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Chapter I 

I N T R 0 D U C T I 0 N 

The field o f  embryology has been des cri bed as the s t udy o f  th e 

pro c es s es and princi ples of development ( Earth , 1 953 ) , and can be  divided 

into developmental anatomy and developmental physi ology . 

Since their dis covery , the develo pment of mammalian ova has been 

s tudied by examining ova recovered from the female tra c t  at various 

times after the ons e t  o f  o es trus or ferti le  mating , or alterna ti v e ly by 

cult uring ova in a medium whi ch allows a comparable rat e  of development 

to that recorded in vivo. 

The normal times relative to oestrus wh en fert ilised eggs a t  

various stages o f  c leavage can b e  fo und i n  ewes o f  several br eeds have 

been r epor t ed by Clark ( 1 934 ) , Green and Winters ( 1 945 ) , Averi l l  ( 1 958 ) , 

Hancock and Hov ell ( 1961 ) , Chang and R owson ( 1965 ) and Gumming and 

McDonald ( 1 967 ) . 

Brinster ( 1 963 ) has developed a r eliable and suc c ess ful method for 

the in vitro cul t ure  of mous e ova from the 2- c ell to the blas t ocyst  

s tage and has report ed that such developm ent proceeds a t  a rat e  c omparable 

with that in vivo . H e  has then proceeded  to make full us e o f  this 

method by invest igating the effec t of osmolarity , hydrogen ion concentratio� 

fixed nitrogen sour c e  and energy sourc e on the rat e  of embryo development 

( Brinst er ,  1 965). S uch a t e chnique has and will continue to  give val uable 

information on developmental anatomy and physiology. 

Sheep ova have been s uc c essfully cul t ured wi thin the reproduc tive 

tra c t  o f  the rabbi t  and the development o f  these ova has been r epor t e d  to  

be similar to that within the sheep ( Averil l  e t  al. 1 955 ) . Succ essful 
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short term storage of sheep ova at 37°C ( Averill and Rowson , 1 958 ) 

and long term storage at lower temperat ures has been re ported 

( Averi ll, 1956 ) , but sheep ova have proved very re fra c t i l e  to culture 

at 38°
C for long periods of time ( Wint enberger et al . 1953 ) . 

The ult imate proof of th e viability of an ovum a fter c ulture or 

storage in vi tro or in the ligated geni ta l tract of an animal of the 

same or different species ( in vi vo treatment ) , is i ts subs equent 

development in vi vo; to gain th is proo f  the treated ovum is trans ferred 

to a sui table rec ipient in wh i ch i ts development can be fol lowed . 

Succ essful egg trans plantation has been report ed in the sheep by 

many work ers ( Appendix 1 - A us t i n ,  1961 ) . 

In the study of sheep embryology then, the examina tion of the 

in vivo cl eavage o f  fertili s ed ova has given much data on deve lopmental 

ana tomy , but the development of better cult ure techni ques should , wh en 

us ed in conj unction wi th the techni que of egg trans plantat ion , give 

valuable informa tion on developmen tal physi ology as wel l  as developmental 

ana tomy . 

Th e purpos e of this present s tudy was to observe the c lea vage o f  

ferti li s ed Romney ewe ova i n  vivo and to compare this wi th c leavage of 

ova cultured in vi tro . A method of long term in vi tro culture of ova 

was developed and the technique of ovum trans plantat i on us ed to tes t 

ovum viabili ty . 
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Chapter I I  

R E V I E W 0 F L I T E R A T U R E 

PRODUCTION OF OVA 

For egg cultur e  and t ransfer s t udi es a large number of ova are 

oft en required over a limit e d  time period . Becaus e  sheep do not 

naturally produc e a large number o f  o va at each oestrus , gonadotroph i c  

hormones a r e  often used to increas e t h e  product i on of  ova for these 

studies . Pregnant mares' s erum gonado trophin ( P. M . S . ) has been us ed to 

increas e  the fe cundi ty during the br e eding season (Robinson,  1 951 ; 

Wallac e ,  1 954 ; Gordon , 1 958), and during the anoes trous s eason 

(Robinson , 1 954; Gordon , 1 958 ). Robinson ( 1 95 1 ) and Wal la c e  ( 1 954 ) 

report ed that the ovarian respons e t o  P .M .s .  was very variable ,  and 

Warwick and Cas ida ( 1 943 ) and Wallac e  ( 1 954 ) ,  that the administration of 

gonadotrophin during the fo llic ular phas e of the cycle  has t ened th e onset  

of the  following oestrus . 

Moore and Shelton ( 1 964 ) have used Horse Anterior Pitui tary extra c ts 

for s uperovulation o f  sheep,  but r e ported no advantage over P . M .S . except 

for the apparent ly more r eliable ovarian respons e to high e r  dos es . 

Normal viability of  s uperovulated sheep ova has been r eport ed 

( Aver i l l ,  1 958; Moore,  Rowson and Short ,  1 960 ) .  

Workers have discus s ed fully the us e of  proges terone and its 

analogues in the s uppression and s ynchronisation o f  ovarian cycl es , both 

in the anoestrous and bre eding s easons ( Lamond ,  1 964 ; Robinson and 

Lamond ,  1 966 ) .  They have also disc ussed the int eraction betw e en 

progest erone and P . M .S . on ovarian function in the ew e ,  and th e poor 



fertility o f t en reported after prog est erone synchronisation and 

s uppressi on . 

OVA TRANSFER 

This t echnique can be d e fined as the transfer o f  follicular 

4 

oocyt es or ova from the normal mat ernal environment either direc tly int o 

a r e c i pi en t  ( wh ich may be  the same individual as the donor ) , or into a 

r e cipi ent a f t er a period of culture or st orage i n  vi tro or in  vivo . 

The o va are recovered from the donors for trans fer by in  vitro or 

in vivo m ethods . The in vi tro methods involve the flushing and 

manipula t i on ,  or embedding in paraffin and sectioning, of the g eni tal 

tract whi c h  has been removed from the slaught ered animal (Austin, 1 96 1 ) .  

The in vivo laparotomy method o f  recovery has been des cribed in the 

sheep ( Hun t e r ,  Adams and Rowson,  1 955 ) and in th e pig ( Hancock and 

Hovell,  1 962 ;  Smidt et al . 1 965 ) .  Non-surgi cal in  vivo ova r e covery 

has been r e ported in the cow by Rowson and Dowling ( 1 949), Dracy and 

Pet ers en ( 1 95 1 ) and Donker ( 1 955 ) .  Hafez ( 1 960 ) reported that th e 

in vi vo m ethod was approximately 40-60% as effi c i ent as the in vitro 

method , but was invaluable where the donor was to remain alive . 

Hun t e r ,  Adams and Rowson ( 1 955 ) have outlined th e surgical ins ertion 

o f  ova in the sheep whil e  other workers have outlined and report ed s u c c ess­

ful non-s urgical trans fer o f  cow ova ( Mut ter et al . 1 964 ; Rowson and 

Moor , 1 965 ; Sugie ,  1 965 ) .  

The t echnique o f  egg trans fer has be en r epor t e d  in sheep by a 

large num b er o f  workers from Warwi ck !! !!•• ( 1 934 ) to Shelton and Moore 

( 1 966 ) .  
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The following two fac t ors have b e en found to affect  the succ ess 

of ovum transplantation in she e p .  

( a ) Synchronisation of  ons e t  of oestrus in donor and recipi ent ewes 

A number of workers ( Moore and She lton , 1 964; Shelton and Moor e ,  

1 966 ) ,  have reported the need for c los e synchronisation (� 1 2  hours ) 

b etween donor and reci pient ewes , whi l e  Averill ( 1 956 ) and Averill and 

Rowson ( 1 958 ) have sugges ted that pr ecis e synchronisati on is not 

n e c essary for succ essful ovum transp lantation . Hancock and Hovell ( 1 96 1 ) 

s ugges ted that th e transfer o f  older ova into young er uteri was g en erally 

more favourable to s uc c ess than the trans fer of  younger ova into older 

uteri and suggest ed that it s e emed wis e to minimis e  the chanc e of oestrus 

o c c urring in th e recipient before it o c c urred in th e donor . 

( b ) Site  of transfer of  ova into th e recipient genital tra c t  

Averi l l  and Rowson ( 1 958 ) r epor ted that n o  2- cel l ,  1 6% 4- c e ll 

and 80% 8- c ell ova would develop on trans fer into th e ut e rus o f  the 

sheep.  Us ually the s ite of  trans fer into th e rec ipi ent genital tract 

and the age of  the trans ferred ova are confounded ( Moore e t  al . 1 960 ; 

Moore an d Shelton ,  1 962b; Shelton and Moor e ,  1 966 ) , and 2- to 4- c e l l  

ova placed into t h e  Fallo pian tube a n d  � 6- c e l l  ova i n t o  the uterus 

( Hancock and Hov e l l ,  1 96 1 ; Cumming , 1 965 ) .  Us ing this practi c e ,  mos t 

s uccess has been reported with uterine transfers . However Moor e and 

Shelton ( 1 964 ) did not confound age of ova and s i t e  of trans fer and 

r eport ed tubal trans fers as being the mos t suc cess ful . 

Averil l  and Rowson ( 1 958 ) report e d  that the succ ess of  individual 

trans fers was not significantly rela t e d  to the bre ed o f  r e c i pient or 

d onor , s eason, or the number and results of pr evio us trans fers to the 

same recipi en t . 
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Moore, Rowson and Short ( 1960 ) and Cumming ( 1 965 ) found that 

as the n umber of ova trans ferred was increased,  the chan c e  o f  a 

pregnancy res ulting did not increas e and the ovum surviva l  rate  was 

lowere d .  How ever Moore and Shelton ( 1 962 b ) repor t e d  that th e trans fer 

of greater than one egg in tubal trans fers did not s igni fican t ly affect  

egg s urvival , but signi fi cantly increased the  chan c e  o f  a s uc c ess ful 

pregnancy.  Moore et a l .  ( 1960 ) found that the  ewes rec eiving 5 ova 

and s ubs equen t ly becoming pregnant had signi fi cantly more lambs at 

t erm and embryos at autopsy than those only rec eiving 2 ova .  

The following are some workers s ugges tions for the appl i ca tions 

o f  the technique of egg trans fer ( Wille t ,  1953 ; McLaren and Michi e ,  1 95 6 ;  

Moore and Shelton , 1 962b ) .  

1 .  T o  shor ten th e Generation Int erval: The g eneration interva l  in 

domes t i c  ani mals is long , and if it is to be reduced i t  would entail a 

precocious puberty induc ed by hormones and the trans plantation o f  th e 

resultant eggs into matur e  synchronised hosts . In this r es pe c t  workers 

have s t udied the calf ( Casida et al . 1 943; Marden , 1 951 , 1 953 ; 

Black et  al . ( 1953 ) ,  Lamb ( Casida,  1 934 , 1 935 ; Mans our , 1 95 9 )  and piglet 

( Casida, 1934 , 1935 ) .  Ova produc ed by immature animals have developed 

normally to produc e young ( Marden , 1953; Adams , 1 953 ) . 

2 .  To make maximum us e o f  a genetically superior female over h er 

breeding li fe ( McLaren and Mich i e ,  1 956 ) . The s uperior female could be  

frequen tly s uperovula t e d  over h er breeding lif e  and the recovered 

fertilised ova transferred t o  synchronis ed.recipi ents o f  inferior g en e t i c  

meri t . 

3 .  Transf er o f  ova from one country t o  another ( Chang and Marden, 1 954 ; 

Hunter et a l .  196 1 ) .  
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4 . S t udies on deve lopmental physiology ( Austin, 1 961 ) . Aft er 

treatment in vitro the ova can be trans ferred into recipients to tes t  

for viability . 

5 .  S tudies on maternal and embryonic fa c t o rs in development ( Fek e t e  

and Li ttle , 1 942 ;  Feket e ,  1 947 ;  Veng e ,  1 950 ; Hunter e t  al . 1 954 ; 

Michie and McLaren , 1 958 ; Green and Gr een,  1959 ) . 

OVA CULTURE AND STORAGE 

Sheep ova have been succ ess fully c ultured within the rabbi t  genital 

tra c t  (Averi ll,  Adams and Rowson,  1 955 ; Averi l l ,  1 956 ; Hunter et al . 1 961 ) 

and within th e ligated sh eep oviduct ( Wint enberger - Torres , 1 956 ) . 

S uccess ful short term storage of sheep ova in vi tro has been repor ted 

by Averill ( 1 956 ) and Averill and Rowson ( 1 958) . Averi ll  report ed bett er 

trans fer res ults when ova were placed in tubes containing s erum a t  30°C 

for 45 - 1 1 5 minutes before trans fer , than when ova were left in  covered 

watch glass es in a warm chamber . Averill and Rowson developed s pe c i al 

dialysis chambers which they reported conferred some advantage over watch 

glass es when the period o f  ova storage before trans fer was great er than 

50 minutes . 

Averill ( 1 956 )  and Averill and Rowson ( 1 959 ) succ ess fully s tor ed 

sheep ova at  4 .5 - 8 .0°C, but Harper and Rowson ( 1 963 ) reported no egg 

trans fer suc c ess a f t er s toring ova at 7°C .  The s t or age o f  ova a t  0 - 4°c 

0 
and -79 C has also been uns ucc ess ful ( Averill and Rowson , 1 959 ) . 

Wintenberg er , Dauzier and Thibault ( 1 953 ) cultured she e p  ova at 38°C 

in h omologous blood s er um containing s t r eptomycin for up to 1 40 hours 

and found that uns egmented ova rar ely pass ed the 6- blastomere s tage ; 

8- to 1 2- blas tomere  ova s eldom c l eaved ; but 1 5- to 20- -blastomere ova 
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cleaved r eadily and th e speed o f  division was r eport ed to  be simi lar 

to that in vivo . (Ova c ultur e d  below 8 .0°
C failed to  c leave during 

in vi tro s torag e ; Averill and Rowson, 1 959 . ) She e p  ova have also 

been suc c essfully st ored for 24 or 48 hours in sto pper e d  t ubes at 

room t emperatur e  in the dark ( Buttle and Hancock, 1 964 ) . 

Th e succ ess of culture has been found to depend on 

( a ) S pe c i es of  ova cultur ed: Mous e ova will cult ure r eadi ly in vi tro 

but sheep ova will not ( Brins t er ,  1963 ;  Wint enberger e t  al . 1 953 ) . 

( b ) Stage of  d evelopment of culture d  ova ( Wint enberger et  al. 1 953 ) . 

( c ) Culture media: Wint enberger e t  al . ( 1 953 ) , Averill ( 1 956 ) , Averill 

and Rowson ( 1 958 , 1 959 ) , Harper and Rows on ( 1 963 ) and But tle and Han c ock 

( 1 964 ) us e d  sheep s erum containing s treptomyc in for the  c ultur e or s torage  

of sheep ova. How ever Brins t er ( 1 963 ) has pointed out tha t the criti cal 

fac tor in the c ul tur e of all mammalian c ells is the composition of the 

culture media and so he developed an extremely complex media for the 

culture o f  his 2- cell mous e ova , and has achi eved much greater culture 

succ ess than th e earlier workers ( Hammond , 1 949 ;  Biggers and McLaren , 1 958 ) . 

S erum with streptomycin or penicillin added is usually us ed as the medium 

for th e trans fer of sheep ova ,  but some workers hav e  us ed Physiological 

salin e  and Lock e ' s  solution ( Casida e t  al . 1 944 ) and Tyro des solution and 

aqueous humor ( Warwick and Berry, 1 949 ,  1 951 ) . Glyc erol has been added 

to the media for storage o f  ova at low t emperature s  ( Averill and Rowson,  

1 959 ) . 

The s torage of rabbi t ova in media containing antibiotics at  low 

conc entrations does not have an e f f e c t  on subs equent embryonic s urvi val , 

but the survival of ova during culture can be partially or comple tely 

inhibi t ed in media containing high conc entrations o f  antibiotics 

( Haf e z ,  1 963 ) . 
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OVA CLEAVAGE 

Aus tin (1 961 ) points out that th ere is lit tl e  pre cis e information 

on th e cleavage rates o f  mammalian ova in vi vo ; this i s  due t o  the 

diffi cul ty of knowing the exact time o f  ovulation, to the fac t  that 

ferti lisation may be ini tiated at any time over a period of 12 hours 

( or longer ) after ovulation , and in polytocous animals to the s cat t er in 

time of penetration of th e eggs . Also it is r easonable to s uppos e 

that th e eggs in any one species do no t all develop at  th e same rat e .  

Finally,  sinc e the  actual pro cess of c l eavage oc curs re la ti vely rapidly, 

dir ec t  obs ervation is rare ,  the t ime of c leavage has generally to be 

inferred from the condi tion of eggs on rec overy from th e ani mal and a 

large numb er o f  obs ervations are nec essary for even approxima t e  es tima t es . 

The mat urat ion o f  sheep ova has been described ( Pi tkjanen , 1 958; 

Berry and Savery,  1 958; Dzi uk and Dickmann , 1 965 ) ,  and the r elationship 

of the s tage o f  maturati on and fertilisation to th e time of ovulat i on 

es tablished ( Dzi uk ,  1 965 ) .  Als o th e mat uration in vi tro of mous e ,  she ep, 

cow,  pig , rhesus monkey and human ovarian oocyt es has been described 

( Edwards , 1 965 ) .  

The c las s i cal work on cleavage s tages of the sheep egg was done by 

Ass h eton ( 1 8 98 )  who obtained a s eries of ova and blast ocysts from the 

2nd to 1 1 th day of development . 

Green and Win ters ( 1 945 ) reported in  Shropshire sheep that 

segmentation appear ed to be initiat e d  approximat ely 1 i days a f t e r  the 

end o f  oestrus ( ovula tion ) and that during this interval fertilisation 

mus t occur .  Chang and Rowson ( 1 965 ) esti mate d  that ovulat i on o cc urred 

30-40 hours aft er the ons et  of o es trus in  the Dor s e t  Horn ewe and assumed 

that the firs t c leavage o c c urred 1 2-22 hours a f t er ovulation . C lark ( 1 934 ) 

r e covered 2- c ell  ova 39i hours post7coitum and not ed that t h e  2 blas tomeres 
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w er e  o f  very di fferent size  and that this size difference had large ly 

disappear ed after the second c l eavag e ,  which was at right angl es to the 

first . The normal times relative to o estrus when fertilised eggs at 

various stages o f  cleavage can be found in ewes o f  s everal bre eds has 

been reported by Clark ( 1 934 ) , Green an d Winters ( 1 945 ) , Averill ( 1 958) , 

Hancock and Hovell ( 1 961 ) , Chang and Rowson ( 1 965 ) and Cumming and 

McDonald ( 1 967 ) . The res ults o f  thes e workers show that the cleavage 

rate of she ep ova to the 8- to 1 2- cell s tage is very rapi d .  Both 

Clark ( 1 934 ) and Green and Winters ( 1 945 ) reported tha t in  1 6- c e l l  ova 

there were marked differenc es in  cell s i z e ,  and that this c ould be 

interpr e t e d  as th e start of trophoblas tic specialisation . 

Unc leaved sheep ova must be care fully examined for fertilisati on 

before they ar e us ed for egg c ulture or trans fer studi es . Ferti lis ed 

s ingl e  cell ova have been identi fied by the pres enc e of numerous s ur plus 

spermatozoa found adhering to , or embedded in the zone pellucida 

( Hart, 1 956 ; Laffey and Hart, 1 959 ) , and upon c er tain changes taking 

place  in th e nuc l eus ( Hart, 1 956 ) . 

Austin ( 1 961 ) repor ted that during ovum c l eavage the total mass of 

cytoplas m actually decreas e s ,  presumably becaus e  yolk mat erials are 

us ed up to provid e  energy for the main t enance and division of the c el ls ,  

and that with each successive stage o f  c leavag e ,  the s i z e  o f  the 

blas t omeres is roughly halved until they reach the s i z e  o f  most o f  the 

tissue c el ls in the organism c on c erned . In normal sheep ova i t  has 

been found that the average diameter of the zonal cavity is 0 . 1 47 mm 

and the average zone pellucida thickness 0 .01 4 mm ( C lark, 1 934 ) . 
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OVA A BNORMALITIES 

Only normal ova should be utilis ed in egg cultur e  and 

trans plantation s tudi es . Dut t ( 1 95 1 ) showed an es tima t e d  loss o f  

20% of  embryos from early-s eason matings whils t Hart ( 1 956 )  also 

showed that  a proportion ( 1 7%) of  all ova shed were abnormal and not 

abl e to be ferti lis e d .  I n  the lat e breeding s eason Laffey and Hart 

( 1 95 9 ) found tha t  40% of ova recovered were abnormal . Braden ( 1 964 ) 

classi fi ed 1 2% of his unfertilis ed sheep ova as being a bnormal , but 

found no signi ficant  variation betwe en months . Howev er he  observed 

a s igni fi cant variat i on in ova abnormalities  between ewes examined 

3-4 ( 2 9% abnormal ) ; 2-3 ( 2 1%) ; and 0-2 ( 6%) days after being marked 

by vas ectomis ed rams . He point ed out that mos t of  the abnormali ti es 

developed 1 -3 days after ovulation and r epr es ent ed degenera t i v e  c hanges 

that might well be expected in ageing unfertilised eggs . 

I t  has long been known that  bo th ovarian oocytes and tubal eggs 

ar e prone to undergo cytoplasmi c di vision , apparently spontan eously and 

often in a mann er t ha t  s uperficially r esembles normal cleavage . This 

phenomenon has been descri bed in a numb er of s pecies ( e . g .  Dzi uk , ( 1 960 ) 

has r epor t ed in the unbred gilt that  80% o f  the ova recovered from the 

uterine horn had undergone spontaneous fragmentation ) , and although 

several authors were attra c t ed by the i d ea that parthenog enesis might 

on o ccasion be dis played by mammalian eggs , the general c onclus i on was 

that most if not a l l  the instances o f  apparent  c leavage were in fact 

caus ed by a dis organisation and degenerative fragmen tation o f  t h e  egg 

( Aust i n ,  1 961 ) . 

The s econd-metaphase chromosome group in unpenetrated eggs may 

not break up but ins t ead give rise to a single nucleus· ( us ual ly diploia ), 

or alternatively the eggs may show s pontaneous r es umpti on of  the s e c ond 

'· 
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meiotic division and develop a single nuc leus ( usua lly haploid ) . 

In  rabbi ts and sh eep the inciden c e  with whi ch unpenetra ted ova would 

undergo act ivation or develop nuc lei was greatly inc r eas ed by cold­

sho ck treatment , the second meiotic division being suppressed and 

s ingle diploid nuclei formed ( Thi bault , 1 949 ;  Chang , 1 952a ; Thibault 

and Ortavant ,  1 949 ) . Pinc us ( 1 939c ) and Pincus and Shapiro ( 1 940b ) 

c laim that parthenogenesis in the rabbit can proceed  to the bi rth of  

via ble young, but Chang ( 1 954 ) found that activa ted ra bbi t ova would 

develop to give blastocysts , but that these blas tocysts would not 

implant . 

Dutt e t  a l .  ( 1 95 9 ) and Allis ton e t  al . ( 1 961 ) have r epor t ed that 

some instances of  shee p  ova a bnormali t i es could be due to h igh 

environmental t emperatures jus t prior to ovulation . 
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Chapt er III  

M A T E R I .A L S A N D M E T H 0 D S 

EXPERIMENTAL ANIMALS 

S ixty culled for age 5-year-old Romney ewes from the Mass ey 

Uni versi ty flocks were us ed in the 1 966 bre eding s eason , 58 in the 

1 966- 67 anoes trous s eason and 25 in the 1 967 bre eding s eason .  Two 

entir e Southdown rams of proven fertility and 2 vas ec tomised Perendale 

rams ( 'teas ers' ) wer e run with the ewes during the 1 966 bree ding s eason , 

and one entire ram and 2 'teasers' during the other two s easons . 

MANAGEMENT OF ANIMALS 

The animals were grazed on predominantly ryegrass - whit e  clover 

pas ture and manage d  to maintain cons tant body weigh t .  

access to a plenti ful supply o f  wat e r .  

All sh eep had 

Individual ewes wer e dis tinguished by ear tags and s erially numbered 

canvas squares attached to the flank wool . The entire and vas ec tomis ed 

rams were fi t t e d  with Sir e Sine harnesses and th� ewes were examined for 

mating marks every 8 hours (8 . o  a . m . ,  4 . 0  p . m .  and 1 2  midnigh t ) in th e 

pres enc e of the s e  rams ( exc ept for the 1 966 breeding s eason where ewes 

run wi th the 'teas er' were examin e d  onc e  daily - 8 . 0 a . m . ) . A ewe was 

recorded as showi ng oes trus if c learly marked over the rump and tail region . 

The rams were removed whenever the ewes were yard ed to prevent rape s er vi c es . 

EXPERIMENTAL PLAN 

The experimental plan is outlined in Figures 1 ,  2 and 3 and is 

discuss ed further in the following s e c t ions . 



Ewes marked 
by 'teas er' 

� 
Inject with 

gonadotrophin 

! 
Oes tr us 

( Entir e  Ram ) 

FIGURE 1 

EXPERIMENTAL PLAN FOR 1 96 6  BREEDING SEASON 

! Approximately 60 hours duration 

Lapa_:otomy 1 

Ova r ecovered thes e ova were ei ther:  

1 4  

( a ) Transferred* immediately into a donor ewe ( Control trans f er )  

( b )  Cult ured i n  vitro for 24, 48 o r  7 2  hours . Some ova c ultured 

for 24 or 48 hours were trans ferred* into donor ewes after 

cultur e .  

( c )  Trans ferred into a donor immediat ely after re covery and 

recovered again approximat ely 24 hours later at laparotomy 2 .  

