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Figure 2. Some culture plates needed for IVP. From left to right are a Falcon &0 x 15 petri dish used
for preparing microdrops, a Munclon 4 well plate for fertilization, a Fisher X-plate used in several steps
for cleaning up preparations of COCs and embryos, and a Fisher intergrid plate for searching for

cumulus-oocyte complexes. All can be purchased from Fisher.




Figure 3. Preparation of microdrops. Shown here are 9-50 ml drops on the bottom of a 60 mm petri
dish. To complete the drops, they are covered with mineral oil by depasiting il using a Pasteur

pipette.
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Figure 4. Some items needed for cocyte collection. Shown on the warming plate are 2 1-L plastic
beakers (one containing cleaned ovaries and one to collect ovaries after processing) and a 400 ml
beaker containing ~100 mlL OCM. Also shown are a hemostat, scalpel handle, disposable scalpel blades

and bench paper.




Figure 3. Massaging the ovary to remove blood.




Figure 6. Slashing of ovaries to recover oocytes. In panel A, a hemastat is attached to the base of the
ovary to hold the ovary firmly in place. The excess tissue from the ovarian stalk is removed in panels




A Fivera el al_ T040

Figure 7. Harvesting of cocytes from slashed ovaries. In the left panel, the slashed ovary is being
swirled in OCM. In the right panel, the ovary is being pressed against the side of the beaker to allow
drainage of OCM.
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Figure B. Cleaning up the préeparation of ococytes collected by ovary slashing. Panel A depicts the
placement of tubes in the water bath for settling and Panel B the supplies necessary for this step.
Aspiration of oocytes from the bottom of the tube is shown in Panel C while Panel D represents the
technique used to pour the aspirated pellet trivough the cell strainer. Rinsing of oocytes from the cell

strainer into an integrid petri dish is shown in Panel E.



Figure 9. Searching for oocytes. After COCs have been washed, the contents are poured into an
Intergrid plate and examined under a dissecting scope for COCs. These can be picked up using a
wiretrod or ather device.




Figure 10. An X-plate used to wash COCs, purchased from Fisher.




Figure 12. Some instruments used to pick up embryos and oocytes. From left to right are 1)a 1 cc
syringe with an extension of rubber tubing connected to a Unopette, 2} a wiretral (from Drummaond
Scientific; we purchase from Fisher), 3) the same device as #1 without the rubber tubing extension and
4} a 5 ml Drummond Microdispensor (also purchased from Fisher). For tips on how to use these
instruments, click here.




Figure 13. Transfer of COCs to microdrops.




Aspiracja pecherzykow jajnikowych
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Wplyw metod pozyskiwania na odsetek
oocytow dobrej jakosci
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Fig. 2.11. Effect of recovery method on the diameters of good-quality oocytes
obtained (from Carolan et al.,, 1994).




Pobranie oocytow krow pod kontrolag USG (OPU)

FIGURE 6 Diagram of transvaginal ultrasound-guided follicular aspiration in cattle. Ovary
(1) is positioned against the transducer by rectal manipulation (2) while the ultrasound
transducer containing the needle guide and aspiration needle (4) is placed against the anterior
portion of the vagina beside the cervix (3). (Kruip ef al., 1991. Vet. Rec. 128, 208-210.)







Metody dojrzewania oocytow in vitro

ClHodowla catych pecherzykow
ClHodowla w prostych 1 ztozonych mediow

DWspc’)Ina hodowla z komorkami somatycznymi
(coculture)

ClHodowla sekwencyjna




Proste 1 ztozone media

O Proste media
= System buforowania na podstawie dwuweglanu

sodowego

Zawierajq podstawowe jony z dodatkiem pirogronianu,
mleczanu sodu i glukozy

Mozna dodawac do nich surowice krwi, ptyn
pecherzykowy, gonadotropiny, steroidy, albumineg,
antybiotyki, cytokiny, czynniki wzrostu.

