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ABSTRACT

This thesis is presented in two parts. The first part
concerns production of sheep-goat hybrirl embryos using oocyte in
vitro maturation (fVM) and in vitro fert.ilization techni ques.

Initial experiments vJere carried out to optimise procedures
for harvesting and maturing sheep oocytes in vítro prior to in
vitro fertilÍsation with sheep sperm. Comparisons were made
between two procedures, ví2. aspiration vs sectioning, for
collecting oocytes from sheep ovaries obtained at a local
abatLoir. The aspiratíon procedure yielded less oocytes (average
number af oocytes per ovary 1.09), compared with 5.18 for
sectioning procedure (p<0.001-). However the oocyteg recovered by
aspiration procedure hrere of better quality with more ooeyl-es
maturing in vitro to metaphase II (aspiration 95.5% vs sectioning
72.4%,p(0.001), more undergoing normal fertilisation (aspiratíon
7L. Be¿ vs sectioning 34.5e",p< 0.001 ) , and more showing a cleavage
rate ( aspi-ratÍon 67 .Be" vs sectioning 23.3eo,p( 0.001) .

OocyLes were matured in vitro in a mediurn supplemented with
eommercial fetal calf serum. Other protein supplements were
invesL j.gated inclucling serum fr:om a geep and a sheep/geep hybrid,
but the commercial fetal calf serum proved t-o be the most
effecti ve.

Hybrid embryos were then
goat or sheep x goat hybrid
sheep sJperm.

generated using in vivo matured
ooeytes fertilised in vitro with

With the goa't oocytes fertilised with sheep sperm, zygotes
develope<l f rom
cleavage rates
48.4sa,p(0.001).

the in vivo matured oocytes yielded better
than those which rdere matured in vitro, ( 86.8% vs

In contrast, in experíments with ooeytes recovered from the
sheep x goat hybrid and fertilised with sheep sperm, zygotes from
ín vivo matured oocytes producecl similar cleavage rates (68.4e.)
to the in vitro matured oocytes (50.0%,p>0,05) .

Blastocysts createrl by fertilizing goat oocytes with sheep
semen h¡ere cultured . One trlastocyst resuJ.ted from in
vitro matured oocyt es and L2 from in vivo matured oocytes
(p)0,05 ) , The reeovery rate of the lolastocysts followÌng
incubation in vivo f or the in vitro matured oocytes lvas 29 .9e",
and for the in vivo matured ocrcytes, 32.6%(p>0,05),

The seeond part of the thesís is aimed at developing
efficient proce<lures for generating female chimeras for use as
recipients for hybrid embryos and fc¡r exploring the uFe of the
chimeric route as a means of re-establ ishing the genome of an
embryonic stem cell Line into the germ Iine. fnitial experiments
hrere earried out using á mouse mo<lel with the intention of
subsequently a¡rplying the technology t-o sheep anrl goat embryos.
This study çrresento- çnly thc¡se studies undertaken with mouse
embryos.

I



Comparison IiIas made between various r^rays of creating
chiíneric mice, ínctuding injection of embryonic stem cells or
inner cell mäss ceIIs into blastocysts and through embryo
aggregation, The effects of mouse strain and time of transfer on
the ef f iciency of prorluction of mouse germl ine chimeras h¡as
investigated. For production of chimeras from embryo stem cells,
host blastocysts were obtained from three strains of míce namely
(Swiss albino, C57BL/ 6 and eBAes7/87) which hlere injected with
three lines of embryonic stem cells, namely (E14, EMBL-S and El-4
transfected), No chimeras were produced using blast-ocysts from
e57BL/6 miee hrlastoeysts as recipients, however chimeras rtrere
procluced with blastocysts from the other two mouse strains,
Altogether 925 blastocysts tùere injected with stem cells and
transferred, These resulted in 105 offspring, of which 35 h¡ere
chimeric. For production of chimeras by transferring inner cell
mass celJs, combinations of cells and Lrlash-ocysts f rom Swiss
allrino and e57BL/6 strains were used. OnIy one chÍmera resull-ed
.from 64 embryos inrrcul.ated with inner celL mass cells and this
chimera was produced from Swiss albino inner ceLl mass cells
inserted into a C57BL/6 Ìrlastocyst. Swiss albino anrJ C57BL/ 6 mice
were also used for procluction of ctrimeras try embryo aggregation.
In thesr: experiment.s, 62 aggregated blastocysts were transferred,
resulting in l-3 offspring of which 3 were coat colour chimeras.

The cre,rt-ion of germline chimeric individuals is widely used
aB ä means of mal-erialising the karyoplast genome from embryonic
stem cells or inner cell mass cultures. Hoh/ever, it is present. ly
,rn1y successful at low efficiency. This inefficiency would be a
major constraint in bhe application of this 'bechnology to farm
animals, rlue to theír generalJ.y l"ow fecundity and Iong inter-
generational interval. These limitations could be overcome
t,hrough the more direct route of using nuc.Lear transf er
technology to re-establish the genome in a gerrnline. However,
this approach requires large numbers of hc¡st cytoplasts which are
prepared by surgical enucleation of activate<l f\¡M oocytes. In
anticipation of the requirement for simpler, more robust
proeedures for preparing eytoplasts, various techniques for
enucleatÍon of recÍpient ooeytes (mouse) and activation of the
cytoplasts (ovine) have been investigated.

Ttre mouse oocytes were enucleated using centrifugation
following incubatiou in cytoehalasin B for L or 3 hours. All
t-reaLments were ef f eetíve, however the besL eombinal-íon for
enucleation t.¡a$ centrifugat ion fol lowing incubation in
cytocharlasín B for 3 hours. In respect to actívation of sheep
oocytes. f our treatments !ìrere investigated. Al I were f ound
capable r:f activating sheep oocytes, however electroactivation
proverl the best c¡f the approaehes used resulting in 64% of the
oocytes being activated. This compared with only 35.4e" for
ethan,¡l activation, using et,hanol treatment.

The technologies explored in ttris thesis are part of a study
aimed at rlevelr-r¡ring the advanced reproductive technologies
requirerl Lo allow multipticatic¡n of rare mafiìmalian genotypes such
as animals threatened by extinr:tion, endangered animals or novel.
coilìmercially vaLuable genotypes, including transgenic animals
through cloning procedures.
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I LITERATURE REVIEW

1.1 INTRODUCTION

In the early 1990's the former Department of Scientific and

fndustrial Researeh of New Zealand, now AgResearch Grasslands,

Palmerston Northr tùðs developing a project aimed at mapping the

sheep genome to locate the geneË responsible for economically

important traits. One approach towards building such a maP was

based on the production of hybrid animals derived by mating a

goat doe and ram to obtain a hybrid female' the geep, (Stewart-

Scott et al., 1990).

The first experimental part of the thegis was developed in

New Zealand and deseribes experiments earried out to generate

sheep embryos. Geep and backcrosg (Geep x sheepl embryos between

bhe female geep and ram using in vitro maturation,

fertítisation and in vivo culture technology.

The second part of the thesis was developed in Australia'

with the aim of extending the technology to include the

production of ehimeras as recipients of hybrid embryos. Beeause

of scientific and ecorromic consLraints the preliminary stages

were carried out in mice' with the initial experiments

concentrating on developing more effective ways of creating

chimeras. Embryonie stem cells and inner cell mass eells isolated

by immunosurgery were used as the source of foreign cells.

In order to contribut,e to an alternative procedure for re-

instating a foreign genotype into the germline, a study was

initiated in two essential procedur:es fo¡ cloning embryos, the

in vitro



2

activation and enucleati<¡n of oocytes '
I î,he bibliographic revierw is not comprehensive but aims to

seleet the pertinent published literature in the areas studied.

In this review the areas covered are: (one) hybrid animals,

(two) chimeras, (three) stem cells, (four) embryo transfer in the

mouse, (five) fn ¡¿ maturation and in vitro fertilisation of

oocytes ' in vivo/in vitro culture of embryos, (síx) nuclear

transfer/ oocyte activation and enucleation'

r.2 HYBRID ANIMALS

r. .2.1 INTRODUETION

The existence of hybrids have been noted in the liberature

since the middle to late 19th "entury, following identification

by their odd looks or behavíour (reviewed by McGovern, 1969)' As

mating animals of different specíes exaggerates any differences

which would normally exist between mother and foetus it has made

them a focus of special scientific interest for reproductive

immunologists and biologists.

Barriers to successful reproduction t¡etween species carl

result from failure of fertilisati-on, failure of gestation'

failure of survival of the new born animal or sterility of the

hybrid, (Hancock et al., 1968)' Thescr barriers to successful

hybridisati<¡n tretween species thus play a ma jor role in

maintaining the integr.it", of species (Moore' 1983).

only in a few cases have interspecific hybrids been

systermal,ically protluced, usually for bhe purpose of propagating



an animal wibh the desirable eharacteristics of the
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two parental

species, e.g. ' the hybrid between Bos taurus and Bos indicus is

fertile and the hybrid calves present the heat toleranee and

disease resistance of Asian domestic cattle, with the

productivity of European breeds (Anderson, 19BB).

I.2.2 SHEEP AND GOAT HYBRIDS

sheep x goat hybrids occur naturally as identi-fied by

cytogenetic studies (Roca and Rodero, L97I; Bunch et al., 1976¡

Eldridge et al., 1.983; Denis et al., L9B7 cited by Tucker et

al., 1989; pinheiro et al., 1989i Stewart-Scott et al., 1990).

So far tht¡se natural hybrids have ¿rtl been females with 57

chromosomes (Sheep, 2n=54; Goat, 2n=6O ) and all have Proven to

be fertile as assesseid by successful conception when back-crossed

wit,h a ram.

Experimentally it has treen demonstrated that conception

commonly occurs when female goats are mal-ed or inseminated by

sheep (Alexander et al., 1967; Hancock et aI.,1968; Dent et al.,

I}TL; Eppleston and Moore, 1977; Þloore, 1983) ' but the hybrid

pregnancy rare.ly extends beyon<l the 3rd month' (Alexander et al.,

1967; Dent et aI., 1-97I; McGovern, 1973ai Moore' 1983).

1.2. 3 EAUSES OF TIYBRID FETÀL FATLURE

Hybrid animals generally fait to survive for one of two

reasons; bhe intrinsic faetors relating to defects in the hybrid

embryo and extrinsic factors reflecting incompatibilities between
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mother and fetus (McGovern 19691 '

1.2.3.1 TNTRINSIC FAETORS

Cytological defects lùere noted by Berry in 1938 (cited by

McGovern, 1969), but these researehers Proposed that embryo loss

was not due to the cytological abnormal ities per fte but to

reeessive lethal genes exposed in the absence of normal- alleles

in the hybri<l.

There is evidence to suggest that hybridisation between

sheep and goat is possible beeause the reproductive barrier

between Capra and Ovis h,a€¡ not developed within Ovis (Bunch elt

al., Lg76l. GoaLs hav<l maintained the basic karyotype, while in

the sheep, the chromosomes have eontinued to be rearranged,

resulLing ín populations of wild sheep with 2n values of 52 (O'

nivicola); 54 (o. arieq, o. canadensis o. dalli J O. musimon and

o, or j.ental is ) ; 56 (o. âmmon ) ,' and 58 ( o. viqnei) (Bunch et al-,

Lg77 ) . This diversil-y in chr<¡mosome number is comparable to the

differences r:xi.sting between goats and sheep. Recelntly, using

reproductive terchnologies, Co<¡nrod et aI . 11994 ) obtained

Armenian red sheep ( O. or-iental is ) lambs f rom <lomesl-ic sheep

following interspecific embryo transfer' while Garde et al'

(19951 reported a live birth of a hYbrid (O. mu€¡ imon X O. aries)

using intrauteríne insemination. These observations support the

theory thaL cytologic--al anomalies are not the main factor

result-ing in the death of sheep x goaL fetal hybrids.

I.2.3.2 EXTRINSIC FACTORS
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a) fmmunologieal reslpons¡es oceur in the doe in respqnse to

a hjrbrid conceptus (Hancock et al., 1968, Dent et al., 1971).

tlaemolytic antibodies against red blood cells of the sire have

been found in the maternal goat s¡era shortly after cotyledonary

at:tachment at abou't 30 days of gestabion ( Alexander et al. ,

Lg67l. Attempts to improve the immunological tolerance by

intravenous injections of sheep s¡permatozoa in goats, havt:

generally proved unsucceasful in prolonging the survival of

hybrid embryos (McGovern, 1973b).

b) [formonal and Anatomical: Sheep and goats exhibit

differences in oestrous cycle length and plaeental endocrine

functic¡n but have similar placental anatomy atrd gestati.on period,

although embryonic impJ.antation begíns 2-3 days earlier in the

ehre (Macllaren et al., 1993). As observed by Moore (1983) the

sheep pläcenta begins to assume a major role for the Production

of progesterone aro'nd the 5th week of gestation' r'rthereas in the

goat the corpus luteum rernains the major souree gf progesterone

througltouL Pregnancy. It has been suggested (Benirschke, 1983)

that corpus luterrm failure is not the cause of fetal death

because si.mulbaneous homospecific embryo transfer did not save

the hybrid embryo. In addiùion Hancocl< and McGovern (1968)

transferred hyþrid embryoÊ to recipient goats previously mated

to a buck, but no hybrid fetus developed to term, only kids were

produced.

I.2.4 FERTILTTY OF GOATS MATED hITTH RAMS
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As noted previr:usly, conception commonly occurs when female

goats are mated to sheep. Alexander et al. (1967)' for example,

mated 29 does wíth rams and obtained 23 concepbions at the first

mating while Hancock et al. (1968) inseminated 50 does with ram

semen with only 10 returning to service within 25 days. Of

twenty-three does examined at autopsy 28 to 42 days after

insemination,19 proved to be pregnant. Similarly McGovern

( 1973b) obtained four hytrrid pregnancies from five does

inseminated with sheep semen.

1.3 CHIMERAS

1. 3.1 INTRODT]CTTON

A chimera, by definition is an organism resulting from the

union of more than two gamertes (lrtclaren, 1976 cibed by Anderson'

1987 ) .

Each chimera is unique and because of t-he degree c¡f

disparil-y bel-ween the two component- genotypes (Rossant et â1.'

1983, Anderson, ]-9B7l, they provide a useful tool for

investigal-ing problems in both genetics and embryology. Chimeras

can aÌso provide a useful means¡ of rescuing lethal phenotypes

sueh ae¡ parthenogenetic and androgenetic stem cells (Stevens,

1978; Surani et â1., 1987; Piedrahita et al., L9921 , potentÍ-al

to the prenervation of wild animals on ttre verge of extirtction

(Nagashima et â1., 1991) as well ¿rs for propagating novel

genotypes. Chin¡eras L:an ¿rlso be created from di.fferent species

as a means of helpilg to overcome problems relating to



ineompatibilitY between

genótypes in experimental

(Rossant et al., 1983).

the maternal and

crosseg between

7

bhe troPhoblast

different species

Production of embrYo chimeras

different means including embrYo

injection and embryr) co-culture.

r.3.2 TECHNIQUES USED FOR PRODUCTION OF CHI}4ERAS

ean be achieved by several

blastocystaggregation '

1.3.2.1 EIqBRYO AGGREGATION

the embryo ¿rggregation Lechnique was developed by Tarkowski

in 1961 who formed chimeras by mixing embryos of one or more

different mice strains, Using this approach, trophohlast and

inner cell mass cells result which are of mixed genotype and
l

which develop into I ive of f spring that consist <¡f a rand'om

mixture of cells of the tw6 parental strains (Buehr and Mclä'ren'

L97 4't .

The chimeras produced Lhrough embryo aggregation can be

generated with entirr-' embryos ( Tarkowski, 1961; Piedrahi ba et

âl . , Igg2) or bisÉ:cted embryos ( Kashiwazaki et al. , 19BB;

Nagashima eL ¿rl . , 1991) .

The successful production of an overt chimera tbrough embryo

aggregation depends on the synchrony of blastomere division of

both strains i¡volved in the ProceËis. Betteridge and Fléchon,

(19BBt and Prather and First (1987) obse¡rved bhat the time of

blastomere division is asynehronous, while warner et al' (1987)
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observed that the rate at which Lhe cleavage divisions progreË¡s

depends upon environmental and genetic factors and even embryos

of idenbical genetic make up can show some lack of synehrony of

cleavage rate. This may be a normal physiological event as eells

fr<¡m the inner cell mäss; first appear at Lhe 16-cell stage,

(Somers et al., 1990). Studíes with the re-aggregation of

asynchro¡ous ernbryos in bhe sheep have produced individuals that

have a chimeric placenta but thaL are not chimeric themselves

(Prather and First, t9B7l.

Successful production of chimeras by embryo aggregation has

been reported for sheep antl goats ( Fehilly et al., 1984b;

Meinecke-Tillmann and Meinecke 1984; Ruff:ing et al., 1993); mice

( Petters arrd Mettus , 1984, Kashiwazaki et al., 1988I ; bovines

(Brem et aI.,1984) and hamster (Piedrahita et aI', 1992) and

sheep of mixed breed ¡rarentage (Fehitly et al., 1984a; Pugh et

al., 1994).

The emL¡ryo aggregation technique is a tool which could givt:

an i.ndication of t-he compatible strains for optimal stem cell

germline cr:l<¡nisation into hc¡st Ïrlastocysts (Kashiwazaki et al. ,

19BB; Schwartzberrg r=L aI. , 1989; hlilnrut. et al., 1991; PiedrahiLa

et aI., 79921 .

r.3.2.2 BI,ASTOEYST INJECTION

The blasLocyst injection technique was developed by Gardner

(1968). fn Lhis approach embryonic cells from disaggregated

blastocysts are injected into the blastocoel of host blastocysts.

This technique rì/as -initially developed for the mouse but
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subseguerrtly used to introduce inner cell nlas¡s cells into

bl.asbocysts to create chimeric sheep goats (Potzin et al .' 1-987l,

(Roth et al., 19891, different breeds of sheep' (Butler et al"

1985), catl-.le (Eirst et al ., 1-994) and pigs (Kashiwazak1 et al"

1992 ) .

This approach has been adapted to teratocarcinoma embryonal

carcinr:ma cells by Bradley et al. (I9B4r, embryonie stem cells,

(GossLer et al,, 1986; Pease et al., 1990 ; Azuma and Toyoda,

lggl) and primordial germ cell-derived cell lines' (Stokes et

aI., 1994). The mouse technotogy was followed by the production

of a chimerr-ic pig using swine embryonic stem cells (hlheeler'

1994 ) .

1.3.2 .3 EO-CULTURE

The third technigüê, which ís a simplificat.ion of the above

procedurr:s, involves simple co-c¡lture of embryos with the

pluri-potent cell. This procedure vùas used by Picard et al . (1990)

t-o combine clay B inner cell mass ctrlls with day 5 morular by Wood

etal. (1993) to obtain mice chimerasand by Stokes et al. (1994)

br¡ co-culture bovi.ne morul.ae on a lawn of primordial germ cell-

derived cells.

1.3.3 INTERSPEEIFIC PREGNANEY AND CHIMERAS

Tn additi<¡n to the use of chimeras as models for the study

of maternal/fetal interactions, interspecific pregnancies may

also play a role in Lhe preservation of endangered mamma-ls,



poLeutially allowirrg a means where embryos

speóies can be-carried to term in the uteri

related non-endangered species (Anderson 1988;

1994).

l-0

from endangered

of females of a

Coonrod et al. '

As demonstrated by Fehilly et al. (1984b) and Meinecke-

Tillmann and l{einecke (1984) er goat- fetus can develop to term in

a sheep and a sheep fetus can develop to term in a goat'

providíng Lhel embryos are manipul.ated to inf luence the genotype

of cells conl-ributing to the trophectoderm versus the inner cell

masEt.

Subsequently polzin et aI. (1986, 1-987 ) used irnmunosurgery

to isolate inner cell masÊ front caprine embryos and injected them

into ovine blast-ocysLs thaL hlere then transf erred l-o ovine

recipients. Two sheep-goat C:hímeras h¡ere born. The degree to

which trophoblast protects sheep-goat chimeric pregnancy appears

to l¡e complete.

ltore recently Gustaf sorr et al . ( 1993 ) have produced six

hybrid pregnirncies: three ín sheep-goat ehimeras' one in a sheep-

(sheep x goat) hybrid chimera and two in does. Chimeras carried

hybrid pregnatrcies longer t-harr previously reported for hybrid

pregnirncies in ewes and <loes' but none were carried to term' It

waã verified (MacLaren et .rl., 1992; 1993) that sheep-goat

chimeras did not prove bo be immunologícalIy tolerant to

interspecific pregnâney. Tht¡ sheep-goat chimeras were capahle of

carrying ovine pregnancies to term and it is suggested that the

uterine nnwi ronmenLs of Lhe chimeras used $Ierf: predominantly

ovine and thus noL favourable to caprine pregfl¿Incy.
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1.4 INNER CELL }IASS CELLS AND TROPHOBLÀST

As previously defined (watson , 1992; Brison et al. , 1-993 )

the pre - implantation development encompasftes the 'free" living

perio<l of mammalian embryogenesis which culminates in the

formation of the blastocyst. Morphologically' the blastocyst is

a fluirl-filled structure in which the trophectoderm surrounds the

blastocoel cavity and encloses t-he inner cell mass cells'

Betteridge and Eléchon (19SS) histologically characterized ttre

tr6pherr:todernt and i.nner cel I masÍ¡ celIs. The trophect'oderm

contains cytoskeletal componenLs that are typical of epithelial

cells, wherreas, t-he inner cell mass cells are not epithelial in

nat-ure. Functionally, those cells have distinct charactt-'ristics

by Melaren, 1984. In nuclear {-ransfer experiments a trophoblast'

when l-ransferred to recipient eggs, does not proceed beyond

midcLeavagê, whetreasn the inner cell mass cells, when transferred

will tlevelop h.o term. It was also demonstrated ( Surani and

Barton, 797'l ) that l-rophclblasl-s can etvoke a decítlual resPonBe,

whereas, inner cell mass cells do not.

As <lef ined try htilmut et al. ll992l , boti.potenb c:ells are

abte to contribute to all of the eonceptus, including the

placent.a; but l-hey a¡e cal.led pluripotent .if they are able to

cr¡ntribute t-o al L tissues of the fetus or multipotent if they

eontribute to several 'tissues. Although tlre general pattern of

events is similar in all mammals studied, there are differences

among species in the stage at which cells lose developmental

potential. Cells of the inner cell masft of sheep embryos

cert-ainly contribute to all of the tissues of the feLus, but
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studicls of the place¡La have apparently not been matle.

I Transfer of inner ceII mass cells bo produce chimeras or

clones (Smith and Wilmut, L9BA) is especially i.mportant for Lhe

multiplication of species threatene<l with extinction (Polge'

1990; Goclke and Rorie , 7.9921 or individuals of unusual

genotype.

1.5 STEM CELLS

Emþrygnic stern cells have been isolated from embryos which

had been treaterd by immunosurgery l-o remove t-rophohlastic cells

(Martin,1981) or following explanting of whole embryos into

cult-ure (Evans arrd Kaufman¡ 19Bl). Lately' nelt strategies have

been used to obtain pluripotent cells such as embryonic stem (ES)

cells lines, der:ived from (a) morula stage embryos in mice

(Eistetter, 1989), in mink (Sukoyan et al., 1993) and bovines

(Strelchenko an<l Stice , Ig94l; b) primordial germ cell derived

(PGCs) cells in mice, (tlatsui et al., L992) and in bovines

(Cherny and Mcrrei, L994; Cherny el- al., 1.9941.

As reviewecl by Seamark and We-lls (1991) the establishmernt

of such Lol-ipotent embryonal (ES) Iines is feasiÌ:le but their

maintenance in vitro requires speciali.sed conditions to avoid

dif ferentiatiolr and loss of totipol-ency. If they are i-njected

back int<¡ the blastocoel cavity of another embryo' such cells

ofben retain the potential to contribute to all of the tissues

of the fetus but nol- the placer¡ta; that is they are pluripotent

rather than tol-ipotent. As there is recent evidence 'hhat the

isolal-ion r¡f sueh embryonic stem cel-ls depends upon a reversibl<:
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epigeneLic change, it sh<¡ulr1 rrot he assume¡d that cells in culture

are'exactly Iike the cells in vivo ( glilmut et al ., 1992; Sleigh

a¡d Hannan, 1993; Talþ6t et al., 1993a; Seamark' 1994) ' flowever

according t() Seamarl< ( 1994 ) , ther:e are no further unanticipated

phenornena such ¿ls the effect c¡f tissue eulture on imprinting,

which may threaten the predictabilíty <¡f outcome of stem cell

( ES ) cel I -tlerived pregnanci<¡s and f urbher I imit the potentia I

usefulness of this Lechnology to the livestock indusùry'

stem cell technology ís now routine in many laboratories,

where it is used in gene knockout studies (Robertson, I9B7 ) and

as a potential vector of new DNA construcl-s f or l-ransgenic

progranmes ( Seamark, 1989) .

Stem t:ells have }¡een defined for the 4q14s-e (Robertson 1987) '

sy rian qol<len hamster (Doetschmarrn et al., l-9BB; Piedrahita et

af , , 1990r: ) , fêÞbf! (Gíles eb al . ' 1991' 1993; Graves and

t'loreadittr, L993; Niemann and St-relchenko ' 1994 ) , mink ( Sukoyan

et al., Igg2, Lgg3r, piq (Ànderson et- al., 1990i Evans et al.'

1.990; Fléchon et õr1., 1990; Notarianni et al ., 1990; Piedrahiba

eL af., 1990a,b; strojek ¿t aI.,1990; Gerfen et aI.,1991-; Chen

and hlu 1993; Onishi and Youngs, 1993a'b; Tal-bot et- al" 1993a'b;

Gerfen and Wþeleler , Lgg| (cited by Wheeler, 19941, cattle

(Strelchenko et al., 1991; Stringfellow et al', 1991; Saito et

al., 1gg2; sims and First, 7.993; cherny and Merei, L994; Stice

et al., 1994; Strelchenko and Stice, Ig94l, and sheep (Handyside

eL al., L}BT; Anderson et al., 1990; FÌéchon et al., 1990;

Piedrahita et al-, 1990a; Notarianni et al', 1991; Tsuchiya et

al., 1994).
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1.5.I - ET'FTCIENCY OF STEM EEI.L INTRODUCTION INTO BOST MOUSE

BLASTOCYSTS

ft is generally accepted that only stem cells with normaf

karyotype are able to conbribube t-o bhe germline of chimeric

mice, which is t-he most crucial test <¡f the development potential

( Fease et âl . , 1990 ) .

Despite t-he widespread application of mouse stem cell (ES)

cell technology most reports on the production of mouse germline

chimer¿rs for transgenic studies cr:ntre on only a f ew mouse

str¿¡ins, rrameiLy D3, ELA , eefÌ, ABI derived of Lhe 129 mouse

strain, (Tokunaga and Tsunoda L9921 . In a recent study, Kawa.se

et aL (1994) <lemonst,rated that ES cell lines can be established

fc¡r various mouse strains, t¡ut their characteristics are

dif f eiren[-- among strains.

When the CCE transfectecl stem cell line was used with

eonbinat-.ion of C57BI,\6, an inbrtrd and two outbred (eD-l and MF-l)

strains of host bìastocysts (Schwartzberg eb al., 1989)' none of

l--he outbred strains l-ransmitted stem cel I marker to l-heir

of f spring, al l-Ìrough the Lhree strains produced coat colour

ehimeras. These autltors consider tt¡at- t-he genoty¡res of bhe

rec i-pic-lnt blastocy sLs can prof oundly inf luence the overa I I

incorpor:al-ion of stem cells into the rlevelopi.ng cortcepts.

pease and witliams ( 1"990) similarly strr:ssed that the

cc¡rrect- choice of reeipienh blastocysts is crucial when using

stem cellr¡ as a vector system. These authors obtained chimeric

micc: us j.ng D3 stem cells, and w|th ntouse strain ICR hosl-

hlastocysts oL¡tained 21-.43e" chimeras , and with CSTBL\ 6 host
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blastocysts obtaíned 27.27e" chimeras. The chimeras oríginat'íng

froúr the outbred ICR blastocysts did not form ES cell-derived

germ ceIIs.

Besides the genotype combination between ttre strain of stem

cells and hosl- blastocyst, the sten ceII as such can influenee

the incorpor:ation in the hc¡st blastocysts ' .ils lvas demonstrated

by zijlsl-ra et al . ( 1989 ) in ð study where 2 clones of

tr¿rnsfectnd stem cells tvere obtairred. Each clone t{as injected

into C57BL\6J host blastocysts; clone A resul.Led in a few animals

with a low degree of chimerism, and clone B resultecl in extensive

and healt-hy c:himeras. NeverL.heless, Gossler et al. ( 1986 )

obbainetl 8.05% of coab colour chimeric mice and 2.1% of germline

chimeras wi-th normaf stem <.:ells; using transfected stem cells

they obtained simi lar: results in respect- bo coat colour and

germl i ne chim€lras .

1. 5,2 TRAN.SGENESIS ACHINVED BY GENE TRANSFER TO EMBRYOS

Transgenesis is recogn:ised aEi a Ina jor developmeinta I

objective in animal bj-ot,echnology. Transgexresis is the tectnology

wlrich a.l lows tl¡e transf err of f unct,ional gene rerarralrgerments

(promo¡er an{. coding sequenees) betr.¡een organisrns, irrespective

of species barriers. In an:imals, gene bransfer t:an be achj-eved

in a variet.y of ways; the new gene if incorporated is present in

the cell(s) of the animal body, including the germline' and is

passed on to sutrsequent generations (Seamark, 1994)'

As reviewerJ by Seamark (1991b) arrd Simons et al. (l-993) '
genetic improvement in 1j-vestock is still baserl c¡n traditi<¡nal
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ani.mal breeding prar:tices ¿nd dependent on identifying arrd

incórporating into trreeding Iines natural variants, often

mutalth-s, wibt¡ enhanced produr:tiviLy <rr diseasê resistance:

characteristics. However, intro<lucing novel characteristics in

this w¿y is a lengthy and often urtpredict-able pr<rcess due to co-

transfer of <¡l-her, ofterr unflesirable, genes. Transgenesas can

avoi<1 such const-raint-s thr:ouglr allc¡wirrg transfer of the speeif ic

desired genes to exist.ing superior genotypes -independent of other

genes.

There are numerous potential applications of transgenic

methc¡doLogy to develop new or albered strains of livestock'

I - practical applications of l-ransgenics in liwestock

¡rroduetion are; increase f eed uti I ization by rnodif yiug f arm

ani.mal carcäss comp<rsition in relatic¡n to production and quality

(Seamark, 1991t); Griffin et al., 1992; Pursel and Rexroad Jr',

1993; Pursel and Solomo¡, 1993); by making changes in the

c<-rmposition of mi Lk or in t-he prpductic¡n of entirely new products

in mi.Il< ( Krausslich. 1986; Mcìirlhir et aI. , l-990; Jimenez-Flores

and R-ichar:dsop, l-9BB; GuLíérrez eL al., 1995; Kang et i1L., r.986¡

filheeler et al . , 1995 ) ; by increasing wool production ( D'Andrea

et al . , 19BB; Ward et af , , l.9BB; Rc¡gers, 1.990 ) ; by enhancing

prolificacy and reproductive performarìce (McNatty et al., 1-985;

Nottle et al., 1993 ) ; by making new approaches for disease

resistance of the livestock (Blattman and Beh, 1993; MÍiller and

Brenr, Ig94; Storb , I9g7; Wheeler et al. , 1995 ) '

II - The medical field coul<l yield benefit from transgenie

animal s by bhe productíon of entirely new product-s from animal

milk. The mammarY gla¡d cart be gsed as a bi<¡relactor for
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producbiorì, for ìllstar¡r:r=, öf humar¡ prol-€:ins in the milk (Simons

et dl., lgBB; McWhir et .11., 1990; wall and Seidel, L9921. Pigs

could l¡e eng.ineered --i.n way that hhey could have human epitopes

in the cel lular membranc+ of t heir bissues , al lowing

xenot:ransplanLation (i.e. L¡et-ween humans and pigsl (CaliJi' 1993)

which could tre an alternative solution to the problem of org¿rn

donor shortage. Also pigs could be engineererd bo have and express

hrrman hemoglobin in their red blo<¡d cells, the purified porcine

derived human hemoglobin r:xhibit an oxygen affinity simila¡: to

Lhat of humart derr:ived human hemoglc¡bin' (swanson et al" 19921 '

IrI Biology c()ulcl benefit from transgenesi.s try l-he

production of l-ransgenic animal nrodels for: endocrinological

stuclies, suc.:h as r:ndor,'ri nc+ hypc+rf uncLion and hy¡rof unct;í<¡n

(Seanark, 1991a) ; genetic imprinl-ing studies througtr an<lrogenetic

mou5e ermtrryonic sl-enì c<rl ls, (Mann et al., 1.990) i transgenic tnouse

rnotk:ls for htun¡rn genetic rliseases such Lesch-Nyhan syndrome

(Hooper et al. , 1987 ) and famil iat amyloidol-ic Polyneuropathy

(Yamamura et al. , 1 993 ) .

1.5.3 METTTODS OF GENE TRANSIiER TO EMBRYOS

Usi-¡g L.he r:omþilation of embryo and gene technc¡l<,gy, the

fírsl- l-rarrsgerti.c animals produt:ed by gene l-r:ansfer were made by

microinjection of SV40 virus into the blastocoel cavity of 3'5

old day m<luse embryos (Jaenisch and trlinl-z , 1-9741 . Later

Lransgenes were created by retroviral infect-ion (Jaenisctr, 1976),

or: Lry nlicr:r¡irrjeret:io¡r of pur.lfiecl DNA into t-he pronuclei of mouse

zygotes (Gord<¡n et- al ., 1980); or by "pric-:king", DNA uptake l:y
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eells t¡.i-a meehanical porat-ion of t-hei.r cell memtrrane by ð

microneed.Ie (Yamamc¡to c-:t al ., 1981; Kanoh and Nagashima, 1984;

sato et- aI. , l-99.1) , and most recenbly by DNA sperm-mediatc¡d

tralrsfer prior to in vitro fertiLisat'ion procedures' (Lavritano

et al., l-989 ¡ 1992; Fralrcotini et al ' ' 1993) '

The direct microinjection into the pronuclei of the zygote

aIIows the rlNA to i-nt.egrate randomly inbo ¿t chromosr:me and

subsequently be e-rpressed in s()matic and germ t-issues of the

resul t-¡.¡nL i¡tlj vidua I . Unf or:tunately, bhese matripulations greal-Iy

re<luce embryonir: survival l-o approximately 25-35% (hlheeler et

al., 1,995). Ther ef f iciency of produc,i-ng of:fspring carrying

foreign genes¡ by Lhis t-.echnique ranges from 0.5-3e" ()f inject-ed

eggs resulting in transgenic young in livestock breeds (l{urra1'

et ¡r1., rgBBi Reixroad and Pursel, 19BB; Eyestone, 1-994; Seamark,

1994 ) . This a¡rproach has been r:outinely appl ied to produce

bransgenic sheep, goats, pigs and cattle as reviewed by Eyestone

(1994).

The us€: of r:etroviral vectors a¡d liposome carriers to

t.ransfr-:r foreÍgn DNA inl-cr t.he embryos of domesb.Lc livestock have

been leiss successful bhan pr1rnu<:lear -Lnjection (tulurray et al"

r9BB).

The vir¿rl vec:t-r¡rs make use of the uatural capaciLy of viral

nuelei.c acids to cabal yse the¡ir (}wlì integration into ¿I single

genomic sit-e (McWhir et al., 1990). Vectors based on DNA and RNA

vi.rus have begn usefl; the f i rsL rtlmain inf t-'cLive and are

potenl-ially lettral while the second can co-exist with their host

without causing any a1:parenl- sign c¡f disease (Seamark and Wells'

t991 ) .



1.9

One of tfiei prirnary disaclvant-ages c¡f ther pronuclear

injêctir-rn; 'prickitrg" method and sperm rnediated bransfer are

unpredicLable sites of incorporation effects. Also, Lhere is poor

repeatabi.lity r¡f experiments due l-o random incorporation. This

lack of control ¡¡ver Lhe site of int-egral-ion could resull- in DNA

re-arrarìgements <rr cleletions which can ciluse developmenL'rI

¡jlefect-s or steriliLy. In addition it is possíble 1--o add but not

rem1¡ve segue(r<:tls ( Pa lmit-trr arrd Brirlster, 1986; t"lcWhir et al ' ,

1990; Seran¡,ark an<l Wel ls, 1991) . Howelvc+r pronuclcrar i njecLion h¿rs

arr aclva¡tage over hhe otÌrer methods because the inl-egrations

t><:cur in Lhe single cell embr:yo and are perpetual-ed in aIl

tissues (Mcwhir et a] ., 1990). The viral vectors are potentially

an efficÍent mt:ans of achieving gene t¡:ansfer but have specific

limitatic¡ns in the size of Lhe gene construct that can be

incorporated and protrlenrs of regulation owing to their

uncontroIletl site of insertion. Moreover bhe viral techniques

remai.n constr:ained Ì.ly .lnstítutional rtlgulatory trodies because of

c<lncerns wit-h respect- l-o t-he biohazard potc:ntiaI clf Lhe vectors

( Seamark, 1 994 ) . Lahely n as rr:viewed by Seannrk (19941 , gene

t-.e<:hnoì-ogy m.t!' ()vfrr(:onte posiLi-orral effects using flanking

injecLed l--ransgenes wiLh base seguen<:es homologous t-o l-argeted

insertiorì sites; bhe use of overlapping gerìe sequences; l-he llse

of tl.icist.ronic l;arget ing vector:s ho r:ouple posi-tion-independent

and posi-tior¡-<lependent transgene sequences.

1.5.4 TRANSGENÞ]STS ACHTEVED BY THE USE OF STEM CELL AS VECTOR

OF GENES
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Gene l:ransfer L¡as<¡d ()n stern r--el.l methods have the

potäntial t-<¡ ipc1-ease Lhe nurnÌ:er of bransgenic animals and offer

sever¿r I advantagÉÌs f or Lhe pr:odur:l: i.on of Lransgenic I ir''estock

that t:annot be achieved using other DNA vectors '

ster¡¡ r:elIs are c¡f ¡rarticular interesl as they promise l-o

allow both site-directed insertion of transgenes and genetic

ma¡i,pulation of residenL genes in situ (Robertson et al ', 1986;

Smith et al.. 19BB; Capeechi, 1989i Seamark, 1994) ' H<¡r¿ever the

critical -featur:e of Lhis tfyÉrtem is l-hat- it involves a tissue

culture intr:rme<liate. Introduction of f)NA construcbs l-o Lhe ES

celLs ratherthan emþryos offers l-he l-echnical advantage that low

frequency events ca¡ be selecterl, screened and subcloned before

reint-r:oducing the ES c-ells into l-he embryo (Gossler et al', l-986;

Mcú{hir et al. , 1.990 ) .