The recipients in ( a )  and ( b )  were slaughtered i f  pregnant after ovum 

trans fer. 

The donors in ( c )  could undergo either of two treatments . 

Treatment A La12arotoml 1 La12arotoml 

Fallopian tube1 ( FT1 ) • Ova recovered Trans fer ova ova 

Fallopian tube2 ( FT2 ) Ova recovered into FT1 and or FT
2 recovered 

-

Treatment B LaE!rotoml 1 La;Earotoml 

FT1 � Ova recovered Trans fer ova Ova into FT1 
FT2 r e covered 

• O va only transferred into donors if all ova shed ·by thos e donars 
( based on the number of c orpora lut ea ) had been recovered . 

In ( a ) ,  ( b )  and ( c )  the ova were trans ferred into their own , or 
a different donor . 

2 

2 
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FIGURE 2 

EXPERIMENTAL PLAN FOR 1 966-67 ANOESTROUS S EASON 

Early Anoestrous 
(July-Augus t) 

Entire  

Proges tagen 

Approximately 
60 hours 

Laparotomy 

Ova recovered 

~ 
Cultured for C ontrol• 

24 or 48 tra�s fer into 
hours 

Trans fer• into 
donor 

donor 

Slaughter 

Ewes 

Lat e  Ano es trous 
(January) 

Gonadotrophin inj ec tion 

oeltrus 2 \ Entire ram 

Donor 
Recipi ent l Approximately 

60 hours 

Laparotomy 

Ova r e covered 
Approx-

I 
ima t ely 
60 ho urs 

Cultur e d  for 
24 or 48 

Control 
transfer 

into 
synchronis ed 

recipi ent 

!/ 
Laparotomy 

� 
Slaughter 

/ hours 

Transfer into 
s ynchronis ed 

r e c i pient 

• Ova only transferred into donors i f  all the ova shed by those 
donors had been recovered . 
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FIGURE 3 

EXPERI MENTAL PLAN FOR 1 967 BREEDING SEASON 

Ewes 

l 
Progestagen 

Oestrus Oestrus 

' teas er '  1 l Entir e  ram 

R e cipi ent Donor 

As for 1 966-67 Late Anoestrous s eason ( Figure 2 )  

.. 



HORMONES AND TREATMENTS 

( a ) 1 966 Bre eding Season ( Figure 1 ) 

The ewes were given a subcutan eous superovulating inje ction o f  

Pregnant Mar es ' S erum gonadotrophin ( P . M .S . ) o n  day 1 2  or 1 3  o f  t h e  

oestrous cyc le . Records of ons e t  of oes trus ( bas ed on mat ing wi th 

17 

the ' teas er' ) were kept for each ewe ,  and every s e c ond day over the 

breeding s eason from 7th Apri l to 1 s t  Augus t ( except for periods when 

opera ti ons were not able to be performed ) , ewes whi ch wer e  at day 1 2  

or 1 3  o f  th e cycle were injected wi th either 1 , 000 , 1 , 200 or 1 , 500 i . u .  

P.M.S . 

( b ) 1 966-67 Early Anoestrous S eason ( Figure 2 ) 

On the 20th July 1 966,vaginal s ponges containing 60 mg 17� 

ac etoxy - 6o(..-methylpregn-4- en e�920 dione ( M . A . P . ) per s ponge w ere 

ins erted into 1 8 ewes . Thes e were wi thdrawn on 4th Aug us t and 1 , 200 i . u .  

P.M.S . injected s u
-
bcutaneously on eith er 3rd Augus t ( day - 1 ) or 

4th Augus t ( day 0 ) . 

( c ) 1 966-67 Lat e  Ano es tro us S eason ( Figure 2 ) 

Forty ewes were treated on 3rd January 1 967 with vaginal s ponges 

each c ontaining 60 mg M . A.P. Thes e were withdrawn a f t e r  8 or 9 days , 

or 1 8 or 1 9  days and on the day o f  withdrawal , 1 , 000 i . u .  P.M . S . was 

inject ed s ubcutaneously. On the r eal or ass ess ed day 12 or 1 3  o f  the 

induced cycle , the ewes were inject e d  with ei ther 1 , 500 i . u .  P .M .S . and 

placed with the entire ram ( donor ew e ) , or 1 , 000 i . u .  P . M . s .  and placed 

with the 'teas er' ( recipi en t  ewe ) . 

o f  3 brands (S e e  Appendi� 1). 

The P.M.s . us ed  in this s eason was 
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( d ) 1 967 Breeding S eason ( Figur e 3 ) 

Vaginal sponges containing 60 mg M . A . P .  per s ponge were ins erted 

into the 25 ewes on 30th March and withdrawn a fter 1 8 or 1 9  days . 

The donors were injected with gonadotro phin ( 1 , 500 i . u .  P . M .S . ) when 

the sponges were withdrawn , but the recipi ents were not . 

RECOVERY OF OVA 

Laparotomies to collect ova from the reproductive tract were 

carried out 36 - 1 02 hours after the ewes were first observed in oestrus . 

The technique used  was as described by Hunter, Adams and Rowson ( 1 955 ) 

and Gumming ( 1 965 ) . 

Sheep serum, the medium us ed for ovum recovery , was obtained from 

whole blood collected from rec ently s laughtered she ep .  This blood was 

allowed to clot within c o ll e ction vess els ( sterilized beakers lined 

with cheese cloth ) which were placed in the r e frigerator for 24 hours . 

The cheese cloth was then gently li fted out of the beakers , taking 

with it the clot and leaving the s erum ; this s erum was then drawn o f f ,  

c entri fuged,  peni cillin added ( 1 , 000 units per ml . ) , S eitz- filtered and 

p laced in  sterilized bottles befor e deep- fre ezing . When r equir ed for 

ovum r e c overy the s erum was thawed and held at 36°
C in a water bath . 

Immediately after r e c o very from the g enital tract the washings 

were examined under a binocular mi cros cope for the presen c e  of ova . 

CULTURE OF OVA 

The ova to be c ultured were pla c e d  in steri lized c ultur e chambers . 

Thes e were bas ed on the dialysis chambers d escribed by Averi l l  and 

Rowson ( 1 958 ) and a dismantle d  and ass embled chamber is shown in 

Figure 4 . 



Figure 4 - Dis mantled and ass embled dialysis chamber 
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The chambers were construc ted from:  

1 .  Dialyzer Tubing Cat . No . 4465-A2 ( A . H .  Thomas Co . Philadelphia ) . 

2 .  1 0  ml . vol ume thin-walled g lass conta iners . 

3· 6 .5  mm . int ernal diameter glass tubing ( 8 .0 mm. ext ernal diameter ) 

c ut into s ecti ons 7 . 5  c m .  long . 

4 . B .  & T .  ( L ) O  r ubber corks . 

The dialyzer t ubing was placed in saline and then cut into 1 "  l engths 

whi�h were s plit open to give two,  1 '' squares of membrane . Each membrane 

squa r e  was smoothed over the lower end of the glass t ubing and held firmly 

in place  by a rubber band.  Car e  was tak en to leave no folds in the 

s e c ured membrane as thes e could trap ova and prevent their s ubs equent 

isolation and recovery a ft er cultur e .  The chamber c omponents were then 

autoclaved , after which the dia lysis membrane was reimpregnated by being 

pla c ed in a s terilized 1 0% glycerin solut ion for 5-1 0  minutes and the 

components then s tored in the r efrigerator until use .  

At the time of o vum trans f er into the chambers , approximately 4 ml . o f  

s e r um at 36°
C w er e  placed in the outer container and t h e  chamber assembled . 

The ova were aspirated into sterili zed Pas teur pipett es with a large 

volume of s erum and pla c ed into the inner glass tubing . Addi tional s erum 

was then added into the glass t ubing to mak e  up to a final volume o f  

approximately one ml . Car e  was taken to flush the s id es o f  th e glass 

t ubing so that the ova would be rest ing on the s urfa c e  of the dialysis 

membrane dur ing c ultur e .  The glass t ubing was th en c orked and the entire 

chamber partially suspended in a wat er bath at 36°C before being 

transported in a thermos flask to the laboratory. Here th e chambe rs 

w e r e  placed in an incubator at 35 36°C for 24 , 48 or 72 hours , the 

serum in the chambers being changed at 24 hourly intervals . 

The ova were r ecovered from the chambers by tipping the contents o f  

the inner glass t ubing into a s terilized watch glass , and t hen flushing 
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the t ubing w i th s erum until all the ova were r e c overed . 

EXAMINATION OF OVA 

The ova were examined for the number present , pres ence of 

s perrnatazo a ,  stage o f  cleavage and for abnormali t i es at the following 

times: 

1 .  At the s urgery shed aft er  recovery from the d onor and before being 

t rans ferr ed into a recipi ent ewe or a c ultur e chamber . They were 

located under the mi croscope us ing x 1 7 . 5  magni fic ation and examine d  

using x 3 5  and x 70 magnifications . 

2 .  Every 2 4  hours a t  th e laboratory i f  they were not t o  be trans ferred 

into recipi ent ewes . They were recovered from the  c ulture chambers and 

examined under high-power magni fi cation (x70 - x 250 ), and then dimensions 

and photographs of s ome ova were taken . 

3.  At the surgery shed a f t er c ulture for 2 4  o r  48  hours and before being 

trans ferred into recipient ewes . Thes e ova had already been examined as 

in 1 ,  but not as in 2, and h ere  were r e covered from the chambers and 

examined und erx35 and x70 magni fications before trans fer . 

Becaus e fertilis ed ova a t  all s tages o f  cleavage were requi r e d  f or 

egg c ulture and transplantation s tudies , i t  was not poss i ble to iden t i fy 

fertilised one-c ell ova by c hanges taking pla c e  in the nucleus . 

Ins t ead they were examined a t  r e covery for the presenc e o f  spermatazoa 

adhering t o , or embedded in the zona pellucida and t hen trans ferred back 

into a donor for 24 hours ( c ulture in vi vo ) , or into a c ulture chamber 

( culture  in vitro ) . Any one- c ell ova whic h  w er e  r e covered with 

spermatazoa adhering to the zona pellucida and whi c h  cleaved normally 

on c ultur e, were regarded as being fertilised when firs t recovere d  and 
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could be  us ed for egg transplantation and c leavage s t udi es . 

TRANSFER OF-OVA 

The ova were e i th er: 

1 .  Trans ferr ed back into th e same or a di fferent donor ewe immediately 

after recovery and examination ( Control trans fers - Figures 1 and 2 ) .  

2 .  Transferred back into the same or a di fferent donor ewe immediat ely 

after r ecovery at laparotomy 1 ,  and recovered again 24  hours lat er at a 

second laparotomy ( Figure  1 ) . 

3• Trans ferred back into the same or a differ ent donor a f t er c ulture 

for 24  or 48 h ours ( Figures 1 and 2 ) . 

4 .  Transferred after 24 or 48 h ours c ulture or as control transfers 

(0 hours culture ) into recipients whos e tract development was judged 

to be  either s ynchronised with , or at an earlier s tage of development 

than that o f  the transferred ova ( Figures 2 and 3 ) . 

The r e c i pient's trac t  was expos ed and the trans fer o f  ova was 

acc omplished using ess entially the same technique as d e s c ri bed by 

Hun t er � !!• ( 1 955 ) . 

The o va were d eposited e ither 3 - 4 cm . along the Fallopian t ub e  

via the fimbria (2- t o  4 - c e l l  ova ) , or into th e lumen o f  th e ut erine  

horns through punc tures on  the antimesometrial border ( � 6- c e l l  ova ) . 

Care was taken in the uterine trans fers to ensure that the  pipett e  point 

was pla c e d  inside the uterine lumen and not above the ut erine mucosa . 

After deposi t i on of the ova t h e  pipe t t e  was car e f ully examined to 

ens ure that all ova had in fac t  been trans ferred into the r ecipi en t  tra c t .  

�· 
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SLAUGHTER OF EWES AND EXAMI NATION OF REPRODUCTI VE ORGANS 

All ewes to be slaught ered were taken to  the local fre e zing works . 

H e r e , .within 1 5  minutes of sla ugh t e r ,  the re product i v e  tracts w ere 

r e covered and placed  in identi fi ed plas t i c  bags for t rans port to  the 

laboratory where the ovari es , vagina , ext e rnal g enital organs , 

m e s ent eries and s us pens ory ligaments were removed by dissec tion. The 

ovari es were examined for corpora lutea and large fo llicles and were 

s e c tioned to  check the recorded r es ults . 

The ute rus was pla c e d  on a shallow tray and the uterine horns 

opened with s c issors . Th e recipi ent ewes from type 1 ,  3 and 4 trans fers 

w e r e  slaught er ed approximately 24 days aft er the ons e t  of the t rans fer 

o estrus ( provided they had not been marked by the ' teas er' after trans fer ) , 

and in the s e  ewes the embryos and membranes were care fully removed by 

flushing the tract  wi th 0 .85% sodium chloride .  Th e embryos were observed 

for h eart a c t i vi ty ( i f  heart beat was noted th e embryo was cons i dered 

to b e  ali ve at s laughter ) and crown-rump l ength . In ewes 44 - 1 01 days 

pr egnant from type 2 trans fers , poor ova recovery at laparotomy , and in 

one ewe pregnant from a type 1 transfer, the fo etus es were visually 

examined for the number pres ent , viability and pos i t i on ;  the amnion 

was pi erced , the umbilical cord s evered 0.5 cm.  from th e navel and the 

crown-ru�p l ength meas ured for each fo e t us . 

After examination and meas ur ement some of th e embryos were 

ph otograph e d ,  and th en all embryos and fo etus es were discarded . 
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The r es ults in this chapter were obtained from the ewes treated 

with hormones in the 1 966 bre eding and 1 966-67 anoestrous s easons . 

Only 7 donors wer e available a f t er the hormonal treatment o f  25 ewes 

in the 1 967 breeding s eason and the results from these ewes were only 

included in Chapt er VII .  

INDUCTION OF SUPEROVULATION AND MATING 

OF DONOR EWES 

1 .  Length of the oestrous cyc l e  following P .M .s . inje c t i on during the 

breeding s eason 

The l ength of the oestrous cycles fo llowing the injec tion o f  

1 , 000, 1 , 200 o r  1 , 500 i . u. P . M . S .  on day 1 2  o r  1 3  of t h e  cycle  are shown 

in Table 1 .  An ana lysis of varianc e r evealed that nei ther the dose 

of P . M .S . nor the day of P . M . S . inj e c tion had any significant effect  on 

the l ength of the o es trous cyc l e .  

2 .  Ovarian Respons e 

The ovarian r es ponse of t h e  1 31 ewes treated with P . M . s .  during th e 

bre eding and anoestrous seasons , is pres en t ed in Table  2 in t erms o f  th e 

mean number of c orpora lutea and corpora lutea and lar g e  folli c l es 



TABLE 1 

OESTROUS CYCLE LENGTH FOLLOWING INJECTION OF 

P . M .S . ON DAY 12 OR 13 OF THE CYCLE 

Dose of Dal o f  Oes trous Number 
P . M . S .  Cyc le of o f  
(i . u . ) Treatment Ew es 

1 ,000 1 2  3 

1 3  1 1  

Combined days 1 4 

1 ,200 1 2  1 5  

1 3  7 

Combined days 22 

1 , 500 1 2  24 

1 3  34 

Combined days 58 

ANALYSIS OF VAR IANCE 

Sour c e  o f  
Variation 

Between doses 

Betw e en days 
within doses 

Indivi duals 

N .s .  = Not signi ficant 

d. f .  

2 

3 

88 

Clcle Len�th -
days 

( Mean .:!: s . E . ) 

1 6 . 7 3  + 0 .20 

1 6 . 58 + 0 . 18 

1 6 . 61 + 0. 1 9  

1 6. 69 .:!: 0�28 

1 6 . 44 + O e29 

1 6.61 + 0.21 

1 6 . 54 .:!: 0.1 4 

1 6 . 7 1  + 0. 20 

1 6. 64 + 0 . 1 3 

Mean Squares 

0 . 0 1  ( N . S . ) 

0.25 (N .S. ) 

0 .95 



Dos e of 
P . M .s . 
( i . u. ) 

1 , 000 

1 , 200 

1 , 500 

TABLE 2 

OVARIAN RESPONSE OF EWES TREATED 

WITH P . M . S . I N  THE BREEDING AND 

ANOESTROUS SEASONS 

Number 
of 

Ewes 

No . Corpora 
Lutea 

( Mean .:!: S .E . ) 

No . Corpora Lut ea 
and Large Follic l es 

(Mean .:!: S . E .) 

25 3 . 08 .:!: 0 . 70 4 . 80 .:!: 0.91  

3 1  2 .48 + 0 .34 

75 4 .51 + 0 .5 1  6 .oo + 0 .55 



2 4  

( > 5  mm. diamet e r ) per ewe . Frequency distributi on curves were 

plot t ed and showed that these data did not follow norma l  dis tribution 

c urves . Als o  Bartlet t's test for homogenei ty of varianc e  of the s e  

da ta showed that the var ian c e  differed between P .M .s . trea tments , and 

that a squar e root trans formation of the o bs ervations result ed in 

s i mi lar varianc es in the di fferent treatments (Appendix 2 ) . The 

r es ults for ovarian respons e after transformation are pres ent ed in 

Table 3.  

The ovarian res pons e to  1 , 200 i . u .  P . M . S .  was lower than that 

to bo th 1 , 000 i . u.  and 1 , 500 i . u. P . M.s . ,  but the analysis of variance  

in  Table 3 s howed that the dose o f  P . M . S . had no  signi fi cant e ffect  on  

the ovarian r es pons e .  There was a signi fi cant differen c e  between 

s easons wi thin dos es ( P� 0 .01 ) for both the number o f  c orpora lut ea and 

the number of c orpora lut ea and larg e folli cles . A Duncan ' s  Multi ple 

Range Test revealed that for both these measures of ovarian respons e ,  

there was a significant di fferen c e  ( P< o.01 ) between s easons within 

doses for 1 , 000 i . u.  and 1 , 500 i . u .  P . M .s ., but not for 1 , 200 i . u .  P . M .s . 

( Appendix 2 ) .  The 7 ewes inj e c t ed in the anoes trous s eason ( with 

1 , 200 i . u .  P . M . s . ) to give a simi lar ovarian response to that recorded 

i n  the bre eding s eason,  were treated during the early anoes trous . 

The 1 1  ewes inj e c t ed wi th 1 , 000 i . u . , and the 1 8  inj e c t ed wi th 1 1 500 i . u .  

P . M . s .  to give a s igni fi cantly lower ovarian res pons e i n  the anoestro us 

s eason, wer e  treated during the lat e  anoestrous . 

3 .  Recovery o f  ova 

The data in this s e ction were from ewes treated with P . M . s .  during 

the  breeding s eason and unless o th erwise  indicated were pre s ented on a 

per ewe bas i s .  Als o ,  the data were pres ented as per c entages and 

w e r e  trans formed using an arcsin t rans forma tion. This t rans for mation 
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TABLE 3 

OVARIAN RESPONSE AFTER TRANSFORMATION 

Dos e of  No . No . Cor,Eora 
P.M.s . Season of  Lutea 
( i . u . ) Ewes (Mean 1: S . E . ) 

1 , 000 Breeding 1 4  3 . 65 + 0 . 05 

Anoes trous 1 1  0 . 92 + o .o6 
- - - - - - - - - - - - - - - - - - - - -

Combined .s2 2 . 2 2  + o.o4 
-- - --

1 , 200 Breeding 24 2 . 1 9  + 0 .02 

Anoes trous 7 1 . 90 + 0 .01 
- - - - - - - - - - - - - - - - - - - - -

Combined .2.:!. 2 . 1 2  + 0 .01 
-- - --

1 , 500 Breeding 57 4 .54 + 0 . 02 

Anoestrous 1 8  0 .53 + 0.05 
- - - - - - - - - - - - - - - - - - - - -

Combined 75 3 . 22 ± 0.02 

ANALYSIS OF VARIANCE 

Source  

Between dos es 

Betw een s easons 
within doses 

Error 

d .  f .  

2 

3 

1 25 

N . S .  = Not Significant 

• •  = p < 0 .01 

No . Cor,Eora 
Lut ea 

( Mean Squares ) 

1 . 68  ( N . s . )  

1 0 . 8 1  • •  

0.77 

No . Cor,Eora Lut ea 
and Follicles Lar�e 

�Mean 1: s .E . ) 

5 .02 :!: 0 . 07 

3 . 20 ± 0 .03 
- - - - - - - - - - -

4 . 1 6  1: 0 .03 

3 . 1 0  + 0 .01  

3 . 1 0  + 0.05 
- - - - - - - - - - -

3 . 1 0  1: o .o1 

6 . 00 + o .o2 

3 .06 1: o .o2 
- - - - - - - - - - -

5 . 20 ± 0 .01 

No . Cor,Eora Lutea 
and Large Folli cles 

(Mean Squares) 

2 .68 • •  

o . 62 
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is to the angle  whose s ine is the square root of the perc en tage and is 

conducted becaus e the distribution t ends to be binomial in form i f  the 

variable consists of the proportion of indivi d uals a f f e c t ed . 

( a ) Effect of P . M .S . dos e on the pe r c entage o f  ova recovered 

per ewe 

Bartle t t ' s  Tes t for homogeneity o f  variance of thes e trans formed 

data showed that the varianc e  was homogen eous ( Chi
2 

= 3 . 22 - not 

s ignifi cant ) . Table 4 presents the percentage recovery of ova per 

ewe for the three  dos e levels of P .M .s .  and from the analysis o f  

variance i t  can b e  s e en that the dos e o f  P . M . s .  had no signi fi cant 

effect  on the perc entage recovery of ova . 

I f  however,  for each dos e of P .M . S .  the percentage o f  ova recovered 

was calcula t ed from the proportion of ova recovered of the total n umber 

of ova shed ( bas ed on a count of th e number of corpora lutea ) by all the 

ewes rec eiving that dose , the recovery perc entages would be 63% 

( 1 , 000 i . u . ) , 84% ( 1 , 200 i . u . ) and 80% ( 1 , 500 i . u.  P . M .s . ) .  The 

di fferenc e in  perc entage r ecovery between 1 , 000 i . u .  and 1 , 200 i . u .  

P . M . s .  was s igni ficant ( Chi
2 

= 6 . 93 -P < o . 0 1 ) . 

( b ) Effect of Ovarian R espons e on the percentage o f  o va r e covered 

From Figur es 5 and 6 i t  can b e  s e en that the per c entage o f  ova 

r e c overed per ew e was not markedly affected by ei ther the number of 

corpora lutea or the n umber of corpora lutea and large follic l es pres ent 

in the ovari es of that ewe .  

( c ) Effect of  t h e  interval from ons e t  of oestrus to laparotomy 

on the  perc entage o f  ova r ecovered 

Any ewe which had two laparotomies performed after oestrus ,  had a 

r e covery r a t e  recorded for each laparotomy .  The r esults for this s e c tion 



TABLE 4 

EFFECT OF DOSE OF P .M . S .  ON THE PERCENTAGE OF OVA 

RECOVERED AND ON THE PERCENTAGE OF RECOVERED OVA 

FERTILISED PER EWE ( TRANSFORMED DATA ) 

Dos e of  
P . M .S e 
(i . u . ) 

1 , 000 

1 , 200 

1 , 500 

Sour c e  

Between doses 

Error 

Perc entage Ova 
Recovered 

( Mean + S . E. ) 

84 . 0  + 1 . 1 

ANALYSIS OF VARIANCE 

d . f . 

2 

Perc entage Ova 
Recovered 

( Mean Squares ) 

980 .02 ( N .s . )  

N .S . = Not Significant 

Percentage R ecovered 
Ova Fertilis ed 
(Mean + S . E . ) 

97 . 1  + 0.7  

84 . 4  .:!:. 0.7  

Perc entage Recovered 
Ova Fertilised 
(Mean Sguares ) 

1 41 2 . 67 ( N .s . ) 

992 .78 
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to the number of corpora lutea in the ovari es of 
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Mean perce ntage of ova recovered per ewe relative 
to the number of corpora lutea plus large follicles 
in the ovaries of that ewe .  



are presented in Figure 7 and i t  can be s een that increas ing the 

interval from oes trus to laparotomy had no marked effect on the 

r e covery of ova until this interval reached 88 hours . After this 

time th ere was a decline in ova recovery . 

4 .  Fertilisation of  re covered ova 

Ova whi ch were normally cleaved at recovery , and unc leaved ova 

which had spermatazoa adhered to ,  or embedded in , the zona pellucida 

a t  r ecovery and which cleaved no rmally when cultured in v ivo or 

26 

in vi tro for 24 hours ( Chapt er III ) , were c lassifi ed as being fertilis ed 

at  recovery . 

The data in this s e ction were from the ewes treated wi th gona dotrophin 

during the breeding s eason , and were trans formed us ing an arcsin 

trans formati on and unless oth erwise  indi cated were pr es ented on a per 

ewe bas is . 

( a )  Effect of  dose of P. M.s . on the percentage of  recovered 

ova fertilised per ewe 

After arcsin trans forma tion, Bartlet t • s  Tes t for homogeneity of 

varianc e of these  data showed that the variance was homogeneous 

( Chi2 
= 2 .71 - not significan t ) . The perc entage of re covered ova 

ferti lis ed per ewe is present ed in Table 4 for th e three dos e levels 

of  P.M.s . ,  and it  can be s e en from the analysis of varianc e  that the 

dos e of  P .M .s.  had no signi fi cant effe c t  on the percentage of  re covered 

ova f ertilis ed . 