O Ztozone media

Te same skfadniki co proste media z dodatkiem innych
substancji wspomagajacych dojrzewania

System buforowania podobny lub na podstawie Hepes’u

Zawierajq dodatkowo aminokwasy, witaminy, puriny,
czynniki wzrostu | inne substancje



O Mysz

= Eagle MEM + Earle salts, 2 mM glutaminy, 0.23 mM
pirogronianu, 100 1U/ml penicyliny, 100 pg/ml streptomycyny i
0.3% BSA

0 Krowa, locha, suka

m Krowa: TCM199 (z dodatkiem pirogronianu, hCG, BSA i 5.6 mMo glukozy,
FSH (0.1 IU mL-1) oraz glukozaminy (5 mM); Menezo B2; TALP-Hepes;
SOF.

= Locha: North Carolina State University (NCSU) 23+10% PFF; NCSU
23+0.1% polyvinyl alcohol (PVA)+1% aminokwasow; PF-TCM: TCM
199+PVA; PF-WM: PF-Waymouth MB 752/1 medium (WM) + PVA. + eCG |
hCG (10 1IU/ml).

m SukaTCM 199 + 10% EBS + FSH (0.1 lU mL), LH (0.1 1U mL) +
progesteron (1 mg mL) + estradiol (1 mg mL} + cysteamina (100 mM)




Table 5.3. Composition of me~* -1 M-199, KRB, mKRB and CZB

Medium?

Components M-199° KRB mKRB CcZB
NacCl 8.000 6.721 6.721 4.769
KCI 0.400 0.356 0.356 0.360
NaHCO; 0.350 2.100 2.106 2.110
KH,PO,4 0.060 0.162 0.162 0.161
MgS0,47H,0 - 0.293 0.294 0.294
Na,HPO,4 0.048 - — , -

CaCl, 0.140 - 0.347 0.189 —

CaCl,2H,0 — - — ; 0.249
Na pyruvate — — . — 0.029
BSA ~ varies — 4.000 5.000
Na lactate - - — 3.508
Glucose 1.000 — 1.000 —

EDTA - — - 0.041
Glutamine — — — 1.000

aComponents are in g |1 except for glutamine, which is added at a concentration
of 1.0 mM. Penicillin and streptomycin were added at concentrations of 100 iu mi~"
and 50 ug ml~", respectively.

bM-199 also contains certain amino acids, vitamins and trace elements.




Plvn do dojrzewania oocytéw bydlecych

TCM 199 Hepes (Sigma)

FCS

Antybiotyk antymikotyk (Antibiotic antimycotyc solution 100X Sigma)
100 j.m/ml penicyliny, 100 pg/ml streptomycyny, 0,25 pg/ml

Estradiol 17- (Sigma) 2 ng/ml
HMG (Human Menopausal Gonadotrophin, Humegon Organon, Pergonal
Serono) 0,1 jm/ml
lub FSH (Sigma) 1 ng/ml + LH 0,2 ng/ml
Filtrowanie (filtr 0,22 um)

Zostawi¢ do gazowania w 5% CO; przez 2 — 4h przed uzyciem




Table 4.8. SOF formulation employed as a single culture system for bovine embryo production (from
Gandhi et al., 2000).
Reagent SOFM SOFF SOFS SOFCI SOFC2
(mmol I'") (maturation) (fertilization) (sperm wash) (culture 1) (culture 2)
Sodium pyruvate 0.33 0.33 140 0.33 0.33
Glutamine 1.0 - - 1.0 1:0
Glucose 1.5 - - 1:5 3.0
Sodium lactate - — 18.3 - -
EHEEES - - 12.5 - -
Bovine serum - 6 mg/ml fatty 3 mg/ml 8 mg/mi 8 mg/ml
albumin acid free fraction V crystallized crystallized
EDTA - - - 0.1 —
Taurine - - - 0.1 —
MEM. NEAA 15 2X - 1X 1x
MEM. EAA 1X - - 1X 1X
MEM. vitamins = - - — 1x

MEM, Eagle’s minimum essential medium; NEAA, non-essential amino acids; EAA, essential amino
acids. Supplements added to base SOF medium for specific developmental stages.



