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DEV'BLOPMENT OF RABBIT AND CATTLE OVA m VITRO 

Trials involving 178 follicular rabbit oocytes were 

conducted to study the importance of the supporting cumulus 

oophorus and corona radiata cells in oocyte maturation. 

Further trials involving 539 follicular rabbit and 306 fol-

licular cattle oocytes were conducted to study the influence 

of the ovarian hormones, progesterone and estradiol l7~ on 

oocyte maturation. Removal of the supporting cells from the 

oocyte or incubation of the oocyte in the presence of estra-

diol l7~ inhibited resumption of meiosis and oocyte matura­

tion. The inhibition observed by removal of supporting cells 

was overcome by the re-addition of cumulus cells or incubation 

of the oocyte in the presence of progesterone. Fertilization 

of follicular rabbit oocytes culture in vitro was achieved 

fol.i.owing transfer into a recipient female. Trials involving 

283 two-celled rabbit ova were conducted to develop a reliable 

method by which such ova would continue to cleave in vitro. 

e' One hundred per cent serum was observed to be a sui table 

culture medium. 
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INTRODUCTION 

studies concerned with the development of mamma­

lian ova !a vitro have been restricted by the difficulty 

in obtaining sufficient numbers of viable oocytes and by 

the failure of the oocytes to survive prolonged in vitro 

manipulation. In the past, research involving gametes 

has been largely concerned with the preservation and 

physiology of spermatozoa. More recently however, in­

creased emphasis has been placed on the recovery and in­

cubation of ova. 

Super ovulation procedures have been used to increase 

the number of ova ovulated in laboratory and domestic 

animaIs. Even though these procedures increase the num­

bers of ova ovulated, the ova are often lost during recov­

ery. Thus, many oocytes within the ovary whiCh are poten­

tially available are still not utilized. 

TeChniques by which oocytes are removed from their 

ovarian follicles and are cultured in vitro have signifi­

cantly increased the availability of viable ova. Develop­

ment of efficient in vitro systems for storing, culturing, 

fertilizing, and growing fertilized ovawill enable resear­

chers to study the early stages of embryonic development, 
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g.enetically regulated diseases, sex determination, and many 

other areas involving ova. Efficient methods of transfer­

ring unfertilized or fertilized ova into recipient females 

will make possible routine shipments of ova to distant lo­

cations, reducing the costly need to ship and quarantLfte 

large animals. OVa from animals of superior quality could 

be tranferred into lesser quality animals for completion 

of embryonic and fetal development. These and many other 

uses require reliable in vitro techniques for manipulating 

and culturing ova. Work to date has not fully elucidated 

the factors involved in the development of ova. Much 

emphasis has been placed on various techniques and culture 

media but relatively few reports have been concerned with 

such things as the factors which induce oocyte maturation 

in Y!Y2 and in vitro and the influences that the follicle 

or the oocyte itself have on maturation. Much research 

remains to be done before efficient use can be made of the 

large supply of ovarian oocytes. 

The objectives of the experiments reported in the 

thesis were: 

a) To develop a reliable system for culturing folli­

cular oocytes. 

b) To study the importance of the supporting cumulus 
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oophorus and corona radiata cells on oocyte maturation 

in vitro. -
c) To study the influence Qf progesterone and estra-

diol 17 ~ on oocyte maturation .!!!. vitro. 

d) To determine whether any relationship exists 

between the supporting cells and these steroid hormones 

and oocyte maturation. 

el To determine the fertilizability of .!!!. vitro 

cultured oocytes by transferring into recipient females. 

f) To develop a reliable method for culturing two-

celled ova ~ vitro. 



REVIEW OF LITERATURE 

Maturation of Fo11icu1ar Oocytes 

stages of maturation of fo11icu1ar oocytes have 

been reviewed by Edwards (1966). The first four stages 

4 

of the first meiotic division occur in the ovary of the 

deve10ping fetus. Having comp1eted the 1epotene, zygo­

tene, pachytene and dip10tene stages, meiosis stops. A 

nucleus, .referred to as a germinal vesic1e, or vesicular 

nucleus forms at this point. The oocyte gradua11y be­

comes enve10ped by ce11s known as granu10sa cel1s. These 

ce11s in tu~ form the fo11ic1e in which the oocyte re­

mains unti1 ovulation. Fo11owing the onset of sexua1 

maturity, fo11icu1ar growth is brought about by the re-

1ease of fo11ic1e stimu1ating hormone (FSH) from the pit­

uitary gland. This growth is characterized by an increase 

in the number of granulosa ce11s and the eventua1 forma­

tion of a f1uid fi11ed cavity or antrum. As the size of 

the antrum increases, the fo11ic1e becomes a Graafian 

fo11ic1e. The Graafian fo11ic1e is responsive to pitui­

tary 1uteinizing hormone (LH) which, when re1eased, results 

in resumption of meiosis of the oocyte and ovulation or 



release of the oocyte from the follicle. Upon resumption 

of meiosis, the first meiotic division is completed, hav­

ing progressed through diakinesis, metaphase, anaphase, 

and telophase. One of the daughter cells receives a very 

small proportion of cytoplasm and is known as the first 

polar body. The second meiotic division begins as saon 

as the first meiotic division is completed, and proceeds 

quickly to metaphase. In most mammals, ovulatien of the 

oocyte occurs while it is in this second metaphase. 

Much of what is known about animal reproduction 

and embryonic development has been learned fram such 

organisms as the chicken and the frog, partly because 

their ova are readily available for investigation. Sim­

ilarly, the large numbers of the male gamete have greatly 

assisted in their being studied. In mammals, the female 

gamete is not readily available in sufficient numbers. 

Superovulation, while increasing the number of oocytes 

released into the oviducts does not significantly improve 

the availability of the oocytes. 

Normal mammalian ovaries contain several thousand 

oocytes aIl of which are preformed by the time of birth. 

Erickson (1966) estimated as high as 700,000 oocytes in 

sorne bovine ovaries although the mean was estimated to be 

5 



between 50,000 and 100,000 oocytes. Approximate1y 500,000 

oocytes were found in some human ovaries (Edward s, 1966) 

and up to 1,260,000 germ ce11s were estimated in the pre­

natal pig ovary (Black and Erickson, 1968). A1though 

estimates vary, it is weIl demonstrated that the ovary 

cou1d provide large numbers of oocytes for experimenta1 

studies. 

Pincus and Enzmann (1935) found that rabbit oocytes 

wou1d mature ~ vitro when 1iberated fram their fo11ic1es 

into a sui table culture medium. '!'hus, they demonstrated 

that 1uteinizing hormone is not required to effect oocyte 

maturation !!!. vitro as it is !!!. vivo. To date, successfu1 

in vitro maturation of fo11icu1ar oocytes has been achieved 

in severa1 species inc1uding the mouse (Edward s, 1962: 

1965b: Biggers ~ !l., 1967: Donahue, 1968: Donahue and 

stern, 1968). the rat (Edward s, 1962), the hamster (Ed­

wards, 1962), the pig (Edward s, 1962, 1965b), the sheep 

(Edwards, 1962, 1965b)~ the cow (Edwards, 1962, 1965b: 

Sreenan, 1968), the rhesus monkey (Edwards, 1962, 1965b: 

Suzuki and Mastroianni, 1966, 1968a), and the human (Pincus 

and Saunders. 1939: Bdwards, 1965a,b: Edwards ~ !l., 1966) 

Chang (1955a.b) matured rabbit oocytes in vitro and demon­

strated that such oocytes were capable of being ferti1ized 

6 
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when transferred into the fallopian tubes of an inseminated 

recipient rabbit. 

Although maturation in vitro of the follicular oocytes 

was achieved in these various species, the degree of success 

varied, depending on the specie and the techniques used. A 

brief summary of some of the results obtained. times of in­

cubation, and media used by several workers is outlined in 

Table 1. Relative success in the table includes either 

the incidence of germinal vesicle breakdown or the inci­

dence of complete maturation. The latter describes oocytes 

in which first polar bodies were observed, whereas, germi­

nal vesicle breakdown (GVBD) describes those oocytes which 

matured beyond the germinal vesicle or vesicular nucleus 

stage but not necessarily to the first polar body stage. 

Ovarian oocytes are in this germinal vesicle stage either 

at or shortly following birth. 