I f  the perc entage of recovered ova fertilised was not calculat ed 

on a per ewe basis ( i . e .  was calculated  from the proportion of ova 

recovered fertilis ed o f  the total number o f  ova recovere d  from all the 

ewes receiving each dos e level of  P . M.s.), the fertilisation rates  would 
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be  71 % ( 1 � 000 i . u. ) t  91 % ( 1 , 200 i . u . ) and 62% ( 1 , 500 i . u. P . M .s . ) .  

The di fferenc e in ferti lisation rate between animals inj ected  with 

1 , 500 i . u .  P . M . S .  and animals inj ected with 1 , 000 i . u.  and 1 , 200 i . u .  

P . M .s . was signi fi cant ( Chi2 
= 1 3 . 3 ;  P < 0 . 01 ) .  

(b )  Effect o f  number of corpora lutea on the percentage of 

recovered o va fertilised per ewe . 

The res ults pr es ented in Figur e 8 show tha t the perc entage of  

recovered ova fertilised was not markedly affected by  the number o f  

corpora lutea up t o  8 t o  1 2 ,  but above this number there was a decline 

in fertilisation . The result for 5 to 7 corpora lutea was low , but 

only 5 ewes contri buted to this res ult . 

( c )  Effect of  number of corpora lutea plus large follicles 

on th e percentage of recovered o va fertilised per ewe . 

From Figure 9 it can be seen that the percentage ferti lisation 

declined markedly after an ovarian respons e of 6 to 1 2  corpora lutea 

plus large folli cles . 

( d )  Percentage of recovered ova fertilis ed per ewe as influenced 

by the int erval from onset of  oes trus to laparotomy .  

Figure 1 0  shows that after and including 5 3  hours from the ons et 

of oes trus , increasing intervals to  laparotomy had no marked e ffect on 

the percentage of recovered ova which were ferti lis ed . Prior to this 

time however, the fertilisation rate was greatly reduc ed . 
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PRODUCTION OF OVA FROM HORMONALLY STI MULATED EWES IN  

THE EARLY AND LATE ANOESTROUS SEASONS 

1 .  Early anoestrous 

28 

Eleven of  1 8  ewes treated with intra- vaginal s ponges were not 

pregnant as a result of breeding season experimentation at the time o f  

s ponge ins ertion . Of these 1 1  ewes , 5 were inj ected subcutaneous ly 

with 1 , 200 i . u .  P . M . S .  on the day be fore sponge withdrawal ( day - 1 ) ,  

and 6 inj e c t ed on the day of withdrawal ( day 0 ) . Two ewes inj ected 

with P . M .S . on day 0 were not s timulated by the hormonal treatment 

( i . e .  did not exhibit o estrus or ovulate ) ,  one ewe inj ected on day - 1  

and one o n  day 0 experi enced a ' silent oes trus ' ,  while the remaining 7 

ewes all experi enc ed normal oestrus and ovulation . 

(a )  Effect of time of  P . M . S .  inject ion relative to Progestagen 

withdrawal on the interval to ons et of oestrus and on the 

ovarian respons e .  

Table 5 shows that the time o f  P . M .S . inj ection had no marked effect  

on the  int erval to ons et of  oes trus ( from proges tagen withdrawal ) ,  but 

that the inj ec tion of P .M.s . on day -1  gave the greatest ovarian respons e .  

Insuffici ent data were available t o  reveal the s ignifi canc e o f  thes e 

differenc es . 

( b )  Recovery and fertilisation of  ova per ewe . 

The mean perc entage recovery of ova was 98 . 3  ± 1 .7% and the mean 

perc entage of recovered ova fertilis ed was 93 .3 ± 6 . 7%. Comparison o f  

these results with thos e in Table 4 for breeding s eason ewes treated with 

1 , 200 i . u. P . M.s . ,  shows that the treatment of anoestrous ewes wi th 

proges tagen and 1 , 200 i .u.  P . M .s .  had no marked e ffect on ova recovery 

or fertilisation . 



TABLE 5 

EFFECT OF TIME OF P.M.s . INJECTION RELATIVE TO PROGESTAGEN 

WITHDRAWAL ON INTERVAL TO ONSET OF OESTRUS AND ON OVAR IAN 

RESPONSE 

Day of P . M .s .  
Injection 

Relative to 
Progestagen 
Withdrawal 

0 

-1 

No . 
of 

Ewes 

3 

4 

Interval to Ons et of 
Oestrus from Progestagen 

Wi thdrawal 

( Mean hours ) 

42 . 0  

4o.o  

Ovarian 
No . 

Corpora 
Lut ea 

( Mean) 

2 . 25 

Respons e 
No . Corpora 

Lut ea and 
Lar�e Follicles 

Mean) 

3 . 00 

3 . 75 
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2 .  Late  anoestrous 

O f  40 ewes treated with intra-vaginal sponges , one was rej ected  

from the  experiment becaus e  her sponge c ould not be withdrawn and 

39  were inj ected with 1 , 000 i . u .  P.M.s . on the day of s ponge withdrawal . 

Of th ese latter ewes , 35 experi enced oes trus but all 39 wer e inj e c t ed 

with P . M .S .  on th e real or estimated day 1 2  or 1 3  of th e induc ed cyc l e .  

Thirty-one ewes exhibited oestrus after thi s second P . M .s . inj ecti on 

and 30 of  these und erwent laparotomy for egg trans fer studies ( one 

was not us ed becaus e no suitable donors w ere  available ) .  

This lat e  anoestrous work is divided into two s ections : -

1 .  Operations per formed on 1 s t  and 2nd February 1 967 (Anoes trous 1 )  

2 .  Operations performed on 1 0th to 1 4th February 1 967 ( Anoes trous 2 )  

( a )  Ovarian Response 

Th e ovarian res pons e data is pres ent ed after s quare  root trans format-

ion in Table 6.  There was no  significant di fference  between dos es of 

P . M .S .  for the number of  corpora lutea or the number of corpora lut ea plus 

follic les , but th ere was a significant differenc e ( P < 0 . 05 )  between 

anoestrous s easons within doses for the number of  corpora lut ea . 

( b )  Recovery and Fertilisation of  ova per ewe 

The results are present ed in Table 7 ,  and although inadequate  to 

analys e they indi cate that when compared with th e breeding s eason results 

for each dos e of P . M . S . (Ta ble 4 ) ,  the hormonal treatment given to thes e 

anoes trous ewes did not markedly affect the recovery or f ertilisation o f  

ova . 



TABLE 6 

OVAR IAN RESPONSE OF EWES TREATED IN THE 

LATE ANOESTROUS SEASON 

Dos e of  
P . M . S .  
(i . u . ) 

1 , 000 

1 , 500 

No . S tage 
of  of  

Ewes S eason 

7 Anoes trous 1 

4 Anoestrous 2 

7 Ano estrous 1 

1 1  Anoestrous 2 

No . Corpora 
Lut ea 

( Mean + S . E . )  

1 . 37 + 0 . 1 0  

ANALYSIS OF  VARIANCE 

Sour c e  d . f . 
No . Corpora 

Lutea 
(Mean Squares ) 

Betw e en doses 

Between s easons 
within dos es 

Error 

1 

2 

25 

N .s .  
• 

= 

= 

Not Signi fi cant 

p< 0 .05 

. 0 . 38 ( N .s . )  

o.66  

No . Corpora Lutea and 
Large Follicles 
(Mean + S . E.) 

3 . 06 + o .o6 

3 . 46 + o .o6 

2 .86 + 0 .02 

No . Corpora Lutea and 
Large Follicles 
(Mean Squares) 

o . oo ( N .s . )  

o .o7 ( N .s . )  



TABLE 7 

RECOVERY AND FERTILISATION OF OVA I N  THE LATE ANOESTROUS 

SEASON 

Dos e of 
P . M .S e 
(i .u . ) 

1 , 000 

1 , 500 

No . 
of  

Ewes 

1 

1 

4 

2 

Stage of 
S eas on 

Anoes trous 1 

Anoes trous 2 

Anoes tro us 1 

Anoes trous 2 

Percentage Ova 
Recovered 

( Mean ) 

1 00.00 

1 00 .00 

8 1 .8 0 

1 00 .00 

Perc entage 
Recovered Ova 

Fer tilis ed 
(Mean) 

1 00.00 

o . oo 

?5.00 
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One h undred and one ewes were laparotomis ed to supply data on 

ovum cleavage rate in vivo . Eigh ty-s even w ere laparotomis ed during 

the 1 966 breeding s eason ,  49  of thes e giving data from laparotomy 1 

alone , 1 5  date from Treatment A ( Figure 1 )  and 23 data from Treatmen t  B 

( Figure 1 ) .  The remaining 1 4  ewes were laparotomis ed during th e 

anoestrous s eason and gave data from laparotomy 1 alon e .  

I n  Tr eatment B ,  data o n  cleavage rat e i n  vivo co uld b e  obtained 

from one side of a genital tra c t  at  laparotomy 1 and after trans fer , at 

laparotomy 2 .  The advantage o f  this Treatment over Treatment A was 

that thes e data on c leavage rate,  could be c ompared to the cleavage 

rat e of  ova in the oth er side of  the genital tract  of the same ew e ,  

which was handled at  laparotomy 1 1  but flushed only at laparotomy 2 .  

NUMBERS O F  CLEAVED, UNCLEAVED, FERTILISED OR 

UNFERTILISED OVA RECOVERED 

The numbers of ova recovered cleaved,  uncleaved,  fertilised or 

unfertilis ed is recorded in Table 8 for both the bre eding and ano estrous 

s easons . S eason was found to have no significant effect on the 

proportion of uncleave� o va recovered,  but a signi ficantly greater 

proportion of unfertilised ova were recovered during the breeding 

s eason ( P <  0 .05 ) . I t  can be s e en that 1 3  ova in the breeding s eason 

and 1 0  ova in the anoestro us season were initially recorded as being 

unc leaved at recovery, but using the crit erion of fertilisation out lined 

in Chapter I l l ,  thes e  23 o va were subsequently found to be  fertilis ed . 



S eason 

Breeding 

Anoestrous 

TABLE 8 

NUMBERS OF CLEAVED, UNCLEAVED, FERTILISED OR UNFERTI LISED OVA RECO VERED 

Number of Number of Number of  
Number Number of  Uncleaved Perc entage of Ferti lis ed Unfertilis ed 
of ova Cleaved Ova Ova Recovered Ova Ova Ova 

Recovered Recovered Recovered Uncleaved Recovered Recovered 

342 2 1 2  1 30 ( 38 .o ) ( a )  225 1 1 7  

31  17  1 4  ( 45 . 2 )  ( b ) 27 4 
- -- --

Total 373 229 1 44 252 1 2 1  

Comparison of  di ffer ences between s easons 

( 1 )  Pro portion of  uncleaved ova recovered : a v b 

( 2 )  Pro portion of  unfertilised ova recovered : c v d 

N.s . 
• 

= Not Signi fi cant 
= P < 0.05 

2 Chi = O e59 ( N .s . )  

Chi2 
= 5 . 97 • 

Perc entage of 
Recovered Ova 
Unf ertilised 

( 34 . 2 )  ( c )  

( 1 2 . 9 )  ( d )  



3 1  

At laparotomy 1 ,  1 1  ewes yielded both cleaved and uncleaved 

ova and 7 ewes ( inc luding 6 of the former ewes ) bo th fertilis ed and 

unfertilised ova . 

CLEAVAGE OF FERTILISED OVA 

1 .  Shortest and longest  int erval a fter the ons et of  oes trus 

to  th e recovery of  each cleavage stage 

The shortest and longes t int erval to the recovery of each cleavage 

s tage is shown in Table 9 •  I t  can be s e en that there was a wide 

pos sible time-range during which each stage of cleavage could be 

r ecovered . 

2 .  Mean int erval after the ons et of  oes trus to the recovery 

of  each cleavage stage 

The results pres ented  in Table 1 0  an d Figure 1 1  show tha t th e 

fertilised ova cleave at a rapid rat e  to the 8- to 1 2- c ell stage . 

From figur e 1 1  it can again be not ed that each cleavage s tage is 

recovered over a very wide time-period.  

( a )  Effect o f  P . M .S . dose leve l 

The mean interval after the ons et  of  oestrus to the recovery of  

mos t cleavage stages is pres ent ed in Tabl e 1 1  for the three dos e levels 

o f  P . M . s . The dos e of  P .M.S . had no marked effect on the int erval 

to recovery of ova at � 6- to 8- cell s tages . With 2- c ell to 

4- to 6- cell ova ,  the lower the dos e of  P . M .s . ,  the shorter was the 

int erval to recovery of  each s tage . 

the 6- c ell ova . 

However the convers e applied to 



TABLE 9 

SHORTEST AND LONGEST INTERVAL AFTER THE ONSET OF OESTRUS 

TO RECOVERY OF EACH CLEAVAGE STAGE 

Cleava�e Sta�e Shortes t  
( Number o f  c e lls 

per ovum ) 

1 

2 

4 

4 to 6 

6 

6 to 8 

8 

8 to 1 2  

Interval 
(hours� 

47 . 00 

4o .oo 

4o.oo 

56 .25 

69.00 

61 .50 

62 . 00 

7 1 .75 

TABLE 1 0  

MEAN INTERVAL AFTER THE ONSET O F  OESTRUS TO 

RECOVERY OF EACH CLEAVAGE STAGE 

Longes t 
Interval 
(hours� 

70 .50 

95 . 00 

78 .oo 

80.25 

79. 25 

94 . 25 

95 . 50 

1 02 . 25 

Cleava�e S ta�e 
( N umber of c ells Number o f  Interval to Recoverl (hours ) 

per ovum ) Ferti lis e d  Ova Mean + S . E .  Variance 

1 23 56 . 1 0 .:!: 1 .47 32 .26  

2 64 58 .28 .:!: 1 . 74 88 .20 

4 53 62 .05 .:!: 1 .46  57 . 1 5  

4 to 6 1 4  65 . 75 ± 3 . 08 66 . 38 

6 1 1 71 . 42 ± 1 . 62 1 5 .84  

6 to 8 35 73 . 88 ± 2 .61  8 1 .57 

8 36 78 . 1 8 .:!: 2 . 6o 94 . 47 

8 to 1 2  1 6  87 . 43 .:!: 4 . 25 1 26 . 29 
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Figure 1 1  - Times of re covery of f er t ilised ova at various 
cleavage s tages in r elation to the ons et of 
oestrus .  



TABLE 1 1  

EFFECT OF DOSE OF P . M . S . ON THE MEAN INTERVAL FROM 

ONSET OF OESTRUS TO RECOVERY OF EACH CLEAVAGE STAGE 

Cleava�e Sta�e 
( Number of cells 

1 1000 i . u .  
p e r  ovum ) 

Mean + S . E.  
( hours ) 

2 50. 75 .:!: 5 . 5  

4 55 . 75 .:!: 4 . 0  

4 to 6 

6 74 . 1 3  .:!: 5 . 1  

6 to 8 75 . 63 .:!: 3 . 6 

8 7 9 . 50 .:!: 1 . 0 

8 to 1 2  

TABLE 1 2  

DOSE P .M . S .  

11200 i . u.  

Mean + S . E .  
( hours ) 

56 . 97 .:!: 2 .4 

60 . 38 + 1 . 1 

63 . 92 .:!: 3 . 0  

70 .38 .:!: 3 .8 

74 .88 .:!: 5 . 1  

1 , 500 i . u .  

Mean + S . E .  
( hours ) 

60.31  .:!: 2 .5 

65 . 25 .:!: 2 . 0  

67 . 1 3  .:!: 5 .2 

69 .75 .:!: 0 . 5  

73 . 1 9 .:!: 3 .8 

7 9 . 1 8 .:!: 3 . 05 

87 .43 .:!: 4 . 25 

EFFECT OF SEASON ON THE I NTERVAL TO RECOVERY 

OF 2- CELL OVA 

S eason No . 
Ova 

Anoestrous 1 1  

Breeding 53 

S ourc e  

Between Seasons 

Error 

Interval from Ons et  o f  Oestrus to Recovery o f  Ova 

Mean + S . E .  ( hour s ) 

54 . 94 .:!: 1 . 59 

5 9 . 56 .:!: 2 . 29 

ANALYSIS OF VARIANCE 

d . f .  

1 

27 

Mean Squar es 

1 23 . 75 ( N . S . ) 

8 6 .88 

N . S . = Not Signi ficant 



( b ) Eff e c t  of s eason on the int erval to recovery 

o f  2- c ell ova 

For ova a t  the 2- c e l l  s tage o f  c l eavage1  an analysis o f  

varian c e  was conduc ted t o  t e s t  t h e  signi ficance o f  the  shorter 

i n t erval to r e c o very in the anoestrous s eason . The results 

presented in Table 12 show that this difference in interval to  

r ec overy was not signi fican t .  Data w er e  not availa ble for the 

other cleavage stages since only a few ewes treated during the 

ano es trous s eason produc ed ova at thes e o ther s tages . 

3 .  Cleavage o f  ova recovered from the Fallopian tube unflushed 

at laparotomy 1,  but flushed at laparotomy 2 

( Treatment B Figure 1 )  
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The obj e c t  of this s e c tion was to see if the manipulation o f  the 

g enital tra c t  at laparotomy 1 ( when one Fallopian tube was flushed ) , 

had any e f f e c t  on the c leavage rate of ova in the t u be not flushed 

unt i l  laparotomy 2 ( experimental tube ) in the same ewe .  The resul ts 

for c leavage rate o f  ova in t he experimental tub e  are pres en t e d  in 

Table 1 3 .  I n  order t o  calculate this c leavage rate ,  the clea vage 

s tage of ova at  laparotomy 1 in th e experimental tube was assumed 

to be the same as that of ova recovered from the tube flushed at this 

time,  in the same ewe .  Evid ence  to support this assumption was 

o btained from 22 ewes where o va were recovered from both Fallopian 

t ubes at laparotomy 1 .  Nine teen (86 .4%)  o f  thes e gave ova from the 

two t ubes at the same c l eavage s tage ;  one ( 4 .5%) gave 6- c el l  ova from 

one tube  and 8- cell o va from the ·other , and two ( 9 . 1% )  yielded 

unc l eave d  ova from one t ube and c l eaved ova from the o th e r .  I n  the 

lat t er 2 ewes the unc l eaved o va were unfertilis e d .  O n  t h e  basis o f  



TABLE 1 3  

CLEAVAGE RATE OF OVA IN THE EXPER IMENTAL FALLOPIAN TUBE 

Experimental Fallopian Tube 

Ass umed 
C l eavage S tage 
a t  Laparotomy 1 

( No . c ells per 
ovum ) 

1 

1 

2 

2 

2 

4 

4 

4 

4 t o  6 

6 t o  8 

8 

R ecovered 
Cleavage S tage 
a t  Laparo tomy 2 

( No . c e lls per 
ovum ) 

4 

8 

6 to 8 

8 

8 to 1 2  

6 to 8 

8 

8 t o  1 2  

8 to 1 2  

8 t o  1 2  

8 to 1 2  

No . O va 
Recovered 

a t  Laparotomy 2 

1 

3 

3 

4 

3 

1 

3 

6 

2 

1 

1 

Int erval Be tween 
Cleavage Stages 

( Mean hours ) 

Exptal C ontrol 
Tube ( Table 1 0 ) 

22 .0  6 . 0  

24 .4 22 . 1  

24 .5  1 5 . 6 

24 .8 1 9 . 9  

2 2 . 5  2 9 . 2  

22.5  1 1 .8 

24.4 1 6 . 1  

23.5 25 . 4 

22 .3  2 1 . 7  

24 .0  1 3 . 6 

2 1 . 8 9 . 3  

Result 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 . 

1 0  

1 1  



thes e results i t  was felt that the assumption made was a valid one ,  

and that the cleavage rate o f  ova i n  the experimental Fallopian 

tub e ,  ( i . e .  the int erval in hours for the ova in th e experimental 

tube to develop from the ass umed cleavage s tage at laparot omy 1 ,  
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to the cleavage stage recovered at laparo tomy 2 ) , could be calculated 

and compared with the control cleavage rate between thes e cleavag e 

s tag es ( from Table 1 0 ) . 

The experimental and control rat es o f  cleavage were s imilar 

(� 5 hours ) in res ults 2, 4 , 8 and 9, but differed by more than 5 hours 

in the remaining results . In res ults 5 and 8 th e ova cleaved faster 

in the experimental tract , but in  res ults 1 ,  6 ,  1 0  and 1 1  the rat e  

of cleavage was much slower in the experimental tube ( -1 0 hours ) .  

In result 1 ,  the uncleaved ovum re covered at laparotomy 1 in the 

flushed tube , had much spermatazoa at tached to the zona pellucida 

and cleaved on subs equent culture in vi tro . It was ther efore 

fertilised at recovery and the long interval of time to the recovery 

o f  th e 4- cell ovum in the experimental tube , could be  due to the  

t ime interval from initiation of  fertilis ation to  the  initiation of  

the  firs t cl eavage division in the uncleaved egg . In result 2 ,  

the uncleaved ova recovered at laparot omy 1 were also fertilis ed and 

it was assumed that the ova in the experimental tract mus t have 

initiated cleavage soon after laparotomy 1 ,  thus resulting in similar 

experimenta l and control cleavage rates to  the 8- c ell s tage . 

Table 1 4  shows the int erval (after the ons et o f  oestrus ) to the 

recovery of 6- to 8- cell and 8- c ell ova from the experimental tubes 

of 7 ewes ( at laparotomy 2 ) , and from 1 9  ewes at laparotomy 1 .  The 

resul ts suggest that the handling of the tract  at  laparotomy 1 ,  may 

r etard the clea�age rat e to both of thes e cell s t ag es in the experimental 

t ube . 



. .  

TABLE 1 4 

INTERVAL FROM THE ONSET OF OESTRUS TO RECOVERY OF 
6- to 8- CELL AND 8- CELL OVA FROM THE EXPERIMENTAL TUBES 

AND FROM TUBES AT LAPAROTOMY 1 

Cleava6e Sta6e 
(Number of c ells 

Int erval to Reeoverl 
(hours after ons et of oes trus ) 

per ovum ) La,Earotoml 1 No . of La,Earotoml 2 
( Mean .:!: S . E. � Ewes ( Mean .:!: S . E . 5  

6 t o  8 7 1 . 45 + 2 . 1 3  1 0  86 .00 + 8 . 25 

8 74 . 67 + 2 .72 9 84 .50 + 4 . 39 

No . of  
Ewes 

2 

5 

. . 



Ins uffic i ent res ults wer e available from the other cleavage 

s tages to allow similar comparisons to be made . 
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The effec t  of the double laparotomy in Treatment B upon the 

per centage ova recover ed per ewe is shown i n  Table 1 5 .  The 

recovery o f  ova at laparotomy 1 was significantly greater ( P < 0 .01 ) 

than tha t from the experimen tal tube a t  laparotomy 2 .  

4 .  Cleavage o f  ova trans ferred into one or both Fallopian 

t ubes at laparotomy 1 and recovered at laparotomy 2 

( Treatments A and B Figur e 1 ) 

Thirty-three ewes were involved in this section o f  the experiment , 

but only 25 s upplied information on cleavage rate a fter trans fer .  

Information was not obtained from the remaining 8 ewes becaus e the 

trans ferred ova either were not fertilis ed (2 ewes ) ,  or were not 

recovered at laparotomy 2 ( 6 ewes ) .  

Table 1 6 shows the mean int erval taken by the trans ferred ova t o  

c leave from the transfer t o  the recovery s tage of  c leavag e .  This 

int erval indi cates the rat e of c leavage after trans fer and has been 

compared to th e control cleavage rat e between the same ovum cleavage 

s tages . Th e transfer and c ontrol cleavage rates were similar in 

res ults 4, 6 , 9 and 1 0  (z 5 hours ) ,  and in result 9 the ova c leaved 

fas t er aft er trans fer . In results 1 ,  2 and 3 th e long int erval o f  

t ime to the recovery of  ova . at the various cleavage s tages after 

trans fer ( relative to the control intervals ) ,  c o ul d  again be due t o  

the interva l  involved from initiation of  fertilisation t o  ini t iation 

o f  fi rs t c leavage in the uncleaved egg . However , the remaining 

r es ults indi cate that the rat e of ovum cleavage was consi derably 

retarded a ft er trans fer . 



TABLE 1 5  

EFFECT O F  DOUBLE LAPAROTOMY IN TREATMENT B, AND TRANSFER 

OF OVA AT LAPAROTOMY 1 BEFORE RECOVERY AT LAPAROTOMY 2 ,  

O N  THE PERCENTAGE O F  OVA RECOVERED PER EWE 

Treatment ( s )  Perc en ta�e of Ova Recovered 

( S e e  Figure 1 ) 
(Mean ± S . E. ) 

B - Ova R ecovery 
9 9 .4 + 0 .2 ( a )  at Laparotomy 1 

B - Ova Recovery 
at Laparotomy 2 

73 ·5 + 1 . 7 ( b )  i n  Experimental 
Tube 

A and B - Ova Recovery 
91 . 3  + 0.3 ( c )  at Laparotomy 1 

A and B - Ova Recovery 
at Laparotomy 2 

58 . 3  + o .8 ( d )  after trans fer 
at Laparotomy 1 

ANALYSIS OF VARIANCE 

Source  

(a )  v ( b )  

( c )  v ( d )  

( b )  V ( d )  

• • = P < 0 .0 1  

N.S .= Not Significant 

d . f .  

1 

1 

1 

Mean Squares 

8091 . 24 • •  

1 091 1 . 22 • •  

N .s .  

. ..  