The introdur--tion ()f mul;atir:ns into the germline of an

organisnr is ûne of t.he most powerful genet-ic methods f or

determining the functions ()f å speicific gene product

( Schwarl':zLterg eL ;rl , , 1 989 ) , The resul Lant indi-vi<lual j's i:t

chin¡er ic <rmbryo composed c¡f Lwo tl.istinct genotypes , and al I

l--issuc-:s of the chimeric ¿ffspring Lhat original-e from t-he ES

cel ls carry the Lransgene in an identical site in the genome

(Whc.reler et ¡rf ., 1995) .

so far, however, only Lransgr:nic mice have been produced by

this method (Capecchi, 1989) . The conf i-rmation of the feasibilil-y

of using the chimeric route for reinstating an ES cc'Ll genome

irrt-o the gerlnline c¡f thr: pi1¡ is :r major advance (hlheeler, 7'9941 '

1.5.5 ANALYSIS OF THE CHII'IERIC ROUTE USING STEI'{ CELLS
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l.ransgenic a¡rimals ü,ãrr be produr.:ecl and muIt-iplic+d us:LIrg t-he

chimerir: route with stem cells. As noted by seamark (1988) '

chimer-¡ formahion, while Lechnically simpler to achieve, has the

limitation that the offspring is a mosaic and t.hus the germline

is trot chimeric, with the result that at least two matings are

required to obtain homolognus Lransgenic animals (Tsunoda and

Kat¡:, 1.993 ) . Thus the chim<rric route hâs linrit-aLions in its

application for livesl-ock species, particularl-y those with Long

generation l.imes and bearing si-ngle young (Seamark, L994 ) ' In bhe

face of this difficulty a more <lirect route is requiretl, which

is possikrle i-f st-ern ce.l-ls r-:or¡Id be viewed ¿ìÉ ¿:I Elotlrce of

l<aryoplast-s f or nuc lear l-r:ansf er rather t-han as cel I s f or

chimeras. Wit.Ìl L-he <ieveLopment-. ,rf nuclear t-ransfer iL should be

porìsible l-o strorten the timer requ-ired for obtaining transg<rnic

mice, moreoveï'Lhe índivitluals c¡l¡tained woulcl be clones wi'th

identical genes deriving f rom Lhe ES cell. lirre'

1.5-6 STEM CELL ANIJ SEX REVERSAL

1.5 ,6. I INTRODTlCTION

Another potential limit¿rtion of the chimeric route is ttrat

Lhe pr:oductic¡n of chínteras using XY stem cells ean be expected

to cause a clistorti.nn in t-he sex ratio of the chimeric population

( B5e; male ) due l-o t-he conver:sion of XX host' embryos into

phenotypic males ( Ianrraccone et- al . , l-985; Robertson et al . '

1986).
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1-.5.6.2 PHYSTOLOGY OF SEX REVERSAL

As reviewed by Anclerson ( 1987 ) in non-mantma I ian species '

primordial germ cells trave been shown l-o dtavelop from yolk sac

enrlod,erm and a similar origin has been assumed for mammalia¡

primordial germ cells. [Iowever there are two lines of evidence

indicat-ing that in mammals the germ cells are derived from

ectoderm in mamntals rather thatr trr:m en<loderm. The first sl-ems

from st¡rlies by Falconer & Avery (1978), who showed that germ

r-:elI chi-nrerj.snt -Ls pos-LLively corr:elat-ecl wit--h chin¡er'isnt of som¿rt-ic

l-issues. .tt- has been shown more colrclusívely that- iL is ectodÉ}rm

but not endoderm injected into blastoeysts which contributes to

germ cel I I ineage of t-tre chimeras Gardner and Rossant ( l-979 ) '

It has been shor.¡n that (Jost r:t. al., 1.973; WíIkins, 1993)

the urogenital system experrences parallel differentiation.

fnit.ially bot.h sexes possess both kinds crf ur:ogenibal structtlres'

the female Mulleri.an <l¡¡cts and the male Wolffiar¡ ducts, and in

each sex r:ne duct- syst-em ,.levelops while t,he other clegenerates.

The initial rlet--ermination of the un<lifferentiated gonad is t-o

beeome test-es, l:he preselìc:e of ij Y cÌìr()mosome in a cert-ain

cri.t-ic.rl eell pgpul¿rLion leads to the secrr:tir¡r¡ of testosterone

Lry the gonad ¿rn<I th:is secr:et-j.on in turn Lriggers furl-her nìale

geniLal tleveLopment:. In r-tre absence of testoster()ne, the gonad

devr:lops se-r char.rcterist.ics t:hat ¿lre female'

The initiation of mâle development in mammals requires the

one or more gene,s on the Y chromosome tre those genest ( Sry I4

kiloLrase genomir: DNA) which are suf f icient to induce

di,f.FerenLiation t>f l-he l-estes and subsequent male development
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Surarri el- ¿rI. ( f 9S7 ) reported thaL Lhe greatest ef f iciency

in obtaining gërm cel.l r:himeras from pluripotential sl-em cells

would l¡e <¡l¡l-ainerl by intrtrdur:ing cells with XY genotype into XX

recLpient embryos sur:h t:hat all sp€:rm produced by the pseiudomaìe

is l-00% derived from the injected male ES cell line-

1.6 EMBRYO TIIANSFER OF MOUSE EPIBRYOS

The r-rther potential constraint on ehimera productiorr is the

l-ransfer of micromanipulaLed ermbryos Lo Lhe female uter:ine tract.

f ¡ non-micromanipulated mous¡e embryos ( reviewed by hlilrnul-

<rt â1., 1-986) Lhe pren;rtal ¡norbaliLy is influenced by a number

of f at:l-:t¡rs i.nc-luding genotype. The existence of variation in

embryo development in mice has been defined ¿rnd relaLed to

prentrtal lr:ss, A l-horr-rugh Lrrv<rstigation of the inf luence of the

rJene ,:rr prena[-al survi.vaJ has n<>l- bee-n carri.ed out--, tnrl: ]rreeding

records suggest an á.sfJociation çf the slow allele with pocrr

re¡:rodur:l:ir¡e perf ornatt(:e. L. É'l.aherty ( cited by hlarner et å-l . ,

1984 ) and Gates ( 1.965 ) ( cited by WiLmut, 1-986 ) contrasted the

survjval of the slow r:Ieaving and fast- cleaving embryos after

the-Lr transfer to the opposite horns of recipients. Cleavage rat-e

did n<¡l- influclnce l-he p.roportion of embryos able to implant, but

signif icantly, the slow embryos <lietl after implantation.

Among mousc] inbred stra i.ns , Fornp eb al . ( 1989 ) verif ied

significant rer:ipi.t-.nt genotype effects for embryo survi-val and
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pt:elìírltiil growttr, while n<r dc¡nor genr:ty¡re effects werÉ! obsêrved'

Paria and Huet-Hutlson ( f 993 ) report.ed bhat l-he mouse uterus

bec;rmel rece¡rl-ive ()r¡ d.ry 4 (day | = day of vaginal plug) and by

,lay Ír t-he utt-.rus t¡ecame r<rf ractory. tllastocysts also f ail 'bo

implant in t:he ovarietcL<¡mised uterus primed only with

progest-erone, but an atlditional oesl-rogen injection ind.uces the

receptivi.ty for implantat-.ion wh-i"ch presumably lasts f.or 24 Ìrours.

Optimal embryo transfer should be performed when tÌ¡e

l-rarrsplanted eggs are more advancerl in development- t-han thr: eggs

of the recipient or are at the same age (Tarkowsl<i' 1959)' and

the fernale recipient is at tlay 2 or 3 of pseudoprëgnancy (Pomp

et ¿rl. , f 9B9) .

In embryos submibt.erl to in vilro embryo culLure there i-s a

delayed raLe of devr:lo¡.rment when (-:clnrfrared with embryos in in vivc¡

culture. As observerl by varir>us authors (e.g. Vanderhyden, L9B7¡

Foxwort-h and Krar:mer, 1993). The aut-hors also explain I'hat a

female ¡nousf: recipient shoulrl have a post eoital plug from a non-

fert-i le mating :¿4 hours a.tb.e.r t-he donor eixhibits a post- coi-tal

plug from a ferLile m.rLi.ng because embryo surviv¿rl can b<r

improved try aJ-Ìowing time for "catch llp" to the physiological

stal-us <;f the recipient.

Uterine asynchrony wirs studied by hlilmul- et al . ( 19BB ) ' who

verified that t.he sheep ut-erus has the capabiLity of stimulating

development of relatively retarded embryos and less effect in

slowing l-he devc+lopmenl- of ¿rrlvanc-ed embryos. Similar observations

were m¿rrle by Fischer ( 1989 ) on rabbit blastocysts which h,ere

influence<l hy Lhe progesl-aLional sl-age of t-he recipient. In this

case il- was obs<:rr,'ed that t day af l-er transf<:r into asynchronous
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oLder uter:i , bl.rs'l-ocysl- dia¡ltel-ers wÉjrtl lar:ger and cel I

proliferal-i<¡n w.rs incre"rsed, but bhe tlevelopment in asynchrorlous

younger ut-eri was rlelaye<l. This suggesls an attempt by the

blastocyst to adjust to the more advanced maternal milieu.

fn summary Lhe requirement for synchrony is interprel'ed as

ref lecl-ing l-he changes in uterine secreti<¡ns that must occur at

appropriate stages of ernbryo developmenl-; it is nl consensus that

m1¡use embryo transfers should be done with eggs lnore advanced irr

rlevelopment than the eggs e¡f t-he recipienl olr .rt least' of L'he

same age i.e, bel-ween .lay' 2 alrd 3 of pseudopregnancy. However

t¡er:e are no bibt.i.ographi,c refer:ences in r:elation to what is t-Ìre

Sest proce<1urt: f()r produr:ing microinjr-:cted trlastocysLs' moreover

wlre{-her l..hose rnicromatri¡rulated ern-bryos presenL t-he same

capatrility for ;rtlapt-ation inl-o the uterus as non-rnicromanipulatr¿d

embryos.

t.7 IN VTTRO IVIATT]RATTON, IN VITRO FERTILISATION AND IN VITRO

CIILTUREI Ot¡ OOCYTES.

Efficient in vitro tectrniques as low cost sources of eggs

and ¡rreimpl¿rntat j-on embryos art: of considerable v¿r lue for

research purposes and for the d<rvelopmenl- <¡f new t¡iotechnologies

of agt-ír:ultural i n.terest, Production of transgeni.c of f spring

requires large numbers of zygotes aL the Pronuclear stage, for

gene injecl:ion as wel.l ¿ìs blastocysts for stem cell injection.

I'ftrltlplicati-on of identical embry'os in vit-ro can l¡e achieved

by us-ipg mature enut:le¿rted ()ocy1.-es from any donor cts recipienLs

for nuc-lei f rom valual¡le nrrlticel lpltrr stagtr embryos.
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producing mature oocytes and early embryos in vivo by

supêrovulation and insemination is not optimal for researeh and

commercial purposes¡. Considerable variations exist among ruminant

females in their response to the superovulation treatments, and

repeated stimulations of a given animal lead to variable results.

Furthermore, the moment of ovulation and fertilisation cannot be

precisely predicted and spreading of these events over a period

of several hours is eorttmon in these species. Therefore at the

time of recovery the eggs are not synchronous and the right stage

cannot be aseertained (see reviews by Gordon, 1990 and Crozet,

1991 ) .

L.7 .T IN VITRO MATURATION OF OOCYTES

1.7.1. t_ INTRODUETION

Driancourt and Fry (1988) eoncluded that differentiation of

ovulatory follicles in sheep can be viewed as a two step process

(i.e. recruitment of healthy gonadotropin-sensitive follicles,

that are ) 2mm in diameter and the selection at about 4mm in

díameter of the ovulatory follicle that becomes dominant while

the others undergo atresia). Recruitment, which coincides with

Iuteolysis is triggered by increased LH pulsatiILLy, after

follicles have been primed with FSH-

Þlammal ian oocytes are arrested at t,he diplotene stage of the

first meiotic division (Crozet, 1991). In response to the

preovulatory surge of gonadotrophins the oocyte undergoes

resrrmption of meiosis characterised by germinal vesicle
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breakdown, chromosome condensation' formation of the first

meiotic spindle, expulsion of the first polar body and arrest in

metaphase of the second meiotic division (MII) until

fertilisation activates them to complete meiosis (McGaughey et

al., 1990),

As originalty observed by Pincus and Enzmann (1935) and

cited by McGaughey et al.' (1990)' rabbit oocytes matured

spontaneously in simple culture medium once they lÙere removed

from the follicular environment. The early investigators

concluded that mammalian ovarian fotlicles constituted an

inhibitory environment in which oocytes r¿ould not mature until

folticular exposure to luteinizing hormone. I'tammalian oocytes

removed from their folticular environment are able to undergo

spontaneous nuclear maturation in vitro, however the oocytes that

reach Metaphase ff under these conditions are not competent to

progress t,o normal fertilisation and further embryonic

development (Crozet, 1991) .

once the oocyte completes parallel nuclear and cytoplasmic

maturation, oogenesis is accomplished and the oocy'be is ready to

be fertilised and to sustain embryonic development (Gandolfi et

al., 1990). In sheep, cattle, Pigs and mice the firsb

observations related to oocytes matured in vitro were by Edwards

(1965) and Sreenan (1968) who reported nuclear maturation as

occuring in culture. However, subsequent work made it clear that

the coneept of oocyte maturation had to be widened to include all

those events (cytoplasmic maturati<¡n) that enable the egg to be

fertílised and express its developmental potential (Moor and

Trounson Ig77; Staigmiller and Moor 1984; Thibault et al', 1987) '
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L.7.1.2 FACTORS RELATED TO IN VITRO MATURATION

L.?.r.2.r OVARY STORAGE PRIOR TO OOCYTE RECOVERY

Yang et al. (1990) indicated that cattle ovaries can be

stored at a temperature of about 25Sc for at least 11 hours

without compromising the ability of the oocytes to be fertilised

and to subsequently produce normal embryos. It was demonstrated

by ploor and crosby (1985) that temperature fluctuations caused

chromosome abnormatities in maturing sheep oocytes by disrupting

microtubule structures demonstrating that maturing sheep oocytes

are very sensitive to a drop in temperature'

L.7.L.2.2 OOCYTE COLLECTTON

An important aim of an oocyte recovery method is to maxrmrse

the number of oocytes per ovary obtainable for use in in vitro

maturation, in vitro fertilisation and in vitro culture studies

(Carolan et. al., 1994)-

Dissection and subsequenL rupture of the intact follicles

has been one of bhe methods employed to collect oocyte cumulus

complexes, (Lu et al., 1987; 19BB). llowever aspiration of

follicular ooeytes, using either a pipette or syringe and needle,

has been the most common method of recovering immature cattle

eggs (sreenan, 1968; Leibfried and First, 1979; Leibfried-

Rutledge et aI., 1986; Leibfried-Rutledge et al., 1989).

Assey et al. ( 1994 ) rlemonstrated structural differences

between oocytes aspirated from dominant and subordinate
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follicles, thus the fact that most oocytes are collected when

immature frorn subordinate follicles may be another major cause

for reduced developmental capacity following in vitro maturation.

Keskintepe <:t al. (1993) highlight that the method of oocyte

recovery determines the succesa of in vitro procedures. Although

mincing ovaries resulted in an increased yield of goat oocytes

the final result IdaE better if the oocytes were recowered by

aspiration, most likely reflecting less disturbance to the

integrity of the eumulus oocyte complexes. The importance of the

integrity of the crrmulus oocyte complexes was demonstrated by

Yang and Lu (1990) who obtained a significantly higher yield of

embryos from oocytes that had 4-5 layers of cumulus cells

compared with those with 2-3 layers.

Tan and Lu (1990) could not find any evidence indicating

thab the stage of the bovine oestrous cycle is a significant

factor influencing the outcome of oocyte maturation. The sam€:

authors did however verify that oocytes recovered from follicles

less than 2mm in diameter gave significantly lower yields of

emhryos after maturaùion and fertilisation than larger follicles.

r.7.L.2.3 THE IN VITRO MATURATION CULTURE SYSTEII OF OOCYTES

The first successful in vitro maturation systemË were based

on culture of the intact follicles supplemented with

gonadotrophins and steroids in order to retain both the endocrine

and local cellular regulatory mechanisms (Gatli and Moor' 1991).

Oocytes cultured within the folticle in hormone-free medium (Moor

and Trounson, 1977 ) remained at the germinal vesicle stage. In
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the presence of FSH and LH some oocytes reached the second

meibtic rnetaphase in non-atretic and atretic cultured follicles.

In oocytes cultured outside the follicle (Galli and Moor'

1991) in the absence of exogenously added gonadotrophin fewer

than 30% of oocytes reached metaphase ff as compared with more

than B0% in hormone supplemented medium. However ' this J-arge

difference in the progressíon of the meiotic eycle h¡as nob

reflected in the developmental capacity of oocytes from the two

grorrps (gonadotrophin group, 34%i hormone-free grouP 20eal .

L.7 .L.2.3.r MEDIUI'I CO!'IPOSITION, BUFFERING SYSTEM (pH) '
OSMOLARTTY AND TEI{PERATURE FOR IN VITRO MATURATTON OF OOCYTES

Any culture medium employed in in vitro maturation has to

give similar substrate conditions as the follicular fluid to

promote bhe nuclear and cytoplasmic maturation of the oocyte.

Various rnedium compositions have been used for in vitro

maturation ranging from simple to complex physiological solutions

with amino-acids, vitamins, purines and other supplements shown

to be useful for general cell culLure (Gordon' 1990).

Thr¡ tissu<¡ culture medium 199 (TCM-199) has beern widely

employed in the maturation of ruminant oocytes' bovine (Catt'

1_990; Gordon, l-990 i Armstrong et al . , 1992; Carolan et aI . ,

Lgg4.), sheep (Holm et al., 1990; Pugh et ð1., 1990i Czlonkowska

et ä1.,1991; Watson et aL., 19941, and goats (Younis eL al.,

1991; Ling et ðI., 1992; Mogas et al., 1995).

The buffering sysLem most widely used is the NaHCO3 system,

in conjuction with a 5% carbon dioxide in air gas atmosphere at
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maximum humidity, resulting in a system with a pH which

flubtuates between 7.L-7.4.

The osmolarity of the medium is close to that of body fluids

(250-316 mOsm) l¡ut this could be expected to vary depending on

bhe embryo species and LyPe of medium used.. However Walker et al.

(Igg2) found that varying Lhe osmolarity of SOFM between 250-300

rnOsm did not significantly affecL the development of sheep

zygotes.

The incubation temperature for optimal in vitro maturation

occurred at the average body t-emperature of the related species

in sheep (Pugh et aI., 1990) bovines' (Lenz et al., 1983; Gord'on,

1990 ) , and pigs ( Eng et al. , 1986 ) .

r.7 .r.2.3.2 GRANULOSA CELLS AND MORPHOLOGICAL INTEGRITY OF

OOCYTE-CUMULUS COMPLEXES.

The hypothesis that follicle cells play a central role in

endowing t-he oocyte with developmentaL compe'bence during

maturation has been tested in co-culture studies by Staigmiller

and lrtoor (19S4). These researehers found, in sheep, thaL denuded

and corona-enclosed oocytes resumed meiosis in culture but

remained immatur:e and develcpment;rlly incompetent. By contrast'

42e, of oocytes supported by the cumulus and underlying granulosa

(cumulus-oocyte complexes) underwent full maburation and normal

subsequent embryonic development. Addition of supplemerntary

follicle cells during culture ( 5X106 cell/rnl of medium) was found

to be without beneficial effect on the denuded oocytes. Galli and

Moor (1991) demonstrated Lhe importance of the junctional
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coupling between sheep oocytes and somatic cells. Subsequently

Galli and Lazzarí (1995) showed that supplernentary cells do

eonfer competen()e on bovine cumulus-oocyte complexes.

In pigs there is some evidence that thecal cell support may

favourably influence the <fevelopmental eompetence of oocytes

(tvtattioli et Erf ., 19BB) and a similar effect may apply in cattle

(Gordon, 1990).

t.7 .1.2.3.3 PROTEIN SUPPLEMENTATION

Difference between protein supplemenbs in in vitro

maturation medium for gametes r¡úas demonstrated by Lelibfried-

Rutledge et al, ( 1986 ) who concluded that. f ebal calf serum tùas

the superior protein supplement when compared to 6mg/ml bovine

serum albumin.

Other researchers (Sanbuissho and Threlfall, 19BB) obtained

similar results and showed t-hat when bovine serum albumin'

estrous coür serum or fetal calf serum and their interaction with

gonadotrr:pins h¡ere examined, estrous cols,serum or fetal calf

serum was superior to bovine albumin serum in promoting the

maturation of bovine oocytes.

In 1989 the same authors found no significant effect of

serum ot¡tained from a col¡{ at the time of standing egtrus, õlt

ovulation, and at 24 hours after ovulation on the in vitro

maturation of oocytes. An analogous conclusion lvas verified by

Fukui and Ono (1989) who found no statistical difference between

bovine oocytes in vitro when matured with fetal calf serum and

oestrous cot¡ù serum'
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rn contrasl- , saeki et al . ( r- 991 ) showed that serum

supþlementa'tion during bovine oocyte maturation was not required

but hormonal supplementation with gonadotrophins and oestradiol

enhanced the fertilisability and developmental ability of bovine

oocytes matured in vil-ro. The authors híghlighted that it rsi

possible that hormones contained in the sera play an important

role in nuclear and cytoplasmic maturation'

These effects hrere further investigated by Mogas et al.

(1993) who showed no statistical difference amt¡ng treatments in

terms of maturation rate in the in vitro cleavage capacity of in

vitro fertilised prepubertal goat oocytes matured with estrous

goat serum with or without added hormone. [lowever, at 48 hours

post-inseminatiorl significantly higher cleavage rates were

obtained in treatments which included hormones.

1.7 .1 .3 OOCYTE CYTOPLASMTC MATURATION

Damiani et al . ( 1995 ) evaluaterl the cytoplasmic maturation

of calf oocyt--es using t-ransnlj.ssion electron microscopy and

microfluorome'L.ry and verified that calf oocytes afber in vitro

maturation showed an incomplete or delayed redistribution c¡f

cytoplasmic organel les.

I.?.7..4 - OOEYTES OBTAINED FROM STIMULATED FOLLICLES

Stimulati on regrmes are

harvested in

employed

to improve

to increase the

the chances <¡f

wide ly

ordernumber of eggs



34

succe,ssful M (Testart et al . , 1983 ) . Howewer, a number of

stuAies have shown that following such treatment many follicLes

show an abnormal steroir.:l conten'b and atrnormal cytology several

hours before ovulation. Examination of oocytes coll-ected just

before t.he supposed time of ovulation following superovulation

treatment has revealed a large proportion of immature gametes.

Eurther, half of hhe oocytes collected hlere surroun<led by an

incompletely dissociated cumul-us mass. Nevertheless Pugh et al.

( 1990 ) repo rted that in vitro mature<l oocytes obtained from FSH

slaughtered primed ewes gave better cleavage rates than oocytes

from non-primed erdes. The size of follicle from wtrich an oocyte

is derived before in vitro maturation influences its subscrquent

developmental potential when used for embryo clr:ning (Barnes et

al., 1993). Earlier reports (Motlik and Eulka, 1986, cited by

Barnes t¡t al. , 1993 ) described the RNA synthetic activiLy of

oocytes <lerived from different fotlicle size categories, which

Ied bo the postulation that the follicle size from which an

oocyte is derived may ultimately af f ect its <leveì,opmerrtal

competr:nce.

I¡ summary, the complexity of the oocyte mal-uration (both

nuclear and cytoplasmic) has led to a wide variety of experiments

aimed at understanding and characterising l-he physiology and

molecular events of oocyte maturation, while at the same t-ime:

identifying suitable conditions which can be used in the in vitro

matural-ion of mammals oocytes for commercial and researeh

purposes.

The costs of producing

st;ur<:es are Loo expensive

oocytes and zygotes from

f or their use in many

an v]-vo

advanced
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reFroducbive technologies and transgenic proçJrams' but bheir usÍÌ

is óssentiat as reference control gr<>ups for in vitro maturation

studies.

It is important to highlight that the conditions used for

in vitro maLuration of oocytes of different species is similar

yet different.

r.7 .2 IN VITRO FERTILISATION

Fertilisation is the period of deveì.opment commencing with

Lhe contact- of the sper:matozoa wit-h the outermost investment of

the animal egg and ending with l-he fusiort of sPerm and egg

pronuclei within l-he ooplasmic mass. The in vitro fertilisa.t-ion

consists in the ferbj-Iisation of mammalian eggs outside the body

as defined by Austin and Short (1990).

The essential conditions for in vitro fertilisati<¡n are

sperm capaei.tation, sperm coucentration, medium, buffering system

(pH), osrnolarity and temperature.

r.7 .2.I SPER}I CAPACTTATTON

The normal ferti lisation and l-he healthy developm¡rnt of

normal fert.ilisecl embryos can only Ìrappen when the oocyte has

been through nuclear and cytoplasmic mat.uration with capacitated

Ërperm.

Epididymal and ejaculated spermatozoa are actively motile

but not able to fertilise oocyLes'

sperm capacitatíon ¡rhysiologically takes place in the
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genital tract of the oestrou¡i female. Sgch a process initially

consists of a biochemical alteration of the sperm plasma membrane

(Gandolfi et al., 1990) foÌlowed by the acrosome reac'bion which

is thc¡ fusion <¡f the plasma membrane rvith the outer acrosomal

memlrrane (Yanagirnachi and Usui, 19741 .

capacitation is not site sPecific and can occur, for

instance, i.n the peritgneal cavity or wiLhout the spermat-ozoa

having passerl the female tract (Yanagimachi' l-989) ' in the bovine

follicul¿rr f tuid (Fukui et al., 1983), in the b¡:vine oviductal

cells (Xu and King, 1990), or even in a variety of artificial

medium like elerrated pH ( Cheng, 1985 ' cit.ed by Gordon' 1990 ! ,'

ion<rphore A231-B7 ( Hanada, 1985 ) , heparin ( Parrish et ¿tI ' ,

l-985;1988 ) , percol graclient./hypotaurine ( Iltsumi el- al . ' 198B ) and

caffeine (Niwa et al., 19BB).

t.7 .2.2 SPERM EONCENTRATTON

According to Cummings and Yartagímachr ( 1982 ) in vivo

ferrtilisation is likely l-o occur in conditions where sPerm and

egg rat-.ios are close Lo qne, however in in vitro condil-ions such

ratios are about 2000-200000¡1 (Brackett et al" l9B2; Lambert

et al., 1.986; Lu et al., 1987; Mattioli et ä1., 1989). The

conseguence of this high conce¡Lration is polyspermy, because in

vitro matured oocytes are likely to {evelop defective polyspermy

blocks (Gandolfi et al. , 1990 ) .

r.7 .2.3 },IEDIUM COMPOSITION
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The medj.um used f or in vit-ro f ertil isation h¿rs to give

metabollsm support to the r:umulus oocyte r:omplexes and al low

efficient spermatic function.

In vitro ferLilisation of oocytes has been achieved by t.he:

use of rnedium ruhib.Ìr components that mimic bhe tubal oviductal

fluid, Synthetic Oviduct Fluid Medium-SOFÞt (Tervit el- al., 7.9721

and Human Tubal Fluid-HTE' (Quinn et al.' 1985).

fn vitro fertilisation medium is composed of electrolytes

(calcium, NaHCO3); energy source (glucose, Nä lactate and

pyruvate); macromolecules (bovine serum albumin, polyvinyì-

alc<¡hol ); addiLives (caffeine, trypohaurine and cateeholaminea) ,

asr reviewed by Cox ( 1,990 ) .

Electrolytes have the function of assisting the l-ransport

through the membranes and rnaint-aining the intraceLlular ptl, and

osmotic balance, Specifically, calcium is a importanl- regulator

of fertil.isaticn by spermat-ic câpacit.ation, äcr<lsome reaction and

flagellar activity (Fraser and Ahuj.r, 1.989; Lindemann and Kaunus,

1.9S9 ) . IL has l¡een veri f ied by Hune.ru and Crozet ( 1989 ) that

ra-i-sing the calcium ,:oncentration in t-he fertilisation medium to

a value hi.gher l:han that present i-n tul¡al fluids from oes'brous

ehres increased t-he fertilisation rate achievable

individual ejaculaLes from various rams.

in viLro by

The pH of the medium is generally controlled using NaHCO3

which has the advanbage that it is also known bo stimulate

spermatic metabolism (Cox' 1990).

The source of energy used in in vítro ferl,ilisation medium

is a combination of g]ucose, lacta'be and pyruvate.

Physiologically t,hese crJmpone¡rts are present in bhe oviducl- f luid
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(Leese, 1988 ) .

I The macromolecule source used in in vitro fertilisation

medium is general ly bovine serum albumin. The albumin is presr:nl-

in the secretions r¡f the female genital tract (Leese, 19BB) and

in the fotlicular fluid (Wise, 1-987l. Macromolecules such as

polyvinyl alcohol has also been used successfully in

sysl-ems ( Cox, 1990 ) .

irr vitro

The additives used to stimulate the motility and fertility

of mammal ian spermatozoa inc Iude caf f eiine , hypot.aur:íne '
epirref rine and isr:proterenol ( Fleizel ' 1985; Cox ' 1990 ) .

1.7.2.4 TEMPERA'TURE

The temper.lture f or stable in vil,ro f ertil isat-ion is

generally'close t-o the average l-emper:ature of the r:elated

species. This follows the early studies by First and Parrish

(1.957 ) which show<rd thab small variabions in bemperature severely

affect the final success rate.

r.7 .2.5 rN VTTRO FERTILTSATTON AND RUMTNANTS

As reviewed ley Crozet (1991), in vitro fertilisation has

br:en aehieved in ruminants, bovines, sheep and goats.

In bovines, Armstrong et al. (1992) obtained 7Oe" in vitro

ferLilisat-i.on of ooeytes mat-ure-'d in vivo followirrg FSH and HCG

l-reat-ment in c:alves, but this percentage was noL significantly

clifferent from r-:ont,rcrl oocytes recovered from adult cow ovaries

matured viLro (75%).
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ft has been observed by Fukui and ono (19S9) Lhat ttre bovine

in vitro fertilisation rate is significantly affected by serum

type. In t.heir experiments, fetal calf serllm gar¡e significantly

higher rates (5?-71e") than did oestroì.ts cohl serum (34-52%r, but

t-he ¡rroportions of ptrlyspermic fertilisations h/ere signif icant-ly

higher with f etal calf serum ( B-19% ) than with oestrous coltt¡ serum

(2-3g¿). Hou/erzer, cleavage and development was not affected by

either type of .serum.

f n sherep, Cheng <rt al . ( 1986 ) obtained a peneLration rate:

of B0% of ram s¡-rerma.tozoa in in rriLr:o maturnd sheep oocytes. ot¡er

97v" of Lhe ferti-lised ooeytes were monospermic an<l showed normal

pronuclear derrelopntenb at 16 h()urs post insemination in witro,

Using fresh semen and in vitro matured oocyt-es Pugh et aI' ,

(1990) obtained cleavage rates of betweren SI-7Iea, while tlolnr et

ãI ., (1990) obtainr:d 50.1 50.5%

determined by cytohistology.

in vitr<¡ fertilisation as

With oocytes obtainetl from superovulated el^Ies and matured

in r.ivo, Huneau and Crozet ( 1989 ) obtained r:ates o:F in vitro

fertilisatiorr l¡etr¿eelr 50-?5eo and mrrn<lspermic penet.ration <¡f (41-

5Bg¿ ) . Cognié et âl . , ( 1991) obtainerl 115 zygotes f rom

matured oocytes which were fixed l7 hours after

f ertil isabi.orr. Eight-y-t-wo prercent ( 95 oocytes ) were fertiliserl

and 6I% (7L oocytes ) were rnonospermic, âs attesled [.o by the

pt:esence of bot-h ä ntãle and fentale pronucfeus and by the remnart'Ls

of sperm flagellum in the ooplasm. Sixty-three percent of ttre

ooeyl-es underwenl-- ttre first cleavage division.

In goats. Huang et al. , ( 1989 ) flushed 4B in vitro matured

in vitro

in viLr<¡

oocytes from 6 clonor female goats which were subsequently
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cultured wiLh capacritated spermatozoa and 33 were transferred to

the ovi.ducts of pseudopregnant rabbits after 4-6 days. Seven of

these eggs deveJ-oped to nor:mal morulae. Ling et al . ( 1992 )

obtained L2 fertilised embryos from 17 in vitro oocytes.

rn conclusion, in viLro fertiLisation is a hiotechnique now

developed t

¡:r<-rcedures

of in vitro

o sur:h a stage that it offers reliable and repeatable

for l-he l-hree ruminant f ives'l-ock species. The source

and in vivo matured oocytes does not affect cleavage

raLes, but bovine .s(:rum presents a p<rsitiwe effect on in vitro

fertilisation but not on cleavage rate and development of the

ferti Iised oocytes.

This biotechnique ( in vil-ro maturat-ion fVM and in vitro

ferL-ilisation fVF ) was not mentionecl in the awailable Iiberature

as a viabLe rnethod f or production of preimplantati<¡n zygotes

between goat r:ocytes and sheep sperm.

T.7.3 -IN VIVO\IN VITRO CULTURE OF EMBRYOS

Embr.'yo cull:ure, is otre ()f 'bhe fundamental stel¡:s for embry<t

product.lon. The rnajor inl-erest in culture medium presently lies

in l-he avai I abi l ity trf rel iabl-e , statrle cul ture merlium

preparatir¡ns thal- äre compatible wit-h the víability of eimbryos

during exposure f or relative.ly brief periods of time. This

invol.ves bhe 'transfer of embryos ttrat have been groh¡n from an

early stage j-n cult-ure following some invasive procedure such as

nuclear transfer, gene transfer, and./or in vitrq fertilisation

of in rtitr:o matured ocrcytes (Bavister, 19BB).

The early systems <=rmpl-oyed for embryo culture were in vrvo
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systems anrjl eonsisted <rf surgic;rl t-ransfer of embryos t-o the

fal:lopian Lubes of a l-emporary host, usuallY a sheep (f{illadsen'

]-9791 r.:r ¡t r.rtrl¡.it ( EoI.¡nd, 1984 ) -

Tervit et- al . (1972, was the first to report the benef it <¡f

in r.iLro culb-uring r:f ovir¡e antl Ìrovine i.n vivo maLured/Í.ert¡"lised

zygotes in a simple defined salt- solution (SOFI'I) under a reduceid

oxygen envi-ronmetrl- of 5% CO2: 5%O2: g|eo Nl . From this work' fnany

variants urr:re developed to improve the culture r:f ruminant-

embryos, much triggered by the work of Gandolfi and Moor (1987)

which clemor¡strated t-Ìre ability of oviduct- cel I monolrryers to

support passage of sheep eml:ryos through t-he eril-ical 4th cell

cycIe. The positive results <¡f the sheep oviduct epittreÌial celI

monolayer mel-hod r:n sheep embryos extended this system to sever.rl

<lif f erent speci<ls I ike cows, goats ' mice, pigs, ral¡bits (Gandolf i

et al., 1990).

Embryonic fletelopmenl carr also be promoted by embryonic

growl-h llaetor c¡f lor"¡ n¡olecular weight contained .itt some samples

of 5ovile serunr albulnin (Kane, 1985), co-culturing embryos wil-h

tr:ophoblasbic rresic-l*:s (Camous e:l- al ., 1984) or with granuìosa

cell.s (Goto r:t al., 19BB).

Walker et al. (1992) studied an in vitro cul-ture system for

sheep f-rreimplantat-ion embryos LhaL did not employ thr: use of

somatic cell feeder layers; this system relied almost exclusively

on the use of human serum as the nitrogen source. This system can

generate rel"rtively lrigh numbers of Lrlastocysts f rom zygotes

cult-ured in v.itrr: ( up to 85%), l-he resultilìg cell nunÙrers are

.rbout: 60e¿ of in vivo develo pedl blast.ocysts. Thompson et al .

( 1992) reporl-ed t-hat the inclusi<¡n of lton-essential ¿rmino acids
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ir¡ serum-,Eree SOFM mediLrm signif icanhly increased blastocyst

f ormation and resultanl- cel l numbers com¡-rarecl to embryos

developed in SOFM ¡rlus human serum album-Ln. However, embryo

development in the presence of non-essential amino acids was

still significantLy less than in the presence of semm.

A study try Watson el- al . 1,L994 ) compared the effectiveness

of tw<¡ rl:istincl- methods r;f supporting ovine ¡:reimplanLation

development in vitro. In the f irst system compared, t-he

proportir-¡n of q:o-cul-tured IVMF' (in vitrcr maLured and fertilised)

zygotes cleve lopirrg to the blastocyst stage was signif icantly

lri-gtrer (3[]e: r's. 3.5%) Ltran that of non q:o-cult-ured zygottls undet'

il 5% CO2 atmosphere. In t,he second approach the embryos r'rerúì

cultured under a reduce<l oxYgen atntosptrere (5e'COl: 5e;O2: 90%N1).

Embryorric nlÌrvi\'¿ì I was s igni.Eicantly higher ( ¡r< 0 ' 05 ) in thn non

co-culture<l l-reatment groups 12L.9% vs. O.4e¿ for co-cultured

zygr:tes ) . The ¡ruthors hi,Jhl ight that t:o-cul L,ured mây exert â

positive inf luence on r:arly development by bhe secretion of

embryol-r,rphic f ar--tors i nt-o the eul-ture med-ium and \ or l,Y

reducing t-he negative effects on preimplantat-ion developnrent of

"toxic" componenl;s of bhe culture envíronmenl-. Gardner et al .

(1994) demonsl-rated l-hat sheep embryo development in cu-lture i.s

.lmpaired by ammoni,um. Sheep embryos protluce a factor or factors

{:hat- stimulates l-heir development in culture. The cull;urr-: of

sheep zygot-es in grç¡ulls of 4 in the prese;lce of Eagle's amj-no

acirf s for 6 flays . wi th ttre medium renewed every 48 hours,

resultetl in 95"-, blastocyst der.elopnrent, 79% hat.ching rate, ,ìnd

a bì-:rstocyst cell numberr of 173'

L n rr itro ¿rnd i-n vi-vo culture systems !{ere compared
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sirnultanÍrously hry hlalker c.t al. (1991) in a study which exarnined

the viability, to day 50 of pregnirnc:y, of day 5 sheep embryos

cul t-ured i,n vitro f rom Lhe t4 ygot-e s'Lage, The authors verif ietl

that fewer embryos cultured vitro developed l-o <lay 50 of

prîegnancy compared wiLh embryos cull-ured in v.ivo. The authors

concluded l-hat while zygotes can develop to blastocysbs in vitro

at r.rLes r:omparable rvith that obba,i.ned in vi.vo, víabil-i.ty irr the

former ç¡roufr is reduced, In a similar study with ovinr: oocytes

nrat-uretl ¿rnd .f erl-ilised in rziLro which were srrbmitted to in vitrr:

antl in vivo cult-ure t-hey produced 7.74 and 43?" of lambs were

¡rroduced respect-ivr.:ly (CzÌonkr¡wska et aI., 1991)' In a f urt-her

study, (Walker et al., 1992) obtainr':d more zygotes developing l;o

blas{:ocyst

indicat ing

.in vitro t:omfrårÉxl with in vivo ( 91 . le" vs . 78 .4t¿l ,

that in vitro culture may protect embryos from

selecl-ion, a physiological occurrenee. irr Lhe oviduct. As such'

ttre viab:lliLy of embryos (to day 50 of pregnancy) afber 5 days

of r:ult-ure was redueed compared wit-h embryos cultured

(48.?"a vs. 59,4e").

an \jLvr)

Accordi-ug to Lhe literature rewiewed the in vitro culture

of rlrmin¿rnt e¡nl¡Ì'yos demonstrates that, at. least morphologically'

the preimprlarrttrL i<¡n em-Ìrryos .ìr€: similar to the in vivo culture,

hc¡wevr:r: the ( in vj-tro culture ) does no'l- completely mimic L-he

fal lopian tul¡e r:nvi ronment ( in vívo culture ) . This hlas

demt¡nstrat-ed by studies which the entl point was determintld as l-he

stage of advanced pregnancy or at deLivery of offspring.

1.8 NT]CLEAR TRANSFER
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1.8.1 INTRODUL-TION

As hi-ghlighted by Tsunoda and Kato (1993), if embryonic sterm

cells co1¡ld clevello¡r di,recLly i nl-o young through nuclear L-,ransf er

rat-her t-han the chirnera rouLe ' time required to obtaining

Ìrgmolr:goü¡- t-ransgenic offspri.rrg would be <lramatically shor:tened.

Cloning by nuclear transplantation entails the transfer of

each nucleus of a multil:le cel-l embryo into the cytoplasm of ;rn

enucleated metaphase f I oocyte. The mat-ure oocyte ltas the ability

bo reprogram t-Ìre Lransplarlted nucleus and to support dc'velopment

of ä new embryo. After nuclear transfer and activation of the

oocyLe, thei recip-Lent oocyte inj tiates â remodelling of the donor

nucleus, including swelli¡g and growth of the nucl-eoli' These

changes indicate a reprogramnring of the nucleu.s. By the use of

a mel-aptr¿rse II reci.pient cytoplasm, offspring have been produced

in sheep , ctl;I:Ll.e, rabbits anrf pjgs (Snrit-h ¡¡nd t'ùilmut , 1-989¡ RobI

crfìd stice, 1989; Prat-trer r:b al , 1989; Mclaughl i1 et âl . , 1990;

col las a¡rl Robl , I 99fì ) . Às poi nLed oul- by smitl¡ ( 1992 ) ttre

overall eff icierrcy in produci-ng "cloned embryos" remains low due

t-r: lack of knowledge of bhe many steps involved in l-he technique.