IVM oocytow ludzkich




<

IVF JAPAN

Indication and Procedure

Indications for VM

PCO, Normal menstrual cycle,
poor quality embryo case

Monitoring

From Day 7

Timing of oocyte collection

Two follicles =7mm

Cancellation criteria

Dominant follicle, Cyst formation

HCG priming

10000iu HCG 36 hrs before OPU

Oocyte collection

Aspiration pressure 100mmHG
IVF OSAKA IVM needle

VM medium

IVM Medium (Medicult),

10% Patient's serum,
HCG 100 [U/ 1, FSH 75 U/

Maturation time

24 hours

Fresh or Frozen Embryo transfer

Endom.=8mm Fresh ET
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Schemat sprzetu uzywanego do aspiracji pecherzykow :

Nr.1 Pompa proézniowa wytwarzajgca cisnienie.
Nr.2 Blok grzewczy, w ktorym znajdujg sie probdowki.

Nr.3 Proboéwka do ktorej trafia pobierany ptyn pecherzykowy.
Nr.4 Strzykawka stuzgca do przeptukiwania igty aspiracyjnej.
Nr.5 Dwukanatowa igta stuzgca do punkcji pecherzykow.

Nr.6 Igta punkcyjna.
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Figure 3 Ultrasound image taken during oocyte retrieval. The highly echogenic
band around the distal end of the needle and the tip of the follicle aspiration needle
are visualized 1in the superior-most follicle. The needle 1s maneuvered within the
ovary to aspirate all follicles. Source: Image courtesy of Dr. Roger Stronell.
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Figure 4 Midsagittal view of the uterus. The cervix 1s to the right of the image and
the fundus 1s to the left. The endometrium 1s well demarcated and shows a
pronounced, thick “‘triple-line” pattern associated with a higher probability of
implantation following embryo transfer.




Punkcja do IVM

» Aby nie ogotocic¢ niedojrzatych oocytéw z otaczajgcych
je komorek ziarnistych zaleca sie stosowanie niskiego
cisnienia ssqcego podczas punkcji — miedzy 50 a 80
mm Hg (podczas gdy do IVF-u uzywa sie cisnienia z
zakresu 80 — 100 mm HQg)

» Probowki, do ktorych trafig pobierane ooc
zaW|eran zazwyczaj 2 ml podtoza z dodat |em
heparyny (FM — flushing medium) i znajdujq sie w
odpowiednich temperaturowo warunkach (zblizonych
do temperatury ciata). Podtoze z dodatkiem hepar ny
jest rowniez uzywane do przeptukiwania igty prze
po zabiegu [153]. Zaleca sie rowniez ptukanie igty w
trakcie pobierania oocytow, by zapobiec
ewentualnemu jej zablokowaniu

» Przed punkcjg jajnikow od pacjentki pobiera sie krew,
by uzyskac surowice, ktore podzniej zostanie dodane
do medium hodowlanego w ktorym prowadzone
bedzie dojrzewanie oocytow.
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How to retrieve immature oocytes
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IVF JAPAN

Aspiration pressure 21"1:;1@ sheath
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Fig 9.11  After follicle fluid aspiration, a cumulus—corona—oocyte complex (COC) has to be found floating between other granulosa
cell debris (arrow). Arrow in (a), (b}, and (c) shows the COC from low to large magnification as visualized under the stereomicroscope.
Bar is 500 pm.




Ocena jakosct oocytéw do IVM

Podczas wyboru oocytéow nadajacych sie do IVM-u, nalezy
pamietac ze szukamy oocytow niedojrzatych, ktorych
morfologla jest inna niz tych dojrzatych, nadancych sie do IVF-

G+ownym kryterium wedtug ktorego oceniane sg oocyty to
morfologia otaczajgcych Ee komorek wzgodrka jajonosnego.
Wazne by komorki na cafej powierzchni otaczaty oocyt. Do
wykorzystania w metodzie IVM najbardziej nadajq sie oocyty,
ktore sq bardzo szczelnie otoczone komorkami somatycznymi.