The fa ct that follicular oocytes resume meiosis in 

vitro as a result of being removed from their follicles 

is indeed very interesting in view of the fact that matur­

ation of oocytes ~ ~ occurs concomittant with LH re­

lease and ovulation. The exact mode of action of LB or 

exogenous hormones with a similar action has not yet been 

elucidated. Apparently, LB does not influence the oocyte 
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Table 1. Summary of 1iterature concerned with maturation of mammalian oocytes ~ vitro 

Authors 

Chang. 1955a 

Edwards, 1965b 

Biggers !.!:. !l., 
1967 

Donahue, 1968 

Edwards, 1965b 
Edwards, 1965b 
Suzuki and 
Mastroianni, 1966 

Edward s, 1965a 
Edwards et !!.., 

1966 
Edwards !.!:. .!l., 

1969 
Edwards, 1965b 

Sreenan, 1968 

Species 

Rabbit 

Mouse 

Mouse 

Mouse 

Pig 
Rhesus Monkey 
Rhesus Monkey 

Human 
Human 

Human 

Cow 

Cow 

Incubation 
Ti.ae 

Il hours 

15-18 hours 

16-19 ho~s 

11-17 hours 

43-46 hours 
40 hours 
46 hours 

40 hours 
40 hours 

38 hours 

31 hours 

30 hours 

Media 

Ringer-Lockes 
plus 50% Serum 
TC 199 + Serum 
Hanks Saline + Serum 
I<rebs-Ringer 
plus pyruvate 
I<rebs-Ringer 
plus pyruvate 
TC 199 + Serum 
TC 199 + Serum 
Waymouth' s + Serum 

TC 199 + Serum 
TC 199 + Serum 

TC 199 + Serum 

TC 199 + Serum 

Eag1es Medium 
+ Serum 

Relative Success 

75-86% GVBD 

80% GVBD 

87% maturation 

85% GVBD 

80% maturation 
70% GVBD 
80% GVBD 

80% GVBD 
70% maturation 

70% maturation 

100% maturation 
(14 oocytes) 

90% maturation 

en 



directly, since duplication of the maturation process is 

achieved in vitro in the absence of LB. 

Edwards (1965a) reported that follicular oocytes 

mature synchronously in vitro, even though taken from 

ovaries in widely different endocrinological stages, thus 

making it possible to predict the stage of development 

after a certain period of culture. 

9 

Studies with the follicular oocytes of the frog, 

~ pipiens, demonstrated that maturation can also be 

achieved in vitro by removing the oocytes from their fol­

licles (Smith et al., 1968; Subtelny et al., 1968). The 

ovarian hormone, progesterone was implicated in the stim­

ulation of the maturation processes in frogs (Schuetz, 

1967a,b; Masui, 1967). Previously, progesterone had been 

shawn to have an important effect on stimulating ovula­

tion in the frog (Berger and Li, 1960; Wright, 1961; Edgren 

and Carter, 1963). Berger and Li (1960) were able to 

cause ovulation by adding excised frog ovaries to Holt­

freters solution containing progesterone at a minimum con­

centration of 0.6 ~g/ml. They also demonstrated that 

estrogens were not capable of causing such in vitro ovu­

lation. Estrogen, unlike progesterone, was not capable 

of inducing germinal vesicle breakdown in amphibian 



oocytes (Schuetz. 1967b). It has been suggested that the 

hormonal induction of germinal vesicle breakdown with pit­

uitary hormones and progesterone is mediated by an intra­

follieular synthesis of proteine puramycin, a specifie 

inhibitor of protein synthesis. blocked the action of 

luteinizing hormone and progesterone by completely inhi­

biting maturation, suggesting that protein synthesis is 

involved in the hormonal induction of germinal vesicle 

breakdown (Schuetz. 1967a: Brachet. 1967). 

OVulation studies in mammals and birds revealed 

that ovulation is induced under the influence of both 

pituitary luteinizing hormone and progesterone. Admini­

stration of luteinizing hormone to immature rabbits 

caused ovulation and stimulated the ovarian production 

10 

of progesterone (Hilliard ~ !! .• 1961). Although pro­

gesterone induced ovulation, the effect was dependent on 

pituitary activity. since removal of the pituitary abol­

ished the effect of progesterone (Sawyer and Everett. 1959). 

The action of progesterone in facilitating ovulation was 

demonstrated in several animaIs including the hen (Fraps. 

1943), rhesus monkey (Pfieffer. 1950), rat (Everett. 1944) 

and rabbit (Sawyer ~ !! .• 1950). 

The precise mechanism of action of progesterone 



concerning the ovulatory processes has not been reported. 

The influence of the follicular cells surrounding the 

oocyte of ~ pipiens was reported by Masui (1967). He 

demonstrated that oocytes would not undergo maturation in ....... 
vitro in the presence of LB when the follicular cells were 

removed. Luteinizing hormone induced oocyte maturation 

when the follicular cells were re-added. indicating that 

the pituitary hormone may act on the follicle cells. caus-

ing them to produce a factor which. in turn, acts on the 

oocyte to induce maturation. Schuetz (1967b) demonstrated 

that the germinal vesicle breakdown of amphibian oocytes 

which occurred in vitro in the absence of LB was inhibited 

by removing the supporting cells surrounding the oocyte. 

Progesterone was able ta cause germinal vesicle breakdown 

even after removal of the supporting follicle cells. indi-

cating that progesterone acts directly on the frog oocyte 

to induce maturation (Masui, 1967). 

No reports were found concerning the effect of the 

steroids estrogen and progesterone on the maturation of 

mammalian oocytes. Estrone and estradiol 17)9 have been 

isolated from ovarian tissue (Dorfman and Ungar. 1963) and 

from follicular fluid (Smith, 1960). Androgens have been 

found in ovarian tissue (Zandler. 1958) and have been 

11 
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shawn to be precursors to estrogen (wotiz ~ al., 19~6). 

However, there is no evidence that androgens are norma1ly 

secreted, although certain patho1ogica1 conditions result 

in androgen secretion (Scully, 1963). Edgar (1953) re­

ported the presence of progesterone in the follicles of 

cows and sows prior to ovulation. The presence of pro­

gesterone in follicular fluid was also reported by Zand-

1er (1954). 

Hilliard ~ al. (1961, 1963) and Solod ~ al. 

(1966) demonstrated increases in the synthesis and se­

cretion of progesterone fram rabbit ovaries shortly 

following LH or human chorionic gonadotrophin stimula­

tion, yet prior to ovulation. Similar increases in pro­

gesterone levels were observed in rats (Eto et al., 1962). 

A significant decrease in the synthesis of estradiol l7~ 

by the ovaries of proestrus and estrus rats was observed 

following LH stimulation (Chatterton et al., 1969). They 

suggested that the effect of LH on the mature follicle 

could be to decrease estrogen synthesis by the process of 

luteinization. 

Channing (1966) incubated equine granulosa cel1s 

fram follicles of ovaries collected at various stages of 

the estrus cycle and demonstrated that, regardless of the 
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stage of the estrus cycle, the granulosa cells took on 

morphological features characteristic of luteal cells, 

irrespective of whether gonadotrophin was added to the 

medium. She demonstrated that these cells were capable 

of synthesizing steroids. During a 7--day period, 340 ~g 

of progesterone, 35 ~g of 17-< hydroxyprogesterone, 89 ~g 

of hydroxy pregn 4 en 3 one 200<, and 35 ~g of androsten­

edione were synthesized by 20,000 to 40,000 live cells 

as compared to only a trace of estrogen. 

Follicular oocytes found denuded of the surround­

ing granulosa cells within the follicle are generally 

atretic and often meiosis in such oocytes has advanced 

beyond the germinal vesicle stage. Thus, the possibility 

arises that LB of the previous cycle May have stimulated 

luteinization of the granulosa cells which surround the 

oocyte resulting in atresia. Erickson (1966) reported 

that the incidence of follicular atresia in the bovine 

increases after the age of six months. 

Follicular atresia May have its onset at any stage 

of follicular growth or maturation, and oocytes may degen­

erate before they have acguired a distinct membrana gran­

ulosa (Mandl and Zuckerman, 1950). The actual cause of 

follicular atresia is not known. In rats, the increased 
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incidence of atresia whiCh occurs post ovulation bas been 

attributed to the action of the corpora lutea (Atkinson 

and Leathem, 1946). Adrnjnistration of progesterone to 

rats increases the incidence of atresia, whereas the ad­

ministration of estrogen demonstrates the opposite effect 

(Young, 1961).. Characteristics of an atretic follicle, 

dissolution of the granulosa cells and denudation of the 

oocyte, have led to the suggestion that the st~ulus for 

normal ovulation is also involved in follicular âtresia, 

since, besides becoming denuded of surrounding follicular 

cells, the oocyte within the atretic follicle often matures 

to the stage seen at ovulation (Edwards,1965ai Suzuki and 

Mastroianni, 1966). In conclusion it appears that Changes 

in the ova during atresia and ovulation result fram hor­

monal changes associated with these phenomena. There 

appears to be a relationship between the increased pro­

gesterone production, and changes in the granulosa cells 

following LH stimulation: dissolution of the granulosa 

cells occurs and the oocyte matures to complete the first 

meiotic division, and Metaphase of the second meiotic 

division. Studies with frog oocytes demonstrated that the 

granulosa cells surrounding the follicular oocyte are nec­

essary for maturation in vivo and in vitro. Removal of 
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these cells inhibits maturation. Progesterone, however~ 

is capable of inducing maturation of these denuded oocytes. 