No . Ewes 

23 

23 

33 

33 



TABLE 1 6  

CONTROL CLEAVAGE RATE AND CLEAVAGE RATE OF OVA TRANSFERRED 

AT LAPAROTOMY 1 AND RECOVERED AT LAPAROTOMY 2 

Cl eavage Stage 
( Number of cells 

per ovum )  

S tage S tage Recovered 
Trans ferred After Trans fer 

1 2 

1 4 

1 6 to 8 

1 8 

2 6 to 8 

2 8 

4 6 to 8 

4 8 

4 8 to 1 2  

4 to 6 8 to 1 2  

6 to  8 8 

6 to 8 8 to 1 2  

8 8 to 1 2  

No . Ova 
Recovered 

after 
Trans fer 

2 

2 

1 

2 

6 

4 

3 

3 

2 

2 

2 

4 

2 

Int erval Betwe en 
Cleavage Stages 

( Mean - hours ) 
Result 

After Trans fer Control No . 
( Table 1 0 )  

22 .8  2 .2 1 

22 .8  6 . 0  2 

24 . 5  1 7 .8 3 

23.8  22 . 1  4 

24 . 3  1 5 .6 5 

24 . 3  1 9 . 9  6 

24 . 0  1 1 .8 7 

23 . 9  1 6 . 1  8 

23 . 5  25 . 4  9 

23 . 3  21 . 7  1 0  

22 . 0  4 . 3  1 1  

24 .5 1 3 . 6  1 2  

21 . 8  9 . 3  1 3  



Table 1 7  shows the interval ( after the ons et  o f  oes trus ) to  

the  recovery of  6- to 8- cell and 8- c ell ova from 19  ewes at  

laparotomy 1 ,  and 1 4  ewes at laparotomy 2 a fter transfer of ova 

of various cleavage s tages at  laparotomy 1 .  A valid ana lysi s  of  

variance c ould not  be  conducted becaus e  the 33 ewes involved did 

not repres ent a random sample from th e population . However , the 

res ults s uggest that the trans fer of ova at laparot omy 1 ,  may 

retard the cleavage rate of ova to  the two cell s tages s tudied . 

The recovery of  ova at laparotomy 2 after previous trans fer 
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( a t  laparotomy 1 ) , was signi ficantly lower than th e re covery of ova 

at laparotomy 1 ( ( c ) v ( d ) Table 1 5 - P� 0 .01 ) ;  but was not 

s ignificantly lower than the recovery of  ova at laparo tomy 2 from 

the experimental tube des cri bed in the las t  section ( ( b ) v ( d ) 

Table 1 5 - Not signi ficant ) . 



TABLE 17  

INTERVAL FROM THE ONSET OF OESTRUS TO RECO VERY OF  

6- to  8- CELL AND 8- CELL OVA AFTER TRANSFER, AND AT 

LAPAROTOMY 1 

Cleavage Stage 
( Number of c ells 

per ovum ) 

6 to 8 

8 

Int erval to Recovery 
(hours after ons et o f  oestrus ) 

Laparotomy 1 
( Mean + S .E.) 

71 . 45 + 2 . 1 3  

No . o f  
Ewes 

1 0  

9 

Laparotomy 2 
( Mean .:!:. S .E .) 

82 .75 + 4 . 69 

No . of 
Ewes 

6 

8 
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Chapter VI 

C U L T U R E , A B N 0 R M A L I T I E S A N D 

D I M E N S I 0 N S 0 F 0 V A 

CULTURE OF OVA 

One hundred and s eventy-eight ova were cult ur ed for periods of  

24 , 48 or 72 hours in c ulture chambers . These ova were reco vered 

from 75 ewes , 63 of whi ch were laparotomis ed during the 1 966 breeding 

s eason and 1 2  during th e anoestrous s eason . 

1 .  Media 

One hundred and sixty- two ova were cultured in s t erilis ed sheep 

s erum, and it  is from these ova that the results in the following 

s ec tions were recorded.  In addi tion , 7 ova were c ultured in sheep 

oviduct fluid and 9 in tissue culture medium ( Medium 1 99 - Commonw ealth 

S erum Laboratori es , Melbourne, Aus tralia ) plus sh eep s erum ( ratios o f  

75 : 25 and 2 5  : 75 ) . Thes e two lat t er media were only us ed to a 

limi t ed ext ent becaus e they gave poor c ulture res ults . It  was 

beli eved that the oviduct flui d  gave poor results becaus e  it had been 

collected through alkali impregnated t ubing, whi c h  caus ed the medium 

pH to be too high ( 8 . 4 ) for suc c ess ful c ulture,  and that the tissue 

culture plus s erum gave poor res ults becaus e  of inc orrect osmolarity 

of the medium. 

2 .  Cleavage of cultured ova 

Of 97 ova examined after 24 hours culture and then cultured for 

a further 24 hours , only 3 ( 3 . 1 % )  continued to c leave over the second 



37 

c ulture period . Thes e 3 cons is t ed of  a 1 2- to 1 6- cell ovum which 

continued to cleave to  a 32- c ell  ovum, an 8- cell whi ch cleaved to 

a 1 0- c ell , and an 8- to 1 2- c ell which c leaved to a 1 2- to 1 6- cell 

ovum.  None of 15  ova examined after 24 hours cultur e  and then 

cultured for a further 48 hours , continued to cleave after th e first 

24 hours of  cultur e .  Because  ova did not c leave readily after the 

first 24 hours o f  culture,  the res ults pres ented in Tabl e 1 8  for normal 

development , and development of  abnormalities relati ve to the inttial 

cleavage s tage of the cultured ova , refer only to the 1 50 ova re co vered 

from the culture chambers a fter the fi rs t 24 hours of  culture . 

Uncleaved ova did not cleave readily during cultur e ,  a high 

proportion ( 40%) of them becoming abnormal . I t  was believed that the 

poor development of these cultured un cleaved ova could be explain ed 

on the basis of fer tilisation . Of  the 2 1  normal uncleaved ova and 

the 23 abn ormal ova recovered a ft er c ulture,  only 4 in each group 

( 1 9% and 1 7% res pec ti vely ) had s permatazoa attached to the zona 

pelluc ida . Becaus e the remaining ova did not have s permatazoa at tached 

to the zona pellucida and the 8 ova with s permatazoa pres ent di d not 

c leave normally during cultur e ,  all of  the normal un c leaved ova an d 

abnormal ova re covered aft er culture were c lassified as unf erti lis ed , 

and would not be  expected to c leave normally during c ultur e .  

The 2- , 4- , and 6- to 8- c ell ova cleaved readi ly o n  cultur e  for 

24 hours and although mos t  ova cultur ed at th e 8- c e ll and 8- to 1 2-

cell s tages remained normal ,  they cleaved less readily than most other 

cleavage s tages . The 6- cell ova did not cleave readily,  but only 

5 ova at this s tage were c ultur ed .  

The cultured ova were not examined for stage of development at 

int ervals during the 24 hour culture period . Therefore the only 



TABLE 1 8  

NORMAL OVA DEVELOPMENT AND DEVELOPMENT OF ABNORMALITIES 

RELATIVE TO THE INITIAL CLEAVAGE STAGE OF OVA 

CULTURED FOR 24 HOURS 

Initial No . Ova Ova whi ch Ova which 
Cleava�e Recovered Cleaved did not Cleave 
S tage After Normall;y: Durins: Culture 

( No .  cells Cultur e Durin� but Remained 
per ovum) Culture Normal 

No . (%)  No . (%)  

1 58 1 4  ( 24 . 1 ) 2 1  ( 36 .2 )  

2 1 6  1 2  ( 75 .0 )  2 ( 1 2 . 5 )  

4 24 1 9  ( 79 .2 ) 3 ( 1 2 . 5 ) 

6 5 2 ( 4o . o )  3 ( 60 . 0 )  

6 to 8 5 3 ( 6o . o )  2 (4o . o )  

8 31  12  ( 38 .7 ) 1 7  (54.8 ) 

8 to 1 2  1 1  2 ( 1 8  . 2 ) 7 ( 63 . 6 )  

Total 1 50 64 ( 42 . 7 )  55 ( 36.7 ) 

Ova 
Becomin� 
Abnormal  

During 
Culture 

No . (%)  

23 ( 39.7 )  

2 ( 1 2 . 5 )  

2 ( 8 . 3 )  

0 ( 0 )  

0 ( 0 )  

2 ( 6 . 5 )  

2 ( 18  .2 ) 

3 1  ( 20.6 ) 



information indicating the cleavage ra te of ova in vitro was the 

maximum time ( i . e .  th e culture interval ) taken by ova to cleave 

over most developmental stages in vi tro . This information does no t 

accurat ely indicate the ra te at  whi ch ova cleaved in vi tro since 

they may take mos t,  or only a fraction of th e culture period to cleave 

betw een th e recorded s tages . From Table 1 9  where a comparison has 

been made between the maximum time taken for ova to c leave over mos t 

developmental s tages in vi tro and the cleavage interval over the same 

s tages in vivo , i t  can be seen that ova cultured at an early ini tial 

cleavage s tage w ould undergo a number of divisions , whi le ova cultured 

at later s tages would cleave less readily . In result ( g ) , the ovum 

definitely cleaved fas ter in vitro than would be expected in vivo . 

In res ults ( d ) , ( e ) and ( f ) simi lar intervals between cleavage s tages 

were recorded in vi tro and in vi vo , but in the remaining res ults , the 

maximum time for cleavage between two developmental s tages in vitro 

was usually considerably greater than the corresponding in vivo 

cleavage time . Be caus e the mean interval to recovery o f  the fertilised 

but uncleaved ova in Table 1 0  do es not indicate the time of fertilisation 

in the uncleaved egg , the longer int erval between cleavage s tages 

in vi tro in r esults (a ) , ( b ) and ( c ) , could be partly due to th e int erval 

from ferti lisation to initiation of first division · in the uncleaved egg . 

3 .  Recovery of ova from the culture chambers 

The per chamber recove�y of ova after 24 hours culture was 98 . 6%,  

after  48 hours culture was 99. 6% and after 72  hours culture was 1 00%. 

Thes e figures show that the recovery of  ova from the  chambers was not 

a ffected by the length of cultur e ,  and also that the chambers us ed in 

this study allowed a very high ova recovery rate . 



TABLE 1 9  

COMPARISON OF THE MAXIMUM TI MES FOR CLEAVAGE OF OVA IN 

VITRO WITH THE CLEAVAGE INTERVAL IN  VIVO 

Cleavage Stage 
at Commenc ement 

of Culture 
(No .  cells per 

ovum ) 

1 

1 

1 

1 

2 

2 

2 

2 

2 

4 

4 

4 

4 

6 

6 

6 to 8 

6 to 8 

8 

8 

8 

8 

8 to 1 2  

8 to 1 2  

Cleavage Stage 
After 

Cult ure 
( No .  c ells per 

ovum ) 

2 

4 

6 

8 

4 

6 

6 to  8 

8 

8 to  1 2  

6 t o  8 

8 

8 t o  1 2  

1 2  

8 to 1 2  

1 2  

8 to  1 2  

1 2  to 1 6  

8 to  1 2  

1 2  

1 2  to  1 6  

1 6  

1 2  to  1 6  

1 6  

No . 
Ova 

CultUred 

7 

3 

3 

1 

5 

3 

1 

2 

1 

2 

1 1  

5 

1 

1 

1 

2 

1 

3 

4 

4 

1 

1 

1 

Int erval Between Cleavage 
Stages (hours) 

In Vi tro 

25 . 0  

25 .6  

22 . 9  

23 .3 

25 .5 

22 .4  

29.8  

2 1 .5  

29.3  

27 . 1  

26. 1 

29.5 

22 . 3 

23.3  

22 . 3  

28 . 0  

26.0  

27.2 

26 .0  

27 . 6  

30 . 0  

26 . 1  

28 . 0  

In  Vi vo 
( Ta ble  1 0 )  

2 .2 ( a )  

6 . o  ( b )  

1 5 ·3 ( c )  

22 . 1  ( d )  

3 .8 

1 3 . 1  

1 5 . 6 

1 9 . 9 ( e )  

29 . 2  ( f )  

1 1 .8 

1 6 . 1  

25 . 4  

,. 25 . 4  ( g ) 

1 6 . 0  

') 1 6 .0 

1 3 . 6  

"> 1 3 . 6  

9 .3 

> 9 ·3  

)' 9 . 3  

-
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ABNORMALITIES OF OVA 

Ova were examined at laparotomy and after culture for the 

abnormalities described by Hart ( 1 956 ) !-Involution and vac uolati on_?,  

and Laf fey and Hart ( 1 959 ) /- Broken zona pellucida and d egeneration - ' 

or fragmentation of  cytoplasm_?, and for any additional abnormalities . 

1 .  Abnormalities of  ova recovered at laparotomy 

O f  the 373 ova recovered at laparotomy 1 or 2 ,  43 ( 1 1 . 5% )  were 

fo und to be abnormal.  Table 20 records the types of  abnormal ova 

recovered and th eir incidenc e .  I t  can be s een that the predominant 

abnormality was involution of the vi tellus and that a high proportion 

of the involuted ova were unc leaved ( 8 1%)  and unfertilis e d  ( 78%) . 

The incidence of  ova with fragmented cytoplasm and abnormally thick 

zonae pellucidae was low ; all ova exhibi ting thes e abnormalities were 

unfertilised . 

The incidenc e of abnormalities in 1 21 unfertilise d  ova as affe c t ed 

by the int erval from ons e t  o f  oestrus to the recovery o f  thes e ova ,  is 

recorded in Table 2 1 . This incidenc e increas ed with increasing 

intervals from onse t  of oestrus to laparotomy.  

I n  the 1 966 breeding s eason, 24.6% of the  ova recovered in  the 

early s eason (Apri l  to May inclusive ) and 6 . 5% of the ova recovered 

in the lat e  season (June to July inclusive ) were abnormal.  Eighty-one 

per c en t  of  the a bnormal ova in the early breeding s eason were 

involuted and if the involut ed ova were deleted from both the early and 

late breeding seas ons , the incidence  of abnormal ova would have been 

5 .8% and 2 . 9% respectively . 



Type of 
Abnormalit;y: 

TABLE 20 

THE TYPES AND INCIDENCE OF ABNORMAL OVA 

RECOVERED AT LAPAROTOMY 

No . For each Type of Abnorma lity 

Ova % of  Total % Abnormal % Abnormal 
Abnormal Ova Ova Unc leaved Ova Unfertilis ed 

Involution 31 

Fragmentation 5 

Vac uolation 0 

A bnormally thick 
Zona Pellucida 7 

Total Abnormal Ova 43 

72 . 09 80 . 65 77 - 50 

1 1 . 63 1 00 . 00 1 00 . 00 

1 6 .28 1 00 . 00 100 .00 

TABLE 21 

EFFECT OF INTERVAL FROM ONSET OF OESTRUS TO LAPAROTOMY 

ON THE INCIDENCE OF ABNORMAL UNFERTILISED OVA 

Interval from No . Unfertilis e d  No . Abnormal % Unfer tilis ed 
Onset  of O estrus Unferti lised Abnormal at Ova Recovered to  LaEarotom;I Ova Recovered Recoverl 

0 - 2 days 1 2  2 1 6 . 7  

2 - 3 days 92 28 30 . 4 

3 - 4 days 17  6 35 · 3 

1 2 1  36 29.8  

Ova 



2 .  Abnormalities o f  ova after culture 
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A description of  the ova abnormalities at the c ommencement of  

culture and after 24 , 48 and 7 2  hours culture is  shown in  Table 22 

and Figure 1 2 .  

The abnormal ova after 24 , 48 and 72 hours cultur e only include 

ova which were either normal at ins ertion into the chambers and 

which became abnormal during cul t ure,  or ova whi ch were abnormal at 

ins ertion and changed abnormality type during cultur e .  I t  can be 

s een that there was a marked increas e in the inci dence of abno rmal 

ova as the culture period leng thened . Th e incidence of ova wi th 

involut ed vitellus decreas ed markedly over the firs t 24 hours of  

culture,  but  was oppos ed by a marked incr eas e in  the  incidence of ova 

with fragmented cy toplasm. The inci denc e of vac uolat ed ova increas ed 

over the firs t 24 hours of  culture and then remained rela ti vely cons tant . 

The ovum with the thick zona pellucida abnormality fragmen t ed during 

the firs t 24 hours of  culture . 

Of the 1 4 involuted ova placed into th e chambers , 1 0  were 

classified as un fertilised , and 9 ( 90%) of thes e fragmented over the 

firs t 24 hours culture . 

The marked increas e in the incidence of fragmented ova during the 

firs t 24 hours of c ulture,  was only partly explained by the fragmentat ion 

of ova abnormal at ins ertion into the chambers . In addition 8 normal 

uncleaved and 7 normal cleaved ova fragmen ted during the first 24 hours 

of cultur e .  

The effect o f  the init ial cleavage s tage o f  the ova o n  the 

incidenc e of  a bnormalities over culture is no ted in Table 23.  The 

uncleaved ova had a high level of abnormalities after 24 h ours culture 

and this level increased as the cult ure length increas ed.  The other 



TABLE 22 

EFFECT OF CULTURE LENGTH ON THE INCIDENCE OF OVA ABNORMALITIES 

Type of  Abnormality 
Culture  No . Ova No . Ova % Ova Length Abnormal Thick Zona Cultured Abnormal Involution Fragmentation Vacuolation (hours ) ( 3 )  Eellucida 

( 1 ) ( 2 )  ( 1 ) ( 2 )  ( 1 )  ( 2 )  ( 1 ) ( 2 )  

0 1 62 1 6  9 . 9  1 4  (87 .5 ) 1 ( 6 . 3 )  0 ( 0 )  1 ( 6 . 3 )  

( Insertion of 
Ova into 
Chambers ) 

24 1 50 31  20 .7 2 ( 6 . 5 )  2 4  ( 77 . 4 ) 5 ( 1 6 . 1 )  0 ( 0 )  

48 98 35 35.7  2 ( 5 . 7 )  27 { 77 . 1 ) 6 ( 1 7 . 1 ) 0 ( 0) 

72 1 5  1 0  66 .7  0 ( 0 )  8 (80.0 ) 2 ( 20 . 0 )  0 ( 0 ) 

( 1 ) = No . o f  ova in each type of abnormality.  

( 2 )  = ( 1 )  expressed as perc entage of  ( 3 ) . 
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Figure 1 2  - Inci denc e of  the types of abnormal ova at 
the c ommencement of  and during culture . 



Initial 
Cleavage 

Stage 
( No . cells 
per ovum ) 

1 

2 

4 

6 

6 to  8 

8 

8 to 1 2  

TABLE 23 

EFFECT OF INITIAL CLEAVAGE STAGE OF OVA ON THE INCIDENCE OF 

ABNORMALITIES AFTER CULTURE 

C u 1 t u r e L e n g t h 

24 hours 48 hours 

( 1 )  ( 2 )  ( 3 ) ( 1 )  ( 2 )  ( 3 )  ( 1 )  

58 23 ( 39 . 7% )  35 1 6  ( 45 . 7%) 9 

1 6  2 ( 1 2 .5%) 6 1 ( 1 6 . ?%)  

24 2 ( 8 .3%)  1 2  2 ( 1 6 . ?%) 3 

5 0 (0%) 5 0 ( 0%)  ... 

5 0 ( 0%) 1 0  6 ( 60 . 0% )  

31  2 ( 6 .5%) 22 5 ( 22 .?% ) 1 

1 1  2 ( 1 8 . 2% )  8 5 ( 62 .5%) 2 

( 1 ) = No . ova recovered after culture 

( 2 )  = No . abnormal ova recovered after culture 

( 3 ) = % recovered ova abnormal after culture 

72 hours 

( 2 )  ( 3 )  

7 ( 77 . 8%)  

0 ( 0%)  

1 ( 1 00%)  

2 ( 1 00%) 
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c leavage stages had a lower level of  abnorma lities after 24 hours 

culture, but the level of abnormali ties increased markedly over the 

s econd 24 hours of  cul ture for both 6- to 8- and 8- to 1 2- c ell ova . 

Figures 1 3 - 1 6  are examples of  normal and abnormal ova re covered 

after cultur e .  

DIMENS IONS O F  OVA 

The following dimens ions were recorded from 99 normal ova 

recovered after culture :  

1 .  Total diameter ( T ) . 

2 .  Zonal cavi ty diamet er ( Z ) , i . e .  the diameter within 

the zona pellucida . 

3 • Average blast omere diame ter ( b ) .  

Dimens ions 1 and 2 were measured onc e on each ovum, but dimension 

3 was obtained from two measurements on each blas tomere in 2- c ell ova 

and one measurement on most blas tomeres in mor e fully developed ova . 

Th e average dimens ions for each ovum cleavage stage ar e re corded in 

Table 24 . The analysis of varianc e conducted on the data showed that 

as the ova continued to cleave , there was no signi fi cant increas e 

in T or z ,  but there was a highly s ignificant (P� 0 .01 ) reduction in 

average blast omere diameter . 

For ova a t  all cleavage stages , the average T was 1 75 . 04 microns , 

the average Z was 1 45 . 95 microns and the average zona pellucida thickness 

was 1 4 .55 microns . The average zona pellucida thickness of  the 7 ova 

wi th abnormally thick zon� pellucid� was 28 .31 microns . 

For each ovum cleavage stage,  the mean _ blastomere volume was 
4 3 calculated usi ng the formulae V= 3 1r r  ( V= mean blastomere volume , 

r= mean blas tomere radius ) .  Multiplying this volume by the number o f  



Figure 1 3  - Normal 4- cell o vum recovered 
after 24 hours c ultur e .  This 
ovum was ferti lis ed but 
unc leaved when inserted into 
the c ul t ure chamber . 

Figure 1 4 - Fragmenting 2- cell ovum 
recovered after 48 hours 
c ulture.  This ovum was 
fertilised but unc leaved 
when ins erted int o  the 
c ulture chamber.  

(Approx. x 400 ) 

(Approx . x 300 ) 



Figure 15 - Fragmenting 4- cell ovum 
recovered after 48 hours 
c ultur e .  This ovum was 
a normal  4- cell when 
ins ert ed  into th e culture 
chamber . 

(Approx . x 400 ) 

Figure 1 6  - Involuted,  unferti lis ed 
ovum beginning to 
fragment after 48 hours 
cultur e .  Thi s  ovum was 
invo luted when ins erted 
into the cul ture chamber . 

( Approx . x 400 ) 



TABLE 24 

DIMENS IONS OF OVA 

Cleava6e S ta6e No . o f  Dimension ( mi crons ) 
( No .  c e l ls 

per ovum ) Ova T z b 
( Mean ! s .E . ) ( Mean ! S .E . ) ( Mean ! S .E . ) 

1 38 1 70 . 93 ± 1 . 1 8 1 39 . 91 + 1 . 88  1 20 . 6 6  ± 1 .8 9 

2 9 1 72 .58 ± 2 . 95 1 42 .37 + 2 . 78 1 02 .49 ± 4 . 79 

4 4 1 75 .8 0 ± 3 . 52 1 47 .30 + 4 . 26 7 9 . 35 ± 3. 62 

6 4 1 75 .30 .± 2 .52 1 48 .55 ± 2 . 22 62 . 98 ± 4 . 44 

8 2 1  1 74 . 65 .:!: 1 .57 1 44 .24 + 1 . 23 62 . 87 .:!: 0.74 

8 t o  1 2  1 3  1 74 .01 ± 1 . 27 1 44 .8 6  + 1 . 1 4 57 . 63 ± 1 . 46 

1 2  to 1 6 7 1 74 . 94 ± 3 . 25 1 45 . 30 + 3 .2 1  49 . 09 .:!: 2 . 1 0  

1 6 3 1 8 2 . 1 3  .:!: 1 . 49 155 .07 + 2 . 8 9 47 .03 ± 4 . 1 4 

ANALYS IS OF VARIANCE 

Source d . f .  T z b 
( Mean Squares ) ( Mean Squares ) ( Mean Squares ) 

Between cleavage 
s tages 7 7 9 .46 (N .s . ) 1 58 . 62 ( N .s . ) 1 2292 . 24 • •  

Error 91 50 . 1 2  78 .54 8 6 .80 

N .s . = Not Signifi cant 
• •  = P <  o .o1 
T = Total Ova Dia meter 
z = Zonal Cavity Diamet er 
b = Average Blas tomere Diamet er 
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blas t omer es in ova at  each cleavage s tage gave the total volume 

of o va cyt oplasm for that cleavage stage . The results are pres ented 

in Table 25 �nd it  can be s een that the blas tomere volume was 

approximately halved with each successive  c leavage , and that the 

total volume of cytoplasm in the ovum decreas ed from the 2- c ell  

to  the 1 6- cell stag e .  



TABLE 25 

MEAN BLASTOMERE VOLUME AND TOTAL VOLUME OF OVA 
C YTOPLASM RELATIVE TO THE STAGE OF OVA C LEAVAGE 

S tage o f  
Ova C leavage 

(No . c ells 
per ovum ) 

1 

2 

4 

8 

1 6 

Mean Blastomere 
Volume 

( c ubic microns ) 

91 7 , 8 61 

562, 674 

1 2 9 , 906 

54 , 38 6  

Total Volume o f  

Ova Cytoplasm 
( C ubi c microns ) 

91 7 , 8 61 

1 , 1 25 , 348 

1 , 044, 600 

1 , 039 , 248 



C H A P T E R V I I 

S T U D I E S 0 N T H E  S U R V I V A L  

0 F T R A N S F E R R E D 0 V A 



Chapter VII 

S T U D I E S 0 N T H E S U R V I V A L  

0 F T R A N S F E R R E D 0 V A 

In this s t udy, sheep ova were cultured in vitro for 24 or 

48 hours and th en transferred into recipient ewes to test ova 

viabi li ty. In addition, control trans fers were conduct e d  where 

the ova were trans ferred into recipient ewes almost immedia tely after 

recov ery from the donor ewes . A t o tal of  2 9  trans fer experiments 

w ere c onducted and involved the trans fer of a total of  58 fertilis ed 

ova . 