The fc.¡llowing technical steps are necessary to achieve the

c.lon.lng t-er.:hrrol,:gy: a) choice of suitat¡ler donor embryos and or

karyoplasts; b ) choir:e <¡f eggs for recipient cytoplasm; c )

enucle.rtion; d) fusion; r¡) acti-vation; f ) -r-4--y--EÃo culture of the

micromanipulated embryos. This review will focus on the

activat-ion and enueleat,ion steps'
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1.8.2 ACTIVÀTTON

Parthenogenel- ic embryos dervelop wib.hout any contribution

fron the male -qanrete (Beaty, 1957; Kaufman, 1983 (cited by Henery

and Kaufman, 199:l)). Their development can be inibiated both

spontaneously and experiment-ally by exposing the unfertilised

oocyte Lo a variety of activating stimuli. Parthenogenetic

embryos tlif f er f rom gynogenetic embryos, âs in t-he latt-ter

spermatozoa act as the activating st-imulus, with the male genome

beíng subsequently el.i.rni.nal-e¡d and t-aking no further parL in Lhe:

dt:r'elopmertt or. ttre embryo, (flenery and Kaufman, 7'992't '

Act-i.v¿rt-ion as dc-:fined by Rickords ;rn<l t¡ühite (,7.992 ) result-s

in l-he formatiotr of orìe pronucleus and olte polar body, two <rr

more Frorìucl.eri, r:¡.'two c:ells eaeh conl-aining a ntlclear strtrcLure¡"

The ;r<:l-ivat,ir¡n of l-her oocyt. e is essential l-o al Iow

tra¡sformati.r-¡n of f-:he nucletls of a peneLr¿rt-ing s¡-:erntaLozoon int-o

a prcrrrlrcl eus . Actival-ion is also ;r crit.ical requirement in

rìuclear [.rarrs.fer cloLring, where å nuc]-eus ínl-roduced inl-o äll

erìucIeaLed oocyte is remodel lr:rl . enlarges, and becornes

pronucleus-like, wil-h subsequent DNA synt--hesis r:nly if the oocyte

is activated, 'ås reviewed by Marcus (1990) '

Manrmalian ooeyt-es may be act-ival-ed by raising or l-ower:ing

the l-emperat:Llre, by various chemical t-.reatmr:nts erternal ly

appl ied c>r in jecl-ed, by electric shock 1;r pres€¡ul:e' and by

mr¡chanical- or microsurqical- stimulati<¡n of the egg (Markert,

1982 ) . As reviewed l¡y Fukui eL al . (19921 , part-henogenetic

acl-ivati-on of nramm¿r I i¿rlr ooeytes carì be induce<l by various

st imul j-, st¡<:h as (;xposure t-o eLÌ¡anol , c:alcium iono¡:hore .rnd
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electric current.
' Rickr¡rds a¡d White ( 199? ) have used a variety of treatments

to a-LLer caLcium and induce arbif icial activat--ion in manìmalian

oocytes. f t has been demonstrated that irr ttre mouse direct

injection of calcitrm irrt--o thtr ooplasm resul-Ls in part-henogenetic

activabion. Co-incubation rvith calcium j-onophore 423187 causes

rel¿:ase of r:a-lcium from intracef lul¿rr stores ancl induces oocyte

activation in seve:r:al sPecies. In addition, ir¡cuÌ:ation in 7%

ethant¡t is widely used .ìsi ¿ln effective activation procedure i.n

i-he mous€ .rflrl has treen shown to l:e ef fective in actiwaLing bovinc:

r-rücYLes.

IL t¡as Lrc-:c-:n r:st:¡rLrlished in various species that a transient

i¡rcrease in i¡rl,-racel lr-¡l¿rr f ree c¿rlcium ion t;onctrrìtration is

¿rssociate<l wiLh ferl-ilisation. An irrcrease in calcium results i-n

cortical granule r:xor-:yLosis and inil-iates resumption uf sec<¡ntl

meiosis, with subsequent second ¡lolar trody extrusion (Marcus,

1990 ) .

Flenr:ry an<l Kaufman ( L992) showed that the lack of a paternal

genome in ¡rarLhenngenel-ic enrbryos clearly limi t-s their

postimplantation tlevelopment. bul- appàrent.ly not their

preimpJ-anLal-ion,Jevclo¡rment, s-irlce morphologically rìornìaI

blast-r:<:ysts (:¿ìn be formed.

t-ulka et. ¡rl. 11,992) argued LhaL maturat.ion protnoting f acLor

(MPF) is Lhe key cell cycle regulator jn marìy r:ells, including

oocytes. Il- Ls <:lear that MPF activity in mouse oocy't-es is h-Lgh

¿rt MI , drops sharp l1, as l-he oocyt,er enters anaphase ' remailìfj

depresseid throughc,:ut the ana¡rhase-Lelophase transit ion , and

increasr¡s .-rgain at l-he t-elo¡:hasel-nret-apltase f I boundary. Followi-rrg
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fertilisat-i6n or parthenogtrnel-ic .rctiva'biotr, Lhtl biological PIFF

act-ivity again f,rlls prt':cipitously f r<¡m high ['I1I levels to ]-<-rw

levels during flronuclear formation.

presicce ¿rn<l Yang ltgg4l trave hypothesized t-trat tnal-ured

mamm.rl ian oocytes cotrs l-arrl-l-y synthesÍze a group c¡f highly

l-r¿rnsienL, tabile pr:oteins such as cytosLatic factor (CSF) or Lhe

c-rro*r proteins, whi.ch rna|nt-ain l-tre function and the per:sistent

hi,Jh level of PIPF.

The f ertilisi ng sperm frormally iniLiates rlumerous, periodic,

elerrat-ions srf ir¡t-racel lr¡l¡tr f ree calcium .in the oocyte <;ver ¿ì

¡r<+ri.od r.rf sr:ver¡rl hours depentling <,rn the spec:ies. TL is Ì¡elieved

thai- t-he furrcti-<¡rr of l..hes<¡ Ca2t elevatious is Lo dclstroy th'¿

r:x.Lst-irrg ,-rltl l=het nascent CSF. This in Lurn L"¿ìuses degrar:lation of

cyclin B and thus inact-ivation of MPE and resumption of meiosis'

This protrably is because a single Ca2+ elevation inrfuced by Lhese

single artif icial stimuli, inc-luding ethanol r can destroy only

the existing eSE.

Bcc.lrse CSF is believed to be continuously synt-hesized in

t-he y-ourrg but nol- in .rging <;ocyt-es, only agi-lìg <jocyh-es can ]¡e

readi ly -rc t-irr.rt etl by a sing le Ca2t elevation st-i¡nu-Lation ' f ¡¡

<:onl-ïasl-, l:he yr:urrg oocytc:s rnay hav<: both the presynthesized arrcl

t--he cont:inur-)usl!' netdly synt.hesi.¿e:d CSF. The l-at-l-trr may not' be

af f ectetrl by [-he s inç¡l e Ca2t rise w]rich coulrf expla In the puor

response (,f young oocyl-es 1-o ethanol treatment alone.

pr:r:sicr-:e .r¡tl Yang ( 1-994 ) combitreel [-re¿rtmert'L regiñren,

eLhano.[ - i n<lucecl Ca2+ e lev¡rt- ion rvoul<] inact ivate the existing CSF ,

.rnd l-he n^ul:rsecltrettt. cycloheximÍde exp()sure would prevent r:enewal

of CSF synt-hesis in t'.hc+ oocyte.
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Usi¡g r:l:Ilar¡r.rf ¿rncl r:ytochalasin R l-real-menL-s, Fukui- et- al .

lLggZ) crÌ:taine¡J 22-46% of parthenogeneLic r-,'mbryos cleaving to the

2- lo B-celì, st..rrJ<:." rvhilr-: 5-1le' developed t--o l-Ìre blast-ocys[-, stage

when oocytes were ma'l;urr:d for 27 l-o 36 hours '

Nagai (1987l Eourrd h-hat, in horzine r:ocyl--es cultured for 27-

33 hc¡urs l-r.:f ore eLhanc¡l t.re¿rtmetlt., 60-6Be¿ of t.he oocytes were

act. ivated, âS demt>lrs{;raLed lty Lt f emale pronuc leus, wtlereas

maLuraLion for 24-26 hours resulted itr a l.-rw activation rate (25-

3B%). King ç.:1, al. (l-9BB) reported ¿l higtr level (46e") of

sponl-anÉ:olls acl-ivati-on of bovine oocytes matured in vit-ro f'or 24-

27 lrours, when Lhe cumulus r:ells vr,ere partiaJ-Iy removed'

1.8.3 ENUCLEATION

IdealIy. an opt imal enur:leation ¡rror:edure should be

<rfft¡c'tive in elimirr¡rt-ing 't:h<: genom.ie maLeri¿rI fr:om t-he oocy{:e a'l-

al I l- imes . wil-þ t itt I e ()r no harm l-o Lhe other rìorì-genomic

c1;rnponents. Thj.s step i s ìrecessàry t.<-¡ com¿rì.et,el1' e¡Limin¿rte l-he

genet-ir: t:oni-rit¡ut- i t:n ttt l.-trc host cVt-r:plasm and t;hus <lrlsure

rna.xirn¿rL sinr.i larít.y hel,rr,een c-lc-¡ned .¡.nimaf s and avoitl Ploi<ly

a}r¡ormalities wlrich rlet.riment;rlly affecl: nornt.rl tlevelo¡:menl-

(Srn.ith 1992 ) .

smit-h ( 199? i r.eviewefl f our dif f erent approaches for

enucleati-on;

Ttre first co¡rsists of the l¡isection of thr: oocyte into two

equal ¡rorl-ions.rtrcl t-he usr: of both halves for cloning' Half of

the embryos pro<hrced will be l-riploid. and therefore unabLe to

der.eìop norma.[ly t-o l-erm.
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The seer;n<L .rp¡rr:'oar:tr is Lhtr phy,sical or mech.rnicaL

el imi.na l-ion of l-he t:hronrr:somes¡ . Thís appro.rch r¡ti I ises the

pos; il- raltr uf t-he¡ f i r s-l- ¡-roì ier bo<ly Lo Ioca t-e t-he metaphase pl a te

f oI Iorved try asp Lt:;rt;iorr ,ln<l eI imi.nat.i-on of a quarLer to tlalf of

t-[e ad j;.rcent çocyte cytr:pIasm, Howevt¿r l-his ¡lrocedur:e has

liuriLaLiols. Consicl<¡ral¡Ie techn.Lcal sl<ill is rrecessary ¿rrtd t'he

met-hod ¡:roìra.bì.y rt:mrrves im¡ror'l-ant cytopLasmíc com¡roncrnbs which

may reduce cytoplasl- r'iability ( Full<a ¿rnd Moor ' 1993 ) . This

pr:ocedur:e is r:ompJ.icated Ìry t-Ìre f¿rcl* l-Ìrat.in ¿^t)Ílê r:r>cytcrs l-he:

first pol.rr bo<11' deç¡eneraLr:s ()r migrates ä!ú¿ry from l-ht:

ch¡'c¡nros<¡nrc-s (Rol¡l .rnci Sl,ice, 1989). Furt-herrn¡oYe, âs i-he t:ro<:yl-e

¿rges ttrer r:hr<lm<-lsomes have a l-endenc1..l-o migrate tow.rrds t-he

centre of l-tre oclcyt-e c¡lusi.nq .r¡r improprrr: removãl r:f cltromosontes-

The l_hi.r<l approact.r is L-.he r:ombilra l- ion of trhys ica l

etìuc Leat- i.crn ,rrrcl å t-:I¡ernic¿rJ- , usi ug ä DNA s: t,a ining dye such ¿ìs

lloechsl- 33342 with LrV light in rlrd(ìr to ctreck for the r(ìm<rvdl of

'l-her q:hrc¡m<-rst)rnr:s .

The L.rst,lpprr-¡(rch i-s re(tularly usr--<1 for l-he enucleal-j-olt r-¡f

i.rrn¡rh i l,-.i ¿¡n ()(]c:]¡l-erj ¡rsr.:rl f or uuc lear t.r.rrtsplantal-i<¡tt where

ctrroln6st)mes ¿rre <-lcstroy<-:tl wiLh u Il-ravi.oI.el- ligLrt-üV irradial-iort,

i+Ìrict¡ t-he rcfc¡re,: t-:l im,Lltat-r-:s l-he nr:e:tl for physir:al remov.rl of l-Ì¡<l

chrr-¡mosc¡rrtes. Ttre rrs(l of LlV i-rradiaLion h.rs been cr¡nsidere<l as a

pot-*:nLial (:IìLtcIeator" of l-row-i,n,: cyt--oplash-s for nucltrar

l-ralsplarrt,;rLi-on. however such irradiat-ion clearly induces

cyt.oplar:mic chauges in add.lLi.<;n l-o ef f ects upt;n the nuclear:

rnater:ial ( Fulka r:l- irl . , 19t13 ) .

Fulk¿r and lvloor ( I 993 ) dev,(-:lo¡red eì chemi-ca I enuc I eation

pro<:etlrrre wftich is Lrol- iin i,nv.rsive ntet-hod .rud Ìt.rs t.he c.rpacity
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tr-¡ enut: 1e¡rt"e ) i.r rge nuJnhers <rf r:)()cTteis . At t be s;rme l-ime <-: l--hr:r

gr:oirp of researctrers (T¿rl-tram et.rl.. 1993) demonstrated the use

of cerlLr:ifugat:'t-ou of o<rcyt.es irr a Per:coll gradienL as a procedure

to enucl.eate large numhers of bovine oocytes int-o fragmenl-s in

such a way Lhat Lhe metaphase fI plate breaks fr<¡m the or;cyLe as

it is strel,ched apart. Enucleation by centrifugati-on <¿nat¡les tlte

rapi-rl producf-ion of Iarge ntrr¡Jrers of enucleateid oo(iybe f rargmelnLs

whicÌr can Ìre used for the successful production of bovirle nuclc:¡rr-'

Lra nspl anl-at-,icrn embryns .

t.9 SUMMARI:

'l'ht¡ presetrL st"udy r:xploretl a r.rnge t.rf rnethotls of in-Lr¡res.;1,.

È-o l- lrr: appl ic¡t--ion ,.-rf recent- .ldlranct:s in reiprodur:t-ir.'e technol.rgy

l-o Lhe presel.'val-ion of enrlangered mammals .rnr:l t-r-¡ Lhe

nnrlL!.plicaticrt of tìtlu'eI genotypes of transgenic animals.

The foeus .rf research on interspecific pregnanci-es r<:laLe

to Lheir ¡:Ðt-c-:nLial use ¿tH morlels for t-he sl-ud1"¡f maternal'/f et-'rl

i.nter¡rcl-ions, :\s ¡rrevic¡usìy discugsed, t.he st-udies also offer alr

oppr:rturr j Ly f or b-he 1rreÐerv¿rLiorr t¡f endanger:ed mammal s ,

particularly if r-:mbryos f rom endangered specj-es can be generated

:in l..he labr¡ral-ory,arrd engineerred iu such a bray l-haL the ul-eritre

allogerric tro¡rhotrl.rst carr protect, a xenogenic inner cell masr:'

(Felri ìly et af ., 19B4bi Anderson, 19BB ) .

The f irst'sp<:<:if ic objective of l-he st-udy w¿rs to tlxplore Lhc-:

use of in vil-ro t-eehn ì,ques [-r-' gerter.rt-e trybrid ¡:reinrplanl-¿r't-iort

sl-age emtrryr:s betrrr+r:n Lher shr:ep and goat, Chapl-er t-hrcre descr:ibes

ê.riF(ìr'i¡nelrt-s des:j,'Jrìe..1 t-o e-'r.'aluate condi.bi-ons for ir¡ t'iLro
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maturabion and írl r¡itro fertil,isat-i.on of sheep ooc.yLes in order

to optirnise t-his l-echnique fr-rr t-he production of trybrirl emLrryos'

I¡ chapl-eir frrul- r:6mpar.ison -L.s nrad.e of t.he effic:i-eucy of .r-II

vibro fertil j-sat.ic)n prg(ledures usi¡g sheep semen ;rnd goat oocytes

r,shich r:itme f rom irr vitro and in t'it'r: sourccls.

In r:hapter five a stu<lY of in vitro fert:i,l-isation of the

oocytes f=r'om Ìrybri d f emal e wlrich ltât'r-l

v ivo i s ¡rreserttr:d .

n¡ature:ril in r.'itrn .rnd tn

The se<:orrd s¡-reci.f ic l1bjectivr: of l-he work was I-he pr:oducl-iorr

o.f sheep-goät r.:hineras as I:et:r¡-rient-s of hyhri-d emhryr:s. Lìne

f-rossiLlle str.rtegy l-owarrfs ¿rrotlucing sucLr hybrids (as tlemcrnstr'rted

by t¡i:hil ly' et a.l - , l-984b; Mr:inecke-TiIlmann ¡rnd luftsinecke 1984;

R<¡ssanl- et al ., 1983) is to ()vercollle ttre prrol:lem c¡f the reject'i-orl

of l-ro¡rltobl¿rst- ge¡oLype. Il- was Lhought- inil-ially Lhat- a chínteric

uterus could help overcome this problem allowing ;r hybrid emllryo

( hyl.rri-d Lrophoì:I.est. ) to derrelop, however since completing hhe

present- st-udy Gustaf son et al . ( 1993 ) , trave shown that- wtri-I e

chime¿r¿ts.rre copable,rÊ <;;:rry.ing hybrid frregnâtl(:ies -ì'ongr:r'l-ha¡r

rrr>rtn;.rl (ìI,Jes arrd do<+s; r none c.lrr i-e<l to [:r¡rm. Itl t-:ortl-rast, llac:r,aren

t:t- al . ( 1992, 1 993 ) ì.¡ave shr:wrr t-hat- shc':tJp-gocr{- chimeras were

t:;rp,rtrlr: tlf carrf ing <-ivirle Lrregtl¿rlcies to term' indicatinca th¿t'

i.-ht¿ r-tt,er.lrrei r:rrìV-i rc¡lrmen['. ,:F l,]rr-: cttirneras used ttrÉ)lrfi func:'l'-iorral J-y

c_rvi.r)r.: .r,1. Iowi.rrc¡ l.Ltnb-.i Ì:rrl- rr()t þ*ids t-o surviv(-].

Initi:rl tlxpt:r'imenl s trar.'e been carried ouL in mouse embryos

in orcler Lr: learn t-he basic mi<:romanipulative procedures and t-'o

äpply l=hese skill-- Lo 'Lhe creation of the sheep-goat chimeras.

H¡:wever due bo l-he l-imil-aLi<¡lrs ,sf t ime ¡rrtd resoul"ces t-he last

ex1ler:ímertl-s were tì<lt e\rìcut-esl antl Lhe stu{ies f or:used on creätiott
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o-ll rntrlrse chimer:.rç.¡ .

I Embrt'onic stem <:ell t.ectrn<,logy i.s imporLant and proving of

imttrensr: vaLue i¡ .rl I as¡rc:t.:ts q¡f cel lul-ar, molecular and

<leveloprnc:nl-.rl Ì:j.,:rl<lgy, i'rnrl Ìras hÌ-gh pot-enLÌaI applicat.ions to Ltre

anim.rl l:ree:tling .Lntiust-ry for r:est:arctr ¿nd cr¡rrmer:ci.¡l purposes '

Presertl-ly, ,il-s ,.r¡r¡rì Lr:.rt ron is restricted h':¡ the m<)usir* artd its

potetrt-i.al r:rt-r:t'r¡^i-olr l.o I j-r¡estock j s sbill ireirrg explor:ed.

Acr:or<l ing Lo SchwarL zberg el- a-1 . ( 19S9 ) and Peasc: and

[î'illianrs (1990) , t-he genotypes of recipient mouse blast-ocysLs <:.rn

¡rrofou¡<lìy i.rrfìuen<:e ttre overall inc<-rrporaLion of stem <-:r:1Is -Ln

l'he dr:\rt+li:-r1:irrg cunccl¡:l-us, t-Ìu.¡s t--real-ing.r pol-ential c'onstrainl'

()¡ t-he applical-it-r¡ of t-he stem cell arrd '-'himera technoloç¡y to

I i-ves l'r¡ck spee.i es .

Thtr exper|¡errts relaLed bo mic¡: explore the feasibiliLy of

t-he use of 6t-her flrousÉl st;rains ¡rs hosb blasLocysts f<)r stem cells

a¡tl rr+:rify r:h1mer- ic r:om¡-rat-ibiliLy betwr:eu inbred ¿nd outbred

st-r:¡r llrs trf lnit:<-: ¿rrrd i.lertf i f y srthÈr' Lr,:ssihle I Ímit-¿r1-'Lc¡ns '

I¡ r.rhapter seven was s;{-uclv t.tre reIal-.i ';nship trr:L'weett l-.he

üÉit-1å.)t yp+: ,:;f l-hc trlirstor-'yst-s anrl st-eln r:ells .rnd in c-:lurpter r':'Lght;,

t-he s¡t:c:elss: t.rf c:þ-i-mtlra ¡rrutJuc t. icln !ù¿ls r-xpl<-¡r<:tl -i-rt elxper imerlt-s in

rr,Lri,ctr t he: i rrf ,'tr l¡encr= o.f mc>uËc) emb¡-yc, l--rartsf er, usíttg

mLcrornanipulat<,:rl embr:yos performed .rt- Lwo different- t-imes of

pseudopreqn.trìcY tv'¿ts r:v'al ua-[-ed.

I1 chapLe':rs nine and ten th<¡ compati-bility of Lwo st-rai-ns

of mi.ce ( C57BL\ 6 and SWISS albino ) r-'n chiniera produc Lic¡n w¿ls

agsessetl . Thesc+ Lwo stra-Lns were rtsed .f:or the cr<lat-ion uf

r:hime.:r.rs lrÏ intrel'ce.ll tn¿ìss t,ra¡rs-Eer,rrld embryo aggr:egatì-on'

ls 6ro i rr l-r,:cl or¡l-. [,y S leigtr ¿rnd Hartnan ( ]- 993 ) antl Se.rrn¿rrl<
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( I-994 ) l-he chirnerl'-: r()ute has I imitat- iotrs when appl i.t:d l-cr

I irri:sLocl< s¡re<.: i.es, particuì-arly t.hose with l.ong gener.rLion tintes

¡rnd bearinr¡ sirrgle y(lutìg. it'here.: i-s also rtcr guaratrl:ee [:hal- i:he:

of f spr:ing wi I I be germl |ne c-'ttimeras . Tn I ight ¡sf Lltese

lirnit-al-i.gns, sLud.ies b¡É:r:e init,iaLed and reporl-erd in chapLers 1,1

a.ntl 72, 1lrf l-trer usrj <¡f rluclear transfer äs a more direct- route

t-owa.rds restoring the LIS ccrll genotype i.nto the breleding l-inr.:-

rI GENERAL MATERIAL åND METHODS PART I

The esperilnenl-s werÉ: c¿rrri.etl ouL in New Zeal,aud çvibh t-tre

partir:ipat-iorr of Massey Ur"rivnrsil-y and t-he Departmeut of

fntlusLrial llc.l*.+r¡¿lrch (DSIR) in F¿rlnie,:rs'Lr-ll Nort-h, clur:ing t,tre period

of Marctr 1.990 t-o October 1991.

The in vil-rc-r ma't-ur¿rtion ;¡nd fertiIj.sation systems used i.n

this st-ur!y wt:re ¿Ìtl adapL.rL j.c¡n c¡f Lhe irr vitr:o bovrne systent used

.¡t DS-l R ;lnd Lher ¡: r-ot<>r:¿rl. s f or in viLro sheep system were Lftose:

userl al- Ruakur.r Res<.).r.rch CenLre in New Ze¿Ian<l .

2.r ANTMALS

The ¿nimal.s userl irr the e:{perimerrrts w(ìt:e five New Zealand

Ronrney M¿rrstr rallts, a f lo<:k r:f l-elral go.rLs and ä single .f em¿r le

geep, whieh ls t-he hybrid animal res¡¡lting from a IrâLural d sheri:p

and I goat- crossirrg (stewart-Scotl- et âl . ' 1990). The animals'

heal-Lh stal-us wãri corrt-rc.¡tled by DSTIì Lechrtical. staff and the

f<:rn¿rl<:s were kepL sÉÌpårat.ed .Eroln the mal-es in dif feren'b paddocl<s

,¡ì t-h p.rstrrrc-: ancl w.rl-er' ¿rl li.bitu¡¿.
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.|,> SUI)EROVT-]LA'I'TON

')'r1 EERAL -GOATS

The goats rá/ere superovutated in a cycì-e regul:rted wiLh .rll

.i-ntervagin.rl t:onl-rol inl-ern.r-I rìrug reìeasing (CIDR-S) dc+vices.

The CIDR-S was inLroduced at- <ln unknown phase of Lhe c-¡esl-rous

cycle. Àppendix 1 shov,¡s t-he tlifferent- treattnenLs itnposed.

')'11 ITYBRTD FEMALE

Tlhe ç¡eep was supÉìrovul¿rl-r.rd on l-hr:e<: occasions. In l-he f irsL'

treatrn¿+nt , it CI DR-S wås i-usert,ed f or 14 days prior Lo

.rclmini.strat.i.orr of 1300 IT-l of PMSG 4B trours before CIDR-S removal.

fn Lþe serco¡d t-reatment CIDR-S was in place for 16 <ìäys Ërrior l-o

a<lmi-nistration <rf f 500 II] of PI"ISG 4B hours befc¡re remov¿rl-

The thircl t.reahn¡enL 1500 IU PMSG was admi,rristered r¡rr remor¡a.I of

CTDIì-S afLer 15 ,lays of insertion .rt which bime ttre CIDR-S t{¿rs

re¡rl.rr:etd by å tìe[! r)ne f nr.' Lhe rÉ:rnàining 2 d.rys of l-reatme:nt,

( arppendix 2, .

¿.J SOI]RCE OF f]OEY?ES

2,3. t_ SHL]EP OíJCYTES

t - Ov¡r r ies were re<:c,vr:re<l f rom ewes a't slaughler .{t- l--he

l.çc.r1 aba[-¡oir un¡l l-r,rnlsp:r-rr:Letl t-u Lhe Iaboratorl' wit-hín ä period

,--.f 2.5 hr¡urs irr a Lhcrm.¡s fl.rsk wtr.lctr had L¡een preheaLed to 39sC.
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PBS

t-he:

oocytes.

'r2') GOAT AND T-IYBRID FEMALE OOEYTES

The oucyt-es wer:cl r:ht-ained f ronl ovaries of slaughL,ered f elmale:

go;rl.s (rr lry surgical pro<-:edtrr:<',: f rom live tlnes-

The f ern¿:l q¡ r¿oat ovaries r{ere c<;l }tteted at slaughterr: on site

¡rt DSïR.

Fot- surg(:ry, i{niìesttlesia was induced with Thio¡rentor¡e Sodium

( Pent:oN-haL, B<¡ehr i.riger: f lrger-lhc:inr) , and l-he "enimals maintaÍned

unfler Halc¡Lh¡rne {FÌuoLtrane, ICI) and <;xygen using a McGill open

circrrit- âlìaesLhetic machir¡e. The uterine Lract was exposed ¿ìnd

one of bhe foll.ow.i-rrg ¡-rrot:c:dur<:s execut-crd:

2.3.2 "r OVTDUCT FI,USTITNG

Thr¡ +vi.tlucl-s r{r::t-e canulated wi,th ¿t 2 mrn plast-ic canrtula

it¡srl11-etl i-lrl-il t-he i¡rf ullilibulunt .¡nd l Ìt(-' d]()c)'t-¿:s ct¡1le¿:t-ed in a 90

mm ¡:,r'l-r'i dish (li¿lr:on lJ,S.A. ) +*o which v¡¿s a<lded 20 ml of (Hepes

19-9, B.SÀ 0.4e¿ ) rnr:rf i r¡nr i irLroduce:cf wi h.Ìr t-he aid c¡f il 20 nrl ::y-ringe

f il-t-r,rrl ro rl.tr ä. [rlunt ed 1.8 qaLrge needle inl-o t.he uterine isthmus

j urrc t i<¡ rr .

The t:an¡nl,,r usetl for the oviduct flushing was flared ancl

anrrealed ¿rå- one end t-o help mainl-ain k-he cannula inside of the

ovitluct- during t-[re f lush.ing procetlur.'c.
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Ec¡IIicler*", !ùer(ì.rsp-i.rated with;r 18 gauge rreedle bevelled Lo

iur (ìngl e ,.:f 45a ¡tr¡tl ,.:<¡rlnelcLelrf l-o rr 5 mI syringr: prfr-Ioatled wi l-h

l- m-[ of ttepr:s ].99. tlsA 0.4e. and tleparin 50 Ugl¡nl . FolJ.owing the¡

nspi.r'at:ír:lr [:he -fo] l.i.crr.l .rr f .luid ;rnd nted,ir¡nr mixl-rrre w.rs pou¡:ed in

a 20 ml pl¿si-i-c ct-rrrLairrer (Disposab-le Products. South Austr¿rlia)

m¿.Ln'l-air¡ed ah- 38.90C.

Imnature oocytes were obtained rrsing as¡riration of ûon-

rleve:lopecl fol. lic-les .fro¡n t-t¡e non-superqrr-trl-aterf anirnals.

fn rzivo mal-ured oocyl-es were otrl-a ined by aspirat ion of

dt:velo¡red foì liclr:s arrd by oviduct f IusÌring in n-uf)c-)rovlllaLc-:d

anirn¿rls 44 52 hours af Ler CIDR-S removal .

Thel uor.:y[-tls werÉ'- rr3covered rrsilrg .r G:LIson 10 Ul pipe':t-t-,e and

l-ransfer:rr:d t-o 30 rnlr pel-ri <lish containing 1ml of Hepr-'s 199' BS¡\

lJ.4e¡. ,,rt- 3B .9eC.

À¡:p<.rndLr I irrrd 2 l'r--cords l:tl<: numk¡<lr: of t:c'rr.'pus lut-eu¡n .rn<l ir¡

glyg nl¿lr,urc:tl r:oc1't *:s obt-¿¡inecl lr!. foi l-ir:le .rs¡;i.r;r[::i.otr Lrom t-he

f "rl I op.L.rrr 1-rri¡r::; uf rrr)rrìl.rl ¿n<i hyl-rr icl f c.:mal ¿: go;rt--s res¡-rec:tively ,

2.4 - PIìEPAI{ATTOnt tJF GRArv*tiLOSA CELLS FOR IN VITRO MATIIRATf ÛN

Gr.rllulos;r cells ì^rei'e isolated from nr¡n-atretic follicles

dissect-ed f rom the .rbatLr:ir-derived ov.rries. The follicles (3-5

rnm) r^rer(l careful.l.y rc:covr¡red from l-he ovaries using wat-ctrntal<er

-[orceps.- arrd t-,Ì¡c-r -i.nt.acl, follicles ¡:!ac;etl in h/arm PtsS and ex.rminetl

f or cl.rriLy aud g<-rc.r<l l¡lood sup¡rì y , The fol -l i.cl e wä.s ttren l,¡ursL

t,o ¡'e-lc-'asr: l-het fol'l ir:u.l .rr f lr¡id, r,rverl-e-'d ¿nd l<¡ose ceÌls and
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rerii,lual fLuld:: r'enur,,-+d try rv;rshing l-wice in clissecLion rneclium

(Hei:rcs L99, ÈtSA (1 .4g.,.). Granulosit L:elIs w,=re then scraped fr<¡m Lhe

insidr: sur:.f-ace of Lhe fc¡llicle Ínl-o a 30 mm pet-ri dj-sh cont¿linirrg

1 mI t-¡.f mal-ur:¿rtion merliunr Ërreviously equilibral-ed i-n 5e¿ COI' Ttre

concentr¿rLion of granu.l.osa cells wås determi.ned by haenrucytome'Ler

an<l â portiotr of t-he ¡nedium r,:r¡ttt-aining 2 - 3 x 106 r-"el ls

Lransferred t<¡ l-he oocyt-e maturation dishes. Alt manipul.rtions

were executed al- room Lemperature.

1U. PREPARATTON ()I¡ SERUTVT

Serrm suppl l:!rttt: rìl-s r{]ere oi:¡h¡¡ irlr:d f rorn ewr"Ë .in oesl;rus âs

identi f ierl by .i l-<.t¿lser t'cltlt ¿lltl f rorn t he g€tep dur.lrrg ;rn

t¡nsf)clc: i-f ied ¡:lr,:rse c¡f !..lre .Jr:sl-l'r:)us r:ycl e. Tlte sÉ:rum wäs ltr¿at:-

irrar:t-ival-erf (30 minutes aL 56-60sC), flltered ¿rnd stored in 1ml

.rIir¡uots.¡t- -209c,

2.6 IN VITRIJ }IÀTURATION

In vit-ro mat-uration (I ) was c¿rrried oul- usrüg ir c:o-culturc'

t-echnique iir a Brc¿rrbonate buffererd nredi,u¡t 199 supplentenl-ed. ui.t-tr

varic¡us add i l- ivcls f or 24-?5 lrours i.n an i ncubatr¡r ( He¡:aeus r

Germany) in ¿ì 5e, COI .rt-mosphere in air "rt 38.gac wiLh gentlr'

roeking.

For fVM, (:llmulus oocyte complexes were washed t-rvir:e in Hepes

1-99 neclium colrt-a.ilr:ing B*cA 0..1e; i-hen twir:e in equi-libraLed

m¿rtlrt:'.1.t-i<-¡n medLurn before [:eir-rg l-r¿rnsferre<l l-o a lJ0 nun petri. disÌr

(F¡rlr-.olr, [l .S.À. ), il]ir,: dis]r c:onl.r¡inecl 2 rnl ,"rf equili.brat-,ed
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mal-ur¿rLion rnediurn supplerne¡rl-ed r¿ith 10% È-eS ¡rnd 100 Ul of

addit ivr:s ( perricil lanrirre, hypotauriue, epinephrine ) .rnd gr.rnulosa

cel-ls.

2.7 IN VITRO FER'TILISATTON

2.7 .T OOCYTE FRÍ:iPÀRÀTION

Folìowi-rrg rr.rl-urir.t- Lc'n l-he oor-:yte compl.clxes were recoverr¡d arrd

t.rallsf¿:rre:tl t-o i:t flpÉ)rrn wash medium supplemenh-ed rvith

lryalurûnidasr¿ (Sigma) (0.1 mgt'nrl) and 20% clay 2 sheep serum, to

l'É:n¡ov(.1 c-xc.:(ìss clrcutrrJ,:rs*;r celLs. The r:ocyt-es lvere then washetl l-r+ice

in equilit¡r¿rt-ed IVF rnedium ¿rnd l-ransferred to 45-50 u1 dr:ops of

-[\ztj meclir¡¡n under: oil whicl¡ h¿.rd been prepared and equiliÌ¡ral.ed ¿t

3B .gae at least 4 hours tref ore in 5% Co2 in air.

2.7 .2 SEIIIEN T}REPARÀTTON

2.7.2.1 T'RT]SH SEME}I

'fhe semer! w<ìs c'¡llec{-erd from r¿rrrs with frrclven l-r:rl-i1iLy w:LLh

f-t¡e a.irl r.rf a short ¿rrl-ificiaL vagiu.r (ÞlÍes, L987]'. T.'he collecLerl

sÉlmeu was l-ransporLe<1 t-r¡ t-he labor.rbory in .r insul¿rtc¿d conl-ai.ner

arrcl a ¡rort:ioll dÍlutetl r.¡i.t-t¡ warmed buffer (Hepes I99, BSA 04e") l-o

<:hecl-, -for sperm rnol;i. 1ity .trrd pr:ogressive mov<¡meItl' The ejacul.ate

wäË bherr mainl-ai.ned al- 25sc fr¡r 3 to 4 hours, and moLilre sp<:rm

recove-:red usirrg a swim-ttp ¡trocedure. For this. ten 5 ml l-est

tultr:E; ( llalc-on, ti.S.A. ) ct¡ut-aining 1 m-l of sperm Eiash meqlia was
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equil iþrat,ecl ¡nd Ìrer-ld .rL .¡n¡b-i.elnL t:emperät-urcl sealed in ;r 50 m-[

t-isbur: cull-ure f lask ( F¿rlcc¡n' U.S.A. ) . Thetr a l-00 Ul s:rmple of

senìet) w¿ts r-:¿ìrrJfrr.lly deposi t-erd in t-lte krot-Lont of each l-ube and l-he

bul¡t-'s i-rrcub¡rterf frtr t h<;ur ¡t 3B .54e. Fo ì ì-owing i.ncub¿rt-:i.crn f ront

e¿lr-.h tu.l-re 600 Ut of supernatant h/¿rs carefu.L remr:rted and placed

irr l-wo f 0 rrrl l-est tul:ers (F.rlcc-'rrr LI .S.Ä). Thr: firral volume was

nlade lrf) t-o 5 lnl çvitÌ¡ sfrerm r*ash and irc-¡l-h t--ubes w6ìre t-hen

r:ent- rif uged f or 7 minutes al- 50 x g. The supernat.rnt hras¡

¿s¡:ir¿lt-ed ¿rnrl 4 ¡rI of $f)erm wash nreclium addecl . The centr:ifug.lLion

st-ep was r:45la¡al-ed alrd the suf-'ernal-arrt discarcled. The c<lncerttrated

spÉrrm w¿s hhelr rcr$uspcìÌr<Ie'f j,n 250-¿l 00 Ul of spernì wash r¡red,i-unl

supplement:e:<l wiLh PHE .rnd 20:ì of day' 2 sheep s<+t'trm alrd incubate<l

fc¡r ¿ì furt-herr 45 rrrit-¡ut-es .t'l- 38.54C. For fer:tíIisation, between

200-600 s l0l gf sp<+rm was atl<led t-o each fertil-isation drop (45-

50 Ìrl).

b-ROZEN SEMEN

Frr-¡zr:n setnr.-.ìti w¿rs ol-it-¿r i lrt¿tl f r<;nt ê c::r-lrnrne:rc: j-al s.¡llrce

(Lir.r-,s1"ocl< Implrlv¿.:mcrrl-, New Zealanrl) . Thre-'c sl-raws f rom t-he sa¡ne

sirr.: (tloopr+cir[.[¡ ] wr:rre t,li.*r*r¿d ¿rt:. 35aC .for 30 secoutls .rnd l-he semen

r:oll-<:cl.-etl in ri l-est. t-utre cont.irirrirrg l rnl of equilibraLed sperm

wastr nredi,r:m :¡.1- 38.512C. A sm¿rl I sample af- the <liluLed seilìerì !{ast

Lake¡ for motilit-y ¿rnalysis and ¡rrogressive movement assessnlent.

The Lot-al volumt¿ <¡f the sperm wash medium was l:l¡en made up Lo 5

ml- wittr Nroì:e sperm w¿rsh and Lher tube centrifuged for ? minutes

ab 50 r g. 'Ihe supernåt-.¡.nt was discardecl .rntl atr addi1-ionaI 5 n¡-[

r:f s¡lerln wash medj-rrm added.rnd l--he cent-r-ifugabi-on step repeated'

'1 1 '-' ')
-- 

1.L.¿-



llhe :sp<.:r"nt r:'ictr f r:ar-:1, iolr of 10 O-2O0 Ul. rvas -i ¡rcuÌ-ral-ed for ¿l

45 Íni.nutes ,rrL 3B.5aC wit-h FIIE ¿rn<l 20e; day 2 sheep scìrum.

l:!rg f tlrt-il.i.s.rt. j.on drr-r¡-r { 45-50 Ul ) hl(rs insemi n¿rt,ed w:i t}r
Ix 1.0' s¡rerm.rt-<-rztrct .

The i n v-Ll-ro

60

f ur:ther

E,rt:h in

75-200

f erLiÌ isation with f restr arrd f rozer¡ seflìc:Ìì ìñ/¿rs

Co1, -i n ¿rir alntos6rhere -rt- 3B .9 sC.carrietl out i,n 5t

2.8 FIXING AND STAINTNG ÛOCYTES

Eollr;wing in r,'il-r:cr f,:rrLiIi,sation. oocytes were di.vested of

cerlls using hya lu.rorrirl.rse ( Sigrna ) ( 0.1 .g/ml ) . The r:umulus f ree

<rocytes were f ixr:rl i n ¿cid alcr¡trol rluring 24 hours ( 1. par:L

glaciill "-rr:e-:t ic ¿rc:i-d : 3 prarts E[-OfI) l-hen sL.rined Lribh IZ acc:l-o-

() r(,: (_. l_ tt .

