
________________________________________________________________________________

3.53.5 3.33.33.5 3.5 3.3 3.3 
11** 2.8 2.8 2.72.7
0.02900.0290 p=0.0358p=0.0358 p=0.0164p=0.0164
______________________________________________________________________________________
poor]poor] **6 arrested at zygote stage 6 arrested at zygote stage 



Plan of workPlan of work
Phase 7Phase 7

Phase 7.3Phase 7.3

Cumulus coCumulus co--culture culture (i) (i) tete
(ii) (ii) potential for contamipotential for contami
chemically definedchemically defined
16 further modifications16 further modifications
another proteinanother protein free medfree medanother proteinanother protein--free medfree med
cumulus cocumulus co--cultureculture

edious and time consuming, edious and time consuming, 
inationination, and is (iii) , and is (iii) not not 

 were tested to formulate  were tested to formulate 
dium to eliminate the need fordium to eliminate the need fordium to eliminate the need for dium to eliminate the need for 



ResultsResults
Phase 8: Experiment 63Phase 8: Experiment 63

Table 8:Table 8:Quality of day 2 humaQuality of day 2 huma
by conventional IVF or ICSI by conventional IVF or ICSI 

______________________________________________________
M diM di F tilF til A t dA t d BlBlMedium   Medium   FertilFertil Arrested Arrested BlBl

% % @ 1@ 1--cell cell nunu
stage % stage % MM

____________________________________________________________________________
PF medium   PF medium   80.480.4 2.82.8 3.73.7
( ( -- protein) protein) (320/398)(320/398)
Control CM2  Control CM2  73.173.1 7.07.0 3.43.4
(+ protein) (+ protein) (293/401)      (293/401)      
SignificanceSignificance p=0.0178p=0.0178 p=0.0092p=0.0092 p=p=Significance  Significance  p 0.0178p 0.0178 p 0.0092p 0.0092 pp

______________________________________________________
[Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor]  [Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor]  CulCul

an sibling embryos generated an sibling embryos generated 
in proteinin protein--free mediumfree medium

____________________________________________________
l tl t G dG d %% %%lastlast Grade        Grade        % % %%
umber      Mean        umber      Mean        ≥ 4≥ 4 ≥3≥3

MeanMean cells cells GradeGrade
________________________________________________________________________
7 7 3.0 3.0 65.0 65.0 68.0 68.0 

4 4 2.8 2.8 55.455.4 58.4 58.4 

=0.001=0.001 p=0.0007p=0.0007 p=0.022p=0.022 p=0.021p=0.0210.0010.001 p 0.0007p 0.0007 p 0.022p 0.022 p 0.021p 0.021

______________________________________________________
lture technique: ULTRA MICROlture technique: ULTRA MICRO--DROPLET, Ali et al., 2000DROPLET, Ali et al., 2000



First pregnancies/births fFirst pregnancies/births fp g /p g /
synthetic proteinsynthetic protein--free mefree me

The births of babie
fertilization of egg
inseminated in syn
spermatozoa also 
protein-free mediuprotein free mediu

(Ali J, Shahata MAM., A
Formulation of a protein
human assisted reprodup
Hum. Reprod.  Jan 2000

from embryos generated in from embryos generated in y gy g
edium, 1997/2000edium, 1997/2000

es generated from the
s collected and
nthetic PFM using 
prepared in the same

umum 

l-Natsha SD. 
-free medium for
uction. 
0, 15: 145-156).



ResultsResults
Ph 8 Cli i l t i lPh 8 Cli i l t i lPhase 8: Clinical trialPhase 8: Clinical trial

Table 9:   Summary of Embryos T
Viability and Delivery RViability and Delivery R
Protein-Free Medium

__________________________________________
Description
_______________________________________
Total  no. of  Patients
No. of  Patients Clin Pregnant (all ages)
No. of Clin..Preg Patients lost to Follow-up
No. of Patients That Aborted
No. of Patients That Delivered
% pregnancies that went to term 
Delivery Rate

l f b f dTotal No. of Embryos Transferred
Average No. of Embryos Transferred:
Implantation Rate:
No. of  Babies Delivered

b i biliEmbryo Viability Rate:
_______________________________________

Transferred, Implantation, 
Rates of Embryos Generated inRates of Embryos Generated in 

_______________________________________________
Protein-free Control Medium (CM2)

__________________________________________
114 1515
55 (48.2%; S) 469 (31.0%)

p: 5 16
12 (24%; S) 150 (n=453; 33.1%)
38 303
76% (38/50; S) 66.9% (303/453)
35% (38/109; S) 20.2% (303/1499)
358
3.1 ~3.0
25% (83/358)
53 (2 tripl; 13 tw.; 21 singl.)