In mammals, increased levels of progesterone and 

decreased levels of estrogen have been demonstrated in 

preovulatory follicles following LB stimulation. Incuba­

tion of equine granulosa cells has shawn that they are 

capable of synthesizing large amounts of progesterone. 

Progesterone and granulosa cells have been implicated in 

follicular atresia and the partial or complete maturation 

of the oocyte which occurs in suCh follicles. 

Fertilization of oocytes cultured ~ vitro 

Once the oocyte has extruded the first polar body 

and has advanced to Metaphase of the second meiotic divi­

sion, it is considered to be ready for fertilization. 

Only when the fertilizing spermatozoon has entered the 

oocyte is the second meiotic division ended by extrusion 

of the second polar body (Edwards. 1966). 

During the past few years. extensive research has 

been carried out to develop suitable teChniques for the 

fertilization of oocytes in vitro. It appears that in 

MOst mammalian species studied, the spermatozoa must be 

exposed to the female reproductive tract for a period of 
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time before they are capable of ferti1izing oocytes. Dur­

ing this time, the spermatozoon undergoes certain changes, 

known as capacitation. These changes primari1y invo1ve 

the acrosome cap of the sperm ce11. Fresh1y ejacu1ated 

rabbit spermatozoa have been found to be incapable of 

penetrating through the zona pe11ucida of the oocyte. A 

six-hour period of incubation in the fema1e tract was 

found to be necessary before the rabbit spermatozoa cou1d 

penetrate the oocyte (Austin, 1951; Chang, 1951). This 

has been an important factor in the ferti1ization of 

rabbit oocytes in vitro. Success of such experiments has 

depended on the use of spermatozoa recovered from the 

fema1e reproductive tract (Thibault and Dauzier, 1961; 

Dauzier and Thibault, 1961; Chang. 1959; Bedford and Chang, 

1962; Brackett and williams, 1965, 1968; Suzuki and Mastro­

ianni, 1965, 1968b). In hamsters, the process of capaci­

tation appears to be unnecessary (Yanagimachi and Chang, 

1964). The need for capacitation has been demonstrated 

in the rat. a1though the time required is much shorter. 

When rat spermatozoa were introduced at 1aparotomy into 

the oviduct, ferti1ization was not initiated unti1 four 

hours 1ater (Austin, 1951). Attempts to capacitate sperm­

atozoa in vitro have genera11y been unsuccessfu1. However, 
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capacitation of rabbit spermatozoa in vitro has been re­

ported with the use of the enzyme~ amylase 'Kîrton and 

Bafs, 1965), and with the use of mule eosinophi1s (Eric­

sson, 1969). Mudh work remains to be done, however, with 

the rabbit and with other mamma1ian species in order to 

e1ucidate the processes invo1ved in capacitation and to 

deve10p re1iab1e methods of overcoming the phenomenon in 

order to faci1itate and improve !a vitro ferti1ization 

techniques. 

To date, the most wide1y used method of ferti1izing 

oocytes which have been cu1tured in vitro is to transfer 

them into the reproductive tract of a recipient fema1e 

which has been inseminated with spermatozoa. The oocytes 

are transferred into the oviduct, the site of normal ferti-

1ization. Attempts to ferti1ize hamster oocytes fo11owing 

transfer into the uterus were unsuccessfu1 (Hunter, 1968), 

indicating that transfer into the oviduct is necessary for 

optimum ferti1ization. The successfu1 transfer of the un­

ferti1ized oocyte has been dependent on surgica1 techniques, 

since oocytes must be deposited in the oviduct. 

Bovine ova transfers have received much attention, 

yet re1ative1y few successes have been reported (Wi11et et 

al., 1953: Avery et al., 1962: Rowson ~ ~., 1969). 



Prob1ems associated with bovine ova transfers have been 

discussed in detai1 by Dziuk ~!l. (1958). Transfer 

attempts in the past have necessitated the use of ovu1ated 

ova. Donors must be superovu1ated and the ova recovered 

either by sacrificing the donor or by surgica11y f1ushing 

the ova from the reproductive tract (Rowson ~ !l .• 1969). 

Bath of these methods 1imit the practica1 usefulness of 

transferring ova between catt1e. It is important to syn­

chronize the estrus cycle of the recipient fema1e to co­

incide wi th the deve10pment of the ova being transferred 

(Dziuk ~ !!., 1958r Rowson ~ ll.. 1969). The manipula-

tion of ova and the prob1ems associated with such techni­

ques are a1so discussed by Dziuk ~ ll. (1958). 

Pig ova have a1so been successfu11y transferred by 

surgica1 methods (Hancock and Hove11. 1962; Dziuk ~ ll .• 

1964; Vincent ~ !!., 1964; Po1ge, 1966; Hunter ~!l .• 

1967). Successfu1 ova transfers have been reported· in 

the sheep (Hunter ~ al •• 1955, 1962; Hancock and Hove11. 

1961r Adams ~ !!., 1961; Rowson and Moor. 1966a; Moor, 

1968). 

A suitab1e non-surgica1 method of transferring ova 

wou1d be advantageous. Such non-surgica1 techniques are 

receiving increased emphasis. Successfu1 non-surgica1 
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ova transfers have been reported in the pig (Po1ge and 

Day. 1968). Based on a technique first described by 

Rafez and Sugie (1961), successfu1 non-surgica1 ova trans-

fers have a1so been performed on the caw (Mutter et al., 

1964: Sugie, 1965: ROwson and Moor, 1966b). The non-

surgica1 technique invo1ves transferring the ovum into 

the uterus and therefore necessitates that the ovum be 

ferti1ized and deve10ped to the stage that wou1d continue 

! to c1eave and implant in the uterus. 
\ , 

Ferti1ized sheep ova (Averi11 ~ al., 1955) and 

ferti1ized caw ova (Sreenan and Scan1on, 1968) have been 

transferred into the reproductive tract of the rabbit 

where they continue to c1eave norma11y up to the b1ast-

ocyst stage. indicating that the rabbit cou1d potenti-

a1ly serve as an .!B. ~ incubator for the long distance 

shipment of ova. Such an !a vivo system of shipping ova 

or a reliab1e ~ vitro system would be of extreme value. 

Baker and Dziuk (1969) successfully carried out the first 

long distance shipment of ferti1ized pig ova between two 

countries. For this experiment they used an in vitro 

system employing a synthetic tissue culture medium (Med-

ium 199). A time interval of ten hours was involved in 

the shipment of the ova. 

19 
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In surnmary, ferti1ization of oocytes of most mam­

ma1ian species studied requires that the spermatozoa be 

exposed to the environment of the fema1e reproductive 

tract for a period of time. Capacitation of the sperma­

tozoa which occurs during this period is not complete1y 

understood. It serves as a major 1imiting factor to the 

ferti1ization of oocytes in vitro. Ferti1ization in vivo 

of fo11icular oocytes cu1tured !a vitro requires transfer 

of the oocyte into the oviduct of the recipient. Because 

of the surgical procedures involved a greater future lies 

in the non-surgical transfer of fertilized ova. Such pro­

cedures necessitate the use of ova in the ear1y c1eavage 

stages. 

C1eavage of Ferti1ized Ova "In Vitro" 

The fact that current non-surgical ova transfer 

methods require the transfer of ferti1ized, pre-implant­

ation embryos, suitab1e techniques of c1eaving ova !a 

vitro are necessary if maximum use is to be made of ova 

which have been cultured and fertilized !!!. vitro. Such 

techniques would be advantageous in the study of ear1y 

embryonic development and wou1d faci1itate sex determi­

nation of these early embryos (Gardner and Edwards, 1968). 
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Severa1 investigators have reported successfu1 

attempts at cu1turing ferti1ized ova ~ vitro from the 

rabbit (Smith. 1949: Chang, 1950: Purshottam and Pincus. 

1961: Daniel. 1964a.b. 1965; Eàwards. 1964; Daniel and 

Cowan, 1966: Daniel and Krishnan, 1967: Stap1es. 1967: 

Daniel and 01son. 1968: and Onuma ~ ~ •• 1968), the cow 

(Thibault. 1966; Sreenan et al •• 1968), and the mouse --
(Whitten, 1956: McLaren and Biggers, 1958: Biggers ~ !l .• 

1962; Brinster. 1963. 1965a.b,c.d. i968: Brinster and 

Thomson, 1966: Gwatkin, 1966; Auerbach and Brinster. 1968: 

Whitten abd Biggers. 1968; TenBroeck. 1968; Wa1es and 

Brinster. 1968). Most of the studies have been concerned 

with the deve10pment of suitab1e media for cleaving ova. 