TRANSFERS IN THE 1 966 BREEDING AND 1 966-67 

EARLY ANOESTROUS SEASONS 

The number o f  ewes avai lable for ova trans fer experiments in 

thes e two s easons was small . This was becaus e  ewes became pregnant 

during the breeding s eason ( as a r es ult of poor re covery of ferti lis ed 

ova during s tudi es on  the in  vivo cleavage o f  ova ) , and als o becaus e  

o f  unsatisfactory hormonal stimulation o f  the anoestrous ewes . I t  

was decided that in order to a chieve the maximum number o f  trans f er 

experiments from the available ewes , each ewe would act as donor , and 

where possible, as recipient of her own ova . Trans fer o f  ova into a 

ewe was only attempt ed when all o f  the ova shed by that ewe ( bas e d  on 

the corpora lut ea count ) had been recovered.  Because o f  poor o va 

recovery some donors could not act as recipi ents . All ewes were 

mated t o  the entire ram so  that each ewe  was a potential donor and 

r ecipi ent of her own ova . Thirty o f  the 36  ova trans f erred in this 

s t udy were recovered from, and then transferred into the same ewe . 
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The success of the ova trans fer experiments conducted in th es e 

two s easons is shown in Table 2 6 .  A transfer experimen t was j udged 

t o  b e  s uc c ess ful wh en the  recipi ent  ewe became pregnant and therefore 

one or more embryos were rec o vered from her gen i ta l  trac t at s laugh t e r .  

I n  thes e t w o  s easons and also i n  the  l a t e  ano es trous and 1 967 

breeding s easons , all th e embryos were viable (as j udged by heart 

a c t ivity ) when recovered from the s laugh t er ed recipient ewes . 

1 .  Control trans fer of ova 

Table 26 shows that 4 o f  the 6 control trans fer experiments were 

success ful . In control trans fers 1 ,  2 ,  3 , 5 and 6 ( Table 27 ) the donor 

and r e c i pi ent w ere  the same ewe .  There fore the laparo tomy for ova 

recovery from the donor ( laparo tomy 1 )  and the laparotomy for ova 

trans fer into the recipi en t  ( laparotomy 2 ) ,  refer to  a singl e laparotomy 

conduc ted on each of these ewes . At  this laparotomy the ova were 

recovered and h e ld in vi tro for a period not exc eeding 5 minutes during 

examination . They were th en transferred back into the same ewe and 

it was assumed that the s tage of developmen t of the trans f erred ova 

and th e recipi ent genital tract  w ere c los e ly synchronised . Thre e  

o f  thes e 5 trans fer experiments w ere s uc c ess ful . In trans fer number 4 , 

the donor and recipi ent were di fferent ewes and th erefore laparotomy 1 

and 2 were c onduct ed on dif ferent ewes and at different times relative 

to th e ons e t  o f  oestrus . Onse t  of oestrus in the donor was 2 1 . 5  hours 

before that in the reci pi en t  and at laparotom� 2 t  6- to 8- c ell ova 

were r ecovered from the donor and 2 ,  one- c ell  ova from the recipi ent . 

The 2,  6- to 8- c ell  ova were trans ferred into the reci pi ent ( old ova 

into young uteri ) and both were pres ent as viable embryos a t  slaughter . 



TABLE 26 

S UCCESS OF OVA TRANSFER EXPERIMENTS CONDUCTED IN 
THE BREEDING AND EARLY ANOESTROUS SEASONS 

T;r;Ee of No . of No.  of No . of 
Transfer Ewes Pregnan t Ova Trans fer ExEeriments aft er Trans fer Trans ferre d  

Control 6 4 8 

A f t er 24 

hours culture 8 0 1 8  

After 48 

hours c ulture 6 0 1 0  

N o .  o f  
Via ble Embryos 

at S lau�hter 

5 

0 

0 



TlEe o f  
Transfer 

Control 

After 
24 hours 
culture 

After 
48 hours 
culture 

TABLE 27 

SYNCHRONISATION OF STAGE OF DEVELOPMENT OF TRANSFERRED OVA AND RECIPIENT GENITAL TRACTS 

Trans fer 
No . 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

Time o f  La;e. 1 Cell Stases Time to La;e.2 
in Donor Recovered at or Trans fer La;e. 

( hours from La;e. 1 in  Reci;eient 
ons et  of ( No .  c ells (hours from 
o es tr us ) per ovum) ons et  of 

o estrus ) 

61 . 75 2 and 4 61 .75 
53 .25 2 53 .25 
6 9 . 75 8 69 .75 

• 6 9 . 50 6 to 8 48 . 00 
53 .50 4 53 .50 
55 . 00 2 55 . 00 

• 63 . 50 2 and 4 87 .25 
55 . 50 2 77 . 00 
70. 25 2 93 .25 

• 63 . 25 4 87 .50 
6 9 . 75 6 to 8 98 .50 
70. 75 4 to 6 95 . 00 

• 8 0 . 25 4 to 6 1 02 .50 
53 . 25 2 77 . 00 

53 . 50 1 1 01 .25 
54 . 00 2 1 07 .00 
62 . 00 8 1 09 .00 
69 .75 4 to 6 1 1 7 .00 
6 9 . 00 6 1 18 . 50 
46 . 00 2 93 . 00 

N . P .  
• 

= Recipient not pregnant 
= Donor and recipi ent were 

d i fferent ewes 

No . and Cell 
Stages of Ova 

Trans ferred 
at La;e. 2 

1 , 2-cell ; 1 , 4- cell 
1 , 2-cell 
1 , 8- c ell 
2 , 6- to 8-cell 
1 , 4-cell 
1 , 2-cell 

1 , 6-to 8-cell 
2 , 6-c ell 
3 , 4- c ell 
1 , 6- c ell  
4 , 8- c e ll 
1 , 4-cell ; 1 , 1 2-cell 
4, 1 2-to 1 6- c e l l  
1 , 4- c ell  

1 , 4-cell 
1 , 2- c ell ; 1 , 4- c ell  
1 , 8-cell ; 2 , 1 2- to 1 6- c ell  
1 , 6-cel l ; 1 , 1 2- c ell 
1 , 6-c ell 
1 , 4- c ell 

P .  
Lap.  

= Recipi ent pregnant 
= Laparotomy 

Ex;ee c t e d  C e ll 
S ta6es in the 
Reci;ei en t a t  
Trans fer LaE• 
(No . c ells 

per ovum )  

8 t o  1 2  
8 
8 
8 t o  1 2  

> 8 t o  1 2  
)' 8 to 1 2  

8 to 1 2  
8 

"?" 8 to 1 2  
7 8 to 1 2  
> 8 t o  1 2  
> 8 to 1 2  
)' 8 to 1 2  
7 8 to 1 2  

Result 
--of 

Trans fer 
Ex:eeri-

ment 

N . P .  
P .  
P .  
P .  

N . P .  
P .  

N . P .  
N . P .  
N . P .  
N . P .  
N . P .  
N . P .  
N . P .  
N . P .  

N . P .  
N . P .  
N .P .  
N . P. 
N . P .  
N . P. 



2 .  Trans fer o f  ova a ft er 24 hours cultur e  
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Table 2 6 shows that none of the 8 trans fer experiments were 

suc c ess ful . The results on synchronisation are pres ented in Table 2 7 .  

In trans fers 2 ,  3, 5 , 6 and 8 t h e  donor and recipient were t h e  same 

ewe ,  and so  laparotomy 1 and 2 re fer respec tively to the laparotomy 

for recovery o f  o va for cultur e ,  and the laparotomy for the 

r eins ertion o f  ova into the same ewe .  Ova from donors whi ch could 

not act as recipi ents were cultured in vi tro and then transferred 

into other recipien t  ewes . Ova had already been recovered from 

these latter recipi ents at laparotomy 1 ,  but these ova ei ther w ere too 

few to  be transferred,  or became abnormal during cul t ur e ; hen c e  at 

the trans fer laparot omy they were replaced or augment ed by ova from 

other ewes . In trans fers 1 ,  4 and 7 th e donors and recipi ents were 

different ewes for s ome ova ,  and so laparotomy 1 and 2 refer to the 

two laparotomi e s  conduc t ed on the r e c ipien t e w e .  

For each trans fer experiment , data o n  the ovum c l eavage s tage ( s ) 

r e covered at laparotomy 1 and the int erval between laparo tomy 1 and 2 ,  

were us ed in c onj unc tion with the results o n  cleavage rat e  i n  vivo 

( Table 1 0 )  to calculate the stage o f  c leavage ova would be expe c t e d  

to have attained i n  t h e  recipient at the time of the transfer 

laparotomy, had they not been recovered at laparot omy 1 ( Table 27 ) .  

It  was assumed that the recipi en t ' s  genital tract would d evelop at the 

same rat e  as thes e ova in vivo . Ther efore a comparison of the 

expec t ed cleavage stages in vivo at laparotomy 2 with the actua l  ova 

cleavage s tages trans ferred at this time , would indi cat e  wheth er the 

ova were trans ferred into genital tracts which were at a r e lati vely 

earlier or later stage of development .  
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Exc e pt for 4 ova in trans f er number 7 and one ovum in trans fer 

number 6, th e ova were assumed to be  trans ferred into more fully 

developed recipient genital tracts . Neither the trans fer of ova 

into younger nor older reci pi en t  tracts was suc cess ful in this s ection .  

3 • Trans fer o f  ova after 48 hours cultur e  

Th e data presented i n  Table  26 show tha t the 6 trans fer experiments 

were not suc c ess ful . Unfort unately data w er e  not avai lable from the 

present experiment to allow predicti on of expec ted  c el l  stages greater 

than 8- to 1 2- cells in vivo at laparot omy 2 .  However , when th e 

cleavage s tages recovered at laparotomy 1 and th e intervals betwe en 

laparotomy 1 and 2 ( re c orded in the present experiment ) were us e d  in 

conj unc tion with the c leavage ra te of ova to the 1 6- to -32 cell  s tage 

in vi vo as r eported by Clark ( 1 934 ) ,  the expected cell  stages in th e 

recipi ents at trans fer laparotomy were 1 6- to 32- c ells . Thus i t  was 

ass umed that in all of the trans fers , th e transferred ova were l ess 

developed than th e recipient geni tal tra c t  ( Table 27 ) .  

TRANSFERS IN THE 1 966-67 LATE ANOESTROUS AND 1 967 

BREEDING SEASONS 

In the last s ection , us e o f  the same ewe as donor and recipi ent 

gave clos e synchronisation of s tage o f  d e velopment o f  the trans ferred 

ova and th e recipi ent geni tal tra ct in control trans fers . However, 

becaus e  ova cultured in· vit ro usually developed less r eadily than would 

be expec t ed if they had been left in vivo during the c ulture period 

( Tabl e 1 9 ), use o f  the same ewe as donor and recipi en t  usually resulted 

in c ul t ured ova b eing trans ferred into more fully developed genital 

tracts . This c ould possibly explain the lack of success following the 



trans fer of cultured ova in the las t  s ec tion. To avo i d  this 

possibility it was decided that the donor and reci pi ent would be 

di fferent ewes in this s ection . 
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In control trans f ers , the donor and reci pi ent ewes were required 

to have approximately synchronised ons et of oestrus . In the trans fer 

of c ultured ova ,  the donor was required to exhibit oes trus a p eriod 

approximately equal to the culture l ength prior to the exhibi t i on of 

oes trus by the recipi ent . This lat ter technique was an attempt to  

ens ure that the o va trans ferred a ft e r  cultur e ,  w ere at  l eas t as  well 

developed as the recipi ent tract . 

Becaus e the donors were required to exhibit oestrus approximately 

24 or 48 hours before the recipi ents ( in cul tured ova trans fers ) , the 

M . A . P .  impregnated sponges were  withdrawn from approxima t e ly 60% of 

the treated ewes one day be fore thos e from the remaining ewes 

( Chapter III ) . This caus ed onset o f  oes trus in the progestagen -

treat ed ewes t o  be  s pread over two or more days , and th e firs t ewes 

to exhibi t  oestrus could be mat ed to  the entire ram ( donor ewes ) 

and the later ewes to  the • t eas er ' ( r e c i pi ent ewes ) . 

1 .  Control transfer of ova 

The one contro l  trans fer experiment conducted was s uccessful 

( Table 28 ) . In this transfer, ons e t  o f  o es trus in the donor and 

reci pi ent ewes was synchronis ed (Table 30 ) and from the calcula t ed 

expected  cell s t ages in vivo for the recipi ent at trans fer ( had i t s  

own ova been fertilised - Table 29 ) , i t  was assumed that the 

trans ferred ova were slightly mor.e advanced in development than the  

recipi ent tract .  ( I t  was again ass umed that the expected ova 

cleavage s tage in vivo at transfer laparo t omy would indicate the 

s tage o f  development o f  the recipi ent tract at this time . ) In these 



TABLE 28 

SUCCESS OF OVA TRANSFER EXPERI MENTS CONDUCTED IN 
THE LATE ANOESTROUS AND BREEDING SEASONS 

No . of No . of No . of No . of 
T;n�e o f  Trans fer Ewes Pre�nant O va Via ble Embr;y:os Trans fer Ex,Eeriments after Trans fer Trans ferred at Slau�hter 

Control 1 1 2 

After 24 
hours c ulture 7 1 1 7  

After 48 
hours c ulture 1 0 3 

TA BLE 29 

SYNCHRON ISATION OF STAGE OF DEVELOPMENT OF TRANS FERRED 
OVA AND REC IPIENT GENI TAL TRACTS 

Time to No . and Cell ExEe c t ed Cell 
T;rEe of Trans fer Trans fer S ta�es of Ova S ta�es in Vivo 
Trans fer No . LaE• in Trans ferred at at Trans fer 

Reci;ei ent La E .  
(hours ( No .  o f  c ells 

from per ovum ) 
ons e t  of 
oestrus ) 

Control 1 56 .50 1 , 2-c ell ; 1 , 4- c e ll 1 

After 1 7 1 .00 1 , 2-c ell ; 1 , 4- c ell ; 1 ,  6- cell 6 
24 h ours 2 54 . 25 2 , 2-c ell ; 2 , 8-cell 1 culture 

3 61 .50 3 , 8- c ell 4 
4 45 . 25 1 , 2- to 3- c ell 1 
5 61 . 2 5  1 , 6- c e ll 4 
6 53 .25 1 , 4-cell ; 1 , 4- to 6- c e ll 1 

7 52 . 75 3 , 6-cell 1 

After 
48  hours 1 63 .75 2 , 4  .. cell ; 1 , 8-cell 4 to 6 
culture 

1 

2 

0 

Result  o f  
Trans fer 
ExEerim ent 

P .  

N .P .  
N . P .  

P .  
N . P .  

N . P .  
N . P .  
N . P . 

N .P .  

N . P .  = Recipi ent not pregnant P .  = Recipi ent pregnant 
Lap .  = Laparotomy 



Trans fer 

� No . 

Control 1 

After 
24 hours 1 
culture 2 

3 
4 

5 
6 

7 

A ft e r  
48 hours 1 
cult ure 

TABLE 30 

SYNCHRONISATION OF ONSET OF OESTRUS IN DONOR AND 
RECIPIENT EWES AND OVARIAN RESPONSE OF RECIPIENT EWES 

Int erval Between Ovarian R espons e of  Recipi ent 
Ons e t  of Oestrus No . o f  No . of No . of 

in Donor and Cor;eora CorEora Lut ea O va 
R e c iEient Ewes Lutea and Lar�e Trans-

(hours ) Follicles ferred 

0 1 1 2 

8 0 2 3 
24 0 3 4 
1 6  2 3 3 
32 0 1 1 

24 2 2 1 
24 1 1 2 
24 2 2 3 

44 2 2 3 

N . P .  = R ecipient not pregnant 

P .  Recipient pregnant 

Result 
of 

Trans f er 
ExEeri-

ment 

P. 

N . P .  
N . P .  

P .  
N . P .  
N . P .  
N . P .  
N . P .  

N . P .  



48 

two s easons one laparotomy was conduc t ed on each o f  the recipi en t  

ewes , this being for the trans fer o f  ova . Becaus e  o f  the large 

variation in the interval from onse t  o f  oes trus to the r e covery o f  

each c leavage s tage in vi vo ( Table 1 0 ) , t h e  estimated ova cleavage stages 

in thes e recipi ents at trans fer laparo t omy were not very accurat e .  

2 .  Trans fer o f  ova after 24 hours culture 

From Table 28 it can be  s een that one o f  the 7 egg trans plantation 

experiments conducted was success ful . In this trans fer ( number 3 -

Table 30 ) the ons et o f  oes trus in the donor was 1 6  hours before that 

in th e recipien t .  At laparotomy , the donor yi elded 1 ,  2 - cell and 

2 ,  4- cell ova .  Thes e ova c leaved during the 2 4  hours o f  culture 

so tha t as shown in Table 2 9 ,  3 , 8- c e l l  ova were trans ferred into a 

recipi ent whose own ova wo uld have been expected to be  a bout the 

4- cell s tage had they been fertilis ed . Two of thes e trans ferred ova 

were pres ent as viable embryos at s laugh ter and are i llus trated in 

Figure 1 7 .  

From Table 2 9  i t  can be s e en that exc ept for trans fer 1 ,  all th e 

trans ferred ova were es timated to b e  at a more advanced s tage of  

development than the recipient geni tal tract.  

Table 30 shows that 3 o f  the reci pi ent ewes had not ovulated by 

the time of the trans fer laparotomy . I n  these ewes the large follic les 

were ruptured in an attempt to indu c e  lut einisation , but at s laughter 

no luteal tissue was observed in their o vari es . 

3 .  Trans fer of  ova after 4 8  hours culture 

Although the donor ' s  ons e t  of oestrus was 44 hours before that of 

the recipi en t ,  and the trans ferred ova were estimated to  be  at 

approximately the s ame stage of development as the recipi en t  tra c t ,  the 



Figure 1 7  - Two 23 day viable embryos re covered from 
the recipient ewe pregnant after the 
transfer of cultur ed ova ( Approx . x 1 2 .5 ) 



one transf er experiment conduc ted was not suc cess ful ( Tables 29 

and 30 ) . 

FACTORS AFFECTING S URVI VAL OF OVA IN CONTROL TRANS FERS 

4 9 

O f  7 control ova trans fer experiments c onduct ed in this s tudy ,  

5 ( 7 1 %) were s u c c essful . A total of 1 0  ova were trans f erre d ,  6 ( 60%) 

o f  thes e being pres ent at s laughter as viable embryos . 

Because only 7 control trans fers were attempt ed , th e r es ul ts 

in this s e c tion were ins ufficient t o  analyse but are pre s ented as they 

may indicate some trends . 

1 .  Number o f  corpora lutea present in the ovari es o f  the 

recipient ewe 

As shown in Table 31 ,  the number of corpora l ut ea in the ovari es 

of the recipient ew es ranged from 1 to 3 . An increase in the number 

of corpora lutea present appeared to result in a decreas e in the chan ce  

of a recipi ent becoming pregnant after trans fer ,  and a decreas e in  the 

perc entage o f  trans ferred ova s urvi ving to viable embryos at s laugh t e r .  

2 .  S ta t e  of recipient geni tal tra ct at s laughter 

This refers to whether ova -were trans ferred into t h e  flushed side 

o·f a recipi ent g enital tract or not . Becaus e the recipi ent ewes in  

the  1 966 breeding and early ano estrous s eason trans fers were  mat ed to 

the ent i r e  ram,  the genital tracts of these ewes had to be  flushed 

befor e ova trans fer . In 5 o f  thes e ewes , ova were then trans ferred 

into the flushed side of a g enital tract .  From Table 32 i t  can be  

s e en that  this pra c tice appeared to decrease the chance  of  a pregnancy 

res ul ting , but had no marked effect on the survival of transferred ova 

to viable embryos at slaugh t e r .  



TABLE 31 

EFFECT OF NUMBER OF RECIPIENT CORPORA LUTEA ON THE S UCCESS 
OF TRANSFER EXPER IMENTS 

No . o f  No . of Pre5nant Ewes No . of O va No . o f  Viable % Trans ferred O va 
Coq�ora after Trans fer Embrlos at Pres ent as Viable 

Lutea Ewes No . ��) 
Transferred S laughter Embr;ros at  S lau�hter 

1 3 
2 3 
3 1 

State o f  

3 ( 1 00 ) 4 3 ( 75 )  
2 ( 67 )  5 3 ( 60 )  
0 (0 ) 1 0 ( 0 ) 

TABLE 32 
EFFECT OF STATE OF RECIPIENT GENITAL TRACT ON THE S UCCESS 

OF TRANSFER EXPERIMENTS 

Pr eeinant Ewes No . of Viable % Trans f erred 
No . o f  No . o f  Ova Ova Pres ent as ReciEi en t  Genital after Trans f er Embrlos at Ewes Trans ferred Viable Embr;)!:OS Tract at Transfer No . ( % )  S laughter at  S la�hter 

Unflushed 
Flushed 

N o .  o f  
Ova 

Tran'S"'ferred 

1 

2 

2 2 ( 1 00) 3 2 
5 3 ( 60 )  7 4 

TABLE 33 
EFFECT OF NUMBER OF OVA TRANSFERRED ON THE S UCCESS OF 

TRANSFER EXPERI MENTS 

( 67 )  
( 57 ) 

Presnant Ewes Total No . No . of Viable % Trans f erred 
No . of Ova Pre s en t  as after Trans fer of Ova Embrlos at Ewes Viable Embr;)!:OS Trans ferr ed S laugh t er No . (�) at S laughter 

4 3 ( 75 )  4 3 ( 7 5 ) 

3 2 ( 67 )  6 3 (50 ) 

TABLE 34 
EFFECT OF CLEAVAGE STAGE OF THE TRANSFERRED OVA ON THE SUCCESS OF 

TRANSFER EXPERIMENTS 

Cleavafie Pre�nant Ewes No . o f  No . o f  Viable % Trans ferred 
Sta�e o f  No . of after Trans fer Sit e o f  Ova Embr;ros at Ova Present as 

Trans ferred Ewes Trans fer Trans- Sla�h t er Viable Embr;ros 
Ova No . (%)  f erred at S laughter 

2-cell 3 2 ( 67 ) Tubal 3 2 ( 66 .6 ) 
4-c e l l  2 0 (0 ) Tubal 2 0 ( 0 ) 

6-to 8-cell 1 1 ( 1 00 ) Uterine 2 2 ( 1 00 ) 

8 ... cell 1 1 ( 1 00 ) Uterine 1 1 ( 1 00 ) 



3 .  Number o f  ova trans ferred 

50 

Either one or two ova were trans ferred into the recipi ent ewes . 

From Table 33 i t  can be s een that an increas e in one ovum trans f erred 

did not appear t o  markedly affect the chance of a pregnan cy resulting , 

but may have d e creased the s urvival o f  trans ferred o va to slaugh t er .  

4 .  Cleavage s tage of trans ferred ova 

In this s t udy 2- , 4- , 6- t o  8- , and 8- c ell o va were trans f erred 

into the  recipi ent genital tracts ( Table 34 ) .  The age o f  ova 

trans ferre d  and the s i t e  o f  trans fer were c onfounde d ,  and it was found 

tha t uterine trans fers w er e  more succ ess ful than tubal transfers for 

both ewes becoming pregnan t ,  and survival o f  trans ferred ova to viable 

embryos at s laughter. The res ults from one ewe were deleted from 

thes e data . In this ewe ,  1 ,  2- cell and 1 ,  4- cell ovum were trans ferred 

into the same Fallopian tube , an d although one of th es e ova were pres ent 

as a viable embryo in the uterine horn at s laughter , i t  was not possibl e  

t o  ascertain from which transferred ovum i t  had developed . 

5 ·  Synchronisation of s tage o f  development of trans ferred o va 

and recipi ent genital tract 

In this experiment,  the trans fer o f  4 ova into genital tracts 

ass umed to be a t  an earlier s tage of development res ul t ed in the 

pres enc e of 3 ( 75%) viable embryos at s laughter, whi l e  the trans fer 

o f  6 ova into genital tra c ts at a similar developmental s tage resulted 

in the pres ence of 3 ( 50%) viable embryos a t  slaugh t er . 

6 .  Period ova held in vitro befor e  trans f er 

In 6 control trans fers the o va were h e ld in vitro in recovery 

dishes at room t e mperatUr e for approximately 5 minut es before trans fer . 
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In the  seventh trans fer ( Control trans fer 1 - Ta ble 30 ) ,  th e ova were  

held in  a dialysis chamber at 36°C for 40 minut es , before trans fer.  

The p ercentage o f  the trans ferred ova s urviving to viable embryos at  

s laught er after the s e  two methods of s t orage was 62 . 5% and 50% 

res pectively . This indicated that the storage of ova for 40 minut es 

in dialysis chambers did not markedly affec t their chance  of s urvival 

after trans fer . 

MEAS UREMENT OF EMBRYOS 

Twenty-one ewes became pregnant during thes e experiments . Six 

o f  these were pregnant as a res ul t  o f  s uccessful ova transfer experiments 

and 1 5  were pregnant from poor recovery o f  fertilis ed o va at  

laparo tomy 1 ( 4  ewes ) ,  or  laparotomy 2 ( 1 1  ewes ) .  

1 .  Measurement o f  23-25 day old embryos 

Six 23-25 day old embryos were recovered at the s laugh t er o f  5 o f  

the ewes pregnant from suc c essful ova trans fer experiments . The ' C ' 

shape o f  the embryo as described by Gre en _ and Wint ers ( 1 945 ) was found 

t o  be pres ent in th es e embryos . All the e mbryos were j udge d  to be 

viable at slaught er and since they were not suffi ciently transluc ent 

to allow accurat e  measurement of the number o f  somi t es pres ent , the 

only measurement taken was the crown-rump l ength . The s e  are recorded 

in Table 35 and it can be s een that each of the twin embryos ( from ewe 

number 4 )  was approximately hal f  the l ength of the sing l e  embryos 

( r ec overed from ewes 1 ,  2 and 3 ) . 