8% ( 3/ 3 8)14.8%  (53/ 358)
____________________________________________



ResultsResults
Phase 8: ClinicaPhase 8: Clinica

____________________________
Table 6: Summary of clinical pry p
generated in the protein-free me
____________________________
CPR in women 39 years and belCPR in women 39 years and bel
CPR in women 40yrs and above
CPR Overall (all age groups)
____________________________
(CPR = Clinical Pregnancy Rate

The protein-free medium appe
media containing proteins

l triall trial

________________________________
regnancies from day 2 embryos g y y
edium  (Age factor)

________________________________
low 54 7% (52/95)low 54.7% (52/95)
e 15.8% (3/19)

48.2% (55/114)
________________________________
e = +ve Sac & FHB)

ears to be similar to or better than



Efficacy of the PrEfficacy of the Pryy
Muneera’sMuneera’s BabieBabie

6 6 of 7 eggs fertilized by of 7 eggs fertilized by 
ICSI in PF mediumICSI in PF medium
5 of 6 eggs fertilized by 5 of 6 eggs fertilized by 
IVF in PF mediumIVF in PF medium
3 day 2 ICSI (4/53 day 2 ICSI (4/5--cell) cell) 
embryos > ETembryos > ET
Positive blood test,     3 Positive blood test,     3 
sacs seen/ +ve FHsacs seen/ +ve FH
3 boys delivered, now 9 3 boys delivered, now 9 
yrs oldyrs old

roteinrotein--Free mediumFree medium
ss



Independent evaIndependent evaIndependent evaIndependent eva

The proteinThe protein--free mefree me
independently evaluindependently evalup yp y
labs worldwidelabs worldwide
Evaluated with exceEvaluated with exceEvaluated with exceEvaluated with exce
embryos in the USAembryos in the USA
MulticentreMulticentre IUI cliniIUI cliniMulticentreMulticentre IUI cliniIUI clini
currently ongoing incurrently ongoing in
outcomeoutcome 2626% PR% PRoutcome outcome –– 2626% PR % PR 

aluation of PFMaluation of PFMaluation of PFMaluation of PFM

edium will be/is being edium will be/is being 
uated in a number of uated in a number of 

ellent outcome for mouseellent outcome for mouseellent outcome for mouse ellent outcome for mouse 
AA
cal trial on PFMcal trial on PFMcal trial on PFM cal trial on PFM 

n India with excellent n India with excellent 



The PFMThe PFM 11 Synth11 SynthThe PFMThe PFM--11 Synth11 Synth

Unique because a completely diUnique because a completely di
formulation/development and cformulation/development and c
standard ECM.standard ECM.
Contains a macromolecule “MetContains a macromolecule “Met
used as a used as a 
–– food  thickener for over 30yrs, food  thickener for over 30yrs, 
–– in ocular solutions for 25 yrs or moin ocular solutions for 25 yrs or mo
–– a negative control in cancer researca negative control in cancer researc
–– is an antioxidantis an antioxidant

Contains a unique sugar compoContains a unique sugar compo
–– Saturated MT was/is used for clinicSaturated MT was/is used for clinic
–– An antixidant, An antixidant, 

enhances embryo development byenhances embryo development by–– enhances embryo development by enhances embryo development by 

etic ECM is UNIQUEetic ECM is UNIQUEetic ECM is UNIQUEetic ECM is UNIQUE

ifferent approach was taken in its ifferent approach was taken in its 
ontains components not found in ontains components not found in 

tCel” that is very safe. MetCel has been tCel” that is very safe. MetCel has been 

ore with no adverse reports. ore with no adverse reports. 
ch as it is nonch as it is non--teratogenic/nonteratogenic/non--carcinogeniccarcinogenic

onent “MT”. onent “MT”. 
cal application with no adverse outcome. cal application with no adverse outcome. 

a presently unknown mechanism (antioxid?)a presently unknown mechanism (antioxid?)a presently unknown mechanism (antioxid?)a presently unknown mechanism (antioxid?)