First c1eavage of rabbit ova occurred in an amino acid 

free medium but the second cleavage required the presence 

of the amino acids cysteine, tryptophane. phenylalanine, 

lysine, arginine, and valine. Subsequent cleavage required 

the addition of methionine, threonine, and glutamine to 

the medium (Daniel and OIson, 1968). The five-day-old 

rabbit blastocyst has an essentia1 requirement for ten 

amino acids, including three which Were not required for 

ear1ier c1eavages (Daniel and Krishnan, 1967). Detailed 

studies on the cleavage of mouse ova have indicated an 
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optimum pH of 6.8 (Brinster, 1965a). Energy requirements, 

amine acid requirements, .and the effects of fixed nitrogen 

sources have been studied (Brinster. 1965a,b,c.d~ Gwatkin, 

1966). Such studies have demonstrated that the require­

ments for cleavage vary not only according to species but 

also according ta the stage of cleavage of the ovum. 

Prolonged exposure to visible light or short ex­

posure to ultraviolet light has an inhibitory effect on 

the cleavage of mammalian ova (Daniel, 1964b) • 

Attempts to cleave ...:..;-=-.;;. f r (!)Ill the 

early stages through to the blastocyst stage have largely 

been unsuccessful. probably due to the different require­

ments of the developing stages. Rabbit and bovine serum 

are capable of supplying the necessary requirements for 

the development of two- and four-celled rabbit ova into 

blastocysts (Onuma!!:!:..!l •• 1968). Treating the ova with 

one per cent pronase solution to weaken the zona pellu­

cida and adding 0.05 per cent glucose to the serum to 

serve as an extra source of energy significantly increased 

the number of ova developing to the blastocyst stage. Ova 

were cultured in Falcon tissue culture diShes in droplets 

of medium under paraffin oil at 360 c in a humidified mix­

ture of 5% C0
2 

:95% air. A similar technique was used to 



culture two-celled mouse ova through to the blastocyst 

stage ~ vitro (Brinster, 1963). 

There is a great potential for the shipment of 

fertilized ova to distant locations. To date, there is 

no adequate ~ vitro system by whiCh fertilized ova can 

be maintained for the periods of time required for suCh 

shipments • However, fertilized cow and sheep ova have 

been shawn to continue cleaving in the reproductive tract 

of a female rabbit (Hunter ~ !l., 1962: Adams !!Ë. !.!., 

1968: Sreenan and Scanlon, 1968). SuCh a system could 

serve as a useful method of shipping fertilized ova which 

have been cultured in vitro until a reliable method has 

been developed by which a completely in vitro system may 

be used in the shipment of ova. Such ova would then be 

transferred into recipient females for completion of the 

embryonic and fetal development. 

23 
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MATERIALS AND METHODS 

Rabbits. eattle, and swine avaries were obtained 

either by ovarieetomy or immediately after slaughter. 

Virgin New Zealand White does, weighing 2.8 to 4.4 Kg. 

were used as a source of rabbit avaries. The majority of 

cow avaries were recavered from mature animals killed at 

a commercial abattoir. Swine ovaries were removed from 

gilts weighing 85 to 95 Kg. These gilts were slaughtered 

at Macdonald College. 

Oocytes were removed from the ovarian follicles 

using the dissecting equipment shown in Figure 1. The 

follicle was eut or punctured and a slight pressure applied 

in order to force out the follicular fluid and the oocyte. 

The rabbit and the swine oocytes were placed immediately 

in the incubation medium. Glass vials were used to trans­

port the cattle follieular fluid and oocytes from the 

abattoir to the laboratory, a distance of approximately 25 

miles. Temperature was maintained by placing the glass 

vials in a one-gallon thermos containing water at 37oC. 

At the laboratory the oocytes were then transferred from 

the follicular fluid to the incuba~ion medium. A stereo­

scopie microscope was used to assist in the manipulation 
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of the oocytes (Figure 3). 

AlI oocytes were incubated in sterile Falcon plastic 

dishes (50 mm x 12 mm), in an incubator at 37oC, with 5% 

C02 in high humidity air. The oocyte manipulation equip­

ment and incubation dishes are shawn in Figure 2. A few 

oocytes were retained, at each incubation, to serve as 

controls • These oocytes were immediately observed and 

fixed to determine the stage of maturation. 

Following incubation, the oocytes were transferred 

fram the culture dishes to small tubes and shaken vigor­

ously in physiological saline for about one minute in 

order to remove the corona radiata and cumulus oophorus 

cells whidh surround the oocyte (Figure 4), thus facili­

tating observation of the oocyte. The oocytes, in a drop 

of physiological saline, were placed on a microscope 

slide between two ridges of a mixture of paraffin-stopcock 

grease. A coverslip was gently pressed dawn on the ridges 

until contact was made with the saline drop. The oocytes 

were then examined for general condition and presence or 

absence of the first polar body. The oocytes were then 

fixed for 48 hours in 30 per cent acetic acid-70 per cent 

alcohol, and stained with 0.5 per cent orcein in 40 per 

cent acetic acid. The stained chramatin, examined by 
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phase contrast and interference contrast microscopy, indi­

cated the stage of maturation of the oocyte. 



EXPERIMENTS AND RESULTS 

EXPERIMENT 1: MATURATION OF FOLLICULAR 
RABBIT. CATTLE AND SWINE 

OOCYTES ~ VITRO 

Experiment 1. which consisted of four trials. was 

carried out with the purpose of studying various factors 

involved in follicular oocyte maturation ~ vitro. 

Trial 1 was carried out to observe oocytes at the 

various stages of maturation and to obtain photographs of 
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oocytes at the different stages which would assist in ident-

ifying stage of maturation of oocytes of future trials and 

experiments. Condition of the chromatin was used to indi-

cate the stage of maturation. 

Trial 2 was conducted to test the effects of pre-

exposing the medium to the conditions provided by the incu-

bator. '!'wo methods of incubating oocytes were also com-

pared. Oocytes were incubated either in Falcon culture 

dishes containing the medium only or in similar dishes con-

taining droplets of medium under mineral oil. 

Trial 3 was conducted to test the in vitro culture 

system on bovine follicular oocytes and to compare two 

methods of recovering bovine ovaries, these being surgical 
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recovery and recovery from animaIs slaughtered at a nearby 

abattoir. 

Trial 4 was conducted to test the in vitro system 

of follicular oocyte culture on the maturation of follicu-

lar rabbit, cow. and pig oocytes. 

TRIAL 1: Nuclear changes during oocyte 
maturation 

Sixt Y follicular rabbit oocytes were incubated in a 

medium consisting of 90 per cent TC 199 (Difco, Detroit, 

U.S.A.), 10 per cent rabbit serum, supplemented with 100 

I.U. of penicillin and 100 ~g of streptomycin per ml of med-

ium, and buffered with bicarbonate to a pH of 7.0 to 7.2. 

Each oocyte was incubated in a droplet of medium under 

mineraI oil. Oocytes were removed at regular intervals and 

observed under the microscope. Nuclear changes were ob-

served following fixation and staining. 

The series of photographs. shawn in Figures 6 to 19, 

show the nuclear changes seen during the trial. The relation-

ship between the stage of maturation and time of incubation 

is outlined in Table 2. with respect to stage of maturation, 

each oocyte was classified either as immature. partially 

mature, or mature. Immature oocytes still possessed a germ-

inal vesicle or vesicular nucleus following incubation: 
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Table 2. Nuclear changes during rabbit oocyte maturation !!!. vitro 

Culture Time stage of Nucleus 
(HOur~) __ 

stage of Maturation 

o Germinal Vesicle (Fig. 6) Innnature 

1 Germinal Vesicle (Fig. 7) Innnature 

2 Germinal Vesicle (Fig. 8) lnunature 

3 Germinal Vesicle (Fig. 9) Immature 

4 Germinal Vesicle (Fig. 10) Immature 

5 Germinal Vesicle (late) (Fig. 11) Immature 

6 Diakinesis - Early Metaphase (Fig. 12) Partially Mature 

7 Metaphase l (Fig. 13) Partially Mature 

8 Anaphase (Fig. 14) Partially Mature 

9 Anaphase - Telophase (Fig. 15) Partially Mature 

10 Telophase (Fig. 16) Partially Mature 

11 Telophase - First Polar Body (Fig. 17) Mature 

12 First Polar Body, Metaphase II (Fig~ 18) Mature 

13 First Polar Body, Metaphase II (Fig. 19) Mature 
.'!. 

" 

N 
\D 
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partially mature oocytes had developed beyond the vesicular 

nucleus stage but had not formed the first polar body as had 

the mature oocytes. This classification was used to describe 

the stage of maturation of oocytes of succeeding experiments 

and trials. 

The vesicular nucleus was observed for up to S~ hours 

of culture although changes wereoccurring within the nucleus 

(Figures 6 to 11). Condensing of the chromatin (Figure 12) 

and the formation of the first metaphase plate (Figure 13) 

was observed to occur after 5 to 8 hours of culture. Ana-

phase and telophase (Figures 14 to 16) were observed after 

7 to 10 hours of culture. Completion of the first meiotic 

division and extrusion of the first polar body and meta-

phase of the second meiotic division (Figures 17 and 19) 

were observed to occur after 9~ to 12 hours of culture. 

After 12 hours of culture, 4 oocytes were found to possess 

the first metaphase plate and one oocyte still possessed a 

vesicular nucleus. 