Oocyt-es wci:r'r.: ex"rmined under ¡:hase contr¡rsl- (Nil<on Opt.iphr-rt '
Japarri fr¡r cv,tlrrai-ic¡n of rruclear.- evÉrn.Ls, specifir-:ally ab t-Ìre Ivlff

st' ¿r.¡cl of dr:vr: Iop,¡¡¡1¿¡r¡ , lì<:rma I -[ert i. I isat ic.ru and pol i spermY .

?"9 S1IAT}.STIE.AL NNÀLYSTS

StaListical ana lysis vras

Stat istir:;r I So.f Lware systr:m,

packagr:.

The Eislìr:r'rJ

and Ay res Juni.or 
"

using the MiniLab

( Pc vers -Lon ) , l- 991

c.rrrieril

release

r-¡ut

B

Ëxact Test was used as described by Ayres, M'

M. (1987).
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trTI TIi¡ !.¡TTRO MA'IÍJRATTON ÀND TN VITRO E'ER'T'tLISÀTION OL-

SI{EiIP OOCYTES

3.I" EXPERTMENTI\L OUTLINE

The aim of Lhese r:xpc-ri-ments hlas to c<:mpare dif f erent

prol-eÍn s()urces f or in vitro maturat.ion of sheep ooeytes. The

oocytes were obtairred from the ovaries of slaugtrl-eretl animals by

two oocyt-e collection prr:cedures.

Thn oocyLes t¡/er(ì submitte<l to M using fresh ¿ncL frozen

semerì arrd t-he di f f erenL t-re¿,¡.tments evaluated i n relal-i<¡n [-o

¡trcle¡rr r¡vents and l-lrc efficiency <>f erar-ly cleavage di-vi-si-ons

afl-er in vi.t,ro fcrl-iIisaLion.

3,2 ùIATERT.AI, ANf} ME'THODS

The

ZeaIand,

experirnenl-¿ll wr¡rk 1.las carried out .rt l-her DSIR i n New

f rorn 01\.06 Lo 11\ 10 1990 .

3.2.1 COI,I,ECTIGN OF OOCYTES

Oocyte crrmulus cornplexes were recovered from the ovaries

either by fol IicLe as¡:-iration, usirtg a water va<:uum pufilp

connecl-clrl l-o a Lest tut¡e with 5 ml of Hepr:s 199 medium

supp.l etnerr[--t:d 0.'{e¡ BsÂ arrcl Hepar:l'rt ( 50 rg\ml ) or sli'ci ng l-he

gv¿rries wLl-tr ¿1 sur:git:;rl hlacle inLo a 90 mm pet.ri dish (Falcon.

Il.S.À. ) eont-¿¡ittrttg f i ntl Hepes buffer L99, 0.4s¡ RSÀ arld Heparin

100 Ëg./rnl . Drrrrng t-hese ¡rroc,:eclurt:s l-he l-issues h/ere rnai ntainetl
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I) l0% sheep sttrum,

50% streep serum dlld

ä cont-rol .

II )

50%

The supplements invesl-i-gated i ncluded:

l0% tleep serum, III) 10% uf a mixture of

geep se¡:um, l.\z ) I 0e" f etal calf ,serum crsl

:]. 2. 3 STATISTICAI, ANALYSIS

'llhe exfrr:ìJ:inent:s wr:r:e repe.rl-r-d 3 bin¡es, t-he f irst arld second

t-irnes wit-Ìr Lhe ¿rim,rf comparing t-he effi-car:Y of aspiral-ion versus

slir:ing rÉ!r:()vÉ:lrl. ¡rrocedures w-rt-lt f resh sentelì, and bhe t-hírcl time

wiLh t-tre aím ,-rf examining Lhe ef f i-ciencl' of the metLrod r¡f

rec<lvery ( s I j-r:e ) wj Ltr f rozeln scrnetì .

Comparisons were ¿lso made of ttre effects of serum

supplement-aLi,c-¡n and l-he su(:ces,s of fVM-

Clocytes wr-rr(r hisl-olog i.c;rlly' exarnined 1B-23 hours af t,er IVF

l-o ¿rssess r-¡lc:1,¿:¿rr c:ha¡c¡,=s or afl-ÉÌr 4B hr-lurs ho slet--ernti-t¡e cleavage

ra't-<::.

Ch.L-Squar:el l-ests werj'e'- usecl lior comparison <¡f ntrclcar: evenl-s

arlrJ cJeäv-i,rr¡r= raL-r,+. ¿\s lìcr st-at.ish.Lcal differert(:L's tdÊllr'l det-ecked

irr rc'sp<.:ct to rrt¡c:lear cverlt.s and cleavage rate, Lhe groups were

pooled ¡rrrt.l r-:c¡m¡:;-t r i solls flrí:ìdtl lrel-ween re¡reat'-s.

A l--Test was usr:d l:o c(-rmpare Lhe number of oocyl-es obtained

hy .rspira'l-Íon antl slicing procedurcrs'

3.2.4 RECIPES
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All cornpo*-i-1..i<¡r¡ u.f l,he r'¿rrious media used in this experiment

are: present-.ed in .rppeln<l i.x 3 A.
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aJ I
-) RE:STlL'f S

f¿rl-rle l- shows Lhe resull-s <-¡f experiments comparing bwo

procerfures used bo collect sheep oocytes. The first method in

whictr the oocyl-es r{er:e irspiraLed using a water vacuum pump,

pro<lucr.:d signi-f icanLly .l ess ( p< 0 . 001 ) oocyLes l-han the second

method which used a surgícal l-¡lade to slice the ovary.

TABT,E 1
OOCY'IES

COITÍPARTSON ßETT¡ÍEEN ThIO PROCEDURES FOR COLLECTTON OF
EROM THE ()VARIES OF SLAUGHTERED EWES.

PEOCEDURTI ItIIUIIIEER OE

OVARIßÉ

FÐIÍBER GE' COLLECTEÐ

OOCTTES

a
ASFIR¡ITlON 728 792 I .09

b
5.lBaoRcrcÀL 397 2056

ÐTFËERBNÎ ALPBIIBET LETTEE (L"oÏER CASEI IfÌ TEE SAIÍE COLUüN INDICÀTES STATISÎICÀL DIFFERENCE
(p(0.001).

Tatrl<r 2 pr:esents the dat,a relaterl to tht¡ histology,ef sheep

oocytes whj-ch w6:re fixed between 18 and 23 hours afl-er in viLro

f ert.ilisat-ioll wil--h f resh sheep semen. Thesc: oocytc+s were
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collecLed by t-he wa'l-er v¿tcuum pump meùhod and submitt<rd to -in

vit.ig matural-ion with different protein sources (shee¡r llerum'

geep serlrm, nisbure of sheep,/gee¡-r serum and feita-l- calf serum).

The resull-s in tab,Le 2 demonstrate that in aÌl treatmertts t.he

oocyLes presented nuclear morphology more advancecl than germinal

vesicle ltreakdown. The tlifferenL prote-:in sources employed in the

in r¡it-ro maturation siyst-ems were uoL statistically diferent for

the groufrs compar<rrl ( P>0.05 ) in reì-ation Lo A - total ¡rormal

fertilisation = t-ot-al lrumbetr of oocYt-es wíbh normal

f er{-ilisat iorr ./ tot-al nunrbr:r: c¡f oocytes that achieved ntetaphase

TT ¡ R - po l.1'sgtl¡¡¡¡.Lt: ¡rr:ne:l-- r¡rLed o<;cytes = t-ot'-al. rtumtrer of r:ocytes

rci.t,tr pr:Lyspermic peneLratio¡r ./ t-<¡tal. number,rf oocytt:s wiLh

norrt"¡l fert.ilisabioll; C tot.al penet ration = bobal r¡umbrer of

6ocyt-es l-hat presente<ì spc-:rn.rl-ozoa penetration ,/ Lotal nurnl-rer of

ocrcïl-es bhat: acfiieved met-a¡rhase II; D - totaì- number of oocytes

that achieved metaphase II = tot.rL rrurnÌ:er of <;ocytes ttrat

achieved met¿¡rhase II / toLal number of oocy'tes th¿et r'rere

submitted to histology.

All oocytes which preserrt-ed normal f erti lisation displ.rl'ed

head of the spermatozo.l rlecr¡nrlensed indicating l-hat Lhe l¡L-v -i.Egg

maturat.ion system ;rppì ie<! al lowed cytoplasmic matural-ion

irrespective of Lhr: serum s()urees used-



TABLE 2 _ COMPARISON OF THE EFFECTS OF DIFFERENT SERUM SIIPPLE}{ENTATTON IN OOCYTE I'IATURATION MEDIUIV1.
TI]E OC)CYTES WERE COLLE(-]TED BY AST'IRATION AND IVTATURED IN VITRO hiITH THE SERUM SUPPLEMENT SHOhIN , THEN
SUBSEQUENTLY, FERTII,ISED IN VITRO fi¡IlTH FRESH SHEEP SEMEN. F'OR FURTHER DETATLS SEE TEXT.

oocnEs flÀÎ ÀcfIEvED llII

gE[lIltsBI)

1II 2NlT+PB STTGâIIT + TAII, MTåf

il08üÀt

PnTIIrSÀîmi

POITSPEUfiIE

n {tl n {tl n ltl n (fl

TÛTÀt

ili vlm0
ILITUEÄTlOn

5HIEP

sm.üü

sERur

SIEßP/GEP

smut

FnÀ[ cÀtP

SMUH

HUMSN OP

mcnffi
SÛHITTEI)

aIs"milEï

2t

GmüfiÀt

llEsIeff

R[S0tPTI0il 0P

lIBIr)SIS

üì/Ài

UffMTITISED

r
e

p

I

i
c

a

L

e

ÎOTÀI,

PHEITÀTIOI

aa

t8 (75)

AI

PETElflÀTiOT ÀII

l{li+T+[D+2pB

0

a

a

a

30

30

00lt

009

5 (2?.8t 23 t95.81 2t {100}

a

I ilst 6 {66.7t 15 (75} 18 (90}

a

020cFm 2

I

3 0

21

l8

20 00190

00150 15 {83.3) 0 tot

aa
7 t36.81 26 (96.3)

a

15 {83.31

19 t?0.41

e

a

a

26 t96.31

A

l7 (gt.il30 2 0

SÀÆ ÀPrÀBn ffi1m lmnB CÀSß) n m SÀilB iTtüllI IXI)ICÀTIS l¡0 $TåTIsfIcÀ[ DIFIBH¡CE {p)0.051,
t s0ttB 0P T[s xücHÀ[ EvEllTs mI$ mt pH01Ð6RÀpilÍD À[Í H TIGURES t ]fD 2.

Or
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Table 3 sh<¡ws ttre same l-reatments as l-hose applied to the

oocytes in table 2, but in this case t-.he results presented are

concerned with bhe cltravage rate of Lhe oocytes afber in vitro

fertilisation, The cleavage rate ranged between (76.8 62.3%l

f6r ¡¡ I t h,reaLmenl-s . The stati.stica I comparison among ttre

percent.rges of cleavage rates of the oocytes submitted to the in

vj-Eg_o_ maturati.on system supplemented with dif f erent- prol-ein

souree was considereld the same (p>0.05).

TABLE 3 _ COMPARISON OF CLEÀVAGE RATES OF OOCYTES WHICH WERE
I"LATT]RED IN VITRO I]SING DIFFËRENT PROTEIN SOUREES IN THE
MATURATION MEDIUM AND E'ERTTLISED IN VITRO h¡ITTI }-RESH SHEEP SET"TEN.

OOCYTES WERE COLLECTETJ T]SING TTIE ASPIRATION PROCEDURE.

FROTEIN BOtrRCE NT'UEEA, OE OOCYTES cf,EAvAGE n¡tr 2 :

n (tl

SHEEP STIEUII

a
76. 0

GEEP $ERUÈ1

ä
66.7

SHEEF,/GEEF SEEUU 43

FBTAL CÀLF SERO}' 39

SÀüE ATPHABET I/ETTBR ILOTTER CASE¡ IT¡ TEE SAEE COLDIqI¡ I!ïDICÀÎE8 trO SÎATI9TICAL DIFFEBI¡ECE
(9)0.051.
T SO¡'.E OE THE CLBAVED OOCYTES IiEICE HERE PEOTOIGR]\PEED ABE IN ETGOBE 2.

r

53693

4B723

a
362693

¿

055603
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Table 4 describes the hist-ology of sheep oocytes submil-t-erl

t-o in vitro maturation with dif f erent protein sources ( shelep

serum, geep serum, <r mixl:ur:e of sheep,/gecrp serum' fetal calf

serum). Ttre oocytes !ìrere collected by the sectioning procedure

and fixed lretween 18 and 23 hotrrs after in vitro fertilisation.

The nra jority çf the oocytes of t-his group had advanced

beyond the germirraJ- I'e,sicle br:eakdown stage. No differeees were

seen between the protein sources usr:d (p)0.01) in relation Lo A -

total normal fertilisabion total number of ooeytes rvith

norm;rl ferLilisatic¡n / total rrumber of oocybes that ¿rchieved

ureL.rphase II; B polyspermic penetrated oocyhes = bol-al nu¡nber

of oocyt.ers with polyspermic penetration / totaL numÌrer of oocy'Les

with normal ferl:ilisati<¡n; C Lol-al penet-ration - l;,otaL number of

oocytes bh¿rb. presentcrl spermatozoa penel-ration ,/ tol-al rlumber of

oocytes LhaL achieved mebaphase fI; D - tobaL number of oocytes

that, achieved metaphase II = tot¿r-L numl¡er of oocyt.ers that

achiet'ed mr.:{-.aphase tf ,/ Lot-al rlrrmber: of oocytes thaL were

sut¡mì-l:Led h-<-¡ hj-sh-ology. The oocytes o.E ¡rl"l grolrps presented arl

i-ndi.cal-ive ttrat- had ,¡ suil-al"¡le cytoplasmic mat-urcrLir:n <:nr:l: l--her

majority of the oocybers at morphological eramination presented

a sptrrnntozoa head decondertsed or at t-he syngamy stage. Few of

the oocytes examined presented the head not decondensed at t-he

anaphase II an<l l-elophase fI stagers. As Lhe oocytes Í{ere fixed

<luring the <levelopmental stage it was not Possible to tell

whether the oocyt-es .1t anaphase ff and telophase II presented a

f aulty cytoplasm.ir: matural-ion or whether l-he oocytes h/ere

fr+r:tilisetl lal-e with slow rruclear rJevelopntent in relation to bhe

others.



TABLE 4 - COMPARISON OF THE EFFECTS OF DIFFERENT SERUI\,Í SUPPLEMENTATION IN OOCYTE I"IATURATION MED]UM.
THE OOCYTES WERE CC)LI.,ECTED BY C]VARY SLICE PROCEDTIRE, I.4ATI]RED IN VITRO hIITH THE SERUM SUPPLEMENT
SHOhIN, THEN SUBSEQUENTLY AND FERTILISED IN VTTRO WITTI FRESH SHEEP SEMEN.

OOCTÎ¿S 1[ÀT ÀCHISVED III

FERTIIJSTI)

lII 2Pfl+T+PB STTGÀT{T + 1À$ IOTÀI,

t0EltÀt

FmlIIISÀTI0ü

mlrsPnnc

n {t} r (t) tr(f) n (t)

a

l? t7?)

a a

i0 t32.3t 6 (60) 16 (51.6t 23 (?¡.I

ô a

16 t30.0t I (56.3t 2s ll8.il 38 l?3.1t

TÛTÀI

il \¡mO

IATIAÀTIOI

SHEEP

SERIII{

smüt

STEf;P/GM

smûü

PElÀr CÀrF

ssÌnt

NIHBEI O[

mcrTEs

s0ffinßD

ilSMItrT

6l

l8

GWIIÀ[
vEslctl

B[suüml0ü 0r

ItrI0SiS

WÀI

l0

ll

16

U[rnTI[ISE)

28 0

13 0

15 û

r

a

il 122.91

¡
5 (35.?t

10ÍÀr

PnEnÀÎIOt

a

19 (31.1)

ilI

PHtltÀuoi ilI
HIi+Tr HD+2PB

6t 001

021

02113

7

a

I3lGMP

52

0

63

61

01I

a ä

t

a

ll3 3 I {16.it B (100} 16 (33.3t 31 t6t.6}

SME ÀlP[ÀBn LAm lüm C¡SB] lX IllE SÀ10 tîtllllll ilDIcÀTrS m SfÀTISICñ DIFffiHCE {p)0.01}.
I soff ()tr îH[ il]cr.BÀR EvnÏs rilffi ru[E PmT[G[ÀPiln ÀßE n rucüflEs I àìD 2.

gl
ro
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Table 5 shr:ws the cle¿rvaq¿l rate of t-he ooeyt-es after .in

viLro fertilisat-ion fol.J-owi.ng thr: same treatment as applied to

l-he oocytes in l-al:l.r: 4. The cleavage rate ranged k¡etweern (25.8

1-9.4e" ) for all treatments. The st.atistical comparj-son among the

percentagtrs of cleavage r:ates of the oocytes submitted to th<r in

vitro maturation system supplenrenl-ed with dif f ererrt prol-ein

sourcr: was t:onsidered bhe sanre (p)0.05).

TABLE 5 - COMPARISON OF CLEAVAGB RATES OF OOCYTES hIHICTI WERE
MÀTURED IN VITRO I]SING DIFFERENT PROTEIN SOURCES IN THE
MATURATION MEDTUM AND FEIìTILISED IN VITRO WTTH FRESH SHEEP SEIVIEN.
OOCYTES I{ERE COLLECI'ED BY OVARY SLICING PROCEDURE.

ÞROTI:IN SODRCE NI'ÌÍBEE OF OOCYTES cLEÀVAGB n¡rg I z

(È,

t

n

BI'EBP SEEUM 119 30

GEED SERI¡IIÍ 124 24

SÐ.EEP,/GEEF SEREI' t24 32

E'ETAL CÀÍ,E SEB'JI{ Lt7 27

Sàì{E ALPE¡TEET LETTER (I.OùIER CÀ58) IN TEE SAiTE COI¡T]I¡IT| INDICATEA HO STATI$lICAL DIFFERTII¡CE
(p)0.115) .

i gOTTfE OF Tffi CLEAVED OOCÏTES II'EICE I{ERE SSOT1OGRAPEED ARE IlI EIGT¡EE 2.

Tables 6 and 7 show, respectively, bhe histology and

cleavage rate of oocyt es submitted to in vitro maturati<¡n with

dif f erent protein :J<rurcês ( sheep serum, geep serlrm, mixture

sheep/geep serum, fetal calf serum);t-he oocytes hrere collected

7
a'
a

¿
B

a
I

25

a
r 9,47

a

'T

25

by t-he sect-ioning pr<rcedur:e and 1lertilised in t¡itro witl¡ frozen
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sher:p semen.

I As is shown by the data presented in table 6, the majority

of the oocytes from all l-rr:atments were further from bhe nuclear

morphology of germinal vesicle breakdown stage, the different

proLein supplements used in Lhe in vitro maturabion systern were

corrsidered statistical ly the same, for the groups cornpared

(p>0.05) in relat.ion to A total normâI fr=rLilisation = toLa-l

number of oocytes wiùh normal fertilisati<¡n / total number of

oocyl-es LhaL. achieved melaphase If ; B polysperm-Lc pene't-rat-ed

oocyl-es = total nurnber of oocybes with ¡lolyspermic Srenetration

i l-r:tal numbe.r of ooeyl--<':s wiLh norntäl fertilisatÍon; C t-ot-al

peneLration = total numt¡er of oocytes that presented spermatozoa

petìel-ration / tobal numk¡er of oocytes t-hal- actrieved merLaphase f I;

D Lotal number of oocytes that achieved rnetaphase II = total

number r:f oocy'Les that ¿chieved metaptrase fI / Lot¿rl number of

oocytes t-hat were submitted to histology.



TABLE 6 - COMPARISON OE THE EEFECTS OF DIFFERENT SERUI4 SUPPLEMENTATION IN OOCYTE I"IATURATION }IEDIUI\4.
TFlll TiOCYTLTS WERE CTJLLLICTED BY OVARY SLICIE PROCEDI.IRE, M;åTL'IRED IN Vf TRO I{ITH TIIE SERUM SUPPLEÞIENT
SHOWN, THEN SUtsSEQUENTLY AND FER'I'ILISED IN VITRO WITH FROZEN SHEEP SEMEN.

OOCTÎES TIÀT ÀCilSVED fiII

FMTI[ISEI)

TII 2P[+T+PB SNGÀÍI + TÀi[ TOTÀT

to[tlÀl
FNTITISÀTIOT

m[rsPmÍlc

D {t} n ltl n {t} n {tl

a a

lt {r6.3t 3 t21.il l7 (lg.il 73 {8{.9}

MTÀI

il vna0

IIÀTIRÀTI(,I

SIIEEP

SERÛI{

smûü

S[EAP/GfEP

sgR0fi

rffÀl cÀ[F

smut

r¡ûtßEB 0F

ülcms
stìil{tïTEI)

HIsT0lffir

86

cmilaÀt
lJBsIcffi

BISÛäPTICil Cf

lffI0$s
r{t/ÀT

l1

t0

12

IIflgERliT,iSED

55

T01Àt

PEITßÀTIOT

a

tilI

PHEfiÀÎIffi ÀII
IIIIlT]III) I?PB

t a

72

8l

81

82

01103

a

6 (6.8t
a

?1

{5i

E8G[ßP

B9

B6

0

0

0i5

018

il9

0

3

0 t0) 6 (6.8) 7? (87.51

a a

12 (13.51 3 (25¡ 15 (16.9) ?6 (85,{i
a

a a

1 65 12 tt3.9t 0 {0t 12 {13.91 ?? {89.5t

Sàlü Èi,PllÀffir LRfTFf (I0rm CÀSBì Iì THE SÀlß e0[Um ilnleàns N0 STÀTISTICÀI DiFFIßHCE (pi0.05).

süE 0t luB Èûet[ÀR Evilrs ffiIeu 58ru Pmlffi[APilsD ÀÌE n nGulgs I ÀsD 2.

{
N
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Table 7 presents data of the oocybes which htere collected

by sectioning the <¡varies with a surgical blade, submitted to in

viL:ro nral-uraLion using dif f erent protein sourees and then

fertilísed in vitr:o with frozen sheep rlperm. The cleavage rates

amtlrrg tbe dif f erent treatmenl-s ranged betweeu ( 25 .9 - 20.7e"l , Ì:ut-

the resul l--:: were not statistical ly signif icant ( p>0.05 ) .

TABI.E 7 COMPARISON OF THE CI,EAVAGE RATES OF OOCYTES COLLECTED
BY A SLTCING TECHNTQUE. THE OOCYTES WERE MATURED IN VITRO USING
DIFEERENT PIIOTEIN SOURCES IN THE MATURATION MEDIUM AND FERTIL.TSED
rN VTÎRO WITH FROZEN SHEEP SEÈ18N.

r

957

PROTEIN SOI¡BCE NU}ÍBEß OE OOCEIES cLEAvAcE BArs à z

n (Èl

EEEEP sER[II4

GEEP SEBUII tt7

AEEEP/GEEP SEEUII 116

FETAL CALE' EEBUM to4

SAI.ÍE ¡LLPBABET LETTER lLowER cÀ88! fN TSE SâllE coLDUi¡ InDTCATEB I{o STATIATTCAL ÐIEFERENCE
(p)0.051.
r f¡OtI{E OF Tffi CLEATIED OOCXÎßS ¡iEICR VIERE FEOTOGBÀPEED ARE IN FTGDRE 2.

Since there were n<r statisbically significant differences

among the different protein niources used in the in vitro

maturatic¡n of the oocyt:eis or bhe different collection procedures,

Ltre data was pooled in relation to histology and cleavage rate.

Tabl.e B compares the results of the t-wo rnethods of oocyte

col lection with respect t-o oocyte histology . The col Lection

I

B

22

29

24

27

a
I

a
I

a
7

a
9

24

20

25
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procedure inf luenced t-he percen't-age of oocyters that achieved

metåphase fI. Also in respect to normal fertilisation after in

vitro f ertil isat:ion çuit-h f resh sheep ,senrerl ( p< 0 .001 ) . Ei-ther

procedur:e used to coi lect oocytes not influenced the numbers <¡f

polyspermic penetr--¿rt-,ed oocyl-es ( p) 0. 05 ) .

TABLE B - POOLED DATA COMPARING THE EFFECTS OF DIFFERENT METHODS
OF HARVESTING OOCYTES TO MATURATION RATES IN VTTRO 9{ITH DIFFERENT
PROTEIN SOURCES IN 'THE MATURATION MEDIUM. TTIE OOCYTES h¡ERE IN
VITRO FERTILTSED WITH L"RESH STTEEP SEIVIEN.

IìIETBOD OF
OOCITE
COLLECTIOñI

NI]IIBER OF
OOCITEE¡
6UR}IITTEI} 'IS
ETSTOLOGT

TOTAL
ITIETAPII¡I¡IE II

TþTAL I¡OEI{¡IL
EEßlILiT'ATION

FOT,ISPERUIC

n

89

n (tl

a
85 (95,5t

b
t39 172.4'

n (t) n (Èl

a
r8 ( 29.5 )ÀEFINÀTIOI¡ ÍiL

a
(71 .Ðl

b
4B t34.5¡

a
SECTIONIT{G 192 28 ( 58.3 )

DIFFEßENT AI,PE]\EET LETTER (IO¡IER CA8Ë, IN THE SAüÉ COLD}IT¡ I.NDICATEA ATATIBTICAI, DIFEEBENCE
(p(0.0011.

Table 9 shol,ûs the number of oocytes collected by the two

methods and their cleavage rates. The procedure used to t:ollec't

the oocytes influenced the quality of the oocytes; the oocytes

coller--t-ed by the wat(=r va(:ìrum pump method had.a stat-istical-

superior (p( 0.001) cLeavage r¿rte ( 67. B% ) compared to the oocytes
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whii:h had a cleavage
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t.tre ovaries surface with a surgicaì blarle,

rate of 23.3Y".

TABLN 9 POOLED DATA COMPARTNG THE AMOUNT OF CLEAVED OOCYTES
OBTAINED WHICH WERE IVTATURED TN VITRO WTTH DIT-FERENT PROTEIN
SOURCES IN TI{E I'IÀTURATION }IEDIUM. TIIE OOCYTES WERE COLLECTEI] BY
THE ASPIRATION OR S
ERESH SHEEP SEÌ"IT]N.

LICTNG PROCEDURE AND IN VITRO É-ERTILISED WTTH

'IBBATUETÍT T' ITUPTDER OP OOCYTES CLEÀVAGE N¡TE 2 3

nt

¿

ÀsÈr R.ÈTrol{ t2 270 lB3 67. B

SECTIONITIG 2Ð 4ø4 ll3
b

23.3

DIEFERENT ALFflABEl' LETTEE IIÆI¡IEE CASE'
(p(0.00L).

IN T}IE SAUE COLDI'fIÍ INDICATE$ STÀ'ITATIC¡IL DIFFEBEICCE

Therr: hiere rìo stabistically significant <lifferences áflrong

t-he protein sourcrfs used Ln in vitro maturation of the oocytes

collecte,l by slicing the ovaries with rl surgical blatle which hiere

ferti-lised in vi-l-ro with f resh or frozen semen.

Table -10 compares the type of semen used (fresh or frozen)

and l--he in vitr<-¡ ft¡rtilis.rt:lon of oocyters which were collected

by slicirrg the ovaries wit-tr a surgical blade in respect to the

their resul l-ed trisl-,ology.

'fhe data demonstr.ìl-es thal- fresh semen t{as statistically

superior ( sc¡e table l0) in t-erms of fertilisation of h-hr: oocytes,
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76

percenLage

fresh semenof oocytes submibted to in vitr<¡ fertilisation with

presented less oocy't-r:s bhal- aehieved nucle:.rr mat-uration,

metaphase fI.

TABLE 10 - POOLED DATA COMPARTNG FRESH AND FROZEN SHEEP SPERM AS
}-ERTTI,ISATTON RATEì OF OOCYTES MATURED IN VTTRO WITH DIFFERENT
PROTETN SOURCES TN TTIE VIATURATION MEDIUùl. TTIE OOEYTES WERE
HARVES:|ED BY SLICING PROCEDLTRE.

sEMEN
IVATURE

lPTAL
I,IETAFBAI'E I I

ÎOTÀL DOR}'AL
FERTILISÀTIOt¡

POLYSFERT{ICFEIIIIJER OE
oocï:IEs
5DT'I{ITTED TO
flI9TOIÆY

n n ltl n (f) n (t)

FRESE l9?
a

t39 172.4'

b
103 136.0,

a
48 I 34.5t

b
44 ltl,5t

a
3E (59.3'

b
(r3.6)FnozßH 149

DIEFEREIiIT;ILPTIAI}ET I,ETI¡IR (LOWDR CASEI .IH THE SÀI.'E COLUI1TI ].I¡DICATE SÎATISTICAL DTF'FEEEI¡CE
(p(0.01ì1.!.

Tab-l <: 11, .rLso compares the Lype of

Lhe in vit-ro ferti-lisal-ion offlozen ) ancl

theislicing ov¿rries with a surgical blade

sernen used ( f resh or

oocytes collected by

in relation to their

c l. eava ge ra t-es .

This table shows t-hat. the or-¡cvtes which were f<rrtilised in

23.3s¿ andvil-ro r*Íth f resh and f rr:zerì semen had cleav¿ìge rates of
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23.6e" re.spectively and were not stal-istically different (p>0.05).

TABLE I-1 POOLED DATA COIV1PARTNG CLEAVAGE RATES OE OOCYTES
MATURED IN VfTRO I^IITH DIFFERENT PROiI'EIN SOURCES IN TIIE MATURATION
MEDIUM. THE LìOCYTES WERE COLLECTED BY SLICTNG PROCEDURE AND
EERT].¡,ISED TN \¡ITRO I{TTH FRESH OR FROZEN SHEEP SEIIIEN.

TREÀ:ÌfE¡¡1' r trDÉgER Ots OOCÏTE8 CIEAVÀGE t¡fA I Z

nnt

FRBSË. SEUET{ 2S 484 113 23
a
3

4ts r02
a

23.6FAOZEÌiI SE}IEH 3t

8A¡itB BI,FHÀBET I,ETTIIR {I,OüTER CÀ88¡
(p)0.051.

IH TEE SÀ}TE COLEüN ]-NDICÀTEA NO 9TATISTICAL DIFFERENCE

F igure 1 i I lust.rat-es the comparison of the pooled data.

oocyl;es c.'ollocl-ed l:y aspiral:ion with ä water vaLcltum pump crr lry

slicing b.he: ovaries which !{ere maturetl in vitro witlr different

prot.-eín Fi()urces ancl iu vit-ro fertilise<l with fresh ,semen, in

relal-ir¡n l-o the oocyl-es t.hat presented normal ferLilisatiorl at

result-ed histology and cleavage rate analysis.
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F¡GURE 1 - COMPARISON OF THE POOLED DATA OF THE
OOCYTES IN VITRO MATURED IN RETATION TO NORMAL

FERTILISATION AT HISTOLOGY AND CLEAVAGE RATE.

ASPIRATION AND FRESH SUCE ANID FRESH
0

DIFFERENT A-PHABET LETTERS PATìTAL LETTERS)
IN EAGH CLUSTEH MEANS STATSTICAL DIFFERENCE
(p<0.0o1). \j

NORMAL FERTIUZATON
AT HISTOLOGY

CLEAVAGE RATE

71 .80

34.50

23.30
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3.4 DISCUSSION

The resuÌL.s obt-air¡ed wittr the in vitro maturation system of

sheep oocytes supplr:mented with dif f erent prol-ein sollrces

(oestrous sheep serunr; geep serum; rnixture of I/2 oestrous sheep

serum and 1i2 geep se-¡rum; fetal calf serum) showed no statist-ical

significance!¡ within each group (procedure of oocyte collection

and type cf sr:men nature, l-ables 2 and 3; 4 and 5; 6 and 7). Thus

there was tro ev-ldence ttral- bhe different- serum additions under

t-he condit-ions c'f t-his stucly tra<l any influerlrce on Lhe number of

oocl'tes achieving met-aph;rse TI, t-he ferl-ilisation rate or the

ar:r:ornplishrnenl-- of 1.he f irst c-leavage divisi,:ns. Similar dal-a in

respec:1: l-o clifferent serlrm supplernenlaLion were reported by Fukui

and Ouo ( 1989 ) atrcl Sanbuissho a.ntl Ttrrelfal I ( 1989 ) for in vitro

maLured bovinc, oocyl-es. However, in r:espect to in vitro

ferLilis.rti<¡u, Fukui and ono (1989) observed tl¡al- the

f erti.l isation rate tr¡as siguif icantly af f ected by seru.m type;

hígtler f ertil isat-ion ral-es wetre achieverl wi b-h f el-al ca If serum

l-han with oesl-rous coli/ serum. This obserl'aLi-on is different t-.<.¡

l-he data r>bl-ained in l-he presenl- study wi thin each group l-est¿:d

(¡.rrocedure of oocyl-e c'ollecti-on and sr:nten nature, tables 2 and

3; 4 ar:d 5; 6 antl 7), wher.'e n<¡ stat-i.stical rlifferenc-es r.v'ere found

in r'<:l.rt.ion F-o the sher:p oocytes subrnitted to t-he clifferent

prr:t-ein sourcc:ri enr¡rl r:yerl in tht¡ in vitro mat-urabion system in

relal-ir:rt bo rrc¡rmal f erti.lisation at histology examin¿rtion and to

l-he oocyLes Ltl;¡t .rr:hievetl cl.eavage divis-i.ons.

By pt-roli.rrg l-he dat¿r of {-he in viLro matured oocytes wit-h

rlif f e rertl pro'te i,n s<illrt:tls .rnd r:o I lect ion nrethods ( waLer vacuum
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puntp meL-.trod r.¡r slicing wiL,h a surg.ical bladt¡, tables 1, B and 9)

an<l: -Ln vi.tro fertìlised with fresh semen it was possible to show

bhaL t-he pro<.:edure t¡secl l-o cc¡l-Lect the oocytes did have arr

iuf luence " since the w¿rLer vacuum puÍrp mel-hotl yielded less

ooe.ytes than slic.ing rv-lLh a surgical bLatle. Elowevcrr t-he oocyLes

f rom the water vacuum Lrrrmp method çJave better results in relation

to l-he rrurnbr:r of r.roeyl-es l-l¡at achietzed rnet-aphase f I and normal

f erLi.l isal,ion. Eurl-her. more of t-he oocytes col lected by Lhe

rgat-er vacuum fr¡lmfr nr<-:t-hod prc-:sented clelavage tharr l-hose cc¡llecLed

by s 1i.c ing Lhe c:va ries wil-h a surg ica I blade .

Fiesk j-nl-e¿-r¿: eh- al . ( 1993 ) ¡r Iso f ound b¡al- !,tre me'btrod r:f

oo<:y1-r: recovery could ref ì er:t in the sllccess of the in vitro

system.'Ihe::uperrit.rr results o.E t,he wate:r vacuum pump oocyt-e

c<¡Ì lecl-.i-on met-hod !v{r,s rr:latr:d to the f :ln<ling Lhat the oocytes

oLrtairretl by {-tre slici.ng ¡:rocedure werÉl ;rlways contaminat-ed wit--h

blood and <¡ther t.issue debris,

Anot-hr.:r indication ,:f l-he qualil-y of [-he r:oeyl:es aspiraLed

from Lhe ,rvaries usi-ng t-he wat-er vacuum pump lneLtrod could be

<l r:¿rwn f r<;m t-he rl,.rL.* prr.'s<:rrtclcl i-¡¡ t-¿rbIes 2, 4 and 6 which show

Lhal,. al I r:roc:ytes co.llecte<l using l-Lre water vacuurn frurnf-r method h.rd

t-he he¿rd of l-he..;pe-rnrai;oztr.r clecor¡der-¡sed vçhereas in l-he uLherr two

groups i-hc sper.'rnatr.:zo,r Ìreads were nol- <lecondensed although

¡rssessed ;rt l-hr: f,iärnÉì tinle post-ferLilis¡rtion,

The pooled <l¡rta prc-:sernted ,in table L0 show that oocytes in

vitrr-¡ ferLilised wit-h fr,:sh semeo produced better oocybe norm:rl

f erLilisation anrl polyspermic f erl*ilisation than l-hose fertilised

i,n vitrr¡ with .flrozen semen.



I ii;lri:f

r:iì)i,'¡ì'Ìi i.¡r.r|':lll'l;l_; i_\i¡'j'irìlì il)j \,rl'l'Rí.! ì'î.1'I'tl]ì/l\'i-1.¡1,j,¡

1.¡L_t¡1r 1 r' ùt,\ I ¡ itr

-:,1r, r:r':f ,,r¡. l!, ¡ ! r!r'ìi,

1..:t.:Iìi14¡\i ìi'! i:i'1' I l , -i Si,i\"i'l-f ili
.,1 i'É{ilì,lilí ! !,: 1' : 'i',.i. [],,,



{ -,i:,lo\,1ì':I.i { }r.r1¡r¡'¡u-,,^t A[''l'i;;Íì i: vl/I]i'
,.i: 'r l{ r-.; ,.1M ! ii ì , rrr 'l' i;i 't',4 i i,

I

1:i,i jl\-\/+ilil 1¡{¡lr\i"ri1l:'r-' rif"l'1ll jÌ- i\ii'l :r'

I

ü



B3

rV - PRODUCTION OF HYBRID EMBRYOS THROUGH FERTILTSATION OÉ-

IN VITRO AND IN VIVO I'IATURED GOAT OOCYTES WITII RA}I SEMEN

4.r EXPERIMENTAL OUTLINE

The objective of these experiments were to produce (sheep

X goat) hybrid embryos usrng ín vitro techniques.

Comparisons rdere made between in vitro and in vivo matured

goat oocytes subjected Lo in vitro fertilisation and the cleavage

rate and number of blastocysts produeed following in vívo culture

in doe ovíduct,

4.2 MATERIAL AND }'IETHODS

The experimental work was carried out aL DSIR' New Zealand

between 26\07\90 and 10\07\91.

4.2.r rN VITRO MÀTURATION

ovaries were obtained from slaughtered animals or by

s¡rgery, the oocytes hrere recovered as described previously. The

oocytes r¡Iere in vitro maturerl using one of two procedures, the

first being essent-ially the same as previously described but with

the protein supplement varying betrieen 10% or 20% hybrid serum

without FCS. Co-culture l{âs with granulosa eells.

Oocytes obtained using in vitro maturation were Pooled to

allow comparison between oocyte sources.
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4.2.2 IN VITRO FERTTLISATION

In vitro f ertilisation Iâras carried out as described

previously using hybrid serum as a protein supplement' In vivo

matured oocytes obtained by follicular aspiration and oviduct

flushing without cumulus cells tÂIere also submi'b.ted tt¡

fertil isation.

in vitr:o

4.2.3 SURGICAL TRANSFER OF EMBRYOS

Recipient animals were anaesthetj.sed as described

previously. Oviducts rârere ligated with silk at the uterine an<l

isthmus junctions, and the embryos inserted j-nto Lhe ampulla

using a Tom Cat Catheter (Sovereign' Sherwood, U.S.A. ) attached

to a 100 Ul Hamilton syringe. The embryos ldere deposited in the

ampulla of the recipient oviduct.

4.2.4 IN VIVO CULTURE OF EMBRYOS IN LIGATED OVIDUCTS

The in vitro and in vivo matured r:mbryos lfere transferred

Lo the ligaLed oviducl-s between 20 and 48 hours after in vitro

fertilisation and the recipient does slaughtered 6 days after

embryo t-ransfer (day 1 - day of bransfer). After slaughter the

tract w¿s removed and transported to bhe laboratory f<rr recovery

of the embryos.

4.2.5 STATISTICAL ANALYSIS
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Comparisons !ìtere made between oocytes obtained f rom 4

different sources by assessing bhe cleavage rate achieved bebween

36 and 48 hours after in witro fer:tilisation and the number of

embryos cleaving to yield 4 or more blastomeres within 36 48

hours. Uncleaved oocybes were fixed and comparisons made betweeln

the four groups in relation to nuclear events.