Previous reports oPrevious reports opp
embryo cultureembryo culture

Mouse: Brinster, Mouse: Brinster, 19601960s, s, 
Mehta and KiesslingMehta and Kiessling 199199Mehta and Kiessling Mehta and Kiessling 199199
Rabbit: Li et al., Rabbit: Li et al., 19961996
Primates: Schramm andPrimates: Schramm andPrimates:  Schramm and Primates:  Schramm and 
Human:  Ali, Human:  Ali, 19971997--88,,99, , 22

Ali et alAli et al 20002000 00Ali et al. Ali et al. 20002000,,00
–– Mohr & Trounson,  Mohr & Trounson,  19861986;;

Parinaud et al. Parinaud et al. 19991999–– BUTBUT
/f tili ti/f tili tiprep/fertilizationprep/fertilization

on proteinon protein--free free pp

Cholewa and Whitten, Cholewa and Whitten, 19701970, , 
9090 SpindleSpindle 199519959090,  Spindle, ,  Spindle, 19951995

BavisterBavister 19961996Bavister, Bavister, 1996  1996  
20002000, , 0202a,b, a,b, 0303, , 06 06 (Abst),     (Abst),     
0101 0404 06060101,,0404, , 06 06 
; Serta Kiessling ; Serta Kiessling 1997 1997 (Abst); (Abst); 
T T proteins used for sperm proteins used for sperm 



Summary of OSummary of OSummary of OSummary of O

1.1. Fertilization rateFertilization rate, , 
2.2. qquality ofuality of eembryos,mbryos,
33 l &l &3.3. implantation rate &implantation rate &
4.4. zona hatching zona hatching NOTNOT

li i lli i l–– clinical pregnancy raclinical pregnancy ra
–– and live birth rate in and live birth rate in 

better than those gebetter than those gebetter than those gebetter than those ge
serum proteinsserum proteins

55//2121//20132013

Overall ResultsOverall ResultsOverall ResultsOverall Results

, , 
&&&&
T IMPAIRED IN PF MediumT IMPAIRED IN PF Medium
ttte te 
PF medium are similar to or PF medium are similar to or 

enerated in media containingenerated in media containingenerated in media containing enerated in media containing 

4747



ConclusionConclusionConclusionConclusion

We now have an efficacious (ReWe now have an efficacious (Re
proteinprotein--free (PFMfree (PFM--1111) medium f) medium f
Approval for certification complApproval for certification compl
The PFMThe PFM 1111 appears to be SAFEappears to be SAFEThe PFMThe PFM--11 11 appears to be SAFEappears to be SAFE
Excellent clin. pregnancy rate oExcellent clin. pregnancy rate o
Children born from embryos geChildren born from embryos ge
1313 years old and apparently noryears old and apparently nor13 13 years old and apparently noryears old and apparently nor
The PFMThe PFM--11 11 is the product of a is the product of a 
investigation and is thus anticipinvestigation and is thus anticip
workersworkers
PFM Reproducible/No batch to bPFM Reproducible/No batch to bPFM Reproducible/No batch to bPFM Reproducible/No batch to b
Potential for tPotential for transmission of proransmission of pro
can can now now be be eliminatedeliminated
No longer dependent on serumNo longer dependent on serumNo longer dependent on serum No longer dependent on serum 

egulationegulation--compliant?, GMPcompliant?, GMP--compliant?) compliant?) 
for human ARTfor human ART
iance pending with  FDA and EUiance pending with  FDA and EU
EEE. E. 
f f 5555% in women <% in women <3939
nerated in the PFM are now about  nerated in the PFM are now about  9 9 to to 
rmal and healthyrmal and healthyrmal and healthyrmal and healthy
long, meticulous and systematic long, meticulous and systematic 

pated to meet the expectations of ART pated to meet the expectations of ART 

batch variationbatch variationbatch variationbatch variation
oteinotein--bound pathogens to IVF patients bound pathogens to IVF patients 

proteinsproteinsproteinsproteins
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