Stopien rozwoju komorek wzgorka jajonosnego i budowa ich
warstwy mogg wptywac na dalsze kompetencje rozwojowe
oocytu

Po przeprowadzeniu punkcji jajnika uzyskane kompleksy oocyt-
wzgorek jajonosny mozemy przesiac przez sito o porach
wielkosci 70 pm by moc tatwiej zidentyfikowac i ocenic¢ oocyty.
Nalezy takze uwaznie kontrolowac pH i temperature procesu,
podczas tych krokéw, by zapewni¢ prawidtowg produkcje biatek
W oocycie i podtrzymac stabilng morfologie wrzeciona
mejotycznego. Manipulacje te sq bardziej czasochtonne, niz
analogiczne wykonywane przy standardowym IVF-ie.
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Fig 9.12 Classification of cumulus—corona—oocyte complex (COC) retrieved from small antral follicles. (a) CM1, CEO, CO2: the oocyte is
surrounded by a compact mass of four to five layers of granulosa cells. The germinal vesicle is clearly visible within the oocyte at a peripheral
position. (b) CM1, CE2, CO2: there is expansion of the distal layer of granulosa cells (cumulus), the proximal granulosa cells surrounding the
oocyte are still compacted. (c) CM1, CE1, CO2: there is expansion of both distal (cumulus} and proximal {corona cells) layers of granulosa
cells. (d) Distal granulosa cells are dispersed. The oocyte is partially naked and connections between cumulus cells and oocytes are lost.
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Fig 9.13 Photomicrograph of a cumulus—oocyte
complex with an expanded cell morphology pattern
(CM2, CE2, CO2). (a) Nuclear maturity of oocyte is
not visible under an inverted microscope. (b) After
cell ‘spreading,” the GV is visualized within the
ooplasm (arrow).

Fig 9.14 Spindle images of human in vitro
matured oocytes using the PolScope software
showing different locations of spindle in the
ooplasm in relation to polar body position.
(Courtesy of Lin Liu and David Keefe, University
of Florida, Florida.)



Table 7.1 Oocyte—corona—cumulus complex

evaluation scheme

Groups

OCCC morphology

Mature

Approximately mature

Immature

Post-mature

Adretic

Expanded cumulus

Radiant corona

Dristinct zona pellucida,
clear coplasm

Expanded well-aggregated membrana
granulosa cells

Expanded cumulus mass

Slightly compact corona radiata

Expanded well-aggregated
membrana granulosa cells

Dense compact cumulus if present
Adherent compact layer of
corona cells
Coplasm if visible with the
presence of germinal wvesicle
Compact and non-aggregated
membrana granulosa cells

Expanded cumulus with clumps

Radiant corona radiata, yvet often
clumped, irregular, or
incomplete

Visible zona, slightly granular or
dark coplasm

Small and relatively nonaggregated
membrana granulosa cells

Rarely with associated
cumulus mass
Clumped and wvery irregular
corona radiata if present
Visible zona, dark and frequently
misshapen coplasm
MMembrana granulosa cells with
very small clumps of cells

Adapted from Lin et al.®*




Table 9.5 Maturity grading of cumulus—oocyte

complexes (COCs) and oocyte (after cumulus—corona

denudation) during prematuration days in culture

1. Crading of granulosa cell mass: cumulus expansion and

oocyte coverage
Cumulus mass (CM):
3 or fewer layers of
cumulus cells
more than 3 but fewer than
10 layers of cumulus cells
10 or more layers of
cumulus cells
Cumulus expansion (CE):
tight, dense cells
moderate expansion of cells
fully expanded cells

Contact (CO) between cumulus cells and oocyte:

naked

partially naked

fully enclosed

fully enclosed and part of
follicle wall

(CMO)
(CM1)

(CM2)

(CEO)
(CE1)
(CE2)

(CO0)
(CO1)
(CO2)
(CO3)

2. Assessment of oocyte nuclear maturation stage
ny

GVBD
PB

3. Assessment of oocyte morphology
Oocyte diameter (um)
Oocyte cytoplasm

presence of inclusions: vacuoles/refractile bodies
darkness: clear/dark
granularity: homogeneous/granular
Zona: normal/abnormal
Perivitelline space: normal/enlarged
Oocyte shape: regular/irregular
Polar body: intact/fragmented

GV, germinal vesicle; GVBD, germinal vesicle breakdown;
PB, polar body



IVM oocytow ludzkich 1

» a) Czas hodowili

» Natychmiast po pobraniu otoczone komorkami ziarnistymi
oocyty sg umiejscawiane w specjalnym medium do IVM-u.