2 .  Measurement o f  44- 1 01 day old foe t us es 

All the fo e t us es were classifi ed as viable at slaughter and the 

crown-rump lengths are recorded in Table 35 . 



TABLE 35 

AGE AND CROWN-RUMP LENGTH OF EACH EMBRYO 

Embr;Io Ewe Crown-Rump Length Mean Crown-RumE Len�th 
Age • No . for each a�e 

( cm . ) ( cm . ) 

23 1 1 . 1 0  

2 1 . 1 0  

3 1 . 00 

4 o . 45 
0 . 50 o .83 

25 5 1 . 20 � 

44 6 5 . 70 
5 .70 5 .70 

45 7 6 . oo 
5 . 40 5 . 70 

46 8 6 . 30 6 . 30 

47 9 6 . 60 
6 . 70 

1 0  6 . 20 
6 . 20 6 . 43 

50 1 1  7 . 60 7 . 60 

51  1 2  8 . 30 8 . 30 

54 1 3  9 . 6o 9 . 60 

56 1 4  1 0 . 30 

1 5  9 .70 

1 6  9 .80 9 - 93 

57 1 7  9 . 90 9 . 90 

79 1 8  21 .50 

1 9  1 9 .30 20 .40 

95 20 27 . 1 0  27 . 1 0  

1 01 2 1  25 . 50 
27 .20 2 6 .35 

• Embryo age meas ured in days from ons e t  of oes trus to slaughter 
o f  pregnant ewes . Ewes 1 , 2 , 3 , 4, 5  and 2 1  were pregnant from 
ova trans fer experiments . 
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The growth in length of the embryos from 23 to 1 01 days of age 

is i llus trat e d  in Figure 1 8 . From day 2 3  to approxima tely day 32 

there was a perio d  of relatively slow growth in length , but after this 

period th ere was a rapid and relatively uni form increas e in embryo 

length . 
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D I S C U S S I 0 N 



Chapter VIII 

D I S C U S S I 0 N 

PRODUCTION OF OVA FOLLOWING HORMONAL S TI MULA TION 

OF DONOR EWES 

Adminis tration o f  gonadotrophin during the fo llic ular phas e 

of  the oestrous cycle  has t ens �he ons e t  o f  the fo llowing o es trus 

( Warwick and Casida, 1 943 ; Walla c e ,  1 954 ) .  Cumming ( 1 965 ) 

r e port ed a s igni ficant decr eas e in o es trous cycle length when ewes 

w er e  inj ected  wi th gonadotrophin on day 1 2  rather than on day 1 3  

o f  the cycle , but the results o f  Walla c e  ( 1 954 ) and the pres ent 

experiment have shown that oes trous cycle length was not signifi cantly 

affected by th e day of gonadotrophin inj ection . Walla c e ,  Lambourne 

and Sinclair ( 1 95 4 )  sugg es ted a relati onshi p between the level of 

P . M . S . and the extent of  the short ening of the cyc le , but the 

results of Robinson ( 1 951 ) and the pr es ent experimen t showed no s uch 

relationship. 

A P . M .S . dos e level-ovula tion respons e r elationship has b e en 

reported by Robinson ( 1 951 ) and Walla c e  ( 1 954 ) .  Both workers 

obs erved that the variation in ovarian r esponse betw e en ewes was 

enormous and that the respons e in each ewe was unpredictabl e .  

During th e breeding s eason in the pr es ent experiment there was 

a decreas e in ovarian respons e (as indicated by number of c orpora 

lutea and number of corpora lut ea plus larg e folli c l es ) ,  wi th the 

incr ease in dose level from 1 , 000 i . u .  to  1 , 2oo · i . u . P . M.� . 
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H owever when 1 , 500 i . u .  P . M .S .  was inj e c t ed the ovarian r es pons e 

was greater than that re corded after 1 , 000 i . u . P . M . S .  Gumming ( 1 965) 

repor t e d  a simi lar res ult . The P . M . s .  administered in the pres ent 

experiment was assumed to  be of  corr ect pot en cy and it was pr esumed 

tha t th e methods us ed di d not affect this pot ency, so  that th e low 

ovarian respons e to 1 , 200 i . u .  P . M . S . was considered to  be a true 

refl e c tion of the variabili ty in res pons e to high levels of P . M . S .  

The mean ovulation rat e  o f  Romney ewes not treated with 

gonadotrophin during the breeding s eas on has been reported to be 

1 . 1 7  o vulations per oes trus ( Wallac e ,  1 954 ) .  In th e pres ent 

experimen t ,  the mean ovulation ra tes and ranges of ovulati ons for 

the 1 31 ewes inj e c t ed with either 1 , 000, 1 , 200 or 1 , 500 i . u .  P . M . S . 

were 3 . 08 ( 1 - 1 5 ) ,  2 . 48 ( 1 -8 ) ,  4 .5 1  ( 1 - 1 9 )  respec tively . Thes e 

results indicate the marked incr eas e in multiple ovulati ons ( above 

the l evel reported by Wallac e for untreated  ewes ) and the individual 

variation to each dos e level of P . M . S .  

The incidence  of oes trus and ovulation is  very variable after 

the treatment o f  ano es trous ewes with proges t erone and/or gonadotrophin 

( Ra eside and Lamond , 1 956 ; McDonald , 1 961 ) .  Also the time o f  

treatm ent within th e anoestrous s eason i s  impor tant ( Grant , 1 934 ; 

Gordon,  1 958 ) . 

In the pr es ent experiment , 7 of 1 1  ( 64%) ewes treated with 

proges tagen-impregnated  s ponges and 1 , 200 i . u .  P . M . s .  d uring the 

early anoes trous s eason ( July - A ugus t ) , and 35 of 39 ( 90%) ewes 

treat ed wi th s ponges and 1 , 000 i . u .  P . M . S . during the late anoes trous 

s eason ( January - February ) ,  exhibited o e s trus after the hormonal 

treatment . In the former 7 ewes , the o varian res pons e after th e 

hormonal treatment was not s ignificantly di fferent to  that recorded 
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i n  the breeding s eason for 1 9 200 i . u . P . M . S . Th e 39 lat e 

ano estrous ewes were inj ec t ed with either 1 , 000 i . u .  or 

1 , 500 i . u .  P . M .S .  on the r eal or es timated  day 1 2  or 1 3  of the 

induced cycl e . Thirty-one ( 79%) of these ewes exhibi ted oes trus 

a f t er this s econd P . M . S . trea tment and in the 29  ewes whi ch gave 

information after laparotomy ( one ewe was not la parotomi s ed and one 

was discarded after laparotomy as her ovaries and uterus were 

infantile ) ,  the ovarian res pons e was found to be signi fi cantly 

lower ( P <  0 .01 ) than that re corded in the bre eding s eason for bo th 

thes e dos e levels o f  P . M .S .  The s e  results , although only involving 

a limi ted number of sheep1 indicate the variability of oestrus and 

ovulation respons e obtained with hormonal treatment of  ewes during 

the anoestrous s eason . 

Further analysis of  the s e  lat e  ano es trous data reveale d  that 

the ewes laparotomised betwe en 1 0th and 1 4th February ( anoes trous 

2- s ponges in for 1 8  or 1 9  days ) had s igni ficant ly less cor pora 

lut ea ( P < 0 . 05 ) ,  but not a signifi cantly di fferent number of c or pora 

l ut ea plus larg e fo llicles,  than th e ewes laparotomised between th e 

1 s t  and 2nd Fe bruary ( anoes trous 1 - s pong es in for 8 or 9 days ) .  

To explain thes e di fferences it is  sugges t e d  that some ovulatory 

factor  may have been abs ent in the ewes laparotomised  about the 

1 2th Fe bruary,  and that this could accoun t  for the number of larg e 

unruptur e d  folli cles present in the ovaries o f  these ewes a t  this 

time . Thes e ewes may have had a hormonal imbalanc e  possibly becaus e  

o f  photoperiodic stimulation to begin the bre eding s eas on, or 

perhaps becaus e of the long period of progestag en treatment and this 

imbalance could res ult in the lack of  an ovulatory factor . 



Gonadotrophin is usually inj e c t ed on day 1 2  or 1 3  of the 

• 
oestrous cycle ( i . e .  approximately 3 or 4 days befor e ons et  o f  

oestrus ) .  In the pres ent experiment , the early anoestrous ewes 

inj ec t ed with P . M . S .  on the day before prog es tagen-impr egnated 

spong e wi thdrawal ( inj ected an average o f  3 days before ons et of 

oestrus ) ,  gave a higher ovarian r espons e than the ewes inj e c t ed 

on th e day o f  s pong e withdrawal ( inj e c t ed an average � f 2 days 

before ons et  of o estrus ) . 

O f  a total o f  436 ova she d  by ewes in the breeding season , 

342 w ere recover e d .  This is a r ecovery rat e  o f  78% which compa res 

favourably with th e 58% reported by Hunter et  al . ( 1 955 ) and the 

61 % r eported by Hancock and Hovell ( 1 961 ) . 

The recovery of ova was express ed on a per ewe basis in th e 

pres ent experimen t .  This was done to r emove the bias whi ch exis ts 

towards res ults from ewes in whi ch high er numbers of  ova were  shed , 

wh en the recovery percentage ( af t er a parti cular treatment ) is 

calculated from the proportion of ova recovered of  the total number 

of o va shed by all the ewes r ec eiving tha t treatment . For example ,  

although the r e covery o f  o va per ewe was lowest in ewes rec eiving 

1 , 000 i . u .  P . M . S . ,  the dos e of P . M .S .  had no signi ficant effect on 

ova recovery pe r ewe .  When th e recovery o f  ova was calculated from 

the proportion of ova re covered of  the total number o f  ova shed by 

all the ewes r e c eiving each dos e level o f  P . M .S . ,  signifi cantly less 

ova were rec o vered after 1 1 000 i . u .  ( 63% )  than after 1 , 200 i . u .  P . M .S . 

(84% ) . I t  was thought that this low reco very aft er 1 1 000 i . u .  P . M . S .  

was due t o  the fact that only 1 4 ewes c ontributed t o  this r esult and 

in one of thes e ewes , only 5 of the 15 ova shed were r ecovered . 
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Hancock and Hovell ( 1 961 ) and G umming ( 1 965 ) r e ported no signi ficant 

d e creas e  in th e percentage of ova recovered with an increas e in the 

number of ova sh ed . In the pres ent experiment it was found that the 

reco very of o va per ewe was not markedly affected by the number of ova 

shed by that ew e ( at leas t up to 1 9  ova ) . 

Laparotomi es for recovery o f  ova from the dono r  ewes were cond ucted 

3 6  - 1 01 hours aft er the ons e t  of  oestrus in the pres ent experimen t .  

Gumming ( 1 965 ) repor ted no decreas e in the recovery o f  ova wh en 

laparotomy was conducted up to 96 hours after the ons et of oes trus , 

but in the pres ent expe�iment it was found that there  was a decreas e 

in the proportion of ova recovered from a ew e) when that ewe was 

laparotomi s ed 8 9  or more hours after th e ons et of o estrus . Sheep ova 

are repor ted to enter the ut erus on the third to fourth day after th e 

ons et o f  oes trus ( Assheton, 1 8 98 ;  Glark , 1 934 ) ,  and s o  it is  likely 

that the lower ova r ecovery found after 88 hours fr om th e ons et of 

o es trus was due to  ova having pass ed in to the uterus wher e ,  becaus e o f  

the large area , the rec overy of  ova would b e  expe c t ed t o  b e  less 

satis factory than from the oviduct . Als o the ova may have passed  into 

the portion of th e ut erine horn which was not flush ed wi th the Fallopian 

t ube at laparotomy . 

In the pres ent experiment , normal fertilised o va at all s tages o f  

cleavage w e r e  r equired for culture and pos sibly for trans f er experiments . 

To avoid possible  advers e e ffects on ova viability caus e d  by prolonged 

examination and mani pulation of  ova aft er recovery , the ova were 

examined quickly at low magni fication befor e trans fer into cultur e  

chambers o r  recipient ewes . Becaus e o f  this rapid exam ination and 

becaus e the ova were requir ed for c ult ure and trans fer , it was not 

pos sible t o  identify fertilis e d  one - c ell ova at recovery by the 



pres en c e  of bo th polar bodi es in the unfix ed li ving ovum ( Hancock , (1 962 ) 

indi cated that this method of  identification w as not reliable as 

identi fication of polar bodies was often not possible in fertilised  ova ) 

or by cytological criteria after fixing and s taining the ova 

( Chang , 1 952 ) . How ever , rather than c lassi fying one - cell ova as 

unfertilis ed so lely on th e basis that they were uncleaved at re c overy , 

they w ere first examined at  re covery for the pres enc e  of  spermatozoa 

adhered to , or embedded in th e zona pellucida and th en cult ured in vivo 

or in vi tro for 24 hours . Any one - c ell ova whi ch deve loped normally 

over this cultur e period were considered to have been fertilis ed when 

firs t recovered . 

This method of identifying fertilis ed one - cell ova was found to 

have two disadvantages . The firs t was that the recovery of  ova at 

laparotomy 2 after cul tur e in vivo was low ( 58%) . Thus if  all o f  th e 

one - c ell ova r ecovered from a ewe were trans ferred a t  laparot omy 1 

and not recovered at  laparotomy 2 ,  the only information availa ble on 

the fertilisation of  thes e ova was that they were unc l eaved and may or 

may no t have had s permatozoa at tached to the zona pellucida at re co very . 

The s e c ond disadvantage was that the ova c ultured in vitro  did no t 

always cleave readily . 

Th e first disadvantage could possi bly be solved by ligating the 

oviduc t of th e ewe a fter trans fer of t he ova for cultur e in vivo . 

Experimentation with di fferent cultur e media and techniques should enabl e 

sheep ova to be cultur ed more readily in vit ro than recorded in the 

pre s ent experiment and so overcome the s econd dis advantag e .  

Hart ( 1 956 ) ,  Laffey and Hart ( 1 959 ) , and Robinson ( 1 961 ) repor t ed 

that the pres enc e  o f  numerous spermatozoa adhering to the s ur fa c e ,  

o r  embedded in the zona pellucida of  one - c ell ova was suffi c i en t  
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eviden c e  t o  class i fy thes e ova as fertilis ed . Hancock ( 1 962 ) claimed 

that the r e  was little direct  evidence of the accuracy of this crit er ion 

and so in the pr es ent experiment, where 27 uncl eaved ova c ultured 

in vivo to test for fertilisa tion were not recovered after cultur e ,  they 

w ere  c lassifi ed as unfertilised regardless of whether s permatozoa w ere  

pre s en t  in the  zona pellucida or  not  at laparotomy 1 .  Only 6 ( 22%) 

of the s e  ova were like ly to have been fertilis ed as j udged by the 

cleavage in vi vo or in vi tro of other uncl eaved ova recovered from th e 

same ewes . 

In the pr esent experiment ,  all o f  the 23 one - cell ova whi ch 

cleaved normally during culture in vivo or in vitro for 24 hours ( and 

there fore were c lassi fied  as fertilis ed � only 5 of the 36 one - c ell o va 

which did not cl eave but which remained normal in appearanc e ,  and 4 of 

th e 28 one - c el l  ova re covered abnormal a ft er culture , had numerous 

spermatozoa attached to th e zona pellucida . Using Hart ' s  method o f  

classi fication , 32  of th es e one - c ell ova would have b e e n  classi fie d  

a s  fertilis ed . Sinc e s ome ova with spermatozoa attached to the zona 

pelluci da may not be fertilised, the classi fying of 23 of thes e 32 ova 

as fertilised in the pr esent expe riment , would tend to indicate  that the 

method o f  classi fication of fertilised one - cell ova us ed in this 

pr es en t  experimen t was r easonably accurate . When the previ ous ly 

mentioned disadvantages are eliminated,  the pr esent method o f  

c las s i fi cation of fertilised one - cell ova may pro ve t o  b e  very a c c urat e .  

Wintenberger e t  al . ( 1 953 ) reported tha t  unfertilis ed sheep ova 

were not activated  when cultured at 38 - 39°C .  There was n o  eviden c e  

from the  pres ent work t o  s uggest that activation o f  o n e  - c ell oya had 

occurr e d . 



I f  s ome one - c ell ova had not been required for trans f er 

experimen ts and others had not been required for in vi tro c ulture 

60 

for up to 72 hours ( aft er whi ch time many were abnorma l ) , it would 

have b e en o f  great interest to  have fixed and stained all o f  the s e  

ova after the firs t 2 4  hours culture i n  vi vo o r  i n  vi tro , and then t o  

have examined them all for normal fer tilisation and cleavage by 

cytological s tudi es . 

Calculation o f  the percentag e  of  recovered ova fertilised ei ther 

on a per ewe basis , or a proportion basis in the pre s en t  experiment ,  

showe d  that the lowest fertilisation rat e  was recorded i n  th e ewes 

receiving 1 , 500 i . u . P . M. S .  ( i . e . in the ewes with the greatest 

ovarian stimulation ) .  Hancock and Hovell ( 1 961 ) reported  no 

signifi cant corr e lation betw e en the numbers of ova sh ed and the 

pro portion of  recovered ova that were fertilis ed. How eve r ,  th e 

r es ults of  Averill ( 1 958 ) ,  Cumming ( 1 965 ) and the pres ent experiment 

indicate that the fertilisation rat e declines at the higher ovula tion 

rates , e .g .  in th e pres ent exp erimen t ,  the mean number of  corpora lutea 

in sheep inj e c t e d  wi th 1 1 500 i . u .  P . M . S . and from which were recovered 

only fertilis ed ova (32 ewes ) ,  only unferti lis ed ova ( 7 ewes ) ,  or 

both types of  ova ( 1 4  ewes ) ,  w ere  4 . 5 ,  8 . 6  and 7 .7 respe c t i vely . 

Robinson ( 1 951 ) reported in shee p  inj ected with high dos es o f  

P . M . S .  ( 1 , 000 - 2 , 000 i . u. ) ,  that a large number o f  ova w e r e  releas e d ,  

a c c e l erat ed tubal trans port o c c urred and t h e  pro portion of ova ferti lis ed 

was reduc ed . The res ults of  the pr es ent exp eriment gave no evi d enc e 

o f  rapid tubal t ransport o f  ova ,  sin c e  the recovery rate o f  ova did not 

decline until the ova were expe c ted to be in the uterus . There for e  

another e xplanat i on had to be found for th e r educ e d  fertilisation rat e  

of  ova i n  ewes showing great ovarian s t imula tion ( i . e .  > 1 2 corpora 

lutea and > 1 2  corpora lutea plus large follicles ) .  



Poor s permatozoa transport or s urvi val has been i mpli cated 

as a likely explanation ,  since only 48 o f  1 05 ( 46%) ova re covered from 

ewes with great er than 1 2  corpora lutea had s permatozoa attached to 

the zona pellucida .  Heap and Lamming ( 1 962 ) have shown i n  th e rat 

and rabbit that the ovarian hormones affec t the composi tion of ut erine 

washings , and have s ugges ted that the composition of the uterine fl uid 

may be under ovarian hormonal control according to th e ne eds o f  

s perma tozoa metabolism, fer tilisation ,  and embryoni c development .  

Thus in sheep showing great ovarian stimulation, the ovarian hormones 

may affect the uterine an d tubal fluids in such a way that thes e fluids 

are uns uitable for spermatozoa trans port or s urvival ; this explaining 

why a low proportion o f  the ova recovered from thes e ewes are ferti lis ed . 

Ovulation is ass umed to occur near the end of oes trus in the ewe 

( 24 - 36 hours after the ons e t  - McKenz ie  and Terri ll , 1 937 ) and 

fertilisati on to o c c ur s oon after ovulation ( Chang and Rowson , 1 965 ) .  

Th erefore in the present experiment , th e low fertilisation ra te o f  ova 

recovered from ewes laparotomised prior to 53 hours after the ons et of 

oestrus would not s eem normal, but can be explaine d .  Only 8 ewes 

contri buted ova which were cons idered in th e calc ulation of thes e ,  

2 were laparotomis ed 3 6  hours after the ons et of oes trus and here only 

one of the 7 r e covered ova were fertilis ed ; 5 were laparotomis ed 

40 to 52  hours after th e ons et  of oestrus and here 75% of the  r ecovered 

ova were fertilis ed ; but the average ferti lisation rate was greatly 

r educed by th e remaining ewe ( laparotomised 49 hours after th e ons e t  of 

oestrus ) sinc e none of the 1 3  ova recovered from this ewe were fertili s e d .  



I N  VIVO CLEAVAGE OF FERTILISED OVA 

The time o f  ovulation in the ewe is variable and difficult 

to assess (Gre en and Winters , 1 945 ; Chang and Rowson, 1 965 ) . 
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The former workers considered that ovulation occurred approximately 

as the ewe was passing from oestrus (Shropshire sh e ep ) and the 

lat t er workers that it occurred 30-40 hours after th e ons et  of 

oestrus ( Dors e t  Horn sheep ) . In th e pr esent experiment no data 

were availa ble on the time of ovulation in the Romney ewe,  but 

results for the shortest and longes t int erval from the ons et of 

oestrus to the recovery o f  each ovum cleavage stag e s uggest that 

the time of ovulation and also fertilisation may be very variable 

in the Romney ewe .  

In the pres ent experimen t ,  23 ferti lis ed but unc l eaved ova were 

recovered at an average o f  56 hours after the ons et  o f  oestrus . 

If  i t  is assumed that ovulation o c c urs near the end o f  oes trus 

( 24-36 hours after the ons et - McKenzie and Terrill,  1 937 ) and 

that firs t cleavage occurs 1 9-24 hours aft er ovulat ion ( Dziuk, 1 965 ) ,  

th en the finding of fertilis ed but uncleaved ova a t  th e above time 

would s eem norma l .  However t h e  finding o f  ova at this time does 

not indicate  the time of fertilisation of ova in the Romn ey ewe . 

The first 2- cell ova were recovered by Clark ( 1 934 ) 391 hours 

pos t  coitum and by Green and Winters ( 1 945 ) 39 hours pos t  coitum .  

Both thes e workers allowed their ewes t o  be  mated as close as possible 

to the  end o f  oestrus and so i f  oestrus is  assumed to be  o f  

approximat ely 24 hours duration , then th ese 2 - c e l l  ova w ere recovered 

about 63 hours after the ons e t  of oestrus . In the pres ent experiment 

the  firs t 2- c el l  ova were  r ecovered 40 hours after the ons et o f  oes trus . 

The mean interval after the ons et o f  oes trus to the recovery of 2- c e l l  



ova was 58 .3 hours , this being later than the 47 .8 hours r e por t ed 

by Ghang and Rows on ( 1 965 ) and earlier than the 79 hours report e d  by 

Gumming ( 1 965 ) . 

Glark ( 1 934 ) ,  Gre en and Wint ers ( 1 945 ) ,  Ghang and Rowson ( 1 965 ) 

and Gumming ( 1 965 ) all reported rapid s egmentation o f  sheep ova from 

th e first to the third or fourth di vis ion . The results o f  the 

pr esent  experiment confirm this and also th e o bservation of 

Gumming ( 1 965 ) that each cleavage s tage can be recovered over a wide 

time rang e .  

In general th e times t o  t h e  recovery o f  the various c e ll s tages 

in th e Romney ewe are similar to those reported for other breeds 

( Glark, 1 934 ; Green and Winters , 1 945 ; Hancock and Hovell, 1 96 1 ; 

Ghang and Rows on , 1 965 ) . 

The dos e level o f  P . M . S .  appeared t o  affect the int erval from 

ons e t  of oestrus to reco very of 2- to 6- c ell ova in the pres ent 

experiment . However i t  is thought that the variation in int erval 

t o  recovery of thes e cleavage s tages a ft er different doses of P . M . s . 

was largely due to the small numbers o f  ewes contributing to each 

r es ult (average was 6) , and th e large varia tion betwe en individuals 

in the int erval from ons et  of oes trus to the recovery of each 

c leavage s tage . Further experimentation with control and P . M.s .  

treated ewes i s  needed t o  indicate whether P . M .s .  trea tment has any 

s ignificant e f fe c t  on the int erval to r e c overy of ova at various 

cleavage s tages . 

When ova were recovered from 76 ewes with multi ple ovulations , 

variations in  the c leavage stages o f  the recovered fertilis ed ova were 

obs erved in 23 ewes . However in agreement with the obs ervations of 

Averill ( 1 958 ) that the cell s tages of c leaving eggs in individual 
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ewes s e ldom exc e eded one-and-a-half compl e t e  cleavages , it  was 

found that only 2 of thes e 23 ewes yi elded ova which varied by more 

than one-and-a-hal f  cleavag es . 

I t  was found that at any given time after the ons e t  of oestrus , 

both Fallopian tubes within ewes us ually contained ova at comparable 

cleavage s tages . 

Averill ( 1 958 ) reported no e viden c e  to sugges t that some eggs 

c leaved more rapi dly than others within bre eds . In the pres ent 

experiment,  the c leavage rate of ova in the Fallopian t ube  unf lushe d  

a t  laparotomy 1 but flushed at laparot omy 2 ( experimental tube ) , and 

of ova trans ferred into a Fallopian tube at laparotomy 1 ,  was in many 

cases s lower than the control cleavage rat e .  The results were few, 

but indicated that either th e c leavage rate of fertilis ed ova varied 

betwe en ewes,  or that both trea tments may have in some way s lowed the 

cleavage rat e of ova. The experimental t ube was not deliberat e ly 

manipulated at laparotomy 1 and s o  i t  is di ffi cult to en visage how the 

manipulation of the rest of the g enital tra ct at this time may affect 

the cleavage rate of ova in this tub e .  Indeed the results from this 

Fallopian tube hint that the variation in ova cleavage rate betwe en 

indi vidual ewes may be great er than previous workers hav e  sugges t e d .  