TRIAL 2: Pre-exposure of the medium to the 
incubator and the effect of incu­
bating oOcYtes in a droplet of 
medium under mineraI oil 

One hundred and sixty-eight follicular rabbit oocytes 

wera incubated for 12 hours in a medium consisting of 90 per 
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cent TC 199, 10 per cent rabbit serum, supplemented with 

100 1.U. penicillin and 100 ~g streptomycin, and buffered 

with bicarbonate to a pH of 7.0-7.2. The oocytes were in­

cubated in a humidified mixture of 5 per cent 002 :95 per 

cent air at 37oc. Seventy-five of the oocytes were incu­

bated in medium which had not been pre-exposed to the en­

vironment of the incubator. The remaining 93 oocytes were 

incubated in a medium which had been allowed to equilibrate 

with the 5 per cent CO2 in air. Of the 75 and 93 oocytes. 

43 and 45, respectively, were incubated in droplets of med­

ium under mineral oil. Each droplet was approximately 75 

~l in size and contained one oocyte. Falcon culture dishes 

were used for all incubations with 4 to 6 oocytes being in­

cubated in each dish. The mineral oil used for oocytes 

being incubated in the pre-exposed medium was also pre­

exposed to the incubator. 

with the pre-exposed medium, 39 (87%) oocytes incu­

bated under oil were observed to have matured to the first 

polar body stage (Table 3). This was not significantly 

different (P> .05) fram the 45 (94%) oocytes which matured 

in the dishes containing the medium only. Of the oocytes 

incubated in the non-pre-exposed medium l there was a simi­

lar non-significance in the number of oocytes matured in 
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Table 3. Pre-exposure of medium and influence of mineral oil on culture of follicular 
rabbit oocytes in vitro 

Medium Pre-exposed 
Partially 

Immature Mature Mature Total 

Oocytes incubated 
in drop let of 
medium under 
mineral oil 

Oocytes incubated 
in medium only 
(no mineral oil) 

Total 

2 

2 

4 

4 

1 

5 

*Significantly different fram ** (p < .05) 

39* 45 

45* 48 

84* 93 

Medium Not Pre-exposed 
Partially 

Immature Mature Mature Total 

10 10 23** 43 

9 7 16** 32 

19 17 39** 75 

W 
N 
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the droplet under oil and the number of oocytes which matured 

in the dishes containing the medium only. 

Pre-exposure of the medium increased (P( .05) the 

number of oocytes which matured to the first polar body 

stage. This increase was observed with oocytes incubated in 

medium only and in droplets of medium under mineraI oil. 

Of a total of 93 oocytes incubated in pre-exposed medium, 

89 (96%) exhibited germinal vesicle breakdown. Of these 89 

oocytes, 94 per cent matured to the first polar body. Of 

the 75 oocytes incubated in non~re-exposed medium, 56 

(75%) exhibited germinal vesicle breakdown. Of these 56 

oocytes, 70 per cent matured to the first polar body stage. 

A glass electrode pH meter was used to obtain pH values of 

the media. The pH of the medium wi thout any exposure to 

the 5 per cent CO2 of the incubator was observed to be 8.5 

whereas the pH of the medium following exposure to the in­

cubator dropped to 7.0 to 7.2. The TC 199 used contained 

phenol red which turned the colour of the medium from red 

to yellow if the pH dropped below 7.0. Visual observation 

served as a reliable method of appraising the medium to 

determine if equilibration with the incubator had occurred. 

It was observed that at least 2 hours of incubation was 

necessary in order for the medium to become equilibrated. 



TRIAL 3: Use of oocytes from surgically 
recovered cow ovaries vs cow 
ovaries obtained at the 
slaughter house 

34 

Eight ovaries were recovered by ovariectomy frOID. four 

cycling cows. Bach animal was anesthetized with a paraver-

tebral nerve block and laparotomized from the right side. 

A chain ecrasseur was used to remove the ovaries. with the 

aid of a stereoscopie microscope, oocytes were recove~ed 

immediately after removal of the ovaries. 

The technique for recovery of oocytes fram slaughter 

house ovaries has a1ready been discussed. Generally, be-

tween 35 and 45 minutes time lapsed between killing of the 

cattle and evisceration and recovery of the ovaries. 

From the eight surgically recovered ovaries, 29 folli-

cular oocytes were incubated, and from the ovaries obtained 

at the abattoir, 68 follicular oocytes were incubated. All 

oocytes were incubated for 40 hours in a medium of 85 per 

cent TC 199 plus 15 per cent bovine serum and supplemented 

with 100 I.U. of penicillin and 100 ~g of streptomycin per 

ml of medium. The medium was buffered with bicarbonate to 

a pH of 7.1. 

Of the 29 oocytes recovered following ovariectOIny, 4 

remained in the vesicular nucleus stage, and the remaining 

25 (86%) aIl matured to the first polar body stage. Of the 
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68 oocytes recavered at the abattoir all matured beyond the 

vesicular nucleus stage. but only 44 (65%) matured to the 

first polar body stage. The remaining 24 (35%) oocytes 

matured to metaphase or anaphase but did not extrude the 

first polar body. Application of a Chi Squared analysis 

showed that there was no significant difference between the 

maturation of oocytes fram surgically recovered avaries and 

the maturation of oocytes from avaries obtained fram the 

abattoir. 

TRIAL 4: Species differences:Rabbits. Cattle and SWine 

In order to test the value of the in vitro oocyte 

culture procedures discussed in the previous trials. oocytes 

fram three different species were incubated. TWo hundred 

rabbit. 70 cattle. and 190 swine follicular oocytes were 

incubated for 12. 40. ·and 48 hours. respectively. The 

rabbit oocytes were incubated in a medium consisting of 90% 

TC 199 and 10% rabbit serum. whereas the bavine oocytes were 

incubated in a medium consisting of 85% TC 199 and 15% bo­

vine serum, and the swine oocytes were incubated in TC 199 

with up to 20% porcine serum. AlI media contained 100 I.U. 

of penicillin and 100 ~g of streptamycin per ml. Bicarbo­

nate was used to buffer the media to a pH of 7.1. AlI 

oocytes were incubated in droplets of medium under mineraI 
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oil in a humidified mixture of 5% 002 :95% air at 370 C. 

The results of this trial are summarized in Table 4. 

Eighty-nine per cent of the rabbit oocytes and 77% of the 

cattle oocytes matured to the first polar body stage as . 
compared with only 6% polar body formation with the swine 

oocytes. Seventy per cent of the swine oocytes failed to 

mature beyond the germinal vesicle stage as compared with 

8% and 15% of the rabbit and cattle oocytes. respectively. 

The number of swine oocytes exhibiting germinal vesic1e 

breakdown and polar body extrusion was significant1y lower 

(p < .01) than the number of rabbit and catt1e oocytes. 

There was no significant difference between the maturation 

behaviour of the rabbit and cattle oocytes. 

The various levels of porcine serum used with the 

TC 199 did not alter the percentage of swine oocytes exhib-

iting germinal vesicle breakdown and polar body extrusion. 

EXPERIMENT II: IMPORTANCE OF THE CUMULUS 
OOPHORUS AND CORONA RADIATA 
CELLS ON THE MATURATION !! 
VITRO OF FOLLlCULAR RABBIT 

OOCYTES 

a. Effect of remcval and readdition of 
the cumulus and corona ce11s 

Trials involving 178 follicular rabbit oocytes were 
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Table 4. Maturation in vitro of foll!cular rabbit. cow, and pig oocytes 

No. of oocytes 

Culture time (hours) 

Incidence of germinal vesicle 
breakdown and polar body formation (%) 

Completely matured 

Partially matured 

Inunature 

*Significantly different fram ** (p < .01) 

Rabbit Cow 

400 130 

12 40 

87* 78* 

4 8 

9 14 

Pig 

190 

48 

6** 

24 

70 

W 
-.J 



conducted to study the iœportance of the supporting cells 

on !!l vitro maturation. Oocytes were removed fram their 

ovarian follicles and were placed in a medium of TC 199 

(90%) and rabbit serum (10%), supplemented with 100 1.U. 
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of penicillin and 100 ~g of streptomycin per ml and buf­

fered with bicarbonate to a pH of 7.0 to 7.2. AlI oocytes 

were incubated in droplets of medium under mineraI oil at 

370 C in a humidified mixture of 5% CO2 :95% air. The cumu­

lus oophorus and corona radiata cells were left intact on 

216 oocytes. Of these oocytes, 154 were incubated immedi­

ately after removal from their follicles and 62 were left 

in the medium but not placed in the incubator for 7-8 min­

utes while other oocytes were being agitated. Mechanical 

agitation was used to remove the cumulus oophorus cells 

fram 50 oocytes, leaving only the corona radiata cells in­

tact. The remaining 61 oocytes were exposed to sufficient 

physical agitation to remove aIl cumulus and corona radiata 

cells (complete oocyte denudation). Just prior to incuba­

tion cumulus cells were readded to the droplets of medium 

containing 23 of the 61 denuded oocytes. AlI oocytes were 

incubated for 12 hours. 