The oocytes submit-ted to in vivo culture hrere analysed in

reLation to the stage of embryo development. Comparisons were

al-so macle between in vitro and in vivo matured oocy'tes, but no

statistical dif ference r¡i¿rs detected within each grouP ( ín vitro

and in vivo) in reLation to Lhe source.

Chi-Square tests wer€: used for comparisons of cleavage rate,

developmenb of embryos in in vitro culture and developmenì- of

embryo s in vitro as well its in vivo mabured usi ng l-n v]-vo

culture.

4.2.6 TVTEDIA

The composition of Lhe mediums used in this experiment

shown in appendixes 3A and 3b.

are
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4.3 RESULTS

Table l-2 shows the cleavage rates for in vitro and in vivo

matured goab oocytes submitted to n vitro fertilisation with ram

semen. The in vitro matured oocytes obtained from both sources

úùere considere<l statistical.ly the same in relation bo the number

of oocytes that achieved cleavage rate (p>0.01). A similar

si.tua'bion occtrrred with 'bhe other two groups of in v'ivo matured

oocytes obtained f rom <lif f erent sourees ' these two grouPs lÙere

also consiclered statistically eqrral in relation to the numÌ:er of

oocytes that- reached cleavage rate (p)0'01) '

TABLE 12 L--OÙIPARTSON OF CLEAVAGE
IATURED GOAT OOCYTES FERTII,ISED

RATES OF IN VTTRO AND IN VIVO
IN VITRO hIITI{ RAM SEI{EN.

I{ATURÀTION
OF OOCTTES

oocïTEs
SOEECE

r

n (åln

a
78 53.r

IÍT¡IIIEEB OF OOCÍTEs
9UEFUTTED TO I¡q VITBO
FEBTTLIgATION

r47

CLEATJAGE
RÀTE

IH VITRO ASFIBÀTED FROIí
II!'IIATUEE EOLT,I CLBS
OF OVÀRIEB FROTiI

S I.AOGETEEE D AN IT¡ÍAI,S

1

IN VITRC 43 l4
a

32.6ASPIRATED E8O}I
IIIIiTÀTI]RE EÐLLICLES
OE OVARIES USII¡G
sT¡BGICÀf, PROCEDI¡AE

b
17961IN VIVO ÀsPIEÀTED EROII'

UATDBE FOLT,ICLES
OF OVARIES
oS rtùG

TURGICAI. FROCEDUBE( t I

77

b
0

III VIVO OVIDDCÎ FLDSHINC;
EROi4 I]IVE ÀTVIM}II^s

BY BT]BIf,IC¡¡L PBOCEDERE ( Ê }

25 264 235 89

::::
(*, ATIUAI,S SEB¡{ITTED TO A SÍ'PEAO\¡UI,ATIO¡I TBE¡ITITEI{T

SATTE ALPTIÀBET LETTEH. (Í¡úIER cAsEI IN TFR SAHE COLO¡ifi¡ INDICATES ilO STATISTICAI, DIEFERENCE

(p)0.01 l .



TABLE 13 POOLED DATA COMPARISON
AND TN VIVO I{ATURED GOAT OOCYTES
SEITÍEN.

rif¡rTUaÀTIoN
OE OOCYTEE

B7

OF CLEAVAGE RATES OF IN VITRO
FERTILISED TN VITRO hIITH RAM

NO}ÍBER OF OOCYTES CLEAVAGE RATE
SI¡E¡TTITTEÐ TO TN VITRO
FERTTLISàTTON

n n (r¡

r

IN VITBO t90 õt

IN VIVO 341 296

DIFFERENT ALPAABE'I LETTER (T.OHEA CAEE) IN TBE SAIIIE COLDT4N INDICATES ATATISTICAT, DIFFERENCE
( p( 0.00r ) .

The pooled data of the oocytes in vitro and in vivo matured

from t-able L2 is presented in table 13. The data indicate that

the in vivo matured oocytes pe rformed better than the in vitro

matured in relation t-o the r:leavage rate, (p( 0.001).

Table L4 presents t.he data of the cleavage rate (data

evalu.rtion rry-as made bebween 36-48 hours afber in vibr<:

fertilisation with sheep semen) from in vitro and in vivo matured

goat oocytes. The oocytes wibhin each group of maturation vrere

considered statistically equal in relation to embryonic

developmenL.
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TABLE 14 COIV1PARISON OF' CLEAVAGE
MATURED GOAT OOCYTES 36-48 HOURS
WITÉ SHEEP SEMEN.

RATES OF IN VITRO AND IN VIVO
AFTER IN VITRO FERTTLISATTON

-

souEcE oF (xtcYTES n r 2 CELLS 3 cBLLf¡ 24 cnr'r'c

n (tl n (t) n (tl

rN vrrEo ¡4ATuRED 48 J 26 54.2a l0 20'84 12 15'04
ÀBPIRAÎED FROÈI

OI{DBVEI{¡PED FOLLICLES
OF OVARIEA FAOU

sIÀUGHTERED ANI¡'!AL8

l4 3 I 5?.la 2 14.34 4 28.64IN VITRO MAÎDRED
AAPIRATED FROU
ENDEVEIÆPED E OLLI CI,ES
OE OVARIES EROM IJIVE
ANIüALS BY gDBGICAI,

FEOCEDT'RE

63 20 6 9.5b 3 4.8b 54 85.78I¡T VIVO IIÀTDRED
ASPIAÀTED EROI{
DEVBTOFEÐ EOLLICLE5
OE OVARIES E'RO}I LIVE
ATÙII'ÀLS BY SURGICAI,.

PROCEDOBE ( È }

IN VIVD ìT.ÀTTRED
OVIDUCI FLUSEII¡G E'ROI{

LTVE ANIMI\L3 BY

SUBGICAI, PROCEDURE ( i }

207 tt 2l ro,lb 6 2.9b 180 86. -.8

::::-
(*' ATIUAI,B Í'I¡BIITITÎED Tf) A EOFEROVUIJ\TTO¡I TREATMENT

SAME ALFEÀBET I,ETTER ( IPTiEB CASB 
' 

IlI TEB 5ÀüE COLUIû{ II¡DICATES ¡{O STATISTICA¿ DIFFEREI{CE

(p)0"051.
s¡t¡fr ALFE¡IBET LETTER (cAFITAL LETTEB¡ IN TEa SAHE coL¡tüù INDICATtsS No STATISTICAL DfFEERENCE

( p)0. 01. I .

Table 15 shows the data pooled from table L4, in relation

to the s¡ource of ttre oocytes. Embryos obtained f rom in vivo

matured oocytes developed ât a faster rate than the embryos

pr()duced from in vitro matured oocytes (p<0'001)'



TABI,E 15 POOLED DATA COMPARTSON OF CLEAV;AGE RATES OF
AND IN VIVO MATURED GOAT OOCYTES 36-48 HOURS AFTER

B9

IN VITRO
IN VITRO

b
234 86"7

FERT'ILISATION WTTH STIEEP SEMEN.

soERcE oF oocrTEs n r 2 CÊLLS 3 CELLS 24 Crr.r,S

n lsl n (tl n (t)

à.a¿l
rN vrrRc 62 õ 34 54.A L2 r9.4 16 25.8
I'ATDEED

270 43
b

27 10.0 9-J
b
3rF vrvo

¡I¡ITURED

DIFFERENÎ ALPEÀBET LETîER IIÆüER CÀSE, IN TTTE gAIfE COLT¡}IN IIìTDICATES STATISTICAL DIFFERENCE
(p( 0.001 ) .

Table 16 shows the histology of grrat oocytes mâ.tured in

vitro änd irr vivo. obtained from different sourees, after 4B

hours of in vitro fertiLisation hrith ram semen ând which did not

present c:leavage dívision, The oocytes fr:om all sources achieved

nuclear maturation, metaphase II, rallging from 7-¡.4 to 100% in

the in witro matured clrrcytes and Û1. B to BB.2e¡' in the rn vr-v()

matured oocytes. OnIy the oocyt es from the in vitro maturaLion

gr<lup (obt-ained from the ovaries of slaugtrLered anirnals) u/ere

arrested at bhe germinal vesicle stage, the other groups tt/ere

further advanced in bhe develr:pment of germinal vesi<:le

breakdown. No dif f erences htere s¡een l¡el-ween the groups in

relaLion to botal spÉ:l'm penetral-ion an<l the number of polyspermic

oocyt-es (p>0.05). The data also show t.hab ttre oocytes from the

t-hrer: groups which pres<-'nted o<>cytes \dith monoslrermic spernlabozoa

penetra'l-ion did not present cleavage division.



TABLE 16 HISTOLOGY OF NON-CLEAVED GOAT IN VITRO AND
IN V-ITRO FERTILISATIC)N WITFI RA}I SEIIEN.

IN VIVO NIATT]RED OOCYTES 48 HOURS EOLLO!'JING

O/](]TTES ÎflÀT ACHIEVTÐ llTI T|TAL

PBRI'ItI SEIl

MTAL

PEIIBTKÀTIOI{

TI] 2PN+T+I)B SYì¡GÀI.IY + TÀIt TITÀT

ilORtr4t

FERTITISATION

POTTSPERIIIC

ilt VIÎRrj NUI'IBER OT

00cYÎEs

S1JBI{iTÏED

HISMI,OGY

(jER¡III¡AL

VESiCLE

ljllI[)EI{TIFIEi)r ilI
IT{TIIRAlIOli

i¡ì vi'i0 11

I]NFERTIi,ISED

PENETRÀTIOÌi AII

üII+T+HI)t 2PB

n (ål n (%) n (ål n (å)

5 7.f 0 11.64 s2 15,41r) 3 4.3il{ vrTPs 69 ? 13

tlÀTIìRED

()EÎAII{ED FR.OI.I OVARIBS OF SIÀICHTENED NIIIATS

4 44

rìt \/iTR0 12 2 0 0 12 l}

[tÀTiJRßD

ÀSt,[RàT8D FR(][l IìIIDEVBINPED TIIIETES OB OIiARIES FROI,I IIVE NII,IÀIS B! SIIR(iI(:ÀL PROI|EDIjRE

000

000

000

000

0 0 12 100.03

I}I VIV(J 1I 9t)

5{]

2 6 1 0 I f.i

0

? lS.F 3 2?.34 9 S1.S3

irÀ'IIìRED

ASPIRÀTEI) PROI{ DB\IEIOPED rut[ICtBS OF OVARIES ßRÛI/I IIVE NII.LAIS BY SI]R(]I(]AL PROCEDIIRE(t)

1l 2 11,S4 2 1i.0a 15 SS,f

IIÀTIIRED

(JVIOIìI:T FI,lJSflIl{C FROI{ LII,E NIIIÀLS BY StìRGiCÀt PRII(]BDIIRB(i)

(t) ¡,I¡].!IÀIS SI]BUITTED TO À SIIPßRO\IULÀÎION TREATIIEI{T

SA[,l[ ÀtPItABBl TETTER (IOIiER CASB} IT TIIE SÀIIE (:OLIJIIII IIENS lio SIATIS.IICAI DiPFERO|ICE (P)l).05}.

\o



Tab-1e 77 shows l-,hat, embryo recclvery ratethe

the in vitro and in vivosâme for

9I

from doe

matured

maturation groups presented all classes c¡f

the in vivo matured oocytes Ìrad a better

the ones f rom in vitro maturation. L-ewer i-n

ovikluets was ihe

oocyLes (p)0.05 ) -

Both oocyte

embryos, although

performance than

vil-ro rnat-ured ooeytes were recorded aE¡ ( >4-B cell; )B-16 ceII;

blastocysts, P>0.05) than in vivo maturecl oocytes whiLe more

embryo s from in vitro matured oocytes were present as 2-4 cell

than the ones from in vivc¡ maturation ( p>0.05 ) .



TABLE L7 _ MATURATION OF GOAT OOCYTES CULTURED IN VIVO IN DOE OVIDUCTS AFTER IN VITRO FERTILISATTON
ú'¡JTH RAI{ SE}IEN.

sOlJR(tB 08

O{]CITBS

ilüt'fBER 0F

EIIBRTOS

TRÀ}¡SI'ERRED

RECOVERT RSPEIiTI(ìNS

RATE

STRÍJl:Tl]RES YIETI)ID

2-4 CEtt )4-B CELI )8-16 CEtt IIORIITÀ BI,ÀSTOCYSI DE(jBNERÀTE ZOIIA PETI,IJI]IDA

n n (T) n

6

5? 32.63 B

n {å} n (e,) n (?) n (T) n {e.) n (e") n
¡ttll,

6.1

3,5

I}i VITR(j 164 49 ?9.9d

t'TÀlURED

Ili VII]O 1?5

IIÀTIIRED

SÀ!'IE ALPIìÀBNT LETTER (IOÍ{8R CASE) III TIIE SAI'ÍE COI,IJI'III HIÀI¡S NO SÎAîiSIICAL I)II'I'EREilEE (P)0,05}.

t3 26.54 3 6,la 2 4.1a 1 2.tì 1 2.f 26 53.1 3

11 19.3b 13 2?.sb 16 28,1b z 3.s i2 ti.tb 1 1.8 2

\o
|'\)
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1.4 Dtr gCUSS TON

The in vitro fertilisation of goat oocytes with ram semen

demonsLrated that is possible to produce sheep X goat hybrid

embryos using in viLro maturation and in vitro fertilisation

technology.

Conception commonly occurr¡ when female goats are mated or

inseminaLed by ràms. As reported by Alexander et al. (1967 ) and

Ilancock et al. (1968) the conception rate of goats mated or

inseminatr=d bo J:ams were 79.:3e" and B0% and these result-s are an

ind.Lc¿¡.l-i.on l-haL Lbe embryonic preimplantation deveIopment results

in nr¡rmal eonditions.

Thr: production of hybrid embryos using in vi-trr¡

ferLili-sation in this work shows bhat by using in vitro and rlì

vivo matured goat oocytes fertilised in vitro with ram semen -lt.

is possible to obbain 32.6 and B9e" of cleavage rate respect'ively,

with 2L.Ie, of hybrid zygotes developing to the blastocyst stage

by in vivo culture usln g doe oviducts. The hypothesis that

recess j-ve lethal gerres¡ are exposed in l-he absence of normal-

alleles.Ln the hybr:id ermhryos and cause early embryonic death is

nol- supported by 't-his or previous studies (Berry, 1938 cited by

McGove rn , 196 9 ; McGr:ver^n , 197 -?b ) .

This study supports preivious wo.rk by Bunch et al . (.1976 ) ¿rnd

eonfirrns bhat hytrridization bet-weien shee¡-'' and goats is pnssible'

probably because the repr:oductive barrier between Capra and Ovis

is not devel'¡pc--d wil-hin ovis.

The in vitro environment might be improved the results,

Walker et- al. 11992 ) obt-.rined more shee¡: zygotes developing l-o
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bl¿sLor:yst- -1¡3_vi!_Eo compared wiLh in vivo incl.icating {-hat- the in

vitrq r-.nviroment may prot-ect the embryos.

During t-he developmenb of the hybrid IVF experimernts il- was

observed thal. normal cleavage rates of t-he in vivo matured goat

oocytes did not st-art for atl zygotes within 24 hours after in

vitro fertilisat.ion with ram semen, a situation which coul<l also

Ì¡e aLtribuLerf tr¡ ttre art-ificial rrattrre of the environmenl'. It was

nol-ed in in vivo conditions hry [Iancor:k and r"lcGovern ( 1968 ) that

hyþrid eggs l-enrled Lo be at a less advanced shage of development

t-.han goat oocyLes fertitised by homol6gous spermatozr¿a.

Thn c-'learzage r;:Les obtaine<l in the present work with bhe in

vitro fertilisat-ion of goat oocytes with ram semen varied betweerr

32.6 a¡<l 53.1% fr¡r the in vit.ro matured oocytes and 79.2 and B9e"

for the in vivo nraturecL oocytes. The cleavage rates obtained from

bobh sources of r:rrcyt-es duri-ng the r:urrenL work was superÍor to

Lhe <:le;rvage rate c¡Lrtained by Mogas et al . (1995) wit-h'in vitro

mat,urecl anrì in vitro fertilised gr:at oocytes.

Compzrrisons between the development of embryos from goat

o<:cyt-es mat-ured in r.it-ro and i.n rrivo are shown in l-ables 13, l-5

¿rrrrl L7, Tþe in vi.vo ma'Lgr:ed oocytes showed higher cleavage rates

j-¡ Iess t-ime, (p.10,Û01) a¡d mt:re bl-astocyst-s (pi0.05) t-han t"he

in vil-ro nraturerl goat oclcyl-es. This diffr:rence shorvs that the in

rziLro system of nratur.ing goal- oocyl-es is not allowing the samÉl

qualit-y of maturaLiolt .es is the case with <-rocytes matured insi<le

t-he follicle. [ftrwerzer, Armstrong et al. (L992) obtained with in

vitro and in vivo matured bovine ooeybes in vitro fertilisation

which was not staListically significant between both maturati-on

grouprr. indicabing a reliable in vil-ro system f<¡r maturation of
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bovin<r r.rocytc's.

, The data presenl-e<l in table 16 is frc¡m goat oocytes which

wÉìre submil-t-ed Lo i-rr vitro fr:rt-ilisatic¡n an<l did not- presenb

cleavag<-: <livision after 4B hours of in r,'itro fertilisation. Some

of Lhe r;oc-:y¡es wl¡ich ûvere sul¡nril-ted to morphological examination

presented scrme abypical nuclear morphology and were considered

unidenl-i.f ied.

The in vitro and in vivo matured 6ocytes, table 16, did not

differ statistic.rlly in relation to the Presence of IqIf ' (p)0-05)

and t.his índicates that even the in viLro system ls al lowing

nuclear ¡nat-ur:.rtion.rt t-Ìre seme IeveL äs the in vivr: mat-ured

oocyt-es , alt-hough not at bhe oo¡rlasm plarte; l-he abil ity to

decc¡ndetnse the llertilis i ng sperm heatl ltas been used as an

indication thaL cyt-oplasmic maturation has occurred (Bavister et

à1., 1992|. Thc: Ln vih-ro mat-trretl ooc ybes obta ined from ovaries

of slaugtrLcred. .rnimals rlemonstrated Lhat 3 oocytr:s with

monospermit: penet r,:t -Lon rrlf 64 s¡rbmit-ted to in v'itro matur:ation

thal- achievetl met-aphase II and <lid nc¡t cleave pres<=nl-ed the head

of t-he sperrnat:ozoa tr¡i l-hout rlecondensat-ion. Beeause of {-he small

number of oocytes char.r<;t-eri sed with this morphology, this

si'buaLion only r;au t¡e seen aS evidt¡nce that- <ln improper: 'rr:pl.rsm

mat-urat |on çccurred and, moreov€ìr, this situation iI lusl-raLes

Lhab Lhe succes,s of fert-ilisation is an rltzctnt wtrich needs bhe

active participation of both gametes. It is also important to

take int-o consider.rti-on that bhis h/as hybrid fertilisation and

the f acl- that there !{as no decondensation of the sheep

s¡rermatc.rzoa j n Lhel g<:at oocyl-e could be ruled out âs alì

inconpatib Ll i l-y l-rel-v¿eerr both specaes -
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Pol yspermy was present in al I groups hut it was r¡ot

statistically different (p)0.05 ) , ln their review Gandolfi et al.

( 1990 ) highl ightecl Lhe f acl- t-hat- aged oocytes ¿.nd in vitro

mat.ured oocytes present a reduced and ¿r def ectivr: bl-ock to

polyspermy, respectj-vely. In bhe present sbudy, t-he oocytes

mat.ured in vivo obtairred by follicular aspiration presenl-e<l a

higher percerntage of ¡rolyspermy l-aÌ¡le 16 t--han the r>ther groups

and this could be because they have been obtained from follicle¡s

t-h¿rt ilai lerl l-o ovulated and starl-ed to bec¡rme at-reti-c, thus

speeding t.he oocyte aging pr<:cess.

tfne of { he iimit-atiorìs r)f Lhe b^uf-rÉ}rovulation t-echniques for

F rodu<:bion of in vivo maturr¡d oocytes is t,hat the ovulation is

nol- syrrcttrnnous (Gor{o¡, 1990; CrozeL, 1991). During the

rilel'elopment of the present worl< i[. was observed t]rat thr: s.bart

of ovulabion of å sup€:rovulated goat rvas uuprerlictahle and was

linked to the indivirtual animal. For instance, in many situations

whe¡ hormonal LreatmenLs imposed at tÌre time ,cf surgery', appendi.x

L, it was obtained ovaries from females which presented vr:ry good

supercvulatory resË).)nrie l-ranslaLed l:y the ¡:resence in l-he ottaries

surf¡rce rvith corpus rutrrum, in <-r'ther occasions ovaries r*'h-ictr had

corpus rubrum ¡rrrd developed f ol l icles irr:L. ovulaLed wiL.h Lhe síee

oscil lati ng .tt- -? Lo 5mm diameter wtri lst in oth<rr r:ircurnstances

l-he Eem.¡le goats only prt:sent--erJ developed follicl es ( 3 to 5mm)

for bhr¿ exper:t-ed ovulation time (IvlcDonald et .rl, rrnpublishe<l

nr¡nuscritrt ). Ber.:ause of btris, improper reproducible conditiorl ,

the ovulated oocyLes hrere collected by oviduct f lushing and t--he

unovulal-ed r:ocyt.es f ¡:r¡rn ¿lr:veloped fol liclc's of sbimulated animal s

by follicular ;rs¡riration. Tables 12 and 14 demonstral-e t-hat the
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ooc).tr:rs matured _in vivo ovulat-ed and not- ovuÌated were r:onsidered

stabistically t'.he same in relal-íon to cleavage rates and the

speed of rlevelopmenL of Lhe zyç1ote cleavage (p)0.01-). The resull-s

obt;ai ned f rom bot.h sources of n vivo mature<l ot¡cytes were

c¿lrnpt.l-j-b.te wil-h l-lre first cIc'atzages of preimplantaLir:n

<leveì.opmc:nl-, clemortstrat irrg ä procedur:e that could t¡e used in

t,host-- anim¡rls which respond to superovulation Lreatment but <1o

not r¡vulate at the erpected time.

Neverttreless iL is necessary for a furt-her evàIuation of t-tre

devel-opment-al potential of oocyl:es aspirated ,f rom developed

folliclr¡s, .as the follicLe size was not uniform antl this could

be <-¡ne r¡f the cäuses of a possible impairment of the development

of ¡rc¡¡.¿¡¡t-iat emkrryos (Barnes et al. , 1993 .rnd trair eb al ., 1995 ) .

Cleaved hybrid embryos were submiLted to in I'ivo r:ulture in

doe oviduc'ts ( see table 17 ) . In bot-h groups of oocyte maturaLion

þIastocysl-s weire ol¡tained, frr:m the in vitro matured oocytes 2.0e¡

and !n vivo natured oocytes 2I .Leo, and t-hus the gröups wel:e

consi<lt:red st'atisLicarry rlíffr:rent (p{'0'05) ' rn the presenl'

(: xf:e r -i r-nr: tr [. s iL \das *l¿lct-ecl the in trivo cul Lure r-;1'stent in l-he

r¡v:i-rluct of live arrim¿r]s l:eeaus;e ¿rt the Lime of the executi<¡n clf

t-Iris experimenh." !-he irr vil,ro culture bechrrolc)gy !v-as incipiernL.

Wallter et .¡ I . ( 1992 ) demons!-r:ated l-trat in viLro culture maY

¡rrotecb embryos f rtrm selecl-ic¡n, a ¡>hysiological occurrence in the

ovitluct, Because of this, the viability of sheep embryos (to day

50 of pregnancy) afb-r:r 5 days of culbure h/äs reduced compared

with embryo s cull-ured in vivo. However it is necessary the

developmenl- of a reliabìe in vit,ro cull-ur-e system wh.ll-h

a¡¡rlication for rtrminaot. embryos, because one of the greaLesl-



.lirni.t.rl--i.t¡r¡s o.E l-,he in vivo,-:uIt:ure r¡f embr

9B

1'os is the loss of the

potenbial embryos. In the present study, 339 hybrid r:mbryos

¡:ro<luced by in vitro fert.ili.satio¡r wtrre Lransfer:rerd l-o a l-i gated

oviducb and only 106 were recovered, giving a loss of 68.7e" r-¡f

the potential embr:yos transf errr:d f igure 4.
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V IN VITRO FERTTLISATION hIITH RAM SEMEN OF IN VITRO AND

IN VIVO MATURED OOCYTES E ROI{ A TIYBRID FEMALE

5.1 EXPEìRIMENTAL OUTLINE

The goal of the experiments was to produce hybrid embryos

by using (sheep X goat-) hybrid oocytes and ram semen and

applying in vitro t-echniques. oocytes from different sources h/ere

fertilised in vil:ro and l-heir rate of earl y cleavage determined'

5.2 MATERIAL AND METHODS

The exper:irnental work li¡as carl:ied out at DSIR, oû 21\08\90'

14\ 03\ 91 and. 2B\ 05\ 91.

5.2.1 IN VTTRO MATUIìATTON AND TN VITRO F'ERTILISATION

In vitro mat-uration cumulus oocyte complexes were washed

twice in Hepes 199 BSA O.4% suppleimentedr prepared as described

previously and matured in 10% hybrid serum in co-culture with 3

x 106 bovine granulosa cells. IVF lúat¡ carried out as descril:ed

previously.

5.2.2 STATISTICAL ANALYSÏS

Comparisons wf:re made using

source of oocytes irl relation to

Fisher's Exar:t Test between the

cleavage rate.
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5.2.3 - MEDrA

The composit.ions of media used in this experiment are shown

inappendix3Aand3B.
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Ê.)
J¡J RESUI,TS

Table lB rlemonstrates the cleavage rates of irr vitro and in

vivo matured hybr:id femalt¡ oocytes which were submitted to in

vitro fertilisation with ram semen. The two group s of in vivo

matur:ed oocyLes whictr were compared sl-atistically did not

demonstrate difference in relation to cleavage rate (p)0.05).

TABLE 18 ELEAVAGE RATES OF
OOCYTES SUBMITTED TO IN VITRO

rN VITRO AND IN VIVO MATURED GEEP
FERTILISATION WITH RAM SEMEN.

IIÀTÛRÀTIOil ÀìD

mcnus s0[Rcß

il VIMO HÀflIED

ÀsPInÀTm fK[.t

UNIEIiEIOPED TOI,IICffiS

BT SURGICÀI PIOCBDIßI(I}

n

I

r CHÀVÀGE RÀTE

n ßl

50.0I

N¡ VNO I{ATI|BEÐ

ÀspIxÀTsI) Fr0fi

DEVEITPID rcII,ICIü.5

BT SURGICÀI PROCEDIßT{I)

10 2 70.04

fi l'lv(l HÀrllaH)

OVIDUCT PT,ÛSIßG BT

$raclcÀt Pn0cEDû[8(t]

I 6 66.?a

(rl Ànilñs st¡Btlflm r0 À slIPE[0tr0Li!TI0[ TaEÀ$HÎ

S¡lB ÀIBHÀBET [ßlTE[ ll0fln CÀSEI Il{ TUI sÀtlE colljiln ilBÀtlS lto sÎÀTIs'tICM DIFFEABilCE (p)0.051.
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5.4 DTSCUSSTON

Natural hybrids from sheep and goats are rare with only a

few determined try cytogenertic studies (Roca and Rodero, L97L¡

Bunch et ¿r1., 1976; Eldridge et al ., 1-983i Denis et al., 1987

cited by Tuckr:r et aI.,1989; Pinheiro et al.,1989; Stewarb-

ScotL et al , , 1990 ) . The hybríd.s were b<¡rn by chance and were not

outcomes from experimental studies. AII were females with 57

ehrotnosomes arrd all proved to be fertiÌe when backcrossed with

a r¿lm.

In the present study, the result-s obtained with respect to

the cleavage rat-es of oocytes from a hybrid female in vitro-

ferbilised with ram semen demonst-rate that this femal.e was

ferLi-le in relatiorr to l-he gamete sidc-. It is importanb l-o

emptrasize that Lhis statement is trased only on the observation

of the cleavage rates of t-he oocyLes .rnd noL by histological

interpretation. This olrservation stresses that the tlifficull-y to

obtain backeross pretgnancies from a hybrid femalr: is related to

extrinsir: factors which were discussed in Lhe literature review

secb.i.on L.2.3 .2.

The f enra-le hybrid f or this study l^/as superovulated and

subrnitbed Lo surgery l-hree l-imes ( Appr:ndix 2l . In ttre f irst

al-templ- l.he trybri.d was diagnosed pregnant-. at surgery and at that

time only fc¡llicles úsere aspirated and obtained. Af L.er in vitro

mat-ur:ati<¡n (Figure 6) and subsequent in vitro fertilisation, c>ne

of these oocyLes r:leaved. As Lhe female hyl:rid did not produced

any offspring within the expected tirne, she underwent a second

i-nLervent-ion. On this occasion, 1,0 o<;r:ytes $/ere obtained: nine



by oviduct flushing and

riûere then submiLted t-o
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I try follicular aspiration- All oocytes

in vitro fertilisation and 7 cleaved (6

originated from oviducL flushing iend 1 from developed follicles).

On Lhe third attempt, both ovari.es of the female hybrid trad

tlevelope<l f¡:llicles by the time of collection, from which nine

oocytes !{ere obt.ained for in vitro fer.Lilisation and six cleaved.

ft is not pr:ss:ible t-o drawn any conclusions wiLh respecb to

l-þe oocytes that did not cleave, âs to whether this was â

si t-uat,ion due [--o a

ineompatibi t ity .

f aul b in {:he in vitro syst-em orbo trybrid

Table- 1B shows that both groups of oocytes n vl_vo

matured compared did not- present statistical differences in terms

of cleavage rates, (p)0.05) and a further study is needed in

orrler bo determine the devr:lopmenb of those hybrid emÌ:ryos

originating from each source.
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VI - GENERAL M^àTERIALS AND METTIODS PART II

This study was eonducted at the f,aboratory of Experimental

Embryology of the Department of Obstetrics and Gynaecology' and

at the Specific Pathogen Free (SPF) Animal llouse facility, both

at the Medical School, Adelaide University, during the period of

November 1991 to June L994. The superovulation of mice, the mice

uterus and oviduct embryo collection, the media PreParation for

embryo handling and j"n vitro culture and the embryo transfers

were performed following protocols (appendix 4l in routine use

at Department of Obstetrics and Gynaecology and approved by the

Animal Ethics Committee of the University of Adelaide.

6.1 - ANIMALS

Four strains of mice were used, namely Swiss albino,

C57BL\6, cBAes7\Fl and BaIb C.

For embryo donors, 3 to 4 week old female Swiss albino'

c57BL\6, and CBAC57\F1 were used and for embryo recipients 5 to

9 week old females of the cBAc57\F1' Swiss albino and Balb e

strains hrere used.

The stud males (Swiss albino, C57BL\6 and CBACS7\F1) and

vasectomized i¡rales (CBAC57\F1) r{ere maintained apart from the

females and individually housed in separate cages. Alt males used

were a minimum of I weeks of age. Both the stud males and the

vasectomized males were tested for fertility and sterility

respectively before use. All animals were maintained with water
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and food ad libitum, and held under temperature and photoperiod

control (12 hours light z L2 hours dark).

6.2 - TIOR"DIONAI, TREATMENT AND MATTNG OF THE EMBRYO DONOR MICE

The female mice were superovulated with a intraperitoneal

injection of 5 III of pregnant mare serum (Folligon' Intervet)

followed by 5 IU of human Chorionic Gonadotrophin (Chorulon,

Intervet,l 44 and 4B hours later. After the HeG injection the

female mice were caged individually with a male of the same

strain. The next morning the presence or absence of a vaginal

plug was determined and all plugged females were separated. The

day of deteetion of vaginal plug following mating was referred

to as day 0.5. This occurred on the first day after IICG

injection.

6.3 PREPARATION OF RECIPIENT MOT]SE FOR EMBRYO TRANSFERS

Normally cycting recipient mice Lùere individually caged with

vasectomized males and examined each morning for the presence of

vaginal plugs, and the mated females separated (day of Plug

identifieation = day 0.5)

6.4 EMBRYO COI¡LECTION

Èlice were kitled by cervical dislocation' the abdominal skin

torn to expose the abdomen and the reproductive traeÈ removed and
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transferred to a 30mm petri dish (Disposable Products, Australia)

containing 2mI of HTF-Hepes/BSA meditun, held at 3'19C.

6.4.r Uterine embryo collection

Thcr uterus rilas flushed under a stereomicroscope (Olympus SZ

30, Japan) with 25 - 35 Ut flTF-Hepes/BSA. An insulin syringe waa

introduced into the cervical end of the uterus and the flushings

r,ùere collected f rom the tubal end into a 30 nrm petri dish

(Disposable Products, Australia). The bottom outside face of the

dishes was marked into quadrangles to assist in the process of

searehing. The washings from the four uterine tracts were

combined in each petri dish and examined for embryos under a

stereomicroscope. The embryos collected were rinsed twice in HTF-

Hepes./BSA and once with l ml of HTF-HCO3/BSA, then transferred to

a final in vitro culture drop of HTF-HCO3/BSA under oil using a

petri dish. The dish was then placed in an incubator (Steri-cult

2OO Forma Scientific.INC, U.S.A) under 5t eOA in air at a

temperature of 37.Bse until all the other components for embryo

mieromanipulation hrere ready. During these manipulations all

petri dishes and media were maintained at 379C on a lrarm stage

(Ratek Instnünents, Australia) in an air atmosphere.

6.4.2 Oviduct embryo collection

Oviduct embryo collection rdas performed using a similar

methodology as that used for uterine collection.
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6.5 EMBRYO CT]LTURE

For eultrtre, embryos were trangferred to 10 ul microdrops

of HTF-HCO3-/BSA under oil (Paraffin liquid, BDH Laboratory

supplies, England). The eulture media was PrePared 24 hours prior

bo use and equilibrated in a incubator of 5% co2 in air at

temperature of 37.BaC'

Generally each petri dish was set up with 6 culture drops

with a maximum 5 embryos Per drop of 10 Ul of HTF-HCO3/BSA media

under oil. For all manipulations outside the incubator embryos

were transferred to a HTF-Hepes/BSA media'

Embryo collection, handling and eulture htere carried out in

30 mm diameter petri dishes (Disposable Products' Australia) '

6.6 - MEDIA RECIPES

All media recipes are Presented 1n appendix 4.

6.7 EMBRYO TRANSFER

Recipients for embryo transfer were anaesthetized with

Avertin at a concentration of 0,0159 per gram of body weight.

Following establishment of anaesthesia the uterine tract was

exposed through a small incision and the tubal end of the uterus

was perforated using an insulin syringe needle. The embryos were

then carefully inserted into the uterine Lumen with a fire-

polished glass pipette eonneeted to a mouth sueker pipette.



Following the embryo transfer the recipient !Ùa€¡

a warmed cage (l8se) with water and food (ad libituml

f ol lor¿ing morning .

111

placed in

until the

6.7 .l PREPARATION OF EII{BRYO TRANSFER PIPETTES

The pipettes ú{ere prepared from Paster pipettes pulled in

a gas flame and cut and fire polished to give an external

diameter of about 2OO Um and internal diameter of about 150 ¡tm'

The size of the pipettes was ehecked using a micrometric camera

(olympus, 0'01 mm, Tokyo) under a stereomicroseope'

6.8 DETEETION OF PREGNANEY

The pregnancy status of the female mice recipient waa

assessed by recording the number of live or dead offspring and

ascertaining the number of implantation €tcars following sacrifice

of the female mice three weeks past the expected date of

del ivery.

6.9 DETEETION OF EHTMERAS

A mous¡e was¡ considered chimeric if the animal presented

abnormal patterns in eoat eolour and' where cited, bY performing

a GPI (Glucose Phosphate fsomerase) analysis following cellulose

aeetate gel electrophoresis. The details of the technique are in

Appendix V.
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6.10 DETECTION OF THE GERMLINE CHIMERAS

Male mice which exhibit coat colour chimerism were mated

with Swiss albino females and the offspring Ìlrere examined in

order to detect the germline transmission ()f phenotype.

6.11 MTCROMANTPULATTON

Micromanipulation procedures were required to introduce

cells ( stem cells and inner cell nta€¡s¡ cells ) into embryos

colleeted at 2.5 and 3.5 days after vaginal plug detection' This

rdas achieved using a Nikon inverted microscope (Diaphot-TllD)

fitted with objectives 10X' 2OX, 40X (Diascopic DIe, Normaski

attachment TMD-NTZI , and a mieromanipulator (Narashige Co', LTD,

Japan). The blastocyst injection and holding pipettes were

connected to two Gilmont mieroinjectors (Gilmont Instruments,

Barnant Company , TL, U.S.A) via f lexible tubing (t'lasterf lex 6409-

16, l-L, U.S.A. ) connected by a discofix (B.Braun, Belgium). This

allowed eontrolled injection of a very small amount of media.

6.L2 PREPARATION OF MTEROSURGIEAL INSTRUMENTS

6.L2.r EQUIPMENT

Microtools were made from a glass tube (Clark Electromedical
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Instrument, Reading, UK, holding pipettes specification GC 100-

15, blastocyst injection specification Gc 100T-15)' uaing an

autornatic horizontal pipette puller model (Sutter Instnrment Co'

california, P-77 Brown-Flaming Micropipette Puller) and

microforge (cIT Alcatel, France). The blastocyst injection

pipettes were bevelled on the end to facilitate penetration' This

was achieved using a micropipette grinder (Bachofer, Germany) '

Typicallyblastocystinjectionpipettesweremanufactured

to have an internal diameter of between 20 and 25 um and ends

rirere bevelled at an angle of 459 degrees, with holding pipettes

having an internal diameter of between 25 and 30 um and an

external diameter between 70 and B0 um with fire polished ends'

6.13 FLUORESCENEE MTEROSCOPY

Eluorescence microscopy was done under on olympus microscope

(olympus) fitted with differential interference contrast (BH2-

hllc) and a fluorescence attachment (Þ10del BEZ-RFL).

6.14 MIEROPHOTOGRAPHY AND PHOTOGRAPHY

The microscopes were fitted wittr an olympus equipment model

PM-10ADS and all the photography was done with a Níkon camera (F-



LL4

301, or EMI .

6.15 STATISTIEAL ANAI,YSIS

Statistical analysis rirar¡ carried out using the Þtinitab,

Statistical Software, releaËe B (PC version) 1991 package.

The Fisherts Exact Test was used as described by Ayres and

Ayres Junior (198?). For the comparison between the Percentages

of two independent samples, the Z test was earried out as

described by Jacques and ftlagner ( 1985 ) -
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VII - PRODUCTION OF MOUSE CHTMERAS THROUGH INJECTION OF STEM

CELLS INTO BLASTOCYSTS

7.L EXPERIMENTAL OUTLTNE

The experiments presented in this chapter were aimed at

evaluating the efficiency of chimera production by microinjection

of stem cells into blastocysts. Comparisons were made between

different strains of mice for both stem cells and host

blastocy sts . The mic romanipulated uterine transf erred blastocysts

rilere assessed in relation to embryonie mortality'

7.2 IIATERIAL AND METHODS

7.2.L EMBRYO COLLECTION

Embryos were eollected from Swiss albino, C57BL\6 CBAC57 F1

mice, 2.5 and 3.5 days after vaginal plug detection'

7 .2.2 PREPARATION OF STEÞI CELLS FOR INJECTION INTO

BLASTOCYSTS

The stem cell lines utilised were designated EMBL-S' E14 and

transfected 814, and úüere provided by the Biochemistry Department

of Adelaide University and by Bresatec. The stem cell lines EIt'lBL-

5 cells were from Dr, Lindsay Williams, llelbourne' Australia and

E14 cells were from Dr. Martin Hooper, Cambridge,U.K. The EFIBL-S
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and E14 stem cells were isolated from mouse strain L29.

The transfeetion of 814 stem cells was achieved by

electroporation of a transgene eassette' containing PMCI-neol

attached to a alpha 1 3 galactosyl transferase gene. The

transfeeted cells were selected in g 418.