One possible  explanation for a slowed cleavage rat e  of  ova in 

the experimental tubes and in th e Fallopian tubes aft er trans fer, c ould 

be that the tubal secretion in these t ubes is affected by manipulation 

and/or trans fer in such a way that it does not favour ova cleavage . 

Perhaps the metabolic state o f  the tubal environment is altered, or 

perhaps the rate of tubal secretion is increased so that the o va are 

carried to a locality in the reproduc tive tract which is unsuitable for 

the cleavage s tage of th'ese  o va .  S ome o va were t rans ferred int o a 



Fallopian tube which had already been flushed at laparotomy 1 .  

Sinc e the Fallo pian tube is mani pulated with the fingers during 

flushing to remove the ova and recovery s erum , the secretory c ells 

may be damaged in thes e t ubes and so the tubal environment may be 

advers ely affec t ed and not s upport ova c leavage at the normal rat e .  

CULTURE, ABNORMALITIES AND DIMENSIONS OF OVA 

1 .  Culture o f  O va 

No fertilised one- c ell sheep ova cul tured in vitro ( for 48 to 

1 40 hours ) by Win t enberger et al.  ( 1 953 ) c leaved to  a s tage greater 

than 9 blastomeres . Segmentation usually stopped at th e 4- t o  6- c ell 

stage after which the ova began to degenera t e .  I n  the pres ent 

experiment,  1 4  unc leaved but fertilis ed ova cleaved normally during 

a culture peri od of 24 hours and ,  in clos e agreement with the above 

workers , non e had c l eaved to a stag e  greater than 8 blas tomer es , 

s egmentation usually sto pping at the 2� t o  6- cell s tages . Thus it 

appears that one- c ell sheep ova wi ll not develop readily when cultured 

in vi tro in sheep s erum .  

Ova at the 2- c ell t o  6- to 8 - c e ll s tag es w ere not cultured by 

Wint enberger e t  al . ( 1 953 ) .  In the pres ent experiment a high propor tion 

o f  th e ova cultured at thes e c ell s tages c l eaved normally during 

cul t ure for 24 hours , but few ova comple t e d  two di vis ions . 

Wintenberger e t  al . ( 1 953)  reported very poor succ ess wi th the 

cul ture of 8- to 1 2- cell ova .  Their ova underwent only a small 

number of divisions and mos t degenerated quickly . In  the pres ent 

experiment it  was found that the pro portion of 8- c e ll and 8- to 1 2- c ell 

ova which c l eaved normally during cultur e  was lower than that recorded 
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for ova cultured a t  most other cleavage stages, and that 

segmentation o f  these ova usually s topped at the 1 2- c ell to 

1 2- to 1 6- c ell  s tages . The ova di d not degenera te very rapidly  

over the  firs t 24 hours of  c ulture, but as  the cultur e  length 

inc reased the 8- to 1 2- cell ova degenerated rapidly . 

Wint enberger et  al.  ( 1 953)  suggested that since ova at the 8- to 

1 2- cell s tages in vivo would be expected to be changing from 

Fallopian tube to uterine media,  this change co uld be critical 

to the ova and so ova cultured at thes e cell stages in vi tro 

would not readily develop.  However agains t this th eory it should 

be mentioned that sheep ova cultured in vivo are not too critical 

about their development site  up to the blasto cyst  stage ( e .g .  will 

develop r eadily in the ligated oviduct of the sheep and within the 

rabbi t geni tal tract ) .  Also  in the early attempts to culture 

mo us e ova (Hammond , 1 949 ; Biggers and McLaren, 1 958 ) i t  was found 

that these ova developed mos t readily in vitro when cultured at or 

beyond the 8- c ell stage . However with the development of new 

c ulture media and t echni ques , mous e ova can now be succ essfully 

c ultured from the 2- cell to the blas tocyst s tage in vitro 

( Brinster, 1 963 ) . Thus the author believes that the cri tical 

factors limi ting the culture of one- c ell to 8- to 1 2- c.ell sheep 

ova, at pres ent) are the media and techniques us ed for culture rather 

than the cleavage stages of  the cultured ova .  

Wintenberger e t  al . ( 1 953 ) obs erved that when 1 5- t o  20- c ell 

sheep ova were cultured, they would cleave readily and some would 

develop to the blastocys t  s tage . In the present experiment ova 

at these stages were not cultured. There fore further studies will 

need to be undertaken to o bs erve the development o f  sheep ova cultured 



at more advanced stages of  cleavage ( i . e .  > 8- to 1 2- c ells ) and 

als o to accurately det ermine the cleavage rat e  of ova cultured 

in vi tro . 
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Hancock and Hovell ( 1 961 ) cons idered that the increased  ova 

s urvival reported by Averill and Rowson ( 1 958 ) after s torage of ova 

in dialysis chambers , was due to the pro t ection afforded agains t 

increasing osmotic conc entration rather than to the removal by 

dialysis of harmful metaboli c produc ts . The former workers chos e 

to s tore ova in conventional tubes from whi ch the reco very of  ova 

seemed less di ffi cult , and their res ults suggested that s torage 

of ova in dialysis chambers c onferred no real advantage over their 

me thod at least for storage up to 5i hours . In the pres ent  experiment 

the recovery of ova from the culture chambers was very high and it  

was felt that the us e of dialysis chambers w as j us tified because the 

ova were to be cultured for up to 72 hours . 

The serum us ed for recovery, c ulture in vitro, and for t rans fer 

of ova in th e present experiment was not heat treated before us e .  

This was neglected because it has been s uggested that heat treatment 

is not ess ential in seitz-filtered s erum since the heat-labile fac tor 

in serum said to be inj urious to heterologous ova is removed by 

passage through bac terial fi lters ( Chang, 1 949) . 

2 .  Abnormalities o f  ova 

Hart ( 1 956)  attempted to define and classify normal and abnormal 

sheep ova . Using his system, a single c ell ovum was deemed to be 

normal up to its pres ent s tage of  development if it  was fertilised, or 

able to be fertilised when recovered . Dividing ova were deemed t o  

b e  normal a t  recovery unless obvious s igns o f  abnormalities were 



pres ent . Hart identified ferti lis ed ova by the numerous surplus 

spermatozoa found adhering to , or embedded in the zonae pellucidae 

of these eggs and also by certain changes taking plac e in the 

nucleus of fertilis ed one- c ell ova . 
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In the pres ent experiment both single cell and cleaved ova 

were classi fi ed as abnormal on the basis of  the pres enc e  of  obvious 

morphological deviations . Thes e deviations have been descri bed 

by Hart ( 1 956 ) ,  Laffey and Hart ( 1 959) , Braden ( 1 964 ) , and 

Allison ( 1 967 ) . Hart ( 1 956 ) and Allison ( 1 967 ) c lassi fied one- c ell 

ova as involut ed if the vi tellus was greatly reduc ed in size and 

had crater indentations evident . In the pres ent experiment,  the 

one- cell ova c lass ified as involut ed had crater indentations in the 

vi tellus but the vitellus was s eldom as reduc ed in size  as depic ted 

by Hart and Allison . 

Us ing this basis for classification of  abnormal ova it  was 

found that 1 1 . 5% of the ova recovered in the pres ent experiment were 

abnormal and that 72 . 1% of thes� were invo luted. Hart ( 1 956 ) reported  

that 1 7 . 3% of the ova recovered from bas ically Corri edale type ewes 

were abnormal and that 63 . 2% of th es e ova wer e involut ed.  

Involution has been reported to only affect one- cell ova and 

to prevent these ova from being fertilis ed ( Hart, 1 956 ) .  How ever , 

evidenc e from the present experiment has made the author sus pect that 

involution does not pr event fertilisation in the one- c ell ovum . To 

support this argument it was found that 7 ( 23%) of the involuted ova 

r ecovered in the pres ent experiment were fertilised.  It is  sugges ted 

that fertilisation may have been delayed in thes e ova so that they 

w ere involuted  before or about the time of fertilisation. Six o f  

these 7 fertilised involuted ova were cleaved : these consis t ed o f  



1 , 2- c ell ; 3 , 4- c ell ; 1 , 6- cell , and 1 , 8- to 1 2- c ell ovum . In 

th ese ova th e blast omeres were normal in appearance except at th e 

involuted area wh ere ,  becaus e th e yi t ellus was markedly indented,  

th ey ass umed different  shapes the mos t c ommon of whi ch was a 
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kidney shape . The remaining fertilis ed involuted ovum was uncleaved 

at recovery but cleaved during culture in vitro so that a normal 

4- cell ovum was recovered from the chambers . All ( 4 )  fertilised 

involut ed ova which were cultured in vitro appeared to los e their 

involution as t�ey continued to c leave . 

Of the 24 unfertilised involuted o va recovered at laparotomy, 

1 8  ( 75%) were recover ed from on e ewe . Because the fertilisation rat e  

o f  ova has been found t o  dec line a t  higher ovulati on rates , i t  is 

considered that thes e 18 ova were likely to be unfertilised becaus e  

of  the high ovarian respons e o f  the donor and wer e likely to be 

involut ed because they were unfertilised.  

Thus the author ' s  evi dence sugges ts that involution is not  an 

abnormalit y  which wi ll prevent an ovum from being fertilised and 

developing normally, and that it is a natural cons equenc e of the lack 

of fertilisation of an ovum . 

The incidence of  ova wi th fragmen t ed cytoplasm and ova with 

abnormally thick zonae pellucidae was low in the pres ent experiment 

and all the ova exhibi ting thes e abnormali ties were uncleaved and 

unfertilis ed . 

Braden ( 1 964 ) reported no marked seasonal varia tion in th e 

incidence of  abnormal ova ,  but Laffey and Hart ( 1 959 ) reported that 

the incidence of  abnormal ova in the lat e breeding season was much 

higher than that reported by Hart ( 1 956 )  for the main breeding s eason . 

In the present experiment it was fo und that the incidenc e o f  abnormal 



ova decreas ed from the early to late bre eding s eas on . The 
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greater incidence of abnormal  ova in the early breeding s eason was 

mainly due to one ewe whi ch contribut ed 18 abnormal ova ( 56% of al l 

th e abnormal ova recovered at this time ) .  These 1 8  ova were 

involuted . I f  th e involut ed ova were deleted from both th e ear ly 

and late breeding seas ons , the level o f  abnormalities in thes e two 

s eas ons was not marketly different ( 5 . 8% and 2 . 9%  respectively ) .  The 

high level of abnormal ova recovered in the late breeding s eas on by 

Laffey and Hart ( 1 95 9 )  could  be partly due to the fact that their 

tupped ewes were only slaughtered twice  weekly . This prac tice 

meant that the post-ovulation age of  many unfertilised ova at recovery 

was s ufficient for th es e ova to have undergone normal degenerative 

changes and thus be c lassi fied as abnormal.  Als o almost half o f  th eir 

abnormal ova had broken zonae . In the pr esent experiment,  only 2 ova 

were recovered with this abnormali ty and s ince thes e ova had been 

trans ferred into a Fallopian tube at laparotomy 1 and recovered 

wi th their zonae broken at laparotomy 2, it was consider ed that th ey 

may have been abnormal becaus e  of the recovery techniques us ed and so 

were deleted from the calculations . As rec overy of  ova from the 

Fallopian tube entails flushing with recovery media under pressureJ it 

is possible that some zonae are broken in th e process ( Braden, 1 964 ) .  

However Laffey and Hart ( 1 959 )  maintain that their egg handling 

t echniques resulted in no obs ervable damage to the ovum a�d so i t  is 

possible that the r eason for their high level of ova wi th broken 

zonae was as explained by Braden ( 1 964 ) ,  i . e .  that eggs may vary in 

their s ensitivity to mechanical rupture and that this sensitivity may 

be increased under certain conditions such as increasing time after 

ovulation . This latter condition was acting in Laffey and Har t ' s 

( 1 959 )  experiment becaus e of their killing procedure . 
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Braden ( 1 964 ) reported that the incid enc e o f  morphologi cally 

abnormal unfertilised ova increased signi fi cantly with inc r easing 

int erval from ons et o f  oes trus up to 3-4 days . H e  pointed out 

that mos t  of these a bnormali ties developed 1 -3 days after ovulation 

and r epresented degenerati ve changes that might well be expec t ed 

in a geing unfertilis ed ova . In the pres ent experiment the incidence 

o f  abnormal unfertilis ed ova also increas ed with incr easing 

int ervals from ons et  of oestrus to r ec o very . How ever , although 29 

o f  the 30 a bnorma l  ova recovered 0-3 days after ons et  of oestrus 

had abnormalities whi ch represented degenerative chang es that migh t  

well be expe c t e d  i n  ageing unfertilise d  ova ( 24 were involuted and 

5 had fragment ed cytoplasm - the remaining ovum had an abnormally 

thick zona pellucida ) , the 6 o va r ecovered 3-4 days after the ons e t  

of oestrus all had a bnormally thick zonae pellucidae , an a bnormali t y  

which d i d  n o t  represent normal degen erative  chang es expe c t ed at 

this time . 

I t  was found that as the p eriod of c ulture in vitro increas ed,  

there was a marked increas e in the inciden c e  of abnormal ova. The 

inciden c e  of involut ed ova decreased markedly over the firs t 24 hours 

of c ultur e ,  but was oppos ed by a marked in creas e in the inciden c e  of 

fragmented o va . After the first 24 hours of c ultur e ,  th e incidence 

o f  involut ed ova slowly decreas ed while the inciden c e  o f  fragmented 

ova slowly increase d .  Nine ( 90%) o f  t h e  unfertilis ed involuted ova 

ins erted into the chambers fragmented over the firs t 24 hour s  of 

c ulture and s o  i t  would appear that fragmentation may follow involuti on 

as a natural cons equenc e  in the deg en eration o f  unfertilised ova . 

In addition, 8 normal unc l eaved and 7 normal c leaved ova fragmen t ed 

during the firs t 24 hours o f  cultur e .  The incidenc e of  vacuolat e d  



o va increas ed as the c ulture period increas e d ,  but neith er this 

a bnormali t y  nor the thick zona pelluci da abnormality were very 

pr evalent in th e pr es ent experiment . 
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Some of the ova inserted into the c ul ture chambers at most 

c leavage s tages became abnormal during cult ure for up to 72 hours . 

Few ova a t  some cleavage s tages were cultured and) except for th e 

observation that within cleavage s tages the inci den c e  of abnorma l  ova 

us ually increas ed with increasing c ultur e  length,  no r egular trends 

were o bs erved . Th e high inciden c e  of abnormal ova after the culture 

o f  one- c ell ova can large ly be explained on the basis o f  fer t i lisation 

all of the 23 abnormal ova recovered after 24 hours culture , 1 5  o f  th e 

1 6  abnormal ova recovered after 48 hours c ulture,  and 5 o f  the 7 

abnormal ova recovered after 72 hours cult ur e  were unfertilis ed and 

there fo r e  would be expected to undergo ageing and degenerativ e  c hanges 

as the c ultur e  period lengthened . Some of the fertilised ova at mos t 

c l eavage stages ( especially the 6- to 8- c e ll and 8- to 1 2- cell s tages ) 

became abnormal during culture . Thus i t  appears that the c ultur e  

medium and c ulture t e chnique us ed i n  the pr es ent experiment did not 

r eadi ly support normal development of ferti lised ova . 

3 .  Dimens ions o f  ova 

The average diameter of the zonal cavit y  of sheep ova has been 

report e d  to be 0 . 1 47 mm . and the average zona pelluc i da thi ckness to 

be 0 .01 4 mm . ( C lark, 1 934 ) .  The s e  dimens ions were found to be  

similar in the pres ent experimen t ,  the  valu es o btained being 0 . 1 46 mm . 

and 0 .0 1 46 mm. respectively. The average total ovum diameter was 

found to be 0 . 1 75 mm . S even o va were r e c o vered with abnorma l ly thick 

zona e pellucidae (average thickn ess 0 . 028 mm. )  and a lthough 6 o f  thes e 
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ova had much s perma tozoa attached to the zona pelluc ida, all were 

classified as unfertilised sin c e  th ey di d not c l eave during c ulture  

in  vi tro . Pres umably the s permatozoa were unable t o  penetrate th e 

thick zona pellucida and so  ferti lisation did not o c c ur .  

Aus tin ( 1 961 ) reported that the total mass o f  ova cytoplasm 

actually decreas ed during ovum cleavage and that with each successive 

cleavag e ,  the size of the blastomeres was approximat ely halved. 

In agre ement with thes e obs ervations , it  was found in the pres ent 

experiment that t he total volume o f  ova cytoplasm decreased from the 

2- c ell to the 1 6- cell stage and that the blas tomere volume was 

approximat ely halved with each s u c c essive cleavage . 

SURVI VAL OF TRANSFERRED OVA 

Synchronisation of trans ferred ova and recipi ent genital tract  

s tages o f  development is  thought by many workers t o  be an  important 

factor governing the suc c ess of egg transfer experimen ts in sheep 

( e .g .  Hancock and Hovell,  1 961 ) .  Mos t workers have bas ed their 

synchronisation of trans ferred ova and recipi ent geni tal trac t s tages 

of development on the synchronisation of the ons e t  o f  oestrus in the 

donor and recipient ewes . They have ass umed that i f  the ons et  of 

oes trus is closely synchroni s e d ,  then at transfer laparotomy, the 

stage o f  development of the trans ferred ova and r e c i pient genital tract  

should also be quite  c los ely synchronised . . However, becaus e  o f  the  

marke d  betw e en-ewe variation in the time of ovulation and fertilisat ion 

in relation to the ons e t  of oestrus ,  it is unlikely that the trans ferre d  

ova and recipi ent genital tra c t  s tages of developmen t  a r e  closely 

s ynchronised even if the ons e t  o f  oes trus in the donor and recipi ent 

ewes are exactly synchroni s e d . This could expla�n why workers have 



reported some unsucc ess ful transfer experiments when the  ons et  of 

oestrus in the donor and recipi en t  ewes was clos ely synchroni s e d  

( Moore and Shelton, 1 964 ; Shelton and Moor e ,  1 966 ) . 
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Succ ess ful egg trans fer experiments have been r eport ed where 

the ons et o f  oestrus in th e donor and r e c i pi ent ewes were closely 

synchronised (� 12 hours - Shelton and Moore,  1 966) , and also where 

they were not c los ely synchronis ed ( +  48 h ours - Averi llr  1 956 ) . 

I t  would be of great int erest to know how clos ely synchronis ed the 

s tage of development of the trans ferred ova and recipi ent genital 

tra c ts actually were in these s ucc ess ful trans fers , i . e .  whe th er the 

trans fer of ova into older, younger,  or c losely synchronised tracts 

gav e  mos t succ ess . 

In the pre s ent experiment , data were  available to calcula t e  

th e stage of d evelopmen t th e recipi ent ' s  ova would have been expe c ted 

to have attained in vivo at the time o f  the trans fer laparo to my (had 

th ey not been recov er ed for culture a t  laparotomy 1 or had they been 

fertilised ) . Thes e expec ted cell s tages could be q uite  accurately 

d e t ermined in th e breeding and early anoestrous s easons since data 

were availabl e from each recipien t  on th e c leavage s tage of ova 

r ecovered at laparo tomy 1 ,  and on the in terval between laparot omy 1 

and laparotomy 2 ( trans fer laparotomy ) . These data were us e d  in 

c onj unc tion with data on the c leavage rate of ova in vivo to calc ulate 

the expec ted c ell s tages at laparotomy 2 .  I t  was ass umed that the  

c leavage rat e  o f  ova did not vary betw e en ewes , but  as  previ o us ly 

disc uss ed , there was a sugges tion that there may have been s light 

variation in cleavage rate  between ewes . In the lat e  anoestrous 

and 1 96? breeding s easons , only one laparotomy was conduc ted on each 

r e cipient ( for the trans fer of ova ) and so  the expe c t e d  c ell s tages 

were es tima t ed from the interval from ons et of oes trus to this 



laparotomy . Becaus e  of the large variation in the interval from 

ons et  of oes t r us to the r ecovery of each c leavage s tage in vi vo , 

the estimat ed c leavage s tages at trans fer laparotomy in these 

recipients may not have been v ery a c c urat e .  I t  was ass umed tha t  
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the re cipien t ' s  genital trac t would have developed at the same rate 

as th es e ova and so a comparison of the expe c t ed c l eavage stages 

in vi vo at trans fer laparotomy with the ac tual cleavage s tages 

trans ferred at this time , wo uld indicate whether the ova were 

trans ferred int o  genital tra c ts whi ch were at the same , or a relatively 

earlie� or lat er s tage of deve lopment . In the control trans fers 

( Table 27 ) ,  th e cleavage stages o f  ova in  th e recipi en ts at transfer 

laparotomy w e r e  known becaus e  fertilis ed ova were r e co vered from 

thes e ewes immediat ely before ova were trans ferred into their ex pos ed 

g enital tracts . 

Becaus e  the culture t echnique us ed may have affected ova via bility 

and h en c e  the chance  of a suc c ess ful ova transfer experiment , the 

results of  the control trans fers and trans fers of c ul t ured ova are 

dis c uss ed s e parately .  

1 .  Control Trans fers 

It mus t be remembered tha t only 7 c ontrol trans fer experiments 

were c onduc t ed and so the interpretation o f  thes e res ults may not be 

r eliable. 

The t rans fer o f  ova into less developed geni tal trac ts was fo und 

to be more s u c c essful for both the proportion o f  ewes becoming 

pregnan t and the s urvi val of trans ferred ova to viable embryos at 

s laught er,  than trans fer of ova into tracts at a simi lar developmental 

stag e .  This may indicate that the examination o f  ova before trans f e r  
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r e tarded their deve lopment for a short period after trans fer, so  that 

the greates t  transfer success was achieved with ova whi ch were 

t rans ferred into less d eveloped tracts , s in c e  these ova may have 

recovered from any adverse effects by the time their s tage o f  

d evelopment was c los ely synchronised with the r e cipi ent genital tract .  

Averi l l  and Rowson ( 1 958 ) found a c onsistent but non-significant 

increas e in th e abili ty of ova to develop in th e pres ence o f  two or 

mor e corpora lut ea as oppos ed to a sing l e  corpus lut eum in the ovari es 

of th e recipient ewes . Moore et  al . ( 1 960 ) and Cumming ( 1 965 ) 

reported no relationship between the number of corpora lut ea in 

recipi ent ewes and the survival of trans ferred ova, but in the pres en t  

experiment, an increas e i n  t h e  number o f  corpora lut ea pres ent appeared 

to  result in a decrease in both the chance  o f  a r eci pi ent becoming 

pregnant and the survival o f  t rans ferr ed ova . 

The r esults of the pres ent experiment confirmed the obs ervations 

of Moore et al . ( 1 960 ) and Cumming ( 1 965)  that an increas e in the 

number of ova trans ferred did not markedly affec t  t he pro portion of 

ewes whi ch became pregnant . I t  would s eem that , as pro pos ed by 

Moore et al . ( 1 960) , the s uc c ess or failure  of any trans fer was more 

dependent on the inherent abili ty o f  the ewe to support a pregnancy than 

on the number of ova trans ferr e d .  Their resul ts l e d  Moore e t  al . ( 1 960 ) 

to s ugges t that a number o f  ewes at each oestrous period were suffering 

from some form of trans i ent infertility which c ould have been of 

endocrine origin . 

The obs ervation of Moore e t  al . ( 1 960 ) and Cumming ( 1 965 ) that an 

increas e in the number of ova t rans ferred lowered the ovum survi va l  

rat e  was also confirmed in t h e  presen t  experiment .  Brambell ( 1 948 ) 

sugges t ed that prenatal loss in she ep would b e  dis tributed a t  random 

between ewes with one,  two or thr e e  ovulations . However the results 



o f  Moore e t  al . ( 1 960 ) , Cumming ( 1 965 ) and the pres ent experiment 

showed that the proportion of ova suffering prenatal mortality 
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increased as the number o f  ova trans ferred increased . Insuffic ient 

data were available from the pres ent experiment to indi cate the 

importan c e  o f  the mat ernal , foetal and int ermediate factors ( as 

propos ed by Brambel l ,  1 948 ) in causing prenatal mortality . 

In the present experiment , as in the work of Moore et  al . ( 1 960h 

Moore and Shelton ( 1 962 b ) and Shel ton and Moore ( 1 966 ) ,  the site  o f  

trans fer and age of the trans f erred ova were confounded, most succ ess 

being r e ported with ut erin e trans fers . However Moore and She lt on 

( 1 964 ) did not confound these two fac tors and report ed that tubal 

trans fers were more successful than uterine trans fers . Thus i t  is 

clear that both the age o f  ova and the s i t e  o f  trans fer are importan t,  

and sin c e  workers ( Averi l l  and Rowson, 1 958 ; Moore and Shelton , 1 964 ) 

have shown that the survival of trans ferred ova increas es significantly 

wi th increasing age ,  the supremacy of the ut erine trans fers in the 

present experimen t  ( and in other experiments where the two fac tors 

were confounded ) , was probably due not to the site of trans fer but to 

fue fac t  that older ova w ere trans ferred into the uterus . 

Alliston and Ulberg ( 1 961 ) report ed that 75% of their "wi thin 

anima l"  transfers were s ucc ess ful in ani mals held at 70° F, but did not 

indi c a t e  whether the ova were transferred back into a flushed or 

unflushed side o f  the recipient geni tal trac t .  I n  the pres ent 

experiment , the trans fer of ova into a flushed side of a recipi ent 

geni tal tract  appeared to  decreas e the  c hanc e o f  that r e ci pient 

becoming pregnant after transfer . Although few res ults were o btained 

they s uggest that the flushing o f  a s i d e  of a genital tract may affect 

the int ernal environment, or the transport of  ova in that s i d e, in s uch 

a way that none of the trans ferred ova are present as via bl e  embryos 

at s laughter.  