» IVM wymaga dojrzewania oocytow przez 24 do 30h przed
zaptodnieniem. Nie nalezy jednak wydtuzac czasu hodowli,
ﬁdyz wykazano, ze oocyty, ktére dojrzewajg w medium

odowlanym przez 30h sq rozwojowo bardziej kompetentne
niz te ktore wymagajq dtuzszego czasu hodowli.

> Proces dojrzewania in vitro przebiega szybciej niz
fizjologiczny proces in vivo | trwa od 24 do 36 godzin.
Wykazano, ze z reguty prawie 50% oocytdéw osigga swojg
dojrzatos¢ w hodowli in vitro juz w przeciggu 24-28h.

» Wewnatrz jajnika natomiast oocyty dojrzewajq w czasie,
minimum 48 h. Wazne wiec by w laboratorium zapewnic im
odpowiednie warunki —tak by zrekompensowac skrocony
czas dojrzewania i by na pewno zostat dokonczony proces
dojrzewania cytoplazmatycznego.




Fig 7.8 Giant oocyte (arrow) and normally sized oocyte.
(Magnification 400x.)

Fig 7.9 Metaphase Il oocytes obtained after ovarian hyperstim-
ulation, all with approximately the same morphological appear-
ance. (Magnification 400x.)




IVM oocytow ludzkich 2

b) Skiad medium hodowlanego

> Nadal nie okreslono jednego, idealnego sktadu
pozywki umozliwiajacej dojrzewanie oocytow in
vitro. Dysponujemy roznymi odmianami mediow
hodowlanych, ktdére wspolnie przebadano
przeprowadzajqc badania oceniajqce ich
skutecznosc i umozliwiajgce ich porownanie

> Po latach doswiadczen przygotowano medium,
ktore odpowiada wiekszosci zapotrzebowaniom
ludzkich oocytow i umozliwia ich prawidtowg
hodowle. Medium to nazwano po prostu medium
do dojrzewania ludzkich oocytow (HOM — human
oocytes maturation medium).




Sktadnik: Stezenie:
NacCl 105 mmol/I
KCI 5.5 mmol/I
NaH,PO, x 2H,0 0.5 mmol/I
CaCl, x 2H,0 1.8 mmol/I
MgSO, x 7H,0 1.0 mmol/I
NaHCO, 25.0 mmol/I
2-hydroksypropanol sodu (NaC;H;0,) 3.0 mmol/I
Pirogronian sodu 0.3 mmol/I
Glukoza 5.5 mmol/I
Glutamina 1.0 mmol/I
Tauryna 0.1 mmol/I
Cysteina 0.1 mmol/I
Cystamina 0.5 mmol/I
EAA (essential amino acids) (1x)2
NEAA (non-essential amino acids) (2x)a
Penicylina, Streptomycyna 0.06 g/1, 0.05 g/I
EDTA 0.1 mmol/I
Witaminy (0.1 x)2
Albumina z surowicy ludzkiej (HSA) 2 mg/I
Rekombinant FSH 0.1 iu/ml
Rekombinant LH 0.5 iu/ml
Estradiol 1 pl/mi
EGF (epidermal growth factor) 10 ng/ml
ITS (insulin transferrin sodium selenite) 10 yl na 10 ml




Czynniki dodawane do medium do
IVM-u, promujgce dojrzewanie
oocytow

Autor

Rok

ESH lzydar i wsp 1998
Ali & Sirard 2002b, 2005
Sp-cAMPS (aktywator PKA) Ali & Sirard 2005
PMA (aktywator PKC) Ali & Sirard 2005
Estradiol Tesarik & Mendoza 1995
Ali & Sirard 2002b
Hormon wzrostu (GH) Iga i wsp. 1998
Izydar w wsp. 1998
Kwas hialuronowy (HA) Ali i wsp. 2002
Ptyn pecherzykowy (FF) Sirard i wsp. 1995
Blondin i wsp. 2002
Ali i wsp. 2004
Surowica krwi Trounson i wsp. 2001
Antyoksydanty (cysteina, cystamina, Jeong & Yang 2001
glutamina, B-mekraptoetanol) Ali i wsp. 2003




Products

8221 4010  MediCult IVM® System,
LAG Medium (10 ml ) (Vial 1)

IVM® Medium (10 ml) (Vial 2 x 3)