To prepare stem cells for blastocyst injection, the stem

cell culture medium was replaeed by PBS (Ca2+ Ug2* free) medium

containing EGTA and after five minutes incubation at room

'temperatrlre, indivi.dual eolonies of isolated stern cells hrere

washed in PBS(ea2+ Mg2+ free) and transferred to a 20 Ul drop of

medium eontaining brypsin DfFCO (1:250' 1 g in 100 mI of PBS ea2t

Itg2t free) in order to separate indiwidual cells. Following the

separation of the cells by pipetting 60 Ul of HTF-Hepes/BSA was

added to the 20 ul drop.

7 .2.3 BÍ,ASTOEYST INJEETION

Blastocysts classified on the basis of the blastocoel being

at an early or middle stage of development eùere utilised as stem

cell recipients. ÈlanipuLations were performed using a 90 mm petri

dish (Falcon, u.s.A. ) containing 20x 10 ul drops of the mixture

(HTF-IIepes 9ml + HTF-Hepes/BSA 1ml) ur¡der oil. Blastocysts were

individually placed in each drop. Other drops were used to

contain the stem cells, the drops consisting of (2O Ul Trypsin

+ 60 Ut HTF-Hepes/BSA) and a DNase solution (100 Ul drop of HTF-

Hepes 100 Ul containing DNase I 3000 lUlml ) was used for

injection pipette eleaning.
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Each blastocyst was injected with 15-25 stem cells directly

into the blastocoel.

successfully injected blastocysts were washed in HTF-

Hepes/BSA and HTF-HCO3-/BSA and transferred to in vitro cu-lture

drops held in a incubator, where they !{ere maintained for embryo

transfer.

7 .2.4 EÞIBRYO TRANSFER

All embryo transfers h¡ere performed within 15

blastocyst injection using recipients either 2.5 or

after vaginal plug detection.

hours of

3.5 days

7 .2.5 STATISTTEAL ANALYSTS

The suecess of embryo transfer was determined by relating

the number of implantation scars found in the uterus to the

number of blastocysts transferred (BLASTOCYSTS SCAR OF

IMPLANTATION) and the number of offspring obtained (scAR oF

IIvIPLANTATION - OFFSPRING) which gave respectivr=ly an indícation

of early and late embryonic mortality and the data obtained by

dif f erence of ( BL-sc ) and ( se-oF ) of each strain of mice LtaE!

statistically analised using paired t-tests.

Comparison between the different strains of mice for the

same variables (BL-SS) ( SC-OF) was made using the Kruskal-[rlallis

tesb.

The data from the blastocysts of each strain that were
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inoculated with stem cells ldere pooletl together ber:ause no

statistical difference was found between the variables considered

(BL-SC and SC-OF). The comparisons among the sbrains for each

variable (BL-SC and SQ-OF) was made using the Kruskal-Wallis,

test.

Comparison between t,he development of ernbryos which hlere

micromanipulated anrl those which rdere not micromanipulated

embryos irr in vitro culture was done using a Z Test' Analysis of

coat colour chimeras and germline chimeras was made using

Fishers' Exact Test.
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7,3 RESULlS

7 .3.L PRODUCTION OF CHIMERAS BY INJECTION OF STEM EELLS INTO

BLASTOEYSTS

Three kinds of stem cells (E14, EMBL-S and 814 transfected)

were injected into three different strains of mouse blastocysts:

SWISS albino, C57BL\6 and CBAC57\Fl.

7 .3.2 EI-4 STEM CEI,LS

The data is srrmmarised in table 19. The total number of

blasLocysts injected wi.th 814 stem cells and submitted to embryo

transfer from the SWISS albino strain, the C57BL\6 strain and the

CBAC57\Fl strain vûere 255, 185 and 85 respectively and the number

of blastocysts which implanted in the uterus !ùere 106, 66 and 29

respeetively. The difference bet.ween the number of blastocysts

transferred in each strain and the number of blastocysts that

implanted into the uterus was statistically significant (P<0.001)

indicating that early ernbryonic mortality was a common evenl- for

the three strains of rnice.

The number of gffspring reeorded from each strain was

respectively 52, 3, L7 respectively. The difference between the

number of implanted blastocysts and offspring obtained Lùas

statistically significant fc¡r the SWfSS albino strain and the

e57BL\ 6 strain ( P< 0 . 001- ) . However there was no st,atistical ly

significant difference for the CBAC57\Fl strain (P>0.05) (figure
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7t.
No statistical difference (P>0.05) was¡ detected when

comparisons were rnade among the different strains of mice for

each variable (number of blastoeyst transferred ,/ implanted) and

(number of implante<l / offspring) (f igure 7l '
' The obtainment of overtly and germline chimeras only

r:ceurred with SWISS albino and CBAC57\ Fl. strains, antl bobh

strains were consi<lered statistically equal (table 19) '

The blast-.oeysts f rom SWISS allrino mice produced 1B chimeras

of which 11 were males and sevcln females, while the cBAC57\Fl

strain produced 6 chimeras: 4 males and 2 females. The females

of both strains arrd. the males from the CBAC57\F1 strain were

fertile but l-he two males which originated from sbem cell

injection into the Shlf SS albirro blastocysts were infertile (table

19).

The

bet-ween

814 stem cells which

passages number 2 and

produced germline chimeras were

25.



TABI,E L9 EXPERIMENTS IN WHTCH BLASTOCYSTS h¡ERE INJECTED WITH E14 STEM CEI,LS. THE TABLE SHOhIS

NT]MBER OF BLASTOCYSTS IMPLANTED AND THE NUMBER OF OFFSPRTNG BORN AND CHIIVIERAS PRODUCED.

CHIMERAE FERTILITY GERI'ILINE CAIMERÀ8I,TICE
STRAIN

NUMBER OF
8I,A6lOCYSTS
TRÀNSFERRED

NOùÍBER OF
RECIPIENÎS

NUÌÍBER OF
BLAETOCYSTE
II{PI,ANTED

NUtrfÞER OF
OFFSPRTNG
BORN
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(7.11 t81.0) (100.01 (1.5?l

185C5?EL\
6

t9 66(35.7t 3 (1.6) 0
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FIGURE 7 - UTERINE IiIPT-ANTANON RATE AND NUMBER OF OFFSPRING
RESULNNG FROM EXPERIMENTS IN WHICH I'IOUSE BLASTOCYSTS

WERE INJECTED wlTH 814 STEM CELLS.
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7 .3.3 EMBL_s STEItt CELLS

The EMBL-S stem cells were injected into blastocysts from

SWfSS albino and C57BL\6 strains.

The number of blastocysts transferred to the uterus of

recipient mice rdere 2L4 and 125 and the numbers of blastocysts

which implanted in the uterus rdere 85 and 51 from SWISS albino

and C57BL\6 strains respectively (table 2Ol.

Both strains presented a significant number of blastocysts

that did not ímplant, which indicates a high incidence of early

embryonic mortality (P<0.001) (figure 9).

The number of offspring obtained fc¡r each strain was 21 and

2 and the difference between the number of implanted blastocysts

and offspring obtained wäs statistically significant for both

strains (P<0.01-) (figure 9).

No statistical difference for each variable (number of

blastocyst transferred / implanted) and (number of implanted /

offspring) was found between each strain figure 9.

Coat colour chimerism was only produced with the SúIfSS

albino strain (table 2Ol ¡ 6 chimeras were obtained of which 4

were males and 2 females. of all the ehimeras, only one female

did not produce irny offspring and this female presented a

hermaphrodite uterus at autopsy. The fertile ehimeras were not

germline.

The EMBL-S stem cells which produced coat colour chimeras

htere between passåges nrrmber 19 to 25.



TABLE 20 SU},III{ARY OF EXPERTMENTS IN WHICH BLASTOCYSTS WERE INJECTED hIITH EMBL-s STEM CELLS. THE
TABLE SHOWS THE NUMBER OF BLASTOCYSTS IMPLANTED AND THE NUMBER OF OFFSPRTNG BORN AND CHIIV1ERAS
PRODUCED.
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7.3.4 E14 transfected STEM CELLS

The 814 transfected stem cells were introduced into

blastocysts of ShIISS albino and CBAC57\Fl strains.

The numbers of blastocysts transferred to the uterus of the

reeipient mice were 32 and 29, the numbers of blastocysts which

implanted into the uterus úùere 15 and 9 and the number of

offspring produced were 9 and 1 respectively for the SWISS albino

and CBAC57\Fl (table 2Il.

The loss of embryos due to early embryonic mortality for

each strain were not statisticaì.ly different (P>0.05) (figure

11) .

Also both strains were considered st,atistically equal for

each variable (number of blastocyst transferred / implanted) and

(number of ímplanted / offspring) for SWISS albino only (P)0.05)

(figure 11).

Coat colour chimerism was produced in both strains' (table

2L', and al I chimeras rdere f ertile bul: a germl ine was not

detected.

The 814 transfected stem cells which produced coat colour

chimeras were from passaçtes number 6 and 7.



TABLE 2L - AN OVERVIEW OF THE NUMBER OF BLASTOCYSTS IMPLANTED, OFFSPRING BORN AND CHIMERAS PRODUCED
EROIV1 BLASTOCYSTS INJECTED WITH E14 TRANSFECTED STEIì4 CELLS.
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SÎRAIN BLASTOCTSTE RECIPIENTS BI,ÀsTOCTSTS OFEBPRTNG

TRANSFEBRED IMPLANTED BORN

CHIMERÀS FERTTLTTY GERIiIIJINE CTTIÈ{ERÀS

n nd n8 t nd n9t
nn n

n n n(tl n(t) (â) (tt (t) (t)

BrtAS 32 2

a

l5(¡16.9¡
A

9(28.1t
À
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( 3.4¡ ( 100.0 I

¡ EERTILfTI = C,APACIII T|0 ÞROIN¡CE OFEAPnIf,c.

AÀXB ALPEAEBT I,BÎTERB (lIrXEn CABE) IX THA SÀüB COLIJllll IMIqATEA XO STATISTICÀL DIFFEBBNcE (P)0.05).

IÆTTER'A' (T'PFBA CASEI TtrDËNìE,AÎE OF EâCE VAAIÀBLE III¡DICATES I¡O 8TÀTISTICÀL DIFFEBETTCE (P)O.OsT

ts
N
\oI

OTE CEI;AENÀ C DIID BEEIORE TIATTFC



FIGURE 11 - UTERINE IHPI-ANTATION RATE AND NUMBER OF OFFSPRING
RESULTING FROM EKPERIMENTS IN WHICH iIOUSE BLASTOCYSTS WERE

INJECTED UIITH E14 TRANSFECTED STEM CELLS.
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7.3.5 COMPARISON BEThIEEN CBAC57\Fl EMBRYOS COLLECTED AT

DIFFERENT TIIÙIES AFTER HCG INJECTION AND INOCULATED hIITH E14

TRANSFECTED STEM CELLS

The number of embryos transferred to the uterus of

recipient mice were 40 and 29, while the number of blastocysts

which implanted in the utems were B and 9 and the number of

offspring born h¡ere 7 and I respectively for embryos colleeted

4 and 5 days after HCG (table 221 -

There waç¡ a mean loss of early embryonic mortality which was

statistically significant (P<0.01) for the embryos inoculated

with stem cells at 4 days after HCG administration; the embryos

collected 5 days after HCG were considered statistically equal

(P>0.05), (fígure 13). The embryos CBAC57\Fl colLected 4 days

after IICG for the variat¡le (number of implanted / offspring)

indicating that late emtrryonie mortality did not occur (figure

13). Both strains were considered statistically identical for

each rrariab¡-le ( number of blasl-ocyst transf erred / implanted )

( figure 13 ) .

Overt chimeras hrere produced with both kinds of embryos as

shown in (table 221 ; all produced chimeras which ì,vere fert--ile but

none were germline.



TABLE 22 THE EFFECT OE EI'IBRYO DEVELOPI"IENT ON CHIMERA PRODUCTION. EMBRYOS I^JERE COLLECTED 4 OR 5

DAYS AFTER HCG ADMINISTRATION/MATING AND INJECTED WITH 814 tTANSfCCtCd STEM EELLS' TIIE TABLE

".
FEBTILITT GEB}ILIIIE CETXEBAS

i

IIICE
EÎBAI¡I

NIüBBB OF

AECIPIENTA
ISI¡IIBE8 OF
OEESPBING
BOE¡C

I¡T,IIBEA OF
DI,ASI.OCTBTB
ÎRÄlcSFERRED

f,EIIBBB OF
BTABÎOCTETS
I}IPIÀf,:TED

B( 20.0 ¡

CtrIT{EBA8

nnd

2l

nl

I

d

ttl
(r00.01

I
n

nd nl

n n

n n n(tt n(t) (tt (t, (t) (t'

a
Llr

I 100.0 I

CBAC57\ 40
FI
¡I DAIS A.IFEBB ECG

I 7(17.5¡
A

(s.0t

a

cBAcs?\ 2s 3 9(31.0) 1(3.4) I 1 - Lll - 0

Flè
5 DAIS AETER Bcs (3.41 (100'0'

r FERTII,III = CAPACIIÍ TT' PR,OI,[,CB OEFSPBIT|G.

SAHA ALPEÀBET LBTTEEA (I¡XEB CABE) II¡ TEE SA}IE COLUËN II|DICATBE NO SÎATISTICAI, DIEFBNENCE (P)O'OsI'

LETTEE .A. (OPPAR Câ8At U¡IDßENEAÎE OF E¡ICE VâEIADLE IRDICATES I¡O STAÎIATICàL DIFFERßIICE (F)O'05)'

LETTBE -8. (DPPEE CAAE) ÛXDEEI¡EÀTB OE/ EACH VÀRIÀ.BLE INDTCATBS AÎÀTISÎICAT DIFFEBENCE (F(O'OI)'

F(,
(¡)



FIGURE 13 . UTERINE IMPI.ANTATION RATE AND NUMBER OF OFFSPRING
RESULTING FROM EXPERIMENTS IN WHICH ñIOUSE BLASTOCYISTS OF

CBACsAFI STRAIN TVERE INJECTED WITH E14 THANSFECTED STE]II CELLS.
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7 .3.6 POOTJED DATA FROM EXPERTMENTS TN WHICH BLASTOEYSTS FROIVT

DIFFERENT STRAINS OF MTCE WERE INJECTED WTTH THREE KINDS OF STEM

CELLS

Since no differences were found among the strains of mouse

blastocysts injected with various stem cells the data !ùere pooled

in relation to the variables (number of blastocyst transferred

,/ implanted) and (number of implanted / offspring), figure 14.

The blastocysts of SWISS albino strain mice were inoculated

with 3 kinds of stem eells totalling 501 blastocysts injected,

206 l4L,IOe") and 82 (16,40eo) implanted and resultant offspring

respectively.

The C57BL\6 strain had 310 blastocysts, which received by

micromanipulation 2 kinds of stem cells, with implantation

occurring ín 117 (37,7O%) but only 5 l1-,6e") offspring were borr¡.

The CBACS7\Fl strain had Il4 blastocysts inoculated with

stem cells, of which 38 ( 33,30% ) implanted and 18 ( 15, B0% )

generated offspring.

The three strains of mice had a similar pattern in respect

to uterine implantation, but the number of offspring born hlas

similar for the SWISS albino strain and the CBAC57\F1 strain

while both strains differed from the C57BL\6 strain (P<0.001).

The only strain of mouse blastocyst which did not produce

any chimeras was C57BL\6, the other two strains SWISS albino and

CBAC57\Fl produced chimeras¡, (figure 15).

The number of chimeräs produced in relation to the number

of blastocysts injected with stem cells did not result in a
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7.3.7 - RESULTS OF GLUCOSE PHOSPHATE ISOMERASE ANALYSIS FROM THE

CHIMERAS PRODUCED WTTH ALL STRAINS OF T{IEE AND STETV1 CELLS

A glucose phosphate isomerase (GPf ) analysis was done to

check the integration and manifestation of the stem cells (band

characteristics of 1-29 mice) injected into host blastocysts

(SWISS albino strain, e57BL\6 strain, CBAC57\F1 strain) in the

blood of the coat colour chimeras produced, figure 16' The

intensity of bhe bands were used as an indication of the amount

of I29 contribution into the trost blastocysts used.-

7 .3.7 .l SÍ{ISS albino blastocysts and EMBL-S stem cells

This c<¡mbination of blastocysts and stem cells produced 6

chimeras of which 2 had the blood colleeted for GPI analysis.

Bot.h mieer a male and a female were overtly chimeric' but did not

present a I29 trand,

7 .3.7 .2 SÍ{ISS albino blastocysts and 814 stem cells

The association of SWfSS albino strain and E]-[ stem cells

allowed t-he production of 18 chimeras, but the GPI analysis was

done on only 13. The lowest amount of I29 detected was 50% and

the maximum 100%.

eells

7.3.7.3 - swISS albino blastocysts and 814 transfected stem
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From the 4 chimeras produced GPI analysis was done in 3' and

the lowest 129 strain contribution was 60% while the rnaximum was

65%.

7 .3.7 .4 CBAC57\F1 blastocysts and 814 stem cells

This combination of blastocysts and stem cells produced 6

ehimeras, the 1-2g eoltribution ranging from 25% to 75e"' One of

the females overtly chimerie produced (with >50% coat colour

eontribution) had the GPI analysis repeated and on both occasions

bhe 7.29 slrain eontribution was zero.

7 .3.7 .5 CBACs7\Fl blastocysts and El4 transfected stem

cells

The 3 chimeras produced had a minimum and maximum range of

129 contribution of 50e" and 85%.
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7.4 DTSCUSSION

The analysis of the pooled data of different stem cells in

relation to each blastocyst strain of mice (SWISS albino' C57BL\6

and CBAC57\F1) showed that Loss of pre-implantation embryos was

similar statistically between the three strains of mice (figure

14 ) .

These losses could be due to manY facLors. The first

possjþil.iLy ruled out coul¡l be the inadequate combination of the

blastocyst recipient strain of mice used and the s'bem cel l-s

injecLed.

The second rt:ason for this embryo loss could be attributed

to the mieromanipulation proc€ìss since the blastocysts were

submit-ted to ¿ln invasive proeedure by penetration of a

microinjection pipebt.e through the zona pellucida in order to

introduce the stem cells into the blastocoel cavity' a situation

which could have precipibated the hatching of L'he uterine

transferred blastocysts. The early exp<lsure of the trophectoderm

cells l-o ¿n inadequate uterine environment could be responsible

for scrme embryo loss before implantation.

The third reason coulcl tre related to the asynchrony between

the embryo tlevelopment and t-he Lime of pseudopregn¿rncy of the

reci.pient females. Ttris possibiliby is considered in the next

chapter.

The fourth reason could be attributed to the amount of stem

cel I s which at'Lach to bhe inner cel I mass cel I s of the host

blastocyst, since there is a possibility that the excess of cells
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and the imbalance between the mo<lified inner cell mass cells and

trophqblast of the host embryo along with the abrupt artificial

increase of the inner cell mass could be responsible for embryo

losses. As reviewe<l by Somers et al. (1990)' embryos with a

disturbe¡d aI location of ceI I s bo the inner cel I mass and

brophelctoderm have Iower rlevr:lopmental potential in vitro and in

vivo. Also the l-oss of embryos before implantatj-on of all strains

could be attributed to the embryo transfer process'

Late embryonic morl-ality was eviflent in all three strains

of mice. The ShlfSS albino strain and CBAC57\Fl strain were

similar statistic:rlIy and both strains ldere statistically

different from the C57BL\6 strain, (figure 14). Ttre loss of

embryos af ter impl.rntati6n could be due t-o t-he sâme reasons

enumerated for early embryonic mortality excluding the embryo

transfer prr:cess.

The micromanipulat-ed blastocyst.s of mouse C57BL\6 strain had

the same implantation rate as L,he blast-ocysts of the SWfSS albino

strain and bhe CBAC57\Fl strain but showed the worst performance

of t-he three str:ains of mice in relati<¡n to of f spring production '

During the devel<-rpmr:nt. of those experiments it was ot¡served thal-

the C57BL\6 mouse embryrrs were always behind in development when

compare<l with the other strains. The poor performance of the

C57BL\6 straÍn c<¡uld be explained by the work of (Gates 1965'

cited by Wilmut, 1986), wh6 shor¿ed that the cleavage rate did not

influence the ¡rroportion of r=mbryos able to implant, but did

significantly influence the slow growing embryos, died after
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implantation. A similar occurrence was¡ observed in l-he

exper:iments described here.

Cannibalism was observed in the C57BL\6 embryos which were

micromanipulated and transfr:rred to recipient female mice; all

.bhe offspring obtained were found dead in their cages' Piedrahita

et al. (tgg2) observed incidences of cannibalism in hamsters in

litters of 4 pups or less.

The rlata analysed for each blastocyst strain and stem cells

demonstrat-ed L.he presence of erarly and late em-bryonic mortality

which t/'¡äs statistically significant for bì'astocysts of SltffSS

albino and e57BL\6 sl:rain mice which were injecte<l wil-h 814 and

EMBL-s stem cells (tabìes 19 and 2o¡ figures 7 and 9). However

eårly and late embryonic mortality was not staListically

significant in ttre transferred blastocysts <¡f CBAC57\Fl strain

mice combined with 814 normal (figure 71, and t-.ransfecLed stem

cells (figure 11) and the blastocysts of SWfSS albino with 814

transf eeted sl-em cel I s ( f igrrre 11 ) . The rliminished loss of

emlrr:yos of the eBAc57\Ft mouse strain could be due to l-he fact

that the embryo transfers h/ere in the majority <lone in female

mouse recipients of the s¡ame strain, and perhaps this close

harmony bet-ween <lonor and reeipient improved the results.

c<¡at eolour chirneras r,ùere produced wittr swISS albino miee,

än ouh-bred s[-.rairr, and eBAe57\ E1 mice, ¿l hybrid strain. The

p()oled rlata of alt stem cells used in relation to each strain ()f

mice demonsLrated LhaL both sLrains -had the same patl-ern in
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relätion to the production of chimeras (P>0.001) (figure 15)'

However germline chimeras r^rere produced in both strains which

received normä I stenl cel I s bul- none hlere obtained wiLh

transfected stem cells. This observation agrees with Zi-jlstra et

a I . ( 1989 ) who obtained cont-r:asting results f or chimera

production with 2 clones of transfected stem cel.Is. Gossler et

al . (1986) reporl- s.imilar resu-Lts in the production of germline

chímeras with normal and transfeeted stem cerlls.

The blastocysts of strain C57BL\6, an inl¡red sbrain, hlere

injected with 814 and EÞIBL-S stem cells and did not produce any

ctrimeras, mainÌy due 1*o their Iow reproductive performance. This

observation which is at variance with the hlork of Schwartzberg

et al . (19S9) ancl Pease and Williams (1990) who productrd germline

chimeras with C57Bf,\6 mice with CCE and D3 stem cells which l^Iere

al.so generatetl frc¡m l-he 129 strain of mice.

The SWISS albino, an outbrerf st-rain, rvas injected with stem

r:ells (814, EMBL-S anrl E14 transfreq:t-ed) and this strain of mictr

allc¡wecl ttre produel-.ion of chimeras with all three stem cells

lines injetcted, howevrJt', germline chimeras wL're only prr:drreed

with n<¡rmaI 814 sl-em cells. Schwartzberg et al . , ( 1989 ) found

that different trutlrr:ed albino strains of mice CD-l and MFl gave

different results in relation to the productiorr of chimeras with

eeE stem cells and none of the strains produced germline

chimeras. The same observation was published by Pease and

Williams (1990) that Lhe ICR outbred chimer:as did not form ES-
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derived gt:rm cells.

The hybrid mous€r strain CBAC5?\Fl reeeived 814 and 814

transfect-ed st-em cells and wibh bot-h stem ce]ls lines ¡rroduced

chi-meras, hohrev<:r germline chimeras h/É:re produced with normal E14

sl-em cells,

Other researchers, for example Schwartzberg et al. (1989);

Pease and t^lilliams (1990); Tokunaga and Tsunoda (19921

highlighted t.he importance qf the genotyper of the recipient

blast-oeysts wtrich cän profounflly influence the overall

incorporation of stem cells in the developing conceptus' a

decisive faetor for germli.ne transmission.

One oll the possible explanations for the importance of the

compatibiLil-y between two strai.lrs of mice when associated (st-em

cells and blastocysts) is pr:esr:nted in the work of Latham et aI'

(1993), who crharaeterised Lhe different pattnrns of protein

syn.thesis in the clifferent germ layers and tlre distinct trehaviour

gf l-he individua I l;ryers in the mouse conc:epl-us. During t-he

differentiation process gene expression and proteins are

expressecl according l-o a strict- time schedule. It is quibe

possibte that t.his Lriological time of the gelre and protein

expression ,¡f each germ layer, perhaps distinct for eactr s'b.rain,

coul-d be responsit¡le f<¡r the various rr:sults of the genotype

combj-nat-ion of mice strains of stem cell and the host embryo

used,

In the present r^¡ork in three chimer¡rs the integration and

expression of stc-:m cells rdä€l only in the e¡ctoderm (cc¡aL cofour
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chimeri sm) and those chimeric mice did not present the

characteristic (Glucose Phosphate Isonterase) band of the I29

strain mice in blood (mesoderm)' (figure 16)' only one of thesei

ehimeras were male and the stem cells did r¡ot colonise the

germli¡e. ft is suggest-ed in t.he wr:rk of ,tannac:cone et. al. (1-985)

and Marll et al., (1993) that coat chimerism is often used as än

indirr=ct guirle to ger:mline pottrntial , although it <loes not

indicate whethr:r the primitivr: gonads havt: been colonised by the

stem cells. In b.he ¡:resent, work with those three chimeras the

sten cells i-noculatecl <lid not contribute to t.he haematopoietic

l-issu<¿ and gonarlal ridgtl .

Many strat-egies have been userd to improve the colonisal-iorr

of st-em cells i.nto host- embryos. Pe-li and Schellander (1992) used

teLraploid emtrr:yc.rs and concluded ttrat ste¡m cells injected into

¿r depressed etmþryo can supporb complet-e f etal development '

Tokunaga and Tsunoda l]-gg2) demonstrated that an urìsatisfactory

combination between the genol-ype of stem cells and blastocyst-s

can be tlvercome by injection of stelrr cells into B cell embryos'

The resulLs of the prersenl- work demonstrated wit-h CBAC57\F1 motlse

embryos inoculated with E1-4 transfected stem cells at 4 days and

5 rlays after HCG demr>nstr:ated t-he possibÍtiby of producti-on c¡f

overt chimeras bul- norìe of t-he protluced chimeras l¡¡ere qermline.

The low numt:er of ch-imeras obt-ainecl does not allow any soli<l

e<lnclusion l-hat could show difference between the two kinds of

embry(}s. h()wever there¡ is an indicati.on thaL the stem cells used

were limil-ed in ttreir abili-ty to colonise the gonadal ridge <¡f

the chi-meras obtained , and,/or tþe host b-l.astocysts wcrre
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incompatibl.e to the stem cells (table 22, figure 13) -

Blastocyst injection with stem cells is ¿t system for the

production of chimeras" those animals which have t-he abjlity to

immortalise the genome transmitl-erd try stem ceLls' The chimeras

¡rroducerl for- ttris purpose presenb. limibations. Roberl-st>n et ä1.

(1"9S3) denronst--rated t.hat- XY stem cell lines itre more stabl-e than

XX stem cells .lines in cult-ure. Ber:ause of t-his t-he majori'by of

stem cel I l.ines isolated and injected into blastocysts are from

maJe eml:ryos. As ¿r r-'onsequenct:, t-he successful produeed germlinr:

chimr:ras are mãinly relateid to sperm production. l"loreover, irl the

searcþed L iterature, a publication about- (ì f emale germ-l i-ne

overtly chimeric was not found.

fn Ltre pr:reserrt work iL was observed with the XY stem cellfì

in jected i-nto blastocysts bhe formation of f emale chimeras,

which !Íere mated and obviously not- germline. The stem cel.l.s used

h¡ere not capable of colonisirrg the gonarlal ridge c¡f the host

Ì:lastocyst r:r the hosl- blastocyst-s di-d not offer condil-ions for:

1:tris c:ol.on-isation. This could be r:eIat¿:rl to Lhr: genotype

comJrit¡at-ion of st-em r:cl. ls ¡rnd host Lllastocyst.

The flist-<¡rl-iop in t.he sex rat-io am<>nçJ the c-:himer:ic

Fopulal-iorr .i s catrsecl Ìry cr>nversion of XX host r::mbryo-^ i.nLo

pherrotypic males, (fannaccone et al,, l-985). Surani et al. (1987)

fo¿n<l the greatest efficiency in obtaining germline chimaeras

from pluripol-ential stem cells by introducing cells wit-h XY

genol-ype into XX recipient embryos, suclì Lhat all sperm produced

by bhel pseudomale warl 100% clerived fr:om the injected male stem

cell line. Mann el- .r1., (1993) obserr.ed that in stlm€Ì insl-artces,
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mâLe ctti-fneras t-ra.rtsm.Lt-t-ed the sten cel l genobype t-'o l.ess Lhan 3%

of Lheir <lff spri-ng, indical-ing â low col<¡nisatir¡n of a particular

sl-ern cr¿-11 Ílr Lhe gonarda I r:idge.

In order Lo produce germl íne chimera females derived from

str:m celLs iL. is ttecessary to improwe our knowledge in or<ler to

isc¡late and lceep in :in r,'itro cult-ure sL.able XX stem cell lines

r:apable of over:eomi-ng or parti.cipating l-o a high <legree in the

genetics of the genetic gorradal ridge of XX or XY host

blarstocl'sts.

Cloning Lechniques r:ould be used for the propagation of the

genome of rnale and fema-le stem cells.

Nuclear Lr:ansfcrr promises to be c¡ne of the w;rys of achieving

the prrr:paga't-ion of t-he sl-em cell genome, ltowever it i-s rler:essary

to clefeat many limitations of Lhis procedure, not <¡nly for: motlsÉr,

¿ts well I ¿ìFI jlor fat'm anirn¿¡ls. Àt, the pr:esr:nt Inomen.L only the

ehimeras can l¡e use<l as ar way of tr:ansmit-ting the genome of the

stem cells. Tsunoda ¿rnd K¿rto ( 1993 ) claim t-hat chro¡tosome

abnor:lnal ity of the individual stem cel I s transf erred to

errucle¡rte<l oocytes may explain t-he low ability t¡f mouse embryos

bo deverlop into blastocysts in vitro, a situatiorr wtrich is

overcome by construcl,ion ,:f r-:himerras because in the blasLocysts

injectic'rn generally inoc¡l¿rtes more t-.h¿rn one st-em ceIl.

Furtherlnore, somtl of t.l¡e cl.oned generate offspring present

health problcìms, poss:iblr: <lue to the complexity of this

techncrlogy which is being dc+veloped. (Se-i-del ,.fr. 1992).

The proþlems related Lo the mouse chimeras produced during

Lhe L:oqrse of l-he Lrr(:)sertt. work ha<t probl ems rr:l at-erd to



L49

andinfertili.l:y Ín

hermaphroditism in

2 normaf

onei female

phenotypic

chimera.

male chinteras

Stem cell Lechnology associated with the chimeri.c rouLe

offers a system which allow tbe multiplication and preservatic¡rr

of highly prorlucti.ve and rare k¡reetl animal genol-ypes. Moreover

the tralrsfecl-ed. stem cells promise t<¡ be a suitable way for t-he

ereat.i<¡n of l-ransgenie animals and thus rlovel genotypes.

As in the mouse experimerrtal mc¡del, the knowledge abc¡ut

ç¡enotype eombi.nah-i.on t¡etween host trmbryo and stem cells for farm

anirnals may revtral incompatibly among different breeds of animals

in the f¡¿ìme spec i.<rs.
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VIII EMBRYO TRANSFER OF BLASTOCYSTS I{ICROINJECTED WTTH

STE},I CELLS TO RECIPIENT FEMALE I'IICE OF CBAC57\F1 STRAIN AT TWO

TIMES OF PSEUDOPREGNANCY

8.1 EXPERIMENTAL OUTLINE

The a1m of this experiment was to compare the partial data

of the bJ-astocysts injected with stem cel Ls and control

blastocysts which where submitted to the embryo transfer to

femaLe mice recipients of CBAC57\F1 strain at two rlifferent times

of pseudopregnancy.

8.2 MATERIAL AND IVIETFIODS

8.2.I STATISTICAL ANALYSIS

The success of embryo transfer was determinerl by relating

the number of implantation scars found in the uterus to the

number of blastocysts transferred (BLASTOCYSTS TRANSEERRED - SCAR

OF IMPLANTATION) and the number of offspríng obtained (SCAR OF

II'{PLANTATION - OFFSPRING) which gave an indicat-ion of early and

late embryonic mortality respectively.

The variables (BL-SC) and (SC-OF) were statistically testerl:

a) to show the statistical similarity among

strains a't each pseurlopregnant time (P)0.05);

b) to compare each time of pseudopregnancy;

the mouse
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between microinjected and control blastocysts '

Kruskal - wallis test was used for these comparisons.

8.3 RESULTS

8.3. ]- - EMBRYO TRANSEER OF BLASTOCYSTS INJECTED WITH

KARYOPLASTS

Table 23 shows thal no time effect was detected (P>0.05) for

either varrables (blastocyst- transferred - scars of implantation

into the uterus ) and the ( scar of implantation - number of

of f spríng f-,roduced ) , although there is a trend towards the

recipients which received the microinjected ernbryos at 2'5 days

of pregnancy compared with those reeeiving embryos at 3.5 days.

TABLE 23 - BLASTOCYSTS TNJECTED WITH KARYOPLASTS TNTO

BLASTOCOELE AND TRANSFERRED TO CBAC57\F]. MICE RECIPTENTS
DIEFERENT DAYS OF PSEUDOPREGNANCY.

THE
AT

DAYS OF
PsEUDOPREGNÀNCY

NUMBER OF
EMERYO
TRANEFERS

NUMBER OE

ELASTOCYSTS
TRAN9FERRED

NUMBER OF 5CAR8 OF

II{PI,ANTATION
NUI'ÍBER OF
OFTsPRING
PRODUCED

a a

?,5 18 206 92 (44.71 L4 t2L.4',t

a a

3.5 l-8 195 50 (25.6) 3 (1.54)

SA!!E LETTER ''A'' (LOWER C.qSE). IN lHE SAME COLI]MN. MEANS NO STATISTICAL D]FFERENCE (F)O'05) '
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8.3.2 EMBRYO TRANSFER OF CONTROL BLASTOCYSTS

The two variables (blastocyst transf errerl - number csf

uterine scars ) and ( scar of implantation offspring produced )

were not rlifferent for either tímes (P>0.05) of pseudopregnancy

( table 24') . However the contro.l- recipients which received

etnbryo transfer aL 2.5 days showed better performance than at 3 ' 5

days.

TABLE 24 _ CONTROL BLASTOEYSTS TRANSFERRED AT DIFEERENT TIMES OF

"-at""t-t*

DATS OF
PSEUDDFREGNANCY

NUMEER OF
EMBRYO
TRANSEER

NUIiÍBER OF

BLASlOCYSTS
TRÀNSI¡ERRED

NUMBER OF SCARS OE

IMPITANTATION

NUMBER OF
OFFEPRING
PRODUCED

a a
1R 79 45 (56.9) L7 (21.5)

a a
at LO2 28 ( 27.5 Ì l0 (9.8)

sAtrlE LETTER "a" (LOWER C,CSE), IN THE SAME COLUMN, MEANS NO STATISTICAL DIFFERENCE (P)0'05)'

6

9
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8.3. 3 - COMPARTSON OF }'IICROINJECTED AND CONTROL BLASTOCYSTS

AT DIFFERENT TI}4ES OE PSEUDOPREGNANCY

The comparison between con'trol and mir:roinjectetl blastocysts

failed to show any statistical rfifferences for either variable

(BL-SC) and (SC-OF) wit-hín and Ìretween the two times of pregnâncy

(P>0.05) (figure 17), but there is a clear trend for both classes

r_tf. embr.yos t-owarrls ltett-er performance in relation to early and

lat-e embryonic loss at 2.5 days of pseudopregnarlcy '

FIGURE t7 . COMPARISON BETWEEN MICROINJECTED AND

CONTROL BI-ASTOCYST9 AT TWO TIMES OF PSEUDOPBEGIìI.ANCY
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8.4 - DISCLISSTON

No differences were evident between tl're micromanipul.ated and

control blastocysts submitted to embryo transfer for the three

different strains of mice (CBAC57\F]-, SWISS albino, C57BL\6) at

2.5 and 3.5 days in regard to the variables (BL-SC) and (SC-OF)

(P>0.05 ) . This observation is similar to that of Pomp e¡t al '

(1989) who failed to detect any effect of genotype on embryo

survival as assessed by the number of young born and number of

embryos transferred.

The recipients which urere submitted to embryo transfer at

2.5 <lays of pseudopregnancy had better performane.e than at 3 ' 5

days with reduced early and late embryonic l-oss. One possible

explanation for this coul-d be l-hat a1l embryos (micromanipulated

an<l control ) were sr-rbmitted to embryo collection, a perio'd csf ín

in vitro r-:¡-lture and f inal ly to embryo transf er which together

could cause ¡he <lelay of the r¡rowth r¡f t-he embryos. Fr¡xworth and

Kraemer ( 19 9 3 ) observed t lrat the <f el'e l opment of ¡nus musc¿¡i ¿rs

embryos r,úas compromised when they were submitl-ecl to n vitro

culture, and Vanderhyden (1-987) showed that the surt'ival of rat

embryos from in vitro fertilisation could be improved by allowing

time for the embryos to "cätch up" tc¡ the physiological status

of the recipient. fn this way the uterine environment of ttre 3.5

days of the pseurìo¡:rregnant recipients coulrl be ahead of the

embryos, and this asynchrony between a retarderil embryo and

advanced uterus could be responsible for early and late embrycr

Ioss.

The results obtained in rel-at-ion to uteri.ne rer,'eptivity at
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2.5 days of pseuclopregnancy in the present work are at varÍance

with the studies of Paria and Huet-Hudson ( 1993 ) , which indicated

that the uterus becomes receptive on day 4, (day i- being the day

at which the vaginal- plug was f ouncl ) . However, the present work

is in ägreement with ( Foxworth and Kraemer l-993 ) , who showed that

opti-mal embryo transfer occurs when the recrpient mus m¿¡sc¿llus

exhibits a post eoitat pJ.ug 24 hours after the donor exhibits a

post coital plug from ä fertj-le mating. It was pointed out by

Tarkowski (1959) Lhat the best resrìlts of mouse embryo transfer

is when the reeipient uterus is retarded or at the same age as

the transferred eggs.

No differences hrere evj-dent between micrornanipulaterf and

eontroJ, emlrryos (P>0.05 ) ab eíther of the pseudopregnanL times

but the micromanipuì.atecl and control embryos which were

transferred at 3.5 days had a poorer performance in relation to

implantation and number of offspring prorlucerl, (figure L7l. The

uterine environrnent at 3.5 days. In practical terms, l-he uterine

environmerrt was obviously hostil-e to both categories of embryos

transferred, but the micromanipuLated and control embryos

t-ransf erred at 2.5 days of pseudopregnancy showerl better

performance.

In order to perforrn adequate statistical analysis, it is

necessary to have a higher number of experimental transfers t-o

show that 2.5 day pseudopregnant female mice r-¡f strain CBAC57\F1

present a phlrsiologically Lrett-er uterine environment for embryo

t-ransfer ttrarr the pseurloprer3nant recipient at 3.5 days with the

methr¡dology used j-n Lhe ¡:rresent work.



IX-EMBRYoTRANSEERoFAGGREGATEDBLASToCYSTS

AIbiNO AND C57BL\6 }4ICE STRAINS

r-5 6

OF SWISS

9.1 EXPERTMENTAL OUTLINE

This experiment used the data of the successful aggregated

blastocysts whieh were submitted to embryo transfer to female

mice recipients of cBAcs7\Fl strain mice at two rlifferent times

of pseudopregnâncy.

9.2 MATERIAL AND MEÎHODS

9 .2.I STATISTICAL ANALYSTS

The structure of the statistical analysis used for

aggregated krlastocyst-s transferred at both pseudopregnant 'times

wås described previouslY.