2 .  Trans fer of c ul tured ova 

Averi ll  ( 1 956 ) reported that 47% of sheep ova stored for 

24 hours , 25% s tored for 48 hours , and 22% stored for 72 hours 

at 5 - 8°C l.· n serum ,  were v1." able as t ested by ova trans fer • 

Buttle and Hancock ( 1 964 ) found that the s torag e of sheep ova 

for 24 or 48 hours at room tempera ture was not very s ucc essful 

and in the pres ent experiment i t  was found tha t only 2 ( 6%) o f  

35 ova cultured for 24 hours , and none o f  1 3  ova cultured for 
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48 hours at 35 - 36°C , were pres ent as viable  embryos at slaughter 

a fter ova trans fer . S everal fac tors were thought t o  contribute 

to the low trans fer suc c ess in the pr esent experiment and are 

disc uss ed below . 

( a ) Synchronisation o f  trans ferr ed ova and r e c ipi ent 

geni tal tract stages of development 

In  the trans fer experiments conducted in the 1 966 breeding and 

ear ly anoes tro us s easons , the ova w ere  usually trans ferred into 

recipi ent  genital tracts which w ere ass umed to be at a mor e  advanced 

s tage o f  developmen t .  The donor and reci pient o f  trans ferred ova 

wer e ,  where poss i bl e ,  the same ewe in thes e seasons and, since the 

ova c ultured in vi tro usually d eveloped less readily than they would 

have in vivo , the ova trans ferred after c ulture  for 24 hours were 

us ually s ligh t ly less developed than the r ecipient tract while ova 

c ultured for 48 hours were o f t en much less developed than the reci pi ent 

tract .  The limited evid enc e available from the control trans fers 

in the present experiment indi cated that the trans fer of ova into less 

deve loped tracts was more success ful than the transfer o f  ova into 

tracts a t  a simi lar developmenta l s tage . Hun t er et a l .  ( 1 95 5 )  and 

Hancock and Hovell ( 1 961 ) s uggest e d  that the trans fer o f  ova into less 
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d e veloped tracts was generally more favourable to suc c ess than 

the trans fer of ova into mor e  fully deve loped tra c ts .  Averi ll  and 

Rowson ( 1 958 ) suggested that th e sheep ovum showed a consid erable 

degr e e  o f  toleran c e  for an unsynchronis ed uterus . They us ed the 

inter va l  from ons et  of oes trus to trans fer in  the reci pi ent t o  

indi cate  the s tage of development of the rec i pi ent tract at this time . 

Becaus e of the between-ewe variation in the time of ovulation in 

rela t i on to th e ons et of o es trus ,  this does not give an accura t e  

indic ation o f  t h e  stage of development of t h e  r ecipient tract and 

therefore one does not know whether the ova were trans ferred into 

genital trac ts at th e same , or a relatively ear lier or later s tage 

o f  development in their experiment . Thus although the eviden c e  is not 

as convincing as would be desired , i t  is s uggested t hat, in the pres ent 

experiment) the trans fer of ova into more fully developed r e c i pi ent 

trac ts in 12 o f  the 14 cultured ova trans fer experiments may have 

been an important factor contributing to th e lack of transfer s uc c ess 

in thes e two s easons . 

Ova in 6 ( 75%)  o f  the c ultured ova trans fer experiments conduc t ed 

in th e late  ano es trous and 1 967 breeding seasons were trans ferred into 

recipi ent g enital tracts whi ch were assumed to be at an earli e r  s tage 

of developmen t . One o f  these transfer experiments was s uc c ess ful . 

I t  was considered unlikely that the r elationship between the trans ferr e d  

ova and reci pi en t  g enital tract s tages o f  development was a n  important 

factor contributing to the lack of suc cess in th e other 5 trans fers . 

In  the remaining 2 ( 25%)  o f  the trans fer experiments , th e ova 

trans ferred were of varying c leavage s tages and were trans ferred into 

tracts whi ch were at a s i milar , or r e la t i vely ear l ier or lat er  s tage of 

development . Thes e transfer experiments were unsuccess ful and this 

lack of suc c ess  may be  partly due t o  the trans fer of some ova into more 



fully developed genital tracts . 

( b ) Ovarian response of recipi ent ewes 

Three  of the 8 recipi ent ewes in the lat e anoestro us and 

1 967 breeding s eason trans fer experiments had not ovulated by the 

tim e  o f  the trans fer laparotomy . These ewes could not be 
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dis carded becaus e  of the shor tage of  s uitable recipi ent ewes . The re­

for e  th e large folli cles in th e ovari es of these ewes were ruptured 

in an att empt to induce luteinisation , but examination of the ovari es 

a t  s laughter show ed that this was unsuc c ess ful . This lack o f  rec ent 

luteal tiss ue may have been an important fac tor contri buting to the 

fai lure of the egg trans fer experiments in th ese 3 recipi ents . All 

of the recipient ewes in the 1 966 breeding and early anoestrous s eason 

transfer experiments had ovula t ed by the time of the trans fer laparot omy . 

( c ) Transfer technique 

The trans fer of ova into the Fallopian tubes was considered to 

be the mos t di fficult and hence the mos t inac curate part of the trans fer 

t echnique . The ova were dis placed from the trans fer pipette in a 

volume o f  flui d  and it was noted that ther e was a t endency for this 

fluid to flow back towards the fimbria ( especially as the pipette was 

withdrawn from the oviduct ) and this may w ell  have carri ed the 

' trans ferred'  ova with i t .  Limit ed evidence  a vailable from th e control 

trans fers indicates that the trans fer o f  ova into a flush ed s i de of a 

genital tract may decrease the c hanc e  of a recipi ent becoming pr egnant 

after t rans fer . Ova were transferred int o the flushed side o f  a t ract 

in 1 1  ( 79%) of the r e c i pient ewes in the bree ding and early anoestrous 

season t rans fer experiments . This practice may have contr i buted to 

the lack of transfer- experiment s uc c ess in these two s easons . 
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( d ) Cul t ure  technique 

Becaus e the fac tors alr eady outlined may have affected the 

success o f  th e trans fer experiments and be caus e  there have been few 

inves tigations with which the results of the pres ent experimen t  can 

be compared,  i t  is di ffi c ult to as c e r tain how important th e culture 

t e chnique per se was in  limiting th e suc c ess of th e trans fer experi­

ments . The fac t  tha t 2 o f  the o va which cleaved normally during cul t ure 

for 24 hours were pres ent as viable embryos at s laugh t er ( a ft er 

trans fer ) , indicates that th e culture t echnique us ed  was not compl e t e ly 

responsi ble  for the poor succ ess in experimen ts involving the trans fer 

of cultured ova . In 6 of th e unsucc ess ful experimental trans fers o f  

c ultured ova ( Trans fers 6 and 7 ,  a f t er 24 hours culture - Table 27 ; 

Trans fers 5 ,  6 and 7 ,  after 24 hours cul ture and Trans fer 1 ,  after 48 

hours c ul t ure - Table 2 9 ) the relationshi p  between the trans ferred ova 

and r e c i pient genital tract s tages of development s e emed optimal for a 

success ful t rans fer ( i . e . some or all of the ova were trans f�rred into 

geni t a l  trac ts whi ch were assumed to be at  an earli er s tage of develop­

ment ) , all the r e cipi ents had ovulated prior to the trans fer laparotomy 

and in  only 2 o f  the recipi ents were the ova trans ferred into a flushed 

side o f  the genital tract .  This lack o f  transfer s uc c ess when mos t of 

the known factors which may limi t trans fer s uc c ess were thought t o  be  

minimis ed,  suggests that other fac t ors ( e . g . poor viability of  

cul t ur ed o va ) may have been a c t ing . Coupled with the fac t  that th e 

c ul t ur e  medium and t e chni q ue us ed  did not readily s upport normal 

development of fertilised ova ( see dis cussion on abnormalities during 

cultur e ) , this suggests that the c ulture t echnique may have advers ely 

affec ted the viabi lity of the trans ferred ova and thus been an important 

factor contributing to the lack of succ ess in these  6 trans fer experi-

menta . This possi ble effect o f  the c ul ture technique on ova viabili t y  



may have been an i mportant fac tor contri buting to the lack 
·
of 

s u c c ess in some o f  the other trans fer experiments . 

8 2 

I t  is felt that mor e  extensi ve s t udi es on culture media and 

techniques , and on synchronisation o f  the s tages of development o f  

trans ferred ova and recipi ent genital tra c ts , should enable sheep 

ova t o  be cultured more readily in vitro than has been found in the 

present experiment and to be recovered as viable embryos after 

trans fer into r e c i pi ent ewes . 



C H A P T E R I X 

S U M M A R Y 



Chapter IX 

S U M M A R Y 

S t udies were made on th e in vivo cl eavage and the in  vi tro 

c ultur e  of Romney sheep ova during th e 1 966 breeding and 1 966-67 

anoes trous s easons . 

Data on ovum cleavage rat e  in vivo were obtained from 

laparotomies c onduc t ed on 1 01 ewes during these two s easons . One­

hundred and sixty- two ova were c ultured for 24 , 48 or 72 hours in 

dialysis chambers which contained sheep serum at 35 - 36°c .  

Thes e ova were examined for normal cleavage ,  development o f  

abnormali ties , and dimensions d uring cultur e .  To t e s t  ova viability 

after c ultur e  48 cultured ferti lis ed ova were transferred into 

recipi ent  ewes , and in addi tion 10 fertilised ova were trans ferred 

in control trans fers . Thes e trans fer experiments were conduc ted 

in  the 1 966 br eeding , 1 966- 67 ano es trous and 1 967 breeding seasons . 

Only 7 donors were available in the 1 967 bre eding s eas on ( and sinc e 

these ewes w e r e  utilised a ft er the results on c leavage rat e  and 

c ulture of o va had been analys ed ) , results from the s e  ewes were only 

included in the s ection on the trans fer o f  ova . 

The 60 ewes avai lable in the 1 966 breeding s e ason were s uper­

ovulated by administ ration of 1 , 000, 1 , 200 or 1 , 500 i .u .  Pr egnant 

Mares ' Serum gonado trophin ( P.M .S . ) on days 1 2  or 1 3  o f  the oestrous 

cycle ; the 58 ewes available in the anoestrous s eason were treated 

with intra-vaginal s ponges ( each containing 60 mg o f  6- methyl 

1 7- acetoxyprogest erone ( M . A. P . ) ) and inj ected s ubcutaneous ly with 



8 4  

P .M . S .  a t  s ponge · wi thdrawal ; and t h e  2 5  ewes avai lable in the 1 967 

bre eding s eason were all treated wi th M . A . P .  impregnat ed s pong es but 

only pot ential donors were treated with P . M .s .  at sponge withdrawal . 

The donor ew es in the 1 966 breeding and 1 966- 67 anoes trous s easons 

contributed data on th e production of o va falowing hormonal s t imulation 

of these ewes . 

The res ults may be summarized as follows : 

PRODUCTION OF OVA FOLLOWING HORMONAL STI MULAT ION OF 

DONOR EWES 

1 .  Neither the dos e o f  P .M . s . nor the day o f  P . M .S . inj e ction 

had any signi fi cant e f f e c t  on the length of the o es tro us 

cycl e .  

2 .  The inj e c tion of 1 , 000, 1 , 200 or 1 , 500 i . u.  P .M . S .  on day 

1 2  or 1 3  of the oes trous cycle regularly induced multiple  

ovulations at the  ens uing o es t rus . 

3 .  There was no signi ficant increas e in ovarian res pons e with 

increasing dos e le vels of P . M . S .  administered.  The mean 

ovulation rat es and range of  ovulations for ewes inj e c t ed 

with e i ther 1 , 000, 1 , 200 or 1 , 500 i . u .  P . M . s .  were 

3 . 08 ( 1 - 1 5 ) , 2 . 48 ( 1 -8 ) , 4 . 5 1  ( 1 - 1 9 ) respectively . 

4 . The incidenc e o f  oes trus and o vulat i on was very variable 

after the hormonal treatment of ewes during the anoes trous 

s eason . 

5 .  The dos e level o f  P .M .S . had n o  s ignificant effec t on the 

mean perc entage of ova recovered per ewe . 



6 . The mean perc entage o f  ova recovered per ewe was not 

markedly affected  by the ovarian respons e of that 

ewe ,  but declined when laparotomy ( for ova recovery ) was 

conduc t ed 89 or more hours after th e ons et o f  oestrus . 

7 .  In ewes rec eiving 1POO, 1 , 200 or 1 , 500 i . u .  P . M . S .  the 

mean percentage of recovered ova fertilised per ewe 

were 91%, 97% and 84% res pectively. 

8 .  The mean percentage o f  r e covered ova fertili s ed per ewe 

dec lined in ewes with greates t ovarian stimulation . 

The failure of fertilisation in these ew es did not app ear 

to be due to accelerated tubal transport o f  o va ,  but 

rath er to abnormali ties in spermatozoa trans port or 

survival . 

IN VIVO CLEAVAGE O F  OVA 

9 .  There was a w i d e  time-range relative to the ons et o f  

oestrus during which ova at each c leavage s tage could be 

r e covered . These r esults sugges t e d  that the time o f  

ovulation and fertilisation may be very variable in th e 

Romney ewe .  

1 0 . Data on the mean intervals after the ons e t  o f  o es t r us to  

the  recovery of each c l eavage s tage indi cat ed that  

fertilised ova c leaved at a rapid rat e  t o  the  8- to 1 2-

c ell stag e .  

1 1 .  The dos e level o f  P . M .s .  appeared to affec t the mean 

interval from ons e t  of oes trus to r e covery of 2- to 6- c ell  

o va .  



1 2 .  At any given time after the ons e t  o f  o estrus ,  both 

Fallopian t ubes within ewes us ually c ontained ova at 

comparable c l eavage stages . 

1 3 .  The c ell stages of c l eaving eggs in indi vidual ewes 

wi th multiple ovulations seldom exceeded one-and-a-half 

comple t e  cleavages . 

1 4 . In  23 ewes subj ected to two laparotomi es , the ova in 

one Fallopian tube were not recovered until  the s e c ond 

laparotomy ( approximately 24 hours a fter the firs t 

laparot omy ) . The cleavage rat e  of the s e  ova and a ls o  

o f  ova trans ferred into the Fallopian t ube ( s ) o f  33 ewes 

at  laparo tomy 1 ( recovered at laparotomy 2 ) , was o ft en 

s low er than the c leavage rat e  o f  ova in the control ewes . 

IN VITRO C ULTURE OF OVA 

1 5 .  Ova kept in dialysis chambers s eldom c leaved after the 

firs t 24 hours o f  cultur e . 

1 6 . Duri ng the  first 24 hours o f  cultur e ,  the pro portion of 

unc l eaved , 8- cell and 8- to  1 2- cell ova whi ch cleaved 

normally was low . A high pro portion of th e 2- c ell  to 

6- to 8- cell ova c l eaved normally during culture but 

few ova c ompleted two divisi ons . 

1 7 .  Fur ther s tudies will need to be  und ertaken to o bs erve the 

d e velopment of sheep o va cultured at more advanced s tages 

of c leavage ( i . e . > 8- to 1 2- c ells ) and also to accurat e ly 

d etermine the cleavage rate  o f  ova cultured in vi tro . 

86 



1 8 .  The recovery of ova per chamber after 24 , 48 and 72 

hours cul ture was 99%, 1 00% and 1 00% r es pectively .  

ABNORMALITIES O F  OVA 

1 9 . Of the ova recovered at  laparotomy, 1 1 . 5% were a bnorma l .  

Of  the abnormal ova , 72% were involut ed ( i . e .  had crater 

indentati ons in th e vitellus ) , 1 2% had fragmented 

cytoplasm and 1 6% had a bnormally thic k  zonae pellucida e .  

20.  I t  is sugges ted that involution i s  n o t  an abnormality 

which wi l l  prevent an ovum from being fertilised and 

developing normally and that i t  is a nat ural cons equenc e 

of the lack of fertilisation of an ovum . 

2 1 . The incidence o f  abnormal ova decreas ed from th e early 

to late breeding s eason . 

22 . The incidence o f  abnormal unferti lis ed o va increas ed wi th 

increas ing intervals from ons et  o f  oestrus up to 3-4 days . 

Mos t of the abnormal ova recovered 0-3 days aft er th e 

ons et o f  oes trus had abnormali ties which might be expe c t ed 

in ageing unfertilised ova , but the ova recovered 3-4 days 

after the ons e t  of oestrus had abnormally thick zonae 

pellucidae,  an abnormality which did not r epres ent a 

degenerative change expe c t ed in unfertilised ova at this 

time. 

23 . There  was a marked increas e in the incid enc e of abnorma l  

ova as the  cul ture period l engthened . The inc i d enc e o f  
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involuted o va decreased markedly over the firs t 24 hours o f  

culture,  but was opposed by a marked increase in the inc i d en c e  

o f  fragmented ova .  



24 . Wi thin cleavage s tages o f  c ultured ova the r e  was us ually an 

increas e in the incidence  o f  abnormal ova as the c ultur e  

period lengthened . 

DIMENSIONS OF OVA 

25 . For ova at all cl eavage stages , the average total diame t e r ,  

8 8  

t h e  average zonal cavi ty diamet er and t h e  average zona pelluc i da 

thickness were found to  be 1 75 ,  1 46 and 1 4 . 6 microns respe c t i v e l y .  

2 6 . Th e t o t a l  volume of  ova cytoplasm decreas ed from t h e  2 - c ell 

to the 1 6- c ell stage and th e m ean blas tomere volume was 

approximat ely halved with each suc c essi ve c l eavag e .  

S URVIVAL O F  TRANSFERRED OVA 

27 . I n  the 1 966 bre eding and 1 966-67 early anoestrous s eas ons the 

d onor and recipient of  trans ferred ova were where pos s i bl e  

the same ewe . All ewes were mat e d  to  th e entire ram and the 

ova recovered at  laparotomy were either t rans ferred back into 

same ewe immediat ely after re covery ( Control transfer ) , or after 

c ultur e  in vi tro . In the 1 966- 67 lat e  anoes trous and 1 967 

breeding s easons the donors and rec ipi ents were di f ferent 

ewes , the donors being mated to  entire rams and the recipients 

to  ' teas ers • . 

28 . O f  7 control trans fer experiments conduc t e d ,  71 % were suc c ess ful . 

A total of 1 0  ova were trans ferred, 60% o f  th ese being present 

as viable embryos at  s laught er of th e r e c i pient ewes . 



29. The results from thes e control trans fers were pres ented 

t o  indi cat e : the effect o f  the number o f  r e ci pi ent  

c or pora lut ea ; the  sta t e  o f  the recipi en t  genital tract 

a t  trans fer ; the number and c leavag e stages of the 

t rans ferred ova ;  the s tage o f  development o f  the t rans ferred 

o va and recipi ent geni tal tracts at trans fer ; and the 

period the ova were held in vi tro before trans fer, on the 

s u c c ess of the trans fer experiments . 

30 . O f  22 transfer experiments involving the trans fer o f  

cultured ova , only one was suc cessful . A total o f  48 

o va were trans ferred,  2 of the s e  being present at s laughter 

as viable embryos . 

31 .  Pos s i ble  caus ed sugges t ed for this low success following 

the trans fer of cult ured ova were : inc orrect r ela tionship 

betw e en the s tage of d e velopment of the t rans ferred ova 

and reci pi en t  genital tract  a t  trans fer ; fai lur e o f  some 

r e c i pients to  ovulate prior to trans fer ; t e chniques us ed 

in th e t rans fer and cultur e  o f  ova . 

32 . Twenty-one ewes became pregnant during the experi ment , 6 from 

succ ess ful egg transfer experiments and 1 5  from poor recovery 

of fertili s e d  ova at laparotomy .  The embryos from thes e 

ewes were measured for c rown-r ump length . 
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A P P E N D I X 1 and 2 



Appendix 1 

BRANDS OF P .M .S . USED IN THE 1 966-67 LATE ANOESTROUS SEASON 

1 .  S erum Gonadotrophin B.P.  ( Organon Labora tories Ltd ,  London ) 

95 

2 .  S erum Gonadotrophin B . P .  ( ' S erogan ' - Th e British · Drug Ho us e Lt d,  

London ) 

3.  S erum s epara ted from whole blood collected from thr e e ,  2-3 

month pregnant mares . The whole bloo d from thes e mares was allowed 

to c l o t ,  the s e r um was drawn off , _ c entri fuged , bottled and then deep 

froz en . 

On 1 0th January 1 967 a bioassay was conduc ted on th e combined 

s erum from the s e  3 pregnant mares . The bioassay involved 

35 imma ture female white mice ( w eight range 9 - 1 2  gms and of 

approximat e ly 21 days of age ) . Thes e mic e  were indi vidually 

identified and then randomly placed in either o f  the following 

5 trea tments . 

1 .  

2 .  

4 .  

Control 

S tandard 1 

S tandard 2 

Unknown 1 

Unknown 2 

distilled water 

3 i . u .  ' Serogan ' s erum gonadotrophin B. P .  

i n  disti lled water . 

9 i . u .  ' Serogan ' s erum gonadotrophin B . P .  

i n  dis ti lled water . 

1 volume P . M . s .  diluted with 2 volumes 

dis tilled wat e r .  

undiluted P . M . S . 

Each mous e in each treatment was given an intra-peritoneal 

inj e c t ion which contained 0.2 ml . flui d .  The mic e  were s laught ered 

48 hours a fter inj ection and the ovaries and uterus were diss ected 



out and weigh e d .  The data w e r e  analysed using the method outlined 

by Finney ( 1 964 ) . The ut erine w eights could not be us ed t o  

estimate the P . M . S .  potency becaus e they were outside t h e  range for 

us eful bioassay, but by using ovarian weights the P . M .s . po tency 

was found to be 39 .8 i . u . per ml • •  



Appendix 2 

TABLE 1 

BARTLETT 1 S  TEST FOR HOMOGENEITY OF VARIANCE OF CORPORA LUTEA NUMBER 

Dose 
P . M . S . 
(i . u. ) 

1 , 000 

1 , 200 

1 , 500 

( 1 ) 

( 2 ) 

( 1 ) 

( 2 ) 

( 1 ) 

( 2 ) 

n- 1 

220. 86 13 

24 .73 10 

1 03 .62 23 

4 . oo 6 

1 1 24 . 25 56 

92 . 28 1 7  

d . f .  = 5 chi
2 

= 

The varian c e  is not 

V ( n-1 ) log V 

1 6 . 99 1 5 . 99 

2 . 47 3 . 93 

4 . 5 1  1 5 . 05 

o . 67 - 1 .04 

20 . 08 72 . 95 

5 .43 1 2 . 49 

41 . 47 • •  

homogen eous . 

Corres ponding values for Bartle t t • s  Test  on no . corpora lutea 
and large follic les were 

d . f . = 5 • •  

The varianc e  is not homogen eous . 

( 1 ) 

( 2 ) 

• •  

= Bre eding s eason 

= Anoestro us s eason 

= P� o.o1 



Appendix 2 cont ' d  

TABLE 2 

BARTLETT ' S  TEST FOR HOMOGENEI TY OF VARIANCE OF CORPORA LUTEA NUMBER 

AFTER SQUARE ROOT TRANSFORMATION 

Dose 
P . M.S .  
( i . u . ) 

1 , 000 

1 , 200 

1 , 500 

( 1 )  
( 2 ) 

( 1 ) 

( 2 ) 

( 1 ) 

( 2 ) 

9 . 1 2  

6 . 73 

1 0 .54 

0 . 54 

54 . 28 

1 5 . 46 

d . f .  

The 

n-1 V ( n- 1 ) log V 

1 3  0 .70 -2 . 01 

1 0  o . 67 - 1 . 74 

23 o . 46 -7 . 76 

6 0 .09 -6 .27 

56 0 . 97 -0 . 74 

1 7 0 . 91 -0.70 

= 5 h '
2 

c � = 1 . 45 ( N.s . ) 

varianc e  is homogeneous . 

Corres ponding values for Bartlett ' s  Test on no . corpora lutea 
and large follic les after square root trans formation were 

d . f . = 5 
2 

c:hi = 1 . 35 ( N . s . ) 

The variance  is homogeneous . 

( 1 ) = Bre eding s eason 

( 2 ) = Anoestrous s eason 

N . s . = Not Signi ficant 



Appendix 2 cont ' d  

TABLE 3 

DUNCAN' S MULTI PLE RANGE TEST ON SEASONS WITHIN DOSES OF P . M .S . 

FOR NUMBER O F  CORPORA LUTEA 

Mean Number of Corpora Lutea for S easons within Doses of P . M . s .  

1 ,000 i .u .  P . M .s .  1 ,200 i . u. P . M . s .  1 ,500 i . u. P . M .s . 

1 %  
l evel 

5% 
level 

( A) 

0 . 92 

( B) ( A ) 

2 . 1 9 

TABLE 4 

DUNCAN 1 S  MULTIPLE RANGE TEST ON SEASONS WITHIN DOSES OF P . M .S .  

FOR NUMBER OF CORPORA LUTEA AND LARGE FO LLICLES 

Mean Number o f  Corpora Lutea and Large Follicles for S easons 

within Doses of P . M . s . 

(A ) 

1 ,000 i . u .  P . M .s . 1 ,200 i . u .  P . M .s . 1 , 500 i . u .  P . M .s . 

1% 
level 

5% 
level 

( A ) 

( B) 

( B) ( A ) 

= Mean ovarian 

= Mean ova rian 

- - - - - - - - - = Signifieant 

( B) 

3 . 1 0  

response 

response 

= Not significant 

for 

for 

( A ) 

anoestrous 

( B) ( A ) 

6 .oo 3 .06 

season 

breeding s eason 