Vial 1: The LAG Medium is for preincubation of
immature oocytes
Vial 2: The IVM® Medium is a basal medium for

maturing immature oocytes with supplements

MediCult IVM® is for use

* in healthy regularly cycling women referred due to
male factor and/or tubal disease

* women with PCO

Composition
Vial 1, LAG Medium:

® Synthetic Serum Replacement (SSR®)
(USA: ART Supplement)

® Physiological salts

® Human serum albumin (HSA)
® Glucose

* Sodium pyruvate

e Sodium bicarbonate

® Penicillin

® Streptomycin

* Phenol Red

Vial 2, IVM® Medium:
* Glucose
® Sodium Pyruvate
® Sodium Acetate
¢ Cholesterol
® Physiological salts
* Amino acids
® Nucleotides
* Vitamins
¢ Sodium bicarbonate
® Penicillin
® Streptomvycin

* Phenol Red



Q Medium for IVM -Medicult

IVF JAPAN

 Vial 1(Lag medium)
for preincubation

+ Vial 2(IVM Medium)

a basal medium for maturing immature
oocyte with supplements




Q Medium for IVM -Medicult

IVF JAPAN

» Vial 2, IVM Medium

Glucose and derived metabolism
Physiological salts
Essential amino acids
Non-essential amino acid
Vitamins

DNA bases

Sodium pyruvate

Sodium bicarbonate
Streptomycin 50mg/|
Penicillin 50000[U/I
Phenol Red




IVM System (protokot laboratoryjny)

Final IVM maturation medium

|| Oocyte pick up 1] Preparation

I Day before oocyte pick up _
37°C/ [
a ppd? Oz Final IVM® Maturation Medium
@ | i o ey ,.-,:
" s =2 () s 100 pl FSH solution
7 . y ] 2 _
2 . o0 10 pl hCG solution
1 ml patient’s own serum
9 ml IVM* Medium (Vial 2)

IV Maturation V After maturation
: ICSI

Final IVvM*®
Maturation
edium

MediCult®

OPU Denudacja  ICSI ET

v v v v

LAG medium IVM medium SPM

2—3h 26 h 2 h




TYPES OF IVM

GV-stage oocytes for
IVM are retrieved from

: b. Gonadotropin- c.Controlled ovarian
a‘U"S"TeuslatEd stimulated cycles hyperstimulation
ae (COH) cycles

FSH
37-150 IU hCG
(+hCG) 5000—-10000 U
28-36 h 24-30 h
of culture of culture

28-36 h of cullure ( hCG) 2428 h
24-30 h of culture (+hCG) of culture

Fig 9.10 Diagram representing the diversified IVM clinical protocols applied in PCO, PCOS, or normo-ovulatory women. These
protocols reflect on morphology and maturation timing of oocytes retrieved. (a) Immature oocytes are retrieved prior to the forma-
tion of a dominant follicle during a natural cycle: oocytes retrieved are enclosed in a compact mass of cumulus cells and the major-
ity of the oocytes reach maturation between 28 h and 36 hours of culture. (b) Immature oocytes are collected following a mild
stimulation: from patients primed only with FSH, the oocytes retrieved have a full compacted cell morphology and the majority of
oocytes mature within 28-36 hours of culture; with the administration of hCG with or without FSH priming, maturation is more
rapid, within 24-30 hours of culture, and the oocytes retrieved from the most advanced follicles have a more expanded cell mor-
phology. (c) Immature oocytes collected from patients undergoing controlled ovarian hyperstimulation for IVF/ICSI treatment are
often in vitro matured in the absence of adjacent surrounding granulosa cells and the majority of the oocytes mature within a time
frame of 24-30 hours.




IVM — protokot kliniczny

P4

E2

Wywotanie 3 4 5 8 9 lub 10 11 lub 12
miesigczki FSH FSH FSH
(1501U) (1501U) (1501U) OPU ICSI ET




9 Protocol ot IVM

IVF JAPAN

Oocyte collection|CSI Embryo transfer

P ¢ ¥

f Estrogen patch 6 mg every other day

Ultrasonogram t

HCG 10,000 T.U.(36 hrs prior to OPU) Progesterone 50 mg im
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