Delaying incubation for 7-8 minutes resulted in 63% 

of the 69 oocytes maturing to extrude the first polar body, 
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whereas, 88% of the 154 oocytes incubated immediately after 

recovery showed complete maturation (Table 5). This differ­

ence was found, by Chi Squared analysis, to be not signifi­

cant (P) .05). A difference was anticipated because a 

small volume of medium (4 ml) was used to agitate the oocytes. 

Thus, the temperature of the medium quickly dropped to that 

of the laboratory and the pH increased to 8.0-8.5 due to 

the loss of CO2 to the air. 

Removal of the cumulus oophorus, leaving the corona 

radiata intact, did not significantly alter (P) .05) the 

number of oocytes exhibiting germinal vesicle breakdown 

(GVBD) and formation of the first polar body. However, re­

moval of both cumulus oophorus and corona radiata cells re­

duced (P< .05) the number of oocytes exhibiting GVBD and polar 

body formation. Only 7 (18%) of the 38 denuded oocytes com­

pletely matured to the first polar body stage. This was lower 

than the number of non-denuded oocytes that underwent matura­

tion. Re-addition of cumulus oophorus cells to the droplets 

of medium containing denuded oocytes increased (P< .05) the 

numbers of oocytes exhibiting GVBD and first polar body ex­

trusion. Sixteen (70%) denuded oocytes exhibited GVBD of 

which Il oocytes matured to extrude the first polar body 

when incubated in the presence of re-added cumulus 
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Table 5. Influence of oocyte denudation on maturation in 
vitro of follicular rabbit oocytes 

Control Oocytes 
Incubated immediately 

Incubation Delayed 

Oocytes with Intact 
Corona Radiata 

Oocytes campletely 
Denuded of surround­
ing Cells 

Denuded Oocytes with 
Cumulus Re-added 

Immature 

8(5%) 

9 (14%). 

5(9%) 

25 (66%) 

7 (30%) 

Partially 
Mature Mature 

Il (7%) 135(88%). 

14 (23%) 39 (63%) 

15 (25%) 35 (66%) 

6 (16%) 7 (18%) 

5 (22%) Il (48%) 
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cells compared with only 13 (34%) denuded oocytes which ex-

hibited GVBD, 7 maturing to the first polar body. when in-

cubated in the droplet without re-added cumulus cells. 

b. Effect of incubating intact follicles 

In order to observe the influence that the complete 

follicle exerts on the maturation of the follicular oocyte. 

35 follicles were removed from rabbit avaries and were incu-

bated in a similar medium and under the same conditions as 

described in part "a" of this experiment. 

Following culture for 12 hours, the 35 follicles 

were punctured to remove the oocytes. TWenty-three oocytes 

were examined microscopically and aIl were found to still 

contain the germinal vesicle. The remaining 12 oocytes were 

immediately incubated in the culture medium for another 12 

hours. Microscopie examination of these oocytes revealed 

that, after the second culture period, 4 oocytes had exhib-

ited germinal vesicle breakdown and had matured to meta-

phase of the first meiotic division. The remaining 8 oocytes 

did not exhibit germinal vesicle breakdown. 

EXPERIMENT III: EFFECTS OF ESTRADIOL l7~ AND 
PROGESTERONE ON THE !!t VITRO 
MATURATION OF FOLLICULAR RAB­
BIT AND COW OOCYTES 

Trials involving 539 follicular rabbit oocytes and 
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306 follicular cow oocytes were conducted to study the 

effects of estradiol l7f' and progesterone on their subse­

quent maturation .!!!. vitro. Rabbit and caw oocytes were re­

moved fram their ovarian follicles by the previously dis­

cussed method and were incubated for 12 hours and 40 hours, 

respectively, in TC 199 plus 10% hamologous serum for rabbit 

oocytes or 15% homologous serum for cow oocytes. In addition, 

the medium was supplemented with 100 lU of penicillin and 

100 ~g of streptomycin per ml and buffered with bicarbonate 

to a pH of 7.0 to 7.2. All oocytes were incubated in a drop­

let of medium under mineraI oil at 370 C with 5% CO2 in high 

humidity air. Since both estradiol l7~ and progesterone 

are insoluble in aqueous solutions, it was necessary to 

dissolve them in absolute methanol. stock solutions of pro­

gesterone (1 gm per 250 ml absolute methanol) and estradiol 

17)5 (2 gm per 250 ml ab~olute methanol) were maintained. 

The methanol was added to the medium to give steroid con­

centrations of 48 ~g/ml of estradiol 17 jJ or 32 ~g/ml of 

progesterone. On two of the three subgroups, mechanical 

agitation was employed to remove the cumulus oophorus cells 

or to remove all supporting cumulus oophorus and corona rad­

iata cells. In addition to adding estradiol l7J' and pro­

gesterone to the media, control incubations were conducted 
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using TC 199 plus serum only or TC 199 plus serum and meth-

anol. The amount of absolute Methanol added to the media 

corresponded to the amount added with the estradiol 171' 

and progesterone. 

The results of this experiment are summarized in 

Table 6 (rabbit oocytes) and Table 7 (cow oocytes). 

RESULTS OF EXPERIMENT III: 

a. Effect of absolute alcohol 

Sixty-one follicular rabbit oocytes and 35 follicu-

lar cow oocytes were incubated in the TC 199 and serum med-

ium containing, in addition, an amount of absolute methanol 

equivalent to that added with the estradiol l7)S and pro-

gesterone of the other media. Application of a Chi Square 

analysis to the results indicated that the absolute alcohol 

in the medium did not significantly alter (P> .01) the !!!. 

vitro maturation behaviour of either the rabbit or the cow 

oocytes when compared with the control oocytes incubated in 

the medium containing no alcohol or steroid. This was true 

for oocytes with both cumulus oophorus and corona radiata 

cells intact, oocytes with only the corona radiata cells 

intact, and completely denuded oocytes. 

b. Effect of estradiol l7AS , 
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Table 6. Influence of estradiol 17)9 and progesterone on 
maturation of rabbit oocytes 

Partially 
Immature Mature Mature 

Medium onlI 'control): 
Control (normal) oocytes 

Incubated immediately 8(5%) Il (7%) 135(88%) 
Incubation delayed 9(14%) 14(23%) 39(63%) 

Cumulus removed 5(9%) 15 (25%) 35 (66%) 

Campletely denuded 25 (66%) 6 (16%) 7 (18%) 

Cumulus re-added 7 (30%) 5 (22%) 11(48%) 

Medium Elus absolute methanol: 
Control (normal) oocytes 1(4%) 4(18%) 18 (78%) 

Cumulus removed 3 (24%) 5(38%) 5(38%) 

Completely denuded 12 (48%) 8 (32%) 5(20%) 

Medium e1us estradiol 17~ : 
Control (normal) oocytJS 10 (43%) Il (47%) 2 (9%) 

Cumulus removed 5 (36%) 8 (57%) 1(7%) 

Complete1y denuded 37 (73%) 6 (12%) 8(15%) 

Medium Elus Erggesterone: 
Control (normal) oocytes 3 (13%) 9 (3goA,) 11 (48%) 

Cumulus removed 0 2 (50%) 2 (50%) 

Complete1y denuded 12 (30%) 18 (44%) Il (26%) 
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Table 7. Influence of estradiol l7fJ and progesterone on 
maturation of cew oocytes 

Medium only (control): 
Control (normal) oocytes 

Incubated immediately 
Incubation delayed 

Cumulus removed 

Campletely denuded 

Cumulus re-added 

Medium plus absolute methanol: 
Control (normal) oocytes 

Cumulus removed 

Campletely denuded 

Medium plus estradiol l7~ : 
Control (normal) oocytJS 

Cumulus removed 

Completely denuded 

Medium plus progesterone: 
Control (normal) oocytes 

Cumulus removed 

Campletely denuded 

Partially 
Immature Mature 

4(4%) 
4(12%) 

o 

27 (75%) 

3 (43%) 

1(7%) 

1(10%) 

7 (64%) 

11(65%) 

7 (78%) 

11 (85%) 

1 (6%) 

o 

1 (8%) 

28 (27%) 
9 (26%) 

4(36%) 

7 (19%) 

2 (28.5%) 

3 (21%) 

4(40%) 

3 (27%) 

4(23%) 

1 (ll%) 

2 (15%) 

36 (40%) 

7 (54%) 

6(46%) 

Mature 

71 (69%) 
21 (62%) 

7 (64%) 

2 (6%) 

2 (28.5%) 

10 (72%) 

5(50%) 

1(9%) 

2 (12%) 

1(11%) 

o 

8 (54") 

6(46%) 

6 (46%) 

.. 