ThC VATiAbICS (BLASTOCYSTS TRANSFERRED _ SCAR OF

IMPLANTATION) ANd (SCAR OF TMPLANTATION OFFSPRING) iNdiCAtiVC

of early and late embryonic mortal-ity, were statístically tested:

a) to

straíns in

show the statistical similariby among the mouse

each pseudopregnant time (P>0.05) ;

b) to compare each time of pseudopregnancy'

The Kruskal WaIlis test was userf for the comparasons'
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9.3 RESULTS

9.3 . l- EMBRYO TRANSFER OF AGGREGATED BLASTOCYSTS

Table 25 shows that the variable (blastocysts transferred -

scar of implantation) was better in the recipients at 3.5 days

of pseudopregnancy than at 2.5 days (P<0.05) ' The variabLe (scar

of implantation -numkrer r-rf ,cffspring produced) was statistically

the same for the recipients at 3.5 and 2.5 days of

pseudopregnancy, however in practical terms the recipients aL 3.5

days produced more offspring ( P>0.05 ) .

TABLE ?5 BLASTOCYSTS
AGGREGATES ON DIFFERENT

PRODUCED EOLLOWING TRANSFER OF EMBRYO

DAYS OE PSEUDOPREGNANCY.

DÀYg OF
PSEUDOPREGNANCY

NUMBER OT
EMENYO
TRANSFERS

NUMBER OF

BI,AETOCYSTB
TRANSFERRED

NUMEER OF SCARE OE

IMPI,ANTATION
NUMBER OE
OEF6PRING
PRODUCED

2.5

3.5

7 86

26

a
37 ( 43.0 )

b
20 (76.9)

16 (18.6¡

a
t2 146,z','3

DIFFERENT ALFHABET LETTER ,'a" (LOgtER CASE). IN THE SAME COLUMN, MEAN9 STATISTICAL DIAEERENCE
(P(0.051.
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9.4 - DISCUSSION

No differences were evident for the three kinds of embryo

aggregat-es (SWISS aIbÍno X SWfSS albino; C57BL\6 X C57BL\6; SWISS

albino X C57BL\ 6 ) transferred. Statistical ly the embryo

aggregates were the same for the variables (BL-SC) and (SC-OF)

(P>0.05) at every pseudopregnant time (2.5 or 3.5 days), being

the data pooled in each time.

As is shown in ( table 251 , the embryo aggregates gave better

¡rerformance on the uterine environment of 3.5 days of

pseudopregnancy than 2.5 days of pseudopregnancY in relation t-o

earl-y embryonic mortaJ- ity, ( P( 0 . 05 ) . Al- l- embryo aggregal-es were

Lransferred al- 4.5 days after the identification of the vaginal

ptug of the embryo donors. The better performance of the embryos

at 3.5 clays âs compared to 2.5 days of pseudopregnancy agrees

with Foxworth and Kraemer (1993) but differs from the work of

Paria and Huet-lJudson (l-993) (see previous discussion, item 8.4).

In the present experiment, the uterine envirc¡nment at 2.5

days was receptir,'e to the transferred aggregatecl bJ-astocysts anrf

was possible the product-ion of. offspring from embryos 48 hours

ahead of ttre uterus. Foxworth ancl Kraemer (1993) observed that

the 'feveLopment of m¿¡s m¿¡sc¿rjus embryos was c:omlf,romised when they

were submittecl to in vitro euLture anrl Vanrlerhyrlen (l-987) made

a similar obserr,'ation with in vitro fertilised rat embryr:s.

In respect af 48 hour asynehronoLrs implantation between a

2.5 day pseuclo¡:regnant uterus and a 4.5 day aggregat-ed

blastocyst. It could be that the in vitro micromanípuJ-ation

proc:edures ancl specif icat J-y the re-organisation oL the embryo
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aggregates in order to form a successful blastocyst could

intensify the retardation of the embryos in way that the

chronological time age of the embryo did not correspond r'¡ith

intrinsic physiological embryo development. Also due to the

ftexibitit,y of t-he bJ.astocyst äs demonstrated in rabbit by

Fischer ( 1989 )

In respect to off spring prorluction both Pseurfopregnant times

r/dere eonsidererl the sâme (P)0.05), howevc+r in practíca1 terms,

the pseudopregrranl- r-'ecripients at 3.5 clays off ererl a better

uterine environment and late embryonic mortality was minimised

thus offerírrg better offspring production.

For the statistical confirmation of the trend that the

female mice of CBAC57\Fl straín at 3.5 days of pseur:lopregnanrjy

present a more adequate uterine environment for offspring

proiluct ion r:f the transf erreril aggregaterl krlastocysts , it would

be necessary t-o increase the experimental number of emirry'r

transfers,
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X PRODUCTION OF CHIIVIERAS THROUGH INJEETTON OF ISOLATED

INNER CELL MASS CELLS INTO l'lOUSE BLASTOCYSTS

1-0. l- EXPERIMENTAL OUTLINE

The aim of these experiments was to examj-ne the possibrlíty

of the production of mouse chimeras by inner cell mass cells

injected into the blastocoe-Le cavity of blastocysts of SWISS

albino and c57BL\6 mice. The early and Iate embryonic mortality

of the micromanipulated blastocysts which were submitted to

embryo transfer was also examined.

1-0.2 MATERIAL AND METHODS

10.2.1 EMBRYO COLLECTION

Embryos r^¡ere collected f rom mice of Swiss albino and e57BL\6

strains 3.5 days after vaginal plug detection.

L0.2.2 PREPARATION ()F INNER CELL I"IASS CELLS

L0.2.2.1 TMMUNOSURGERY OF BLASTOCYSTS

The ímmunosurgery technique l^tas perf ormed f ol lowing the

technique of Sol-ter and Knowles (l-975), with minor modif ications

( Schiewe et al. , L9921 .

Blastocysts used for immunosurgery were obtained from Swiss



161

a-Ibino or e57BL\6 mice and were selected to be at the middle to

fully expanded stages of development.

The blastocysts were incubated in a pronase ( 0.5% )

solution, and checked periodícalty until the zona pellucida had

dissolved completely. They were then washed twice. first with 1ml

of HTF-Hepes/BSA ttren with lml of HTE-Hepes, prior to transfer

to a 15% solution HTF-Hepes containing l-0e. of rabbit anti-sheep

antiserum for 30 mínutes. the blastocysts htere then washed twice

in HTF-Hepes/BSA and once in 1 m-L of HTF-Hepes.

The blastocysts were then transferred to a 1Oeo solution of

Guinea Pig Serum in HTF-Hepes for 30 minutes and washed, õìs

described laler anrf then transferred to in vi-tro culture media

for incubation in 5% Co2 in air for 30 to 45 minutes. Lysed

trophoblast ceLLs were removed by pipetting and the inner cell

mass cells transferred to 100 UI drop of Hepes buffered medium,

under oil.

The inner celL masses rì/ere then washed twice in PBS (Ca2+

Mg2t free) and transferred to an adjoining 30 uI drop of Trypsin-

containing media heLd in the same petri dish. The cells h,ere then

rfissocíated by repeat pipetting using a pipette with an internal

diameter of 25 um and then added to a 30 UL drop of trypsin-

containing media wíth 3 Ul of FCS.

AIl the proeedures h/ere earried out with buffered media on

a warm stage (Ratek Instruments, Australía) set at 37sC.

r0 .2.2 .2 ANTIBODY PREPARATTON
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The rabbit antisheep antiserum used was a gift from Dr.

Deirdre Warnes. f t was tileveloped by in jection of sheep spleen

celLs into the ear vein of rabbits. The rabbit serum was

collected and freeze-dried (Dynavac - Freeze Dríer, AustraLia).

The dried powder was reconstituted with 0.9% NaCl.

10.2.3 DTFEERENTIAL STAINING

In order to çþsr:k the efficiency of antibody/complement

action on the blastocyst trophoblast cells, a sample of the

blastocysts which were submitted to immunosurgery were stained

(Hoescht stain and Propidium fodide, Sigma U.S.A) and the

complete lysis of the trophectoderm cells checked under the

fluoreseence microscope, (figure 18) .

L0 .2.4 BLASTOCYST INJECTION

This was earried out using a simiJ-ar approach to that used

for inoculatic¡n of stem r:eLl-s. A minimum of 3 and the maximum of

7 inner cell mass cells were injecterl into each blastocoele.

1_0.2.5 EMBRYO TRANSFER

Embryo transf er v/as

blastocyst in ject-ion. The

vaginal pJ.ug detection.

done between 15 24 hours after

recipients were 2.5 c¡r 3.5 days after



LfJ.2.6 STATISTICAL ANAI,YSIS

An analYsís of the sllccess

as described prerziourslY'

of blastocYst transfer was done

Comparison of the development of micromanipulated

micromani¡rr:Jated emhr\zos iu in vitro culture was done

Test.

using â Z

EIGt.]RE IB
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and non-

ì

{¡ .¡.

\,,
I

j

MOUSE BI,ASTOCYSTS AFTER TMMUNOSURGERY

TVIOUSEBI,ASTOCYSTSSUBMITTEDToDIFFERENTIALSTAINING
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10.3 RESULTS

10.3.1 _ PRODUCTION OF CHII'IERAS USING BLASTOCYSTS INJECTED

BY TNNER CELL MASS CELLS ISOLATED BY IMMUNOSURGERY.

Table 26 shows the results relating to the host blastocysts

of SWISS albino and C57BL\ 6 mouse strains which received inner

cell mass celIs isolat-ed by immunosurgery.

The number of blastocysts submitted to successful

micromanipuJ-ati-on and embryo transfer of each strain were 37 and

27, respectively for the SI^IISS albino strain and C57BL\6 strain

host blastocysts. The number of blastocysts that implanted into

the uterus (2 and 1l-) r^ras statísticalJ.y different for bhe SWISS

albino (P<0.05) but the same for the e57BL\6 (P>0.05).

The number of offspring recorded from each host bJ-astocyst

strain was ( 0 and 4l f or SWISS a.Lbíno and C57BL\ 6 sLrains

respectively. The comparisons tretween both strains in relation

to the varíabl-e (number blastocysts transferred/implanted) was

statistically signrficant (P<0.05) .

OnIy one overtly male chimeric was obtained from the C57BL\ 6

host Lrlastocyst injected with SWfSS albino inner cel-I mass r-:e1ls.

This male chlmera h¡as fertile ancl transmittecì. the C57BL\6 germ

line, (figure 19).



TABLE 26 - BLASTOCYSTS INJECTED INSIDE OF THE BLASTOCOELE WITH INNER CELL MASS CELLS ISOLATED BY
II"IMUNOSURGERY .

t

MI CE

SlRAIN
INNER
CEIJL
I'IASS

M]CE NIJMBER OF NUMBER OF NIJMBER OF NI]MBER OE

BÎRAIN BI,ASIOCYSTSRECIPIENT6BI,¡TsTOCYETSOFFSPBING
HOSÎ TRANSFERRED IMFLANÎED BOßNED
BI,ASTOCYSl

n n (Bl n (B)

CHIMERÀS

n nd nl

(Bt

EERÎILITY

(å)

GERM LINE CHIMERAS

d I
nn

SWISS
dt
nn
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nn
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DIFEERENT ALFIIABEI L,ETTERS (LOWER CASE) IN TtlE SA¡'ÍE coLUMN INDICATES S1ÀTISTICAL DIFFERENCE (P(0.05,.
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FIGURE 19

MALE
fNTO

CItrIMERA PRODUCBD BY SWISS
C57BL\ 6 TIOST BI,ASTOCYST.

albino INNER CELL M'ASS TRANSFER
THE CHIMERA hIAS FERTII'E AND

PRODUCED OFFSPRING TYPICAL OF' TTIE C57Bt\ 6 GERIV1LINE



10.3.2

aLbíno AND

IN VITRO CULTTIRE

C57BL\6 MOUSE STRAINS

L67

OF HOST BLASTOCYSTS I-RO[,I SI^JISS

WHICH I^JERE INJECTED ì'{ITH INNER

CELL MASS CELLS.

The comparison between both

demonstrated that l-he development

and C57BL\6 strains injected with

same competent developmen tinin

strains of mice, (table 271,

of blastocysts of SWfSS alfiino

inner celI mass cells had the

vitro culture ( P>0.05 ) .

TABLE 27 - COI\4PARISON OF THE IN VITRO DEVELOPMENT
ERCIM DIFFERENT I\,IOIJSE STRAINS FOLLOWING INJECTION
MASS L-ELLS.

OF BLASTOCYSTS
OF TNNER CELL

MICE 8TRAIN
INNER CELL
MÀS6

MICE STRAIN
HOET
BLA5TOCYST

REPETITIONS DAY 5 DAY 6

n n (B'

c57BL\ 6 EWI SE 3 37 1n (86.51

e

s9{r 9s c57Br,\ 6 3 a1 24 (88.9)

n

SAME ALPHABET LETTERS (LOWEE CASE) IN ÎTTE SAME COLUMN MEANS NO STAIISTICAI, DIFEERENCE (P>0.05)



]-0.3.3 _ IN VITRO CULTTIRE OF BLASTOCYSTS FROM STdISS

AND:C57BL\6 I'IOUSE STRAINS COLLECTED 5 DAYS AFTER HCG IN

SUPPLEMENTED WITH IO% HEAT INACTIVATED RABBIT ANTI-SHEEP

168

albino

I"IEDI Ul4

SERUI.{

Table 28 illustrates that the blastocysts of ShJISS albino

and C57BL\6 mice strains submitted to in vitro culture in medra

supplemented with l-0% of sheep antiborly heat inactivater:l had the

same pattern of development with both strains considered

statistically equal ( P>0.05 ) .

TABLE 28 - IN VITRO EULTURE
* oF EMBRYos FRoM shlrss albino AND

C57BL\ 6 MTCE COLLECTED ON THE 5 îH oev AFTER Hcc\MATrNc.

MICE SÎRAIN REPETITIONS

n

5 DAYS AFTER HCG

I,ATE MORTJT,A/EARI,Y
BI,A9TOCYET

õ DAYS AFTER HCG

EXPANDED BLASÎOCYSTS

(t)

a

9WISS 20 20 ( 100.0 )

a

c57BL\ 6 L2 L2 ( 100.0 )

* rN vrTRo cLrrJTuRE MEDrA : ItuMAN TuBAL Er,urD-NaHco3 + 10â SREEP ANTTBODY IIEAT INACTTVATED'

SAMEALFHABET LETTERS (LOWERCASE) IN THE SAMECoLUMN MEANS NOSTATISTICAL DIFEERENCE (F)0'05)'

I

I
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l-0.4 DISCUSSION

This experiment evaluated the production of chimeras through

inner cell mass transfer isolated þy immunosurgery and

inoculation of 1-hose cel l s to blastocysts of SWISS albirro and

C57BL\ 6 strains.

The comparison between each host blastocyst strain showed

evidence of early embryonic mortality which h,as only

statistically significant for the SWISS albino mice which

received inner cell mãss celLs from C57BL\6 strain (P<0'05) ' The

comparison between both strains showerJ less embryonic loss in tkre

C57BL\6 blastocysts strain submitt-ed to embryo transfer (P(0.05).

Late embryonic mortaJ-ity, which was the difference between

the number of blastocysts implanted and offspring produced' was

also present in both strains.

The embryo transfer as such could be one of the faetors

responsibLe for the early embryonic mortality. The combination

of the strains of inner cell mass ce]Is and host blastocysts

c,rould be ruLed out,1s one of the causes of early anfl late

embryonic mortalih-y.

[,licromanipulated embryos kept in in vitro culture before

embryo transfer showed a satisfactory devej.opment, (table 271-

Then ttre ef fect respc-ìnsible f or the embryo loss relaterl to the

combination of the strain of inner celt mass and host blastocyst

should happen later in development.

The inner ce11 mass cells oþtained from both blastocyst
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sources were rsolated by immunc)surgery (Solter and Knowles, Ig75;

Schierr¡e eL a]., Lggzl . After the cells trad k¡een removed from the

brophobl¿rst cef ls t-hey were submitted to a trypsin containing

merlia and pipetting in order to dissociate the c-:lump 'rf inner

r:e1f mass into indivídual cells. All the celIs isolated and

inoculatecl from bnth strains harl rlifferent sizes and were

consi,:lered to h¡e of good morphol.-rgY. However, t-he morphology of

Lhe inner ce11 mass cel1s and the functíonal potential as a

karyoplast could not L¡e relatecl, and this situation r:ould acr-:ount

for the low viabilit-y of chimera production.

For immunosurgery it was used sþeep antibody ( Schiewe et

äI., Lgg2) we do not. þe]ieve that ttris source of interspecif ic

antibody coulcl be ruLe out as the cause of foss of the

micromanipulat.ed embryos before and after implantatíon because

it h/âs obtaine,l one mouse chimer:a rlriginated with cell-s of t'he

inner r:eI1 mass isolntecl with t-.his interspecific antíborly.

PlOre(rr¡e f , tl-le.in vitro cult-ure of blastocysts of both strains

using shr:ep antilrorly was nc¡t harmful to Lhe rlevelopment of the

embrl'r:s in in r,'i Lro culture but it was no't rf one l-he emÌ:rycr

transfer of those embryos, table 28.

The low rlumber ,:f cell's injer:ted hiere due to the complex

mettrodology. During the process of dlissociating inner ce11 mass

cells some cells were burst and others l-ost'

During the development of this work labelled stem ceLls rdere

in jected int,r trlastocrysts. Microínjected bi'asbocysts were

suhmitted to in vitro culture and the re-expanderl ones were

er.a.l.uated Lry f 1uo!:escence microscopy. It \,vas observed that not



L7L

all,the laþeLled stem c:ell-s ürere attached Lo the group of cells

of the inner ce]l mass. Some formed ottrer clumps like the inner

cell- mass while others cell-s, attachetl isolated to the

trophoblast. This observation agrees with Berldington and

Robertson (1989) r¿ho verif ied t-hat the stem celf s can contribute

to the trophoblast in blastocyst inject j-on chi-meras, although at

low frequency.

However remains the question if some of the cells isolated

frorn the inner cell mass in this experiment could really re-

rlifferentiate to be part of the trophoblast an<f not contribute

to al L inner cel l mass of the hc¡st blast-ocys b.. Stem ceÌ ls which

are kept in rn vitro c_.ondiLions may Lose some of the trasic

characteristics of the isolated inner r:eLl mass cells (Parchment

and Natara jan, 1.9921 .

This observatic¡n can also justify that it is necessâry for

an optimal numi:er of injected cells j-n order to aLtach the

blastocyst,s I inner ceI I mäss in c¡rder to part-icipate anrì take

over ther inoculated f oeb-us' gonadal tissue.

rlnly one ( 3.7e¡ ) chimera was obtairred f rom the 27

micromanipulat-ed bJ.astocysbs t-ransf ered. The chimera produced was

a male c-¡f the C57BL\6 germJ.ine. The SWISS alt.¡ino inner ce]1 maSS

cells only contributed to tissues rrther than the gona<l'
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CHIMERAS BY EMBRYO AGGREGATION USING

l"llCE STRAINS

11.1 EXPERIMENTAL OUTLINE

The aim of these experiments was to explore the production

of mouse chimeras using the combination of swlss albino and

C57BL\ 6 mouse strains ' evaluating early and Iate embryonic

rnortality as well as the predominant strain in the germline'

LT.2 MATER.IAL AND METHODS

l-1 . 2 .1- EMBRYO COLLECTTON

Eightcellembryosl^/erecollectedfrommiceof

albíno and c57gL\6 strains 2.5 days after vaginal plug

the Swiss

detectíon.

LL.2.2 PREPARATION OE EMBRYOS EOR AGGREGATION

Aggregations were made between embryos of swiss albino x

c57BL\6, Swiss albino X swiss atbino, c57eLr6 X C57BL\6 using the

foI Iowíng pror-'edure.

Theerghtcellembryoswereplacedj-npronase(0.5%)

soluhion to remove the zona pellucida, washed twice in two

different peLri dishes with HTF-Hepes/BSA and transferre<1 to a

Terazaki plate (Disposabl e ProclucLs, Australia ) wittr 60 drops of

l0 uI each of HTP-HCO3-/BSA under oil anrl Pre-equilibrated
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overnight in a incubator with 5% co2 in air at 37.BSC. Two

eml-rryos hrere placed in each drop and manj-pulated to make cLose

contaet with the airl of a fire polished glass pipette. The dishes

hrere then inc.ubated for 30 rninutes and the embryos not in close

contact after t-,his periorl were again moverl together and the

process repeate<l. The embryos were t-hen hel-d in an incul-rator

overnight for the in vitro culture Period.

Tlre embryos lvere re-evaluated during 24 and 48 hours after

ttre init;iaf c-ro-culture period, and after 4B hours all blastocysts

that lrad aggregated, (figure 20) , h/ere transferred to a recipient

female mice.

l-l_.2.3 EMBRYO TRANSFER

AII emkrryo transfers were done 4'5 days

detection, using reeípients 2.5 or 3 ' 5

rf et-eet- ion .

after rk-¡nor vaginal

days after vaginalpl ug

p Iug

n.2.4 STATTSTICAL ANALYSIS

Theanalysisofthethreer]roupsinrelationtoearlyand

late embryon-r.t: mortaJ.ity1{as carried out as described previousJ'y'

The assessment of development of the micromanipulated

embryos was analyzed by the chi-square test and the non-

micrr:manipulated embryos by the Z-LesL '
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r_1.3 REST.ILTS

11.3. r_ PRODUCTTON OF CHIP1ERAS USING EMBRYO AGGREGATION

Table 29 shows that Lhe number of aggregated blastocysts

from SWISS albino X SWISS albino, C57BL\6 X C57BL\6 and SWISS

albino x e57BL\ 6 mice that were submitted to the embryo transfer

were (34, L6,62 respectively). The differenee between t-he number

af trlastocysts t-ransferred in each sträin and the number of

blastocysts that irnptanted into the uterus (2L, L2, 241 were

considered statistically l-he same (P>0.05 ) f or t-he swISS albino

X SWISS albino anrl C57BL\6 X C57BL\6. ilower,'er it h¡as considerecl

sLaL.istir:ally dif f erent f or SWISS albino X C57BL\ 6 aggregates

(P<0.05).

The number of offsprinçt recorded from each embryo aggregate

elass was l5, 0 a¡fl -13 res¡rectively, and the variable (number of

scar of implantation - number of r,'f f spring produced ) was

cc)nsi,lered statistrca 1 ly t-he same f or al l three cl-asses of

emhryos (P)0,05).

when t,he eomparisons \{ere made among tLre three ,lifferent

classes of embryr-r aggregates f or each variable ( numl:er of

Lrlastocyst transferrert/implanted) and (rtumber of

ímplante,i/of f spring ) , there was no detected statistical

difference (P)0.05).

Ttre l_5 of f spring born âs a consegLlencÊ of the embryo

aggregatíon of slvISS ali.rino x swISS albino were a product of the

embryo transf er of krlas.t-ocysts of very goorl morphology.
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Nevertheless it !{as not Erossíble to te11 if the individuals

produced had the contribution of Lhe two embryos at inner ceII

mass and trophoblast layers.

The prorluction of coat colour chimera was only expected with

SWISS albino X e57BL\6, Blastocysts aggregates and three chimeras

hiere obtainecl with this embryo combination, of which 2 were males

and I female. The males and females were fertile. One af the

males transmitte<l the SWISS albino germlíne, the other male and

fenrale Lransmittetl the e57BL\6 germline.



TABLE 29 PRODUCTION OF CHII"IERAS BY EI"IBRYO AGGREGATION.

EMBRYO NUMBER OF OEFSPRING BORN
I

FEßÎILITY OF GERULTNE CEIMERAS

AGGREGATE

SFtr ss

NUMBER OF
BLASlOCYSTS
IMFLANTED

COAT
coLouR
CHIMERAS

n(q)

3 (4.8)

CEIMERAS

nd nl

NI,J}IBER OF NIJMBER OF

BI,A8TOCYSTS RECIPIENTS
TBANSFEßBED

n

2

62

TOTAI,

n(t)

EMBRÏO A

n(rà)

EMBRYO B

n(âl
E¡4BRYO A EMBRYO B

nd n9 nd nSn n(Þ"Ì

ndn9 nd n3 (B! (B) (âl (e;l (a) (Þ"1

aa
seilss sÍ'lls6 34 3 3I (61.8¡ 15(44.1) 15(44.1)

AA
10 5

a

c57BL\ 6 C57BL\ 6 16 r2 ( 75.0 !

A
0

c5?BL\ 6 5

ee
24 (38.7) r3(20.9) l0(16.1)

BA
94

a ta

(L00t

t/L

( 100 )

1 1 1

(50) (100t2L (50t

EESTILITY = CASACITY TO PRODUCE OFESPRING.

SAME ALPHÀFET LEÎÎERS (r,ol,lER CASE) IN THE SAME coLUMN INDICATES NO STATISTIcAL DIFFERENCE (P>0.05,.

LETTER ,'À.' (OPPER CÀSE} UNDERNEÀTH OF EACII VARIABLE INDICÀTES NO 5TÀTISTICAL DIEFERENCE (P)0.05).

LE:ITER "El" (UFPER CASE' UNDERNEATH OE EÀCH VAFIABLE ITTÐICÀTES STATISTICAL DIEFERENCE (F(0.05).

P
\t
Or
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FIGURE 20

SINGLE AND AGGREGATED BLASTOCYSTS

FERTILE CHIIvIERAS PRODUCED
C57BL\6 EMBRYOS

BY AGGREGATION OF SWTSS albino AND



Lr.3.2 IN VITRO CUT,TURE

I'IICE STRAINS COLLECTED ON THE 4

L7B

OF SWISS AND C57BL\6

HCG + MATING

OL- EMBRYOS

TI| DAY AFTER

Comparison between the embryos submitted to in vitro culture

of SWISS albino and C57BL\ 6 mouse strains índicate ( bable 30 )

that troth embryo strains had the same paLtern of development 5

and 6 days after HCG\mating, ( P>0.05 ) .

TABLE 3O
C57BL\ 6

IN VTTRO DEVELOPMENT OF E

MICE COLLECTED ON THE

DAYS (POST ITCC INJECTION)

MICE 5TRAIN REPETITION.5 6

8 CELL EI4BBYO,Î I,AIE MORULA EARI,Y
BLASTOCYBT

EXPANDED BI,ASTOCYST

n n (sl n (å)

¡,TBR

4Ttl
YOS FROM SWISS alL¡ino AND

DAY AFTER HCG/MATING.

( 100.0 l 110

a
(98.4) 60

a

swISs

c57BL\ 6

6

5

r.L3

63

tL2

62

(98.3)

a
( 95.2l

SAIiTE ALFHÀBET LETÎERS (I,OWER CASE) IN THE SAME COLUIY1N MEANE NO STATISTICAL DIFFERENCE (T')0.05) '
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]-1.3.3 _ IN VITRO CULTURE OF EMBRYO AGGREGATES

' Table 31 shows that the eomparisons between alI classes of

embryo aggregates were considered the same 5 anri 6 days after

HCG\mat.ing (P>0.05), this demonstrates that the in vitro culture

system used l^¡as capabìe of achi,=ving the blastocyst stage from

embryo aggregates.



TABLE 31 IN VITRO CULTURE OF EMBRYOS PRODUCED BY E},IBRYO AGGREGATION.

DAYS (POST HCG INJEETION)

MICE gTRAIN

AGGREGATEE

REPETITIONE 4 5 6
!¡UI{BER OF PAIRS OF
AGGREGATEE

IIUMBER OF ÀGGREGATED
BLAs10CvS18

NUMBER OF AGGREGATED
BIÀSTOCYTg

EMBRYO A EUBRYO E n n (ãt n (r) n (Èt

a
SWISB swrBs 44 ( 100.0 ) 44 ( r.00.0 ) 43 (9?.73)

e a
c57Br,\ 6 c5?BL\ 6 a1 ( 100.0 I 3t (96.881 27 ( 84.38 I

¿l

sr4I s s c5?BL\ 6 5 79 ( 100.0 ) 72 (91.141 7L ( 89.87 
'

SAI'IE ALPIIABET LETTERS (I,OT{EB CASE) IN TEE SÀì.{E COLUMN INDICATES NO STAÎISÎICAL DIFFERENCE (P)0.05).

3

3

ts
@
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L1-.4 - DTSCUSSlON

The present work evaluated the production of chimeras by

embryo aggregation t-hrough three cJ.asses of embryo combination.

The comparì-son between the three c-l-asses of blastocysts

transf erred to bhe ut-erus of pseudo¡cregnant f emale mice indicated

that embryonic loss before embryo implantation was frresent in all

cLasses of emkrryo aggregates and were considered statisùically

equal (P>0.05).

The comparison between each r:l-ass of embryo aggregates for

ear:ly embryonic -ì.oss only demonstrat-ed statistical clifference for

the combination SWISS alt-¡ino X C57BL\6, (P<0.05), (table 291 .

The presence c-¡f early emkrryonic l-oss for all three elasses

r:f embryos r:ould be due t-o the effects c:f embryo transfer.

AII three classes of embryos were submitted to in r¡itro

cul-ture, (table 31), and the performance of the three classes c¡f

embryo aggregates ìrad tlre s¿rme clegree of competent devel,rprnent

( P>0.05 ) . As noterf , aI l three strarns had embryonir: loss bef ore

impì ant-ation. Howevc:r, only Ehe cr¡mLrination SWISS albino X

C57BL\6 proverl l-o he stati.stically rlifferent ¡rnd this cculrl be

,lue to t-he combinat.ion c,f the t-wo st-rains, as hinary cell,-celI

interaction of t-en determines the f ate of one or bot-h ce11

¡-rartners (Sr-nger, 7992t .

The variabl-e late embryonie morta ì. ity, the number of

blastocysts implanted and offspring produced h/as not different

for the elasses of embryo aggregates compared (P>0.05).

Early and late embryonic rn,:r'taliLy might har¡e been caused

by embryo t-ransfer at an inappropriate stage of pseudopregnancy
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of Fh" femaÌe m,-ruse recipíent (see c:hapter 9).

The only cl-ass of embryos that dicl not prorl.uce any offspring

was C57BL\6 X C57tìL\6, the other l-wo embryo aggregate combination

procluced of f spring. The combinatic¡n SWISS albino X C57BL\ 6

prodused chimeric offspring and SI{ISS albino background.

only aggregated blastocysts with very good morphology, were

t-ransf erred ( f igure 2Ol . Al l embryo aggregations t{ere made

between embryos c-:oI Ìeeterl 2. 5 days af ter identif ication of the

vaginal pì-ug, (B ceLl, stage). It was verif ied that the embryo

compacf-ion sLarts at the B cel1 stage (Prat-.her anrl First, L993;

Garrod , Ig93 ). The obl-aìni¡g of of f s¡:ring 'st SWISS 'rlbino

backgrounrl f ¡6¡ Lhe embryo aggregates of SWISS alh:ino X e57BL\6

crer:taínly c:ame from a c-:himerir: embryo Lrut the chimerism was

rest-rícterl 1-t-.: trophnblas'b Lissue. An explanat-ion f or tlris f act

could Ì-re Lrecapse ¡he'l--wo embryos involr.erl may have hacì ciifferent

rat.e <¡f tfevelopment. Prather anrl Fi-rst ( 1987 ) have previously

slrown l;I'l at re-¿1qq1e.¡ating asyucltronous emLrryos in the sheep has

appårenLIy prorluced ildiyiclrral-s t-hat- Ltave a chimeric placenta'

L:ut- l.:hat [.en<l not- l-.re chimeríc thenrsefves. A simi]ar sítuation was

clesr:ríbed Lry Bet-terirlge and Fléchon (1988 ) who shr¡werf that the

chimerrsrn of foetuses derrved f rom embryo aggregation dec-:reased

wtren the degree c¡f asynchrony between the constituent blastomeres

íncreasecl. Ttre embry,-r combination between SWISS albino X SWISS

albino did not- allow iclentif ication of chimerism through the eoat

eolour ancl it is not possibl-e to confirnt if Lhe offspring

pror-lucecl trad the crontribution of the two emh:ryos'

Kashiwazal<i et .ì1. (1-9BS ) transf erred aggregat-ed mouse
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blastocyst-s constructed from microsurgically-bisected morulae

from two strains of mice and c-¡btained chimeric and single tYpe

of f s¡-rring.

Embryo aggregation t-¡el-ween SWISS albino X C57BL\ 6 did not

impede chimera ¡rroduction, krul- it is not possible to make ð

statement that t-hose 1:wo strains are highly compatíble. The

supercvuLation treatmenl-s, embryo col, lecLion and

micromanipulation were done at the same time for the two strains '

It was okrserr¿ed that i--ire embryos of those two strains presented

rlif f ererrt- rates cf rleve lopment- . An r:x¡:Ianat j-on f or the success

.in the ¡:rocluctiqrr of the three r-:himr:ras cr¡uIcl find explicat-ir-rn

in ttre traper ,:f Warner et a I ( L|BT I , who observed that even

emLrryc.rs wi bh ident ica.l rnake up show solrre I ack of synchrony of

cleavage ral-e and at any point in tlevelopment there is a range

in cel1 numbers and cet I stage-. among the embryos. Tarkowsl'-i

(1959) statetl that the br:dy weight. of off spring originatirrg f rom

l /2 k)lastonteres cluring the ¡-,eriod f rom 2 t-o 20 days after birth

r{as greater t-han t-he averãçle weight of young ones from normal

L itters c¡f simílar sl_ze,. The sanre author irr l-961 , verif ied that

tlre blastocysi-s originated kry embryo aggregatitln on return to t-he

rrterus of ¡rseLrdopregnant reci¡rì,ents can re,gulate their size and

prorlucenormaloffsç'ríng.Inthepresentexperimentwasnot

r-¡bservecl any complications at bhe delivery indicative that the

of f sprirrg producecl by embryo aggregation were within the normal

si.ze. Tarlc,xvski ( 1961 ) observe<l high postnatal mortal it--y iu the

of f spring proclueerl þy embrYO aggregrrtion, a situation which was

not obserrted in t*he ¡'resent work.
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Three ,:oat colour chímeric animal-s were produced, 4.B% of

the 1-otal numkrer c¡f aggregated blasl-ocysts submitted to the

embryo transfer. This Lrer(-:entage f ietcl of chimera was hígher t-hen

the f irst set- of experiments rlone in hamsl-ers with embryo

nggrerr;ation }:y Pie,Jrahita et al (.1992), but less t'-ìran the numbers

r-¡htainerf in previous nrouse studies by Kashit+¡aZâki el- al. (l98B )

and a seî:ond set rrf ex¡rer:iments wrth lramst-ers (Piedratlita et al.,

1992 ) .

As w¿rs shown h1'lr/ilmr.rt el- al. (1991-) arrd Schwartzberg et ¿r1.

(1989) the C57BL\6 str¡ri-n beirarze rliffer:ently in terrns of rvìr.rt

rletermrnes t-he r:krinreras I germl.lnes in the ,lif f ererrt mouse

strains. Tn-Lhe present r^¡ork, l-he r:ombination with SWISS a-lLrirro

and C57BL\ 6 nrice emkrry':rs generatr:rj. t-hree f ertíle c'hirneras, of

whicl'r 1 coat- r:ol-oLrr male with SWISS alhino germl ine, and 1 rnale

and I femalr: rvith C57Bl,\6 germj.ine.

ft is not FOssjble br,r draw term.-'onclusions fron these Lrlrw

numbers ,-tbt-ainecl wi.th r:himera f-'rc-'rf ttct- t.tn, howe'¡er , l-hese clat.a

sìtfrl1, the rriew tìr.r t- t-:he -q1c¡rç r:mï:lr¡'r-' ,:Jertel,.-lpmerrt ,..rf Lhe C57BL'' 6

st-rain ernkrry,-' ls åssc:r:i.r.ter-I wil-h a submissrvÊ sl-rain tr-¡ 1;h-'SWISS

alb-incr .'Llr relat-icirl t-+ c,:rIltr jìrut ir-rn 1:c¡ t-he goni:rial t-issue.

Emhryo aggregation, þesides ireing a useflrl toc.¡l for

ernbrynJ crgical sLuclies, has tlre pracLic¿rL ¡rotential t-o Ì.re a useful

means of r:eprorìuct-ion +f animals in r-langer of extinr:t-it-'rn. It is,

however , imp,-rr Lant- Lo determine c-:ornpat ibi I il-y between t-wo

strains r'¡f mice , (or breecls ) of f arm animal s with the ob jectirze

t-c¡ Lrsr-: t-he most a¡:r¡-rro5:riate assor-riatiorr of l-¡1asF,r:cysts and stem

r-'el 1 s .



185

XII ACTIVATION OF SFIEEP OOCYTES

L2. L EXPERIMENTAL OUTLTNE

Iu preparat-ion for the use of sheep oocytes in cJoning,

experiments h¡erÊr r-:arried out to compare physical agents and

chemical agent-s or a eombination of both for the activation of

sheep ooeytes producedl by in vitro maturation.

MATERIAL AND METHODS

L2.2.t SOURCE OF OOCYTES AND IN VITRO MATURATION

For pr:odtrct-r.on of in vitro mat-urecl oocytes, ovaríes were

co 1 l ecteti in the 1oc-:a I abattoir ¿rnd transporte<1 within 2 hours

of sì.aurghter in PBS at a t-em¡reratrts r-)f 37ae bo the laboratorl'.

In the l-aboratory all visible follicles were aspirated by vâclltlñt

(Thom¿rs, U.S.A. ) iuto collec:tion tubes containing media. oo<-:yte-'r

\dere trarvested ¿rnrl çvasheci as rlesc:ribed previously prior to IVM.

Fr¡r f\zFl, oocytes lvere Lransferrerf to 400 Þ1 c¡f nredia TCM-199-HCOI

su¡-'plernented lsith hornrones (FCS 2 ml-, LH 50 UI, FSH 5 ul , 'I7 B-

Est-radiol 1-0 UI ) , ( appenr.lix 4 ) using 4-wel1 riishes in an

rnc:ubator with 5ea CO2 rn air at 3B.6CrC, ,luring 24 - 25 hours. The

in vitro matured oocytes used in the present experiment were a

gift from Dr Peter Kotaras.

11 ", ) ACTIVATION
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The oocytes were hyaluronidase treated. 0 .5mg\¡n1 in SOFI\4-

HEPES in orrler to remove the cumulus cells anrf \^¡ere act-ivated Lry

one of three pr,:rc:edures namely a) - Etharrol 7% ín SOFI4-Hepes for

5 minutes, b) - Calcium ionophc-rre 5 u[4 for 5 mínutes f.:llowed hry

elect 16ac:t-rvat-ion usl-ng a Somatic Hybridiser, SHf MADZU using 1

pul se with 100 v\mm rìuring 50 microseconds I c ) -

eler:troact-ir¡ation usinc¡ 1 puL se 1 00 V\mm during 50 microseconds .

Some inactivated or-rcYLes h¡ere lef t es a controJ- group '

r?.2.:l IN VITRO CT]I,TIIRE

Af ter ¿rct-ivahion al l r-ìocYtes l^iere submitt,erl to in vitrr-r

cu.li-ure f r:r 6 hours in SOFIvI-HCO, + contai-n1ng 2.5 UglmL

cytocrþalasin B ancl 10 Uglml of r:ycloheximj-de. Af'b-er Lhis time b.he

oocyt-es \,vere t-r¡lnsf errer-l tr:r SOFI{-HCO3 clontaining 2 .5 pg /mI of

cytoc;haj.asin B f or 24 hours of in vitro cul-ture. Af ter this t-ime

the c;oc1rl6¡5 tr{êFÊ 1-ransferred t-,o normal Ín rrit-ro r-:ulture media

whictr was SOFM-HCO1 supplementerl rvith BSA.

L2 .2.4 ASSESSIVTENT OF ()CICYTES

The cleavage rate was assessed 48 hours after actívation.

Uncleaverl oocytes were f ixerl ( I part glacial acel-ic acid : 3

parts EIOH) for furtl'rer l'ristologicaL examination.

1.) ,) c:.
LL. L.,) STATISTICAL ANALYSIS
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For oocytes bhat h¡ere submittetì to a histological

examination comparisons h/ere made u,sing the chí-square test

bet-ween the four treat-ment grou¡.rs, since statisti-cal dif f erences

were ¿i ? X 2 r:hi-square (o=0 . 0 0l ) was userL t-o idenbify the

,dif f erent gronps.