46 

Estradiol 17/3 reduced (P<: .01) the number of rabbit 

oocytes and reduced (P<. .05) the number of cow oocytes which 

matured to the first polar body stage when compared with 

oocytes incubated in the absence of steroid. This appar­

ent block to complete maturation occurred in both normal 

follicular oocytes and in oocytes with only the corona rad­

iata cells attaChed. The influence of the estradiol l7)S 

on the normal oocytes containing both cumulus oophorus and 

corona radiata cells was not significantly different (P>.05) 

fram its influence on oocytes from whiCh the cumulus oophorus 

cells had been removed. Three (8%) out of 37 non-denuded 

rabbit oocytes and 3 (11.5%) out of 26 non-denuded cow 

oocytes matured to extrude the first polar body. _ Nineteen 

(51%) non-denuded rabbit oocytes and 8 (31%) non-denuded 

cow oocytes exhibited germinal vesicle breakdown compared 

with 249 (92%) non-denuded control rabbit oocytes and 140 

(95%) non-denuded control cow oocytes which exhibited germ­

inal vesicle breakdown. 

within the estradiol l7j9 treatment. maturation 

beyond the germinal vesicle stage occurred in significantly 

more (p < .05) non-<lenuded rabbit oocytes (59.4%) than in the 

completely denuded rabbit oocytes (27%). Of the 59.4%w 

51.3% matured only to metaphase of the first meiotic divi­

sion and 8.1% matured to extrude the first polar body. Of 
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the 27% of the denuded rabbit oocytes which matured beyond 

the germinal vesicle stage, 12% matured to Metaphase land 

15% matured to extrude the first polar body. Cow oocytes 

differed in this respect in that the maturation behaviour 

in vitro of the non-denuded cow oocytes incubated in the 

presence of estradiol 17/1 was not different(P > .05) from 

that of completely denuded oocytes also incubated in the 

presence of estradiol l7j.9 • 

The maturation behaviour of the denuded rabbi t and 

cow oocytes incubated in the estradiol 171' med~um was not 

significantly different (P> .05) from that of the denuded 

oocytes incubated in the steroid free, control medium. The 

incidence of polar body formation in non-denuded rabbit 

oocytes and the incidence of GVBD and polar body formation 

in non-denuded cow oocytes incubated in the presence of 

estradiol 17)' was not significantly different from that 

observed in completely denuded oocytes incubated in the 

control medium. 

c. Effect of progesterone 

within the progesterone treatment, there was no 

difference (P> .05) in the maturation behaviour of normal 

follicular rabbit oocytes (cumulus and corona radiata in­

tact) and rabbit oocytes from which the cumulus oophorus 
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cells had been removed. A similar maturation behaviour 

was observed with both groups of non-denuded cow oocytes. 

Unlike the maturation behaviour of denuded vs non-denuded 

rabbit and cow oocytes incubated in the control medium, 

there was no significant decrease in the incidence of GVBD 

and polar body formation in denuded rabbit and cow oocytes 

incubated in the presence of progesterone compared with the 

observed incidence in non-denuded oocytes incubated in the 

presence of progesterone. 

The incidence of polar body formation (48%) in non­

denuded rabbit oocytes was significantly higher (P< .01) 

when incubated in the presence of progesterone than the 

incidence (8%) observed in non-denuded rabbit oocytes in­

cubated in the presence of estradiol l7~. with non­

denuded cow oocytes, the incidences of both GVBD (96%) and 

polar body formation (50%) were higher (p < .01) when oocytes 

were incubated in the presence of progesterone than when 

oocytes were incubated in the presence of estradiol 17)9 

(32% GVBD; 12% polar body formation). Significantly more 

(P< .05) denuded rabbit and cow oocytes, incubated in the 

presence of progesterone, exhibited GVBD than did denuded 

oocytes incubated in the presence of estradiol 17)5 • 

There was no difference (P> .05) between the inci­

dence of GVBD and polar body extrusion in non-denuded 
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oocytes incubated in the presence of progesterone and that 

of non-denuded oocytes incubated in the control medium. 

With campletely denuded cow oocytes, the incidence of GVBD 

and polar body formation was significantly higher (p( .01) 

when oocytes were incubated in the presence of progesterone 

than when incubated in the control medium. with campletely 

denuded rabbit oocytes, however, the incidence of polar 

body formation (26%) observed in oocytes incubated in the 

presence of progesterone was not different (P> .05) fram 

the incidence of polar body formation (18%) in the denuded 

oocytes incubated in the control medium. However, the inci-

dence of GVBD (70%) in such oocytes was higher (P( .05) when 

incubated in the presence of progesterone than when incuba-

ted in the control medium (34%). 

EXPERIMENT IV: FERTILIZATION ~ mQ. OF 
OOCYTES MATURED m VITRO 

Trial 1: Rabbit OOcytes 

Two mature female New Zealand White rabbits were 

mated naturally during normal estrus. Eight hours after 

mating/both rabbits wera anesthetized with halothane ("Fluo-

thane", Ayerst Laboratories. Montreal. Canada). A ventral 

midline incision was made beginning at the urnbilicus and 
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extending caudally about 2 inches. Bach ovary and oviduct 

was carefully exteriorized. pive follicular rabbit oocytes, 

which had been cultured during the previous 12 hours, were 

transferred into each oviduct. A glass-tipped micropipette 

was used in the manipulation and transfer of the oocytes. 

The avary and aviduct were returned to the peritoneal cavity 

and the incision closed. 

Twenty-six hours after surgery. both recipients were 

killed. The avaries, oviducts. and uterus of each rabbit 

were remaved. OVaries were examined for the presence and 

number of carpora lutea, indicating the number of ovulated 

ova which would be present in each aviduct. Bach oviduct 

was flushed from the infundibulum to the utero-tubal junc­

tion with 5 ml of physiological saline, then in the opposite 

direction with 5 ml. with the aid of a stereoscopic micro­

scope (Figure 3) the ova were recovered from the 10 ml of 

saline. 

Microscopic examination of the ova recovered from the 

first rabbit revealed that 7 of the 8 ava recovered fram 

the left aviduct and 7 of the 9 ova recovered fram the 

right aviduct had cleaved to at least the two-celled stage. 

The left and right ovaries contained 4 and 5 corpora lutea, 

respectively, indicating that at least 3 of the 5 ova trans-



ferred into the le ft oviduct and at least 2 of the 5 ova 

transferred into the right oviduct had been fertilized. 
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Microscopie examination of the ova recovered fram 

the second rabbit revealed that aIl Il ova recovered fram 

the left oviduct and 7 of the 8 ova recovered fram the right 

oviduct had cleaved to at least the two-celled ~tage. Six 

and 4 corpora lutea were found on the left and right ovar­

ies. respectively, indicating that aIl 5 of ova transferred 

into the left oviduct and at least 4 of the 5 ova trans­

ferred into the right oviduct had been fertilized. 

Tr ial 2: Cow Ooçytes 

Four heifers were treated with subcutaneous implants 

of melengestrol acetate ~~, British Deug Bouses. Toronto, 

Canada) for at least 18 days prior to transferring oocytes. 

This treatment was found to effectively inhibit estrus in 

all animals. Normal standing estrus was observed about 3 

days following removal of the implant. AlI animaIs had 

exhibited estrus prior to the hormone treatment. 

Reifer No. 1: Attempts to artificially inseminate 

heifer No. 1 during estrus failed because of a very small 

cervix. The animal was anesthetized by standard lumbar 

epidural "analgesia procedures. A high lumbar incision, 12 

to 16 inches in length, was made on the heifer' s right side. 
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Because of the unsuccessful attempts to artificially insem­

inate the animal, surgical insemination was carried out with 

samen contents of two standard glass frozen semen vials be­

ing injected directlyinto the uterine body. Twenty folli­

cular cow oocytes, whiCh had been recovered fram the aba­

ttoir and cultured for 40 hours, wer'e transferred into the 

right oviduct (Figure 21) • 

Difficulty was encountered in positioning the ovi­

duct for the transfer since the reproductive tract of the 

heifer was small. Excessive handling of the reproductive 

tract resulted. 

The heifer was killed 3 days after the transfer. 

The uterus. oviducts, and ovaries wereremoved. One corpus 

luteum was observed on the right ovary. The oviduct and 

the uterus were carefully flushed with physiological saline. 

Only one ovum was recovered and microscopic examination re­

vealed that it was not fertilized. No spermatozoa were 

found on the ovum or in the reproductive tract. 

Heifer No. 2: The heifer was prepared for the trans­

fer in a manner similar to that described for heifer No. 1. 

Ten follicular oocytes, which had been cultured for 36 hours, 

were transferred into the right oviduct 8 hours after arti­

ficially inseminating the animal with 3 ml of freshly 
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ejaculated semen. A sample of the semen was examined micro-

scopically to ensure adequate spermatozoan viability. 

The animal was killed two days after the transfer. 

Flushing of the oviduct resulted in the recovery of 6 ova. 

Microscopic examination of these ova revealed that 4 had 

undergone abnormal cleavage or segmentation. None of the 

ova was fertilized. No spermatozoa were found on the ova 

or in the reproductive tract. 