For oocytes submítted to in vitro culture comparisons tlf

X 2 ch j- - squcl re testcleavage rates were assessed kty á 2

(o=0.001-).
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12.3 RESULTS AND DISCUSSION

Table 32 shows bhat calcium ionophore + e.Lectroactivation,

calcium ionophore and electroactívation were considered

statist-icatly equal (P(0.05) in relation to the number of cleaved

oocytes obtainert. All of those treatments were eonsidered

st-atistically different from ethanol treatment.

TABLE
SHEEP

32 COMPARISON OF DTFFERENT METHODS OF ACTTVATION FOR
OOCYTES MATURED IN VITRO.

OOCYTES

ACTIVATION
lREATMENT REPET]TIONS ACTIVATED CLEAVED

n ( È)

TITHANOL 5

b
35.4

4

r75

65

26

62

33
ä

50.8ga IONOPHOFE +

ELECTROACTIVÀT ION

ä
CE IONOPEIORE 45 24 53.3

a

IILECTROACTI VAT I ON 32 64.0

CONTROL

b
19.2

3

3

I

DIFFERENÎ ÀLFHABET LETTER (LOWER CASE) IN THE SAüE COLUMN MEANS 5TATISTICAL DIEFERENCE (F<0.05).
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Ca ionophore + elect-rr:actírzat,ion was the onJ-y treatment which did

notl produced eleavage beyond the l-6-celI stage, (figure zLr. The

failure of the oocytes Lo achieve this advanced cleavage couJ-d

be explainerf Lrec.ruse t.he r:ocytes had two stimulations in less

than L5 minutes r:ausing ca2* elevation, and Lhese simultaneous

waves coul-d be resfronsibl-e for the impairmr:nt of the oocytes.

The act-ivation treatment with ethanol was the least

effective in inducing oocyte cleavage (P>0.05) and this could be

attributeri to toxic ef f ects of the etkranol to sheep oocytes.

FIGUHE 2I . DEVELOPMENT OF CLEAIÆD EHEEP OOCYTEB
IN VITBO MATUBED AND SUEMITTED TO DIFFERENT

TREATMENTS FOH ACT¡VAÎI ON.

l.lTl'lAl{oL 2-CdONoPl'l+ELEgrhO }clloNoPlloFE ¡1-E lgrHoACllVAÎlON
TNEAÎMENTS

E z.ecellEMBByo Dl er6cELLEMEByo I re-aroELLEMBByo

13,0

1¿,1

.l!¡,0

S,3
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According to table 33, the oocy'bes not c-l-eaved f rom all

activation treabmenLs presenterl the formation of a pronuclei,

(figrrre 221 . From t--he uncÌeaved oocytes the group which presented

Iess oocytes which were not activaterl was ttre Ca ionophore +

ef ecl-roactivation, being statisticalJ-y dif f erent, ( P< 0.05 ) f rom

the c¡ther treatment grorrps.

TABLE 33 HTSTOLOGY OF UNCLEAVED OOCYTES WHICH WERE SUBIVIITTED
TO DIFFERENT ACTIVA'TION TREATMENTS.

TREÀTMENT NUMBER OF OOCÏTES
NOT CLEAVED

NUMBER OT OOCYTEE
ACTIVÀTED

n (B'n

¡
50. IElHANOL

Ca IONOPTTORE +

ELECTROACT IVIIT ION

Ca IONOPHORE

59

39

30

30

t9

b
I239

a
J63

1t
a

57 .9ELECTROACTIVAT ] ON 19

DIFFERENT AI,PHABEI LETTER ILOI/T¡ER CASEI IN TIIE SAIIE COLT]MN I{EANS STATISlICAL DIFFERENCE (P(0.05).
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FIGURE 22

SHEEP OOCYTES AFTER ACTIVATION
TWO PRONUCLEI MAY BE NOTED

,v
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The failure of some oocytes bo cleave following aetivation

could be due to unsuitable conditions of the in vitro maturation

system and/or oocytes originating from unstimulated foLlicl"es

(Barnes et â1., l-993).

The facrt that ttre oocytes f rom the eontrol group that showed

parthenogenetic cleavage only could be attribubed to the handling

process, none of those cleaved oocytes overcame the B-cell stage.

In summary it was demonstrated that all treatments were

effective in c-¡rder to take ttre oocytes out of the metaphase II

arrest, However, this st-imulus rlicl not overcome the 64% with the

electroactirzation l-rea'tment. Frrrther wr¡rk is necesE¡ary in order

to optimise the r:ondi'b.ions to oi:tain blastocysts.
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XITI ENUCLEATION OF Y1ICE OOCYTES

13.1 EXPERIMENTAL OUTLINE

Several reporLs indicated bhat oocytes could be enucleated

using a centrifugat--ion procedure whir:h needed to be adjusted t-o

suit different sFecies arrd breeds. The feasiirility of using this

procedure wibh mice was investig.eted.

73.2 MATERIAL AND METHODS

L3.2.L SOURCE OF OOCYTES

Oocytes were

CBACS7 \ Fl- strains

injection.

obtained from

of mice between

Swiss albino, C57BL\ 6 and

11 anrl 'L4 hours after HCG

L3 .2.2 PREPARATION (_]E LIOCYTES

The oocytes were dr:nuded using HTF-Hepes\BSA containing

hyaÌuronirl¿-rse, ernrl washed 3 times in HTF-Hepes\BSA anrl the zona

pellucida remc¡r'ed ìry plac-:ì-ng the denuded oocytes in a 30 mm petrj

dish ( Disposable Prorlucts, Australia ) with pronase solution

(0.5%).

The oocyt-es without their zona pellucida were 1-tren cultured

in the presence or absence of cytochalasín B 10 uglml for 1 or

3 hours ancl then subjecterl to cenl-rifugation in a percol gradient
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(7.5%, 30eo , 40% ) containing 3 layers of l- ml each + l-0 yg\m1 of

cyt-ochaLasin B. Centrifugation was at 8000 x g or Ll-000 x g

(g=relative cent.rifugal f ielrl ) f or L, 2 csr 5 minutes .

L3.2.3 ASSESSIVIENT OF OOCYTES

After centrifugation the oocytes were identified under

stereomicroscopy and fixed ( 1 part glacial acetic acid : 3 parts

EtoH).

The f ixerl ooeytes r¡Jere checked for enucleation, chromosomal

Ieftovers and the presence of metaphase II plate + a pofar body.

L3 .2.4 STATISTTEAL ANALYSIS

The Chi-Square trr Fisher I s Exact- Test was used to determine

.rny rlif f erenees between groups.



1) )IJ. J RESULTS

The enucLeation of oocytes was done

t-hree ¡-rrocedures. Bach procedure had

relative centrifugaJ- f ield (g).

195

by centrifugation using

rzariants in time and

Table 34 shows bhat wit-.h an increase in time (1 minute to

2.5 ancl 5 minutes) r-rsing 8000 x g, more enucleal-ed ooeytes ltere

obtained (P<0.001-). However. when the (g) and time was increased

to 11000 x g and 5 minutes, the percerrtile of oocytes enucleated

otlLai¡recl tJer--rease. af though t-tri.s dif f eren(:e not statísticaì.ly

signrf icant f rr-¡m t-Lre ocrcytes enuclealerf r-rsing 8000 x g anrl 2.5

and 5 minut-es.

TABLE 34 - ENUCLEATION ()F N,IOUSE OOCYTES BY CENTRIFUGATION IN A
PERCOL GRADTENT FOR DIEEBRENT LENGTIIS OF TIME AND AT DIFFERENT
RELATIVE SPEEDS (x g).

lREAÎMENT ENOCLEATEDn

(r-'entrrfugatio¡r, g) (time, ninutee) fi (B'

32.9b

60. 5a

26.94

55.34

8000

8000

8000

11000

I

5

a6

26

20

2L

88

43

26

38

DTFFERENT ALrHABET LETTER (Loh¡ER cAsE) MEANs srÞTrsrrc:AL DiFFERENcE 12 ttr.o.00L).



I Table 35 demonstrates that the preculture of oocytes

cytochalasin B for I hour was the same statisticaJ.ly (P>0.05)

the varian'ts c-rf time and (g) of the grouPs analysed'

r_ 96

in

for

PROCEDURE
FOLLC)WED
RELATIVE

TABLE 35 t"lOUSE OOCYTES SUBIVIITTED TO AN ENUCLEATION
BY CULTURE OF THE OOCYTES IN CYTOCHALASTN B F()R 1 HOI]R
BY CENTRIFUGATION FOR DIFFERENT TI}'IES AND AT DIEFERENT
SPEEDS (x g) fN PERCOL GRADIENT.

lREATMENl

(centrifug;tÍon, g) (time,. m¡.nuteEl

ENUCI,EATEÐ

n l?)

800 0 I 99

4

38 38.34

8000 t 75, O

8000 37 t6 41.2ä

L1000 35 9 ?5. 7a

sÀME ALnHÀBET LETTER (r,ow'R cAsE) MEÀN' No srAtrsrrcAl DrFt¡EREncn 12 (p)0.0s).

- T¡IIS I,INE !ìIAS NOT CDNSIDERED IN THE STATISTICAI, ANALYBIE,

Table 36 alsc¡ demonstrates Ehat the previous culture of

oocytes in cytor:halasi-n B rlurirrg 3 hours l4¡as the same

statist-ically (P>0.05) for the variants of time and speed of all

5
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groups.

TABLB 36 _ MOUSE OOCYTES SUBMITTED TO AN ENUCLEATION PROCEDURE
FOLLOWED

SPEEDS ( x
BY CT]LTT]RE OF THE OOCYTES TN CYTOCIIALASTN B FOR 3 HOtlRS
BY (-'ENTRIFLIGATION TIOR DIFFERENT TIMES AND AT RELATIVE
g) IN PERCOL GRADTENT.

lREATMENT ENUCLEATEDn

(eentrifugatiorr, g) (time, mrnuteB)

8000

n

6 100.0¡

(å)

8000 2.5 4 50.04I

6

1r000 11. B 72,74

sAtrE AT,,eHABET LETTEF (LorÌER cÀsn) MEANs No srATrsTrcAL DrFEERItwcn ¡2 (P>0.05).

Table 37 consisLs r:f the pooLed data from the enucleation

of each centrifugation procedure. Oocyte pre-incul¡ation with

cytochalasin B for l- hour had the ¡roorest performance in respect

to enu(:Ieatic'n rsf oocyt-es and was statistical ly r1 i-f f erent f rorn

the other 1:r:oeedures (P(0.001).

5
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TABI,E 37 _ COMPARISON OF POOLED DATA FOR THE DIFFERENT PROCEDURES
TO ENUCLEATE I4OUSE OOCYTES.

TREATMENT ENUCLEATED

n (Bt

FERCOL +

CENTRI Ft]TJÀlION

ËyÎoCHÀLASIN B

1 TIOUR + PERCOI, +

CENTRI FUGATION

CYTOCHALAEIN B

3 HOIJEE + FERCOL +

CENTFIE'UGAlION

t 07

17L

35

6? 62.64

6t3 36.8b

I 72.0ð

DIEFERENT ALFITABET LETTEB (I,OWER CA9EI MEANS STAÎTBÎICAL DIEFERENCE T2 IP<O.O01).

POOLED DÀTA
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13.4 DI SCUSS ION

The objective of these experíments was to evaluate the role

of centrifugation in enu(:leat-ion of mouse oocytes.

All procedures and its variants allowed the enucleation of

oocytes.

The comparíson among the por:Ied data of different procedures

demonstrates Lhat Lhe poorest procedure used for enucleation of

oocytes was the one which userl the preculture of Lhe oocytes with

cytoc-..halasin B f or L irour. In 'l-his groulf many <.rocy'tes af ter t-he

centrifugat-ron harl leftover of r-:hromc-¡sc-.rmes ín the c1'toplasm anrl

were consicle+r-r:d nr:¡t Ir-r be enur] -l e¡r'b-erl . The increase of time t'-: 3

hr¡ur-s of preculture in cytoc-'ha Iasin B \^/as necessäry to the

enuc I eat- ir-rn ìi-rrr-¡c edure .

The oocytes submj-tted to enucl-eation which h,ere not pre-

incubal-r:d with cytochalasin B were similar in ¡rerformance to

oocytes subrnitted to 3 trours pre-incul-ration. Flowever, the

cytoptasts resu-lting from tlLe Latter treat-ment were of various

srzes, whieh mÉans that as a cr.lnsequ,ence of t.he centrifr-rgaI force

r-rther im¡:r6¡¡"tt¿ cytr-:plasmic com¡-ro¡en'b-s as weLl as the nuc-:l-eus

could t-¡e wit,hdrawn f r,-rm the cytoplast-s. The same problem llâs

hiqhl ighte,ì b]- Fulka and Moor (1993 ) who t¡sed mechanical

enueleat-ion witLr a mieromanipulat-or. Nevert.heless Tatham et al. ,

( 1993 ) ol:rtained br-¡r¡ilre morul ae af ter nuc--l ear transf er to

enucleated r-ìocyt-e f ragments obt-ainer.l by centrifugaLion'

The cenb.rifrigat-itrn rnetl'lod has the adr¡antage that it allows

the elnucleation.,'f a unlimiLerl ntunber c;f oc-rcytes wittrout ttre neetl

,rf ar:curaLe microlnanipulati,rn ql<ill s. Hor,vever, lil<e me.-:haníeal
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.:nucÌeation r-r.s1ltg "the ni,::r,rman,L¡:ruiat-ot', the te.-:llniqr¡-e -Laclçs

f-)rer- j.sion because pos-qrb-[e im¡:orLan1: parts c-rf the r:yt-cplast can

also i:re cl.jschar:gec1 l-çr.iether rr¡-r t.h 'the nu-c: jeusr resultrng an

uLnsn-i tablr: cyL.o¡-rJ.as't- f ,-'i: the Llse ln nLLClear Lranqf er '

I¡-LGI]RE 't ')

I,r l

"i;,,'¡'

*

dÞ

.f,:

j

M'JI]Str (.ìOC\I'I.I: I¡{F]ICFI WAS STII]IVJITTED TCI TI]E CE\]TF.]FT]GATITJN
PR()rlEDURE I/VËiICËl t¡l.AS \lOT T(-ìTALLY tr\lLrL-LEA'I'ED

G

iqoUSE r-lOi'ilT-frS l¡iHI r-lll I,\IEF.E

íj Ei\iTt( I uLli_jAif I OL\l p FÌL)CED tjR il
StltrMiTTED TCJ TFIE Et\rU'iLEATIO\l
AtlD I¡]ERE T]()YtPL]1 iEI,Y E\]LTCL}.TATEL)
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XIV - GENERAL DISCUSSION

The specific object,ive of this thesis was the production of

sheep X goat hybrid ani-mals for genetic studies. The advanced in

vitro reproductive technology employed for this study can be more

generally applied for the multiplication of mammalian genotypes.

From the work developed with sheep oocytes it is important

to highlig ht that the in vitro maturation of sheep oocytes with

different protein sources used in the in vitro maturation system

wast not different. However the procedure used to collect the

oocytes from the ovaries affected nuclear maturation,

fertilization and cleavage rates. The development of the sheep

in vitro work h¡as essential to optimise the techníque for embryo

hybrid production.

Hybrid fertilization (doe X rami hybrid female x ram) was

achieve.l using in vitro techniques which t¡üast the initial

objective of this study. The problem however remains as to how

to produce hybrids (sheep X goat) which survive beyond the post

implantation stage. According to the Iiteraùure very few hybrid

animals have been produced and those animals rdere always born

from a female goat. As chimeras used as recipients according to

the literature are useless, perhaps another approach that could

be used to produce such animals would be the identification,

multiplication and study of those special female goats which

delivered viable hybrids.

In respect to in vitro fertilization of in vivo matured goat

oocytes, it was found that oocytes collected by oviduct flushing
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or by aspirat,ion from developed ovarian follicles at the time of

surgery both had a similar pattern of development. ft is

important to emphasise this, because given the small number of

ruminant female donors usually available and the varied response

to the superovulation treatments ( see digcussion chapter 4l ,

follicular aspiration'couLd provide a valuable additional source

of oocyt,es.

This supplementary source coul¡l be particularly valuable

when working with a single donor animal carrying a rare or novel

genotyper or when an individual female's response to a super-

ovulation treatment has been poor.

Comparison of the development of in vitro and in vivo

matured goat oocyt es which had been fertilized in vitro showed

that the in vitro matured oocytes developed Iess well than in

vivo matured ooeytes, indicat,ing the need for further

improvements in the in vitro maturation system.

No advantage was gained by supplementing the medium with

homologous serum, and investigations of hormones, growth factors

or other supplements may be warranted.

Stem celI technology presents an attracÈive route for the

rnultiplication of rare genotypes, however this technology is

still experimental and not easy to duplicate, even in well

charaeterised species such as the mouse, and its potential

extension to routine livestock breeding is still some way off.

In the present study, mouse chimeras were produced from cultures

of XY stem cells derived from different mouse straj-ns injected

into host blastocysts of unknown sex. As found by other
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researchers,the stem cells failed to colonise the germline in

many of the chimeras produced, and as a consequence, the genotype

was not transmitted to the offspring. This situation could result

from technical limitations, such as an inadequate incorporation

of the stem cells into the host, blastocyst. However, on at least

50% of occasions, the host blastocyst would be expected to be of

the same sex as the stem cells, and the chances of germline

chimeras would be reduced, due to competítj-on between germ cells

when invading the gonadal ridge.

The availabíIity of host blastocyts of known sex could

therefore be one useful means of improving the efficiency of this

technology. This could be achieved by sexing blastocysts by

biopsy, but this is a technically demanding and time-consuming

procedure which risks decreasing the viabílity of the

blastocysts. However, one possible solution to this problem may

be the production of blastocysts by fertilising oocytes in vitro

using sperm which has been sexed and sorted using cell separation

, procedure (FACS).

The experiments carried out j-n this study with inner cell

mass (ICl'{) cells as the precursor cells for stenr cell cultures,

confirm that, in the absence of stem cell culture t,echnology, it

is possible to isolate individual celIs from IcM

by immunosurgery and to create chimeric embryos

of blastocysts

by injection of

these cells j-nto host blastocysts. Short term in vitro culture

of fCM cells which allows some expansion in their numbers could

be useful as an intermediate step in the creation of cloned

Iivestock, until the ereation of stem cell cultures is better
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understood. More precise information on how many cells should be

injected into a host blastocyst to produce a chimera would also

be useful in allowing a better assessment of the value of this

approach. The process is however technícally demanding and not

very practical.

However, using the chimera route to re-establish a stem cell

genomic breeding time has the disadvantage that it does not offer

any guarantees that the individuals produced will be germline

transmitters. To achieve this requires a different technical

approach, where individual stem celIs âre fused with enucleated

oocytes to re-establish a fully competent zygote. Nuclear

transf er technology is under actíve r:levelopment in many

laboratories, and when fully developed it has the potential to

allow unlimited cloning.

The mouse with its high fecundity and short generation time

provides a useful experimental model to explore and develop

knowledge in this area.

The embryo aggregation procedure explored in this thesis

also shows promise as a useful means of testing the compatibility

between embryonic cells from two strains of mice or two breeds

of farm animals.

The close affinity of distinct embryos could improve the

possibility of production of germline chimeric individuals when

generated by stem cell injection and this method can be used as

an alternative to rescue some rare genotypes.

So far very few permanent cultures of totipotent stem ce]l

Iines have been produeed, even in the mouse, and clearly there
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is still much to be learned about the use of key growth factors

such as LIF, which allow long term celI multiplication in vitro

without cellular differc-ntiation.
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APPENDIX L (GOAT SUPEROVULATION)

SUPEROVULATION
TREATI\,IENT

TITVIE eoRPus
I,UTEUM

n

r IN VIVO M.ATURED
OOCYTES
ASPIRATED
FROt"l
DEVELOPED
FOIJLTCLES
n

OBTAINED
BY
OVIDUCT
FLUSHTNG
n

CTDR L4 DAYS
Pl,tsc 1000 ru
BEFORE 48 hs
CTDR hIITHDRAWAL

27\ 07\
1 990

328 0 28

CIDR 2L DAYS
PMSG 1OOO IU
BEFORE 48 hs
CIDR WITHDRAWAL

l-8\ l_2\
1 990

331 0 29

CIDR 2L DAYS
PI"lSc 1000 IU +

LUTATJYSE 125u9
BEFORE 48 hs
CIDR WITHDRAWAL

15\ 01\
L991

313 2 l_5

CIDR 14 DAYS
PMSG 1OOO IU
BEFORE 48 hs
CIDR WITHDRAI{AL

26\ 02\
r.991

22L 0 r.5

CIDR 21. DAYS
CIDR 1-5 DAYS +

NEW CIDR 6 DAYS
PMSG ]-OOO TU
BEFORE 48 hs
CIDR WITHDRAWAL

17\ 04\
1 991

347 2 35

CIDR ].3 DAYS
PII'TSG lOOO IU
BEFORE 48 hs
CIDR WTTHDRAh¡AL

23\ 04\
L99L

3L7 1 15

CIDR L2 DAYS
Pl,lsc L000 ru
BEFORE 48 hs
CIDR hIITHDRAWAL

30\ 04\
1991

38 75

CIDR L4 DAYS 07\05\ 3
PI\,!SG 1000 rU l_991
BEFORE 48 hs CIDR WITHDRAWAL

23 1l- L7

CIDR 17 DAYS 04\06\ 4
PMSG 1OOO IU I-991
BEFORE 48 hs CIDR WITHDRAWAL

33l- 25
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SUPEROVULATION
TREATMENT

TI}{E CORPUS
LUTEUIVI

n

r rN VIVO I{ATURED
OOCYTES
ASPIRATED
FROM
DEVELOPED
FOLLICLES
n

OBTAINED
BY
OVTDUCT
FLUSHING
n

CIDR 17 DAYS
PMSG 1OOO IU
BEFORE 48 hs
CIDR WTTHDRAWAL

18\ 06\ 6
1-991

44 I 29

CIDR T4 DAYS
PMSG 1OOO IU
BEFORE 48 hs
CIDR I^IITHDRAhIAL

25\ 06\
1 991

436 1_8 27

CIDR T2 DAYS 09\ 07\
PMSG l_000 rU 1991_
BEFORE 48 hs
CIDR WITHDRAWAL +

0.3m9 CLOPROSTENOL
AT CIDR REMOVAL

5 15 L4 3

erDR 13 DAYS 1_0\ 07\ 5
PMSG 1.000 rU L991
BEFORE 48 hs
CIDR hIITHDRAWAL +

0.3m9 CIJOPROSTENOL
AT CIDR REI'IOVAL

49 1l_ 46

SURGERY DONE 44_52 HOURS AFTER CIDR REMOVAL.



APPENDIX 2 (GEEP SUPEROVULATION)

SlJPEROWI,ÀUOì

lR8AtïEt¡1

BXPBîi1ioIS il0t{BB8 0P

CORPÛS I,OTEIII{

TIIIB il¡ UMO HÀTIIRED

ÀSPInÀTED rn$l
ÛIIDEVEIOPED

F0ttictEs

il M'O IIATÛRBD

I l

ÀSPIBÀTBD TTüt

DBI¡Eti0PBI)

romIcHs
I

OBTÀINED BY

OVIDOCT

PttsflIlc

D

crmttDÀTs 1 0 2l\08\90 / 0 0

Pr{s 1200 rtl

BEPORE {8 hs

EIDR ÍIIÎIDRÀ¡IÚ(t'

CIDB 16 DÀTS

PüSG 1500 n
BEF0[8 l8 h¡

CIDR ¡IIÎHDRÂ¡IÜ(II

lt\ 03\ 9l

CIM 1? DATS

Pns 1500 r0

BEFORß {8 hs

CIDR IIIII{DRÀIIÀI, +

I¡EI{ CIDR À1 THE

TII{B OF PITSG

IIJECTI0I( t ]

28\ 05\ 9l

(tI SI|RGBRT MNE il . 5O MtlRS åITtsR CII)R BflI]VÀI,

15

901

I0 9

0

¡\)o
æ

hgnIn FilAtB ràs mo[D pREcnÀxT
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APPENDIX 3 A

1 - BICARBONATE L99

25 MI - 1 LITRE SACHET I"I].99 (I{ODTFIED ) WITH EARL' S SALTS,

9{ITH GLUTAIVIINE, gvITHoUT SODTUM BICARBONATE; FLow LABORATORIES,

rNe., DTLUTED rN 500 ml oF ELGASTAT WATER htrrH 200 urlmr oF

PENICILLTN PLUS 100 uglmt oF STREpToMycrN SOl.

12.5 mM - NaHCO3

0.025% w/v PHENOL RED

25 ml - ELGASTAT h¡ATER

2 - HEPES L99

]-OO m] - 1 LrTRE SACHET M199(MODIFTED)

WITH GLUTAMINE, WTTHOUT SODfUIVI BICARBONATE;

INC. DILUTED f N 500 ml OF EIJGASTAT WATER

PENICILLIN PLUS l-00 Uglml oF sTREpToMycIN So4.

42 rnM HEPES ( FREE ACID )

7.9 mI'Í NaHCO3

0.4% w/v - BSA

0.L% w/v PHENOL RED

80 mÌ ELGASTAT WATER

3 - SPERM WASH

112.08 mM - NaCl

4.02 mM - Kct

2.24 rrM CaCl22H2O

0.52 mM - t"1gCl26H2O

0.83 mlvt - NaH2PO42H2O

WITH EARLIS SALTS,

FLOW LABORATORIES,

WITH 200 Urlml oF
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L3.87 mI{ - e6Hl206

0.63 mM CaH3O3

2L.00 mIÍ HEPES ( FREE ACID )

3.99 ml',I NaHCO3

0.05% w/v PHENOL RED

0 .4e" w /v BSA ( FATTY ACID FREE )

100 UIlml PENICILLIN c

4 - IN VITRO FERTILIZATTON }IEDIA

112.08 mM NaCl

4.02 mM KCI

2.24 mM CaC122H2O

0.52 mM - MgCl26H2o

0.83 mM NaH2PO4 2H2O

1-3.87 mM - c6H1206

0.63 mM CaH3o3

l-8.75 mM NaHCo3

13.90 ml{ DL-IJACTf C ACID

0.04eo h¡ v PHENOL RED

0,4% w/v BSA (FATTY ACID FREE)

100 Urlml PENICTLLIN G

5 - ADDTTIVES

0.015 mM - VITAMIN Bll

0.069 mt'î - INSULIN

0.01-4 mM - POLYVINYL ALCOHOL

l-3,690 mlvl GLUTAMINE

8.520 mlì't ASCORBIC ACID
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0.555 mM - INOSITOL

24.380 mM SODIUM ACETATE

20.000 mM Na PYRUVATE

18.553 mM - GLUCOSAIVITNE

5-PHE

0.025 m!! - PENICTLLAMINE

0.01, mM IIYPOTAURINE

0.001 mM - EPÏNEPHRINE

7. PBS

l-36.893 mM - NaCI

2.683 mM - Kcl

7.469 mM KHlPo4

15.211 mt,t - Na2Hpo¡

8 - ANTIBIOTTCS (1.00 X)

5 0 UI /ml PENICIIJLI N

50 Uglm1 STREPTOMYCIN

100 uglml - NEOMYCIN

9 STÀTN

1 g - ORCEIN, OBTAINED FROM SIGMA (t'tADE BY GURR).

40 mI - ACETIC ACID

60 ml EIJGASTAT hIATER
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OSTVIOLARITY OF ALL WORKING MEDIAS ADJUSTED BETh¡EEN 27L TO 285.

APPENDIX 3 B

2 IN VITRO FERTILIZATION I{EDIA

L12.08 mM - NaCI

4.02 nM KCI

2.24 rî14 - CaCl ,pHzo

0.52 mM - MgCI?6Hto

0.83 mI.{ NaH2PO42H2O

0.69 mt,t - C3H3O3

24.99 mt'{ - NaHCO3

6.95 mt\'l - DL-L,ACTIC ACID

0.00L% w/v PHENOL RED

0.4% w/v - BSA (FATTY ACID FREE)

l-00 UIlml PENICILLIN G

1.066 mM - GLUTAMINE

OSMOLARITY OF ATJL hIORKING MEDIAS ADJUSTED BETWEEN 27L TO 285 '
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APPENDIX 4

1 - HUMAN TUBATJ FLUID ( HTF-Hco3 )

50.74 mM - NaCl

2.35 mM - Kel

0.l-0 mM - [49SO¡7H2O

0.18 mM - KII2PO4

1.39 ml4 - e6Ht?06

12.85 mll - Na LACTATE

L2.50 rnltl - NâHCO3

0.L7 mM - CaHlO3

1.02 mM - CaCl22H2o

0.0005% w/V PHENOIJ RED

50 Ullml PENICIITL,IN

2 - HUMAN TUBATJ FI.,UID ( HTF-HEPES )

50.74 mI,I - NaCl

2.35 mM Kcl

0.10 mlt - tv1gso17H20

0,18 mtvt - KHlpOl

1.39 mM - C6Itp06

L2.85 mM - Na LACTATE

2.0O mM - NaHCo3

0.1-7 mM - caH3o3

1.02 mrvt - CaCI22H2O

l-0.05 mlvt - HEPES Na SALT

0.0005% w/v PHENOL' RED

50 UI/ml - PENICILLIN
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For HTF-HCOJ and HEPES, 50 mg Bovine Serum Albumin (BSA

Fraction V, Sigma Co . ) bras added f or each l-0 mI of media

prepared.

the pH of the HTF-Hepes media war adjusted to 7.4-7.5, and the

osmolarity of both medias between 275 280.

3 - SYNTHETTC OVIDUCT FLUID MEDIA (SOFM-HCO3)

53.81 mM NaCl

3.58 mll - KCI

0.59 mM - KH2PO{

0.37 mM - MgSo¡ .7HZO

2.09 mM - Na IJACTATE

L2.49 mM - NaHCO3

0.33 mlt{ CaH3O3

2 .25 mI'{ CaCl22H2O

0.001% w/v PHENOL RED

100 UIlml PENICILLIN c

4 - SYNTHETIC

53.81 mM

3.58 mM

0.59 m}'l

0.37 mlt'l

2.09 ml4

L2.49 mM

0.33 mlvl

2.25 mM

10.05 ml\4

OVIDUCT FLUID MEDIA (SOFM-HEPES)

- NaCl

KCI

KH2POI

- MgSo4. THZO

Na LACTATE

NaHCO3

e3H303

CaC122H2o

- HEPES Na SALT
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0.001-% w/v PHENOL RED

t-00 UIlml - PENICILLIN c

lHE pH oF THE SOFM-HEPES MEDIA WAS ADJUSTED TO 7.4-7.5, AND THE

OSMOLARTTY OF BOTH MEDIAS BETWEEN 270 280.

5 - FOLLICLE ASPTRATION MEDIA

TCII,T.I99-EBSS SUPPLEMENTED WITH HEPES IN 9OO MQ h¡AlER

2 mM - NaHCO3

2 mt'l - Na PYRUVATE

25 mM - HEPES Na SALT

1OO UI/mI PENTCILTIN G

Zeo FETAL CALF SERUI.,I

50 Ullml HEPARIN

6 - lCt\'t-199-HCO3-20e" FeS

25 mI TcM L99 VIA oF 9.9g DILUTED rN 500 ml oF MQ WATER.

24.99 rr'YI NaHCO3

1.l-6 ml4 - Na PYRUVATE

0.5 ml - ANTIBIOTIC PooL

25 ml - I{Q 9{ATER

7 - ANTIBIOTIC POOL

10000 UIlml - PENICILLTN

10000 UIlml STREPTOMYCIN SULPHATE

8 - PBS (DULBECCO'S)

0.90 mM - CaCI 22H2O*

2.68 mM KcI
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L.47 mM - KH2PO{

0.49 mM - l4gC126H2O*

l-36.89 mM - NaCl

8.09 mM - Na2HPO{ ANHYD

* oMITTED THESE REAGENTS FOR Ca2t AND Mg2+ FREE pBS. ADJUSTED pH

TO 7.4 AND OSMOIJARITY 280.

9 - EGTA

50 mM STOCK SOLUTTON DTLUTED 1:100 rNTO pBS Ca2tMg2t FREE

10 . TRYPSTN

L g TRYPSIN DIFco 1:250

100 ml PBS Caz+Mg2* FREE

1-1 DNase I

3000 UIlml

L2 HYALURONIDASE

150 - 300 Uflml + 0.5eo BSA

]-3 PRONASE (ROBERTSON L987 
'

0.5% . PROTEASE FROI.,T STREPTOIIYCES GRTSEUS.

0.5% POLYVTNYLPYRROIJTDONE.

L4 ANTIBODY PRODUETION

RABBIT WAS IMMUNISED WITH SPT-,EEN CELLS PRODUCED FROM

SHEEP.

- RABBIT RECEIVED INTRAVENOUS INJECTION IN THE EAR VEIN' 2
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x 100 puRrFrED spLEEN cELrJs rN L.6 mL op pHospHATE BUFFERED

')¡ 1¡SALINE (Can'l"lg'- FREE) EVERY 7 DAYS FOR 5 WEEKS.

- AT THE END OF THE IMMUNISATION PERIOD, THE RABBTTS WERE

EXSANGUINATED AND SERUII{ COLI,ECTED.

THE SERA COLLECTED WAS FROZEN AND DRIED (FREEZE DRIER

DYNAVAC, AUSTRALIA)

- THE SERUI'{ WAS HEAT TNACTIVATED 56SC FOR 30 MINUTES BEFORE

USE.

]-5 - ORCEIN

ORCEIN ACETTC SOLUTION (LA COUR) "GURR'"

45% ACETTC ACID

16 HOECHST ( BTSBENZII.,IIDE )

1 mg/ml

L7 PROPIDIUM IODIDE

J.0 mg/ml

18 HORMONES

A LUTROPIN (VETREPHARM) 1 mg/ml

B FOLTROPIN (VETREPHARM) 40 mg / 4 mI

e - L7 ß-ESTRADIOL 1 mg/ml

19 FILTER STERILIZATION

Sterilisation of the media filter was performed using

¡4iIlipore millex-gs and Sterivex-gs (millipore Corporation, Ma,

UsA), dÍscarding the initial filtrate (Harrison et aI 1990).



APPENDTX 5 (PROTOCOL FOR GPI ELECTROPHORESIS USING AEETATE GEL)

-EQUIPMENT (SOURCE¡HELENA LABORATORIES, 1530 LINDBERGH DRIVE P.O. BOX 752, BEAUMONT, TEXAS 77704',.

SUPER Z APPLICATOR KIT (CAT.NS4093)

CONTAINS ¡

a) SUPER Z APPLICATOR (L2 SAMPLES)
b) SUPER Z ALIGNTNG BASE
c) SUPER Z WELI., PLATE

- TTTAN IIT CELT,ULOSE ACETATE PI,ATES (CAT.N93O24)

DI SPOSABLE h¡ICKS ( CAT . NS 5 O 81 )

ZTP ZONE CHAMBER (CAT.NS1283)

BUFFERS:

SAMPLE BUFFER: 50ml{ TRIS HCL (pH 8.0) + 0.1e. TRITON X 100 ADDED
- RUNNING BUFFER: SUPRE-HEME BUFFER (HELENA LABOARTORIES, CAT.NS 5802) oR 39 TRIS + 74.49 GLYCTNE
(SIGMA CAT.NSG7126) I"IADE UP 1 LITRE 9{ITH DISTTLLED T^IATER

STOCK SOLUTIONS FOR STAINTNG:
STOCK CONCENTRATION

(

L-
2-
3-
4-
5-
6-
7-

MAGNESIUM ACETATE 0.25M 5.4Lg/100m1
FRUCTOSE-6-PHOSPHATE(SIGMA CAT.N9f3627I 75mg/ml
TETRAZOLIUI4-MTT ( Sf cMA eAT. Nsl'12128 ) lomg/ml
PHENAZINE METHOSULPHATE-PMS(SIG}4A cAT.NaP9625)sToRE IN LIGHT PROOF CONTATNER 1.8mg/ml
NIeOTINAMI DE ADENINE DINUCLEOTTDE PHOSPHATE-NADP ( SIcI'tA CAT.NeN0505 ) 1Omg/ml
GLUCOSE-6-PHOSPHATE DEHYDROGENASE-G6PDH ( SIGMA cAT . N9GBSTB ) 50U /ml
7 .Le" AGAROSE ( 1 g/100m1 ) IN 0.2 m TRrS-HCI pH 8.0 2.42gl100ml

N

o

* STORE STOCKS 1- - 6 IN 200 uI ALIQUOTS AT -20eC



PREPARATION OF SAT{PLES

01 - FREEZE-THAIìI THE SAMPLES AT I-,EAST Th¡ICE IN THE APPROPRIATE VOLUME(1/?O!OE SAMPTE BUFFER. IF THE
TISSUE VOLUME IS LARGE ENOUGH, STANDARD HOMOGENIZATION TECHNIQUES CAN BE USED. FOR SMALL SAMPLES
SIMPLY PRESS THE TISSUE AGAINST THE WALL OF THE TUBE WITH THE TIP OF A PIPETTE.
02 SPIN THE SAII{PLES AND TRANSFER 8uI OF SUPERNATANT TO THE h¡ELLS oF THE SUPER z WELL PLATE.

ELECTROPHORESIS

03 PREPARE THE CHAIT,IBER BY FILLING THE BUFFER COMPARTIVTENTS h¡TTH SUPREHEI.,IE BUFFER HALF Ú{AY AND
FOLDTNG lltE hlIcKS OVER THE INNER WALLS TO EIJECTRICALLY CONNECT THEM To THE BUFFER COIVIPARTMENTS.
04 SOAK THE CELLULOSE-ACETATE GEL TN SUPREHEI'IE BUFFER 15 MIN PRIOR TO APPLYING THE SAMPLE BY
LOWERING THE GEL SLOWLY INTO THE BUFFER TO AVOID BUBBI,E FORMATION ON THE SURFACE.
05 NEED TO RUN GPT A CONTROL ONE END OF GEL AND GPT B CONTROI., AT OTHER END OF GEL.
06 - TAKE THE GEIJ OUT AND REMOVE EXCESS BUFFER BY BLOTTTNG BETWEEN PAPER TOWEIJS. MARK THE PLASTIC
BACKING hIITH THE NECESSARY INFORIVIATION e.g. cEL NUMBER, ANODE.
07 PRESS DOWN THE APPLICATOR INTO THE SAI-IPI,ES IN THE SUPER Z h¡ELLS AND THEN BLOT IT oN TISSUE
PAPER. RETURN THE APPLTCATOR TO THE SAMPLE hIELLS AND HOLD I1 DOhIN IN SAÙ1PLES FOR A FEhI SECONDS ON
THE GEI, PLACED ON THE ALIGNTNG BASE.
08 - TRANSFER THE GEL(GEL SURFACE DOh¡N) TO THE CHAMBER AND WEIGHT IT DOWN WITH A COTN IN THE CENTER.
RUN AT 3OO V (FROM ANODES TO CATHODE) FOR 30 II,IINUTES.

STAINING

09 - hlHIfJE THE GEL IS RUNNING BOIL le. AGAROSE IN BUFFER AND PUT IT INTO A 55sC VùATERBATH.
10 - JUST BEFORE THE ELECTROPHORESIS Is COMPLETE, PLACE 200Ut oF EAcH STocK SgLUTI6N oF STAIN
COMPONENTS 1-5 INTO A TEST TUBE( )l-2 mI) SHIELDED FROt'l LIGHT WITH ALUMINIU!{ FOIL. WARt,l THE MIXTURE
IN THE 559C WATERBATH, THEN ADD 10 ML OF 559C AGAROSE SOLUTION. I"IIX THOROUGHLY.
L2 _ TERI-IINATE GEL RUN, BIJOT THE GEL ON TISSUE AND PLACE THE GEL (GEL SIDE UP) ON A LEVEL SURFAcE.
13 - ADD 2OOUI OF STAINTNG STOCK 6 (G6PDH) TO THE STATN I\,IIXTURE FROM (9). MIX QUIEKLY AND POUR IT
EVENLY OVER THE GEL. TO DECREASE BACKGROUND, h¡ORK IN DIM LIGHT, STNCE THE SÎAIN IS LIGHT SENSITIVE.
l-4 STAIN FOR 10 15 MINUTES(DEPENDING oN THE INTENSITY oF THE REACTION) AT 37eC, THEN FIX THE
GEL IN l-:3 ACETIC ACID:GLYCEROL FoR 10 MINUTES.
15 _ READ THE GEL AND IIIAKE A PHOTOGRAPHTC RECORD.

N)
F
ro
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