Reifers No. 3 and No. 4: The two animaIs were arti-
( 

ficially insemi'nated with 3 ml of freshly ejaculated semene 

Bath heifers were anesthetized by standard caudal epidural 

analgesia procedures. A vaginal speculum, ta whiCh 2 bat-

tery operated lights had been attached (Figure 27,), was 

inserted into the vagina. A five inCh incisio~ was made 

through the dorsal portion of the vagina. Manually, each 

ovary and oviduct was exteriorized fram the peritoneal 

cavity through the vaginal incision. Because of the small 

size of the reproductive tract of heifer No. 3, attempts ta 

position the oviduct closer ta the vulva proved unsuccess-

fuI and no oocytes were transferred. Similar problems 

were encountered with heifer No. 4 in that the small size 

of the vulva, vagina, and uterus prevented the exposure of 

the oviduct necessary for transfer of oocytes. 
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Trial 3: COW Oocytes Transferred into Sheep 

Four mature ewes vhich had failed to conceive during 

the normal breeding season vere used in this trial. The 

ewes had been kept under controlled light conditions, the 

amount of light at the time of the experiment being similar 

to that of the normal breeding season. 

(a) Ewes No. 1 and No. 2 were treated with a subcut­

aneous injection of 750 I.U. of pregnant mares· serum (PMS, 

Il Equinex", Ayerst Laboratories. Montreal, Canada) followed, 

48 hours later. by an intramuscular injection of 500 1.U. 

of human chorionic gonadotrophin (RCG, "A.P .L.", Ayerst 

Laboratories, Montreal. canada). Bath ewes were artifi­

cially inseminated 20 hours after the;',injection of ReG. 

Seven hours post-insemination, the ewes were anes­

thetized with halothane. A mid.-.ventral incision was made, 

beginning at the umbilicus and extending caudally 5 inches. 

Follicular cow oocytes vhich had been recovered fram the 

abattoir and cultured for 38 hours were used in the trans­

fers. Five oocytes vere transferred into each oviduct of 

ewe No. land 4 oocytes were transferred into each oviduct 

of ewe No. 2. 

Ewe No. l was killed 40 hours after the transfer. 

One corpus luteum was observed on the left ovary. No ova 
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were found in the left oviduct. One l-celled ovwn was found 

in the left uterine horn. '!'he right ovary contained two 

corpora lutea. Three cow ova and 2 sheep ova were recovered 

fram the right oviduct. AlI ova were one-celled and the 

cytoplasm of the cow ova had shrunken (Figure 26). No 

spermatozoa were found on the ova or in the reproductive 

tract. 

EWe No. 2 was killed 60 hours after the transfer. 

No corpora lutea were found on the left ovary. '!'wo ova. 

both one-celled were recovered from the left oviduct. No 

corpora lutea were observed on the right ovary. Four ova 

were recovered from the right oviduct. The cytoplasm of 

aIl ova recovered had shrunken as with the cow ova recov­

ered from ewe No. 1. No spermatozoa were found on the ova 

or in the reproductive tract. 

(b) Vaginal pessaries containing flurogestone acetate 

("Cronolone", G.D. Searle. Chicago. U.S.A.) were inserted 

into the vaginas of ewes No. 3 and No. 4. 9S hours after 

the injection of BCG (as described in part (a) of this 

trial). '!'he pessary in ewe No. 3 was lost during the 20 

day treatment per iod • The pessary in ewe No. 4 was removed 

at this time. Similar treatment with PMS and BCG was com­

menced 48 hours following the removal of the pessary from 
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ewe No. 4. Eight hours after artificially inseminating the 

animals. 5 follicular cow oocytes were transferred into 

each oviduct of ewe No. 3 and ewe No. 4. 

Beth animals were killed 40 hours after the transfer. 

No corpora lutea were found on the avaries of ewe No. 3. 

Two one-celled ova were recovered from the left oviduct. 

Shrinking of the cytoplasm had occurred. No ova WE'.re found 

in the right oviduët or in the uterus. No spermatozoa were 

found ~n the ova or in the reproductive tract. 

Two corpora lutea were found on the left ovary and 

one corpus luteum was found on the right ovary of ewe No. 4. 

Three ova. all unfertilized, were recovered from each ovi-

du ct • Cytoplasmic shrinking was observed in the cow oocytes. 

No spermatozoa were found. 

EXPERIMENT V: CLFAVAGE Yi VITRO OF OVA 
FERTILIZED m VIVO 

New Zealand White does, weighing fram 3.5 to 4.5 kg 

were given 6 subcutaneous injections of 50 I.U. of EMS each. 

administered at 12 hour intervals. Twelve hours following 

the last injection, an ovulatory dose (100 I.U.) of BCG was 

administered, intravenously. The animals were then mated 

naturally. Approximately 24-26 hours following the injection 
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of BCG. the animaIs were killed and the oviducts immediately 

excised. Ten ml of WarIn (370 C) culture medium was used to 

flush each oviduct. Two-celled ova recovered from the 

flushings were quickly incubated in a droplet of medium 

under mineraI oil in a humidified mixture of 5% CO2 :95% air 

at 37oC. OVa were cultured for at least 24 hours. at which 

time they were observed microscopically for indications of 

cleavage beyond the two-celled stage. 

Trials involving 283 two-celled rabbit ova were con­

ducted. Sixty-eight ova were incubated in 100% rabbit ser­

um, 73 ova were incubated in TC 199 plus 10% X'abbit serum, 

47 ova were incubated in TC 199 plus 50% rabbit serum, and 

95 ova were incubated in 100% pig serum. AlI media were 

supplemented with 100 I.U. of penicillin and 100 ~g of 

streptomycin per ml. 

Fifty-four (86%) of the ova cultured in 100% rabbit 

serum cleaved beyond the initial two-celled stage. Twenty­

two (30%) of the ova cultured in TC 199 plus 10% rabbit 

serum developed beyond the two-celled stage. whereas. 20 

{42%l of the ova cultured in TC 199 plus 50% serum cleaved 

to at least the 4-celled stage. Thirty-five (37%) of the 

ova cultured in 100% pig serum cleaved beyond the two-celled 

stage. 
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Application of a Chi Squared analysis to the above 

results indicated that more ova (p < .05) underwent cleavage 

beyond the two-celled stage when cultured in 100% rabbit 

serum than when culture in the three other media. The 

maximum cleavage stage observed with ova cultured in 100% 

~ig serum wasthe 8-celled stage (Figure 28) whereas the 

maximum cleavage stage observed with ova culture in 100% 

rabbit serum was the l2-celled stage (Figure 29). 
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DISCUSSION 

The fact that follicular oocytes will.resume meiosis 

and mature to Metaphase of the second meiotic division ~ 

vitro has been weIl documented and demonstrated in severai 

mammalian species including the mouse, rabbit, cow, pig, 

rhesus monkey and human. Various media have successfully 

been used to incubate oocytes. The culture medium con­

sisting of TC 199 and homologous serum was selected on the 

basis of the results obtained by Edwards (1965b). During 

the present experiments, this medium was observed to be 

reliable for the culture of follicular cow and rabbit 

oocytes. The fact that very few follicular pig oocytes 

matured in vitro in the TC 199 medium differs from the 

observations of Edwards (1965b). The difference, however, 

May not be due to the medium used. Whereas aIl rabbit and 

cow oocytes were recovered from sexually mature, cycliüg 

animaIs, aIl pig oocytes were recovered fram prepuberal 

gilts. Further trials involving oocytes fram both immature 

and mature animaIs would indicate if sexual maturity is a 

necessary requirement for maturation of pig oocytes. The 

observations of Onuma and Foote (1969), that 9-17 week old 

calves could be superovulated and inseminated, resulting in 



60 

fertilized ova, indicate that in the bovine, at least, sex­

ual maturity is not necessary or, if it is, superovulatory 

procedures overcame the immature condition of the ovary. 

The value of pre-exposing the culture medium to the 

5% C02 of the incubator was demonstrated. Incubation of 

oocytes in non-pre-exposed meQi~ significantly reduced the 

number of oocytes maturing to the first polar body. Since 

the non-pre-exposed medium had been heated to 370 C prior to 

incubation, influences imposed upon oocyte maturation can 

be attributed to differences in pH of" the media. The non­

pre-exposed medium had an initial pH of 8.5, whereas, the 

pH of the pre-exposed medium at the time of incubation was 

7.0-7.2. Further examination of the results reveal that 

the decrease in the number of polar bodies extruded in the 

non-pre-exposed medium corresponded with an increase in the 

number of oocytes which remained in the germinal vesicle 

stage. This indicates that the initially high pH of the 

non-pre-exposed medium had a detrimental effect on the 

oocytes resulting in more oocytes remaining in the germinal 

vesicle stage. 

No differences in maturation were observed when 

oocytes were incubated under mineral oil or when they were 

incubated in dishes containing the medium only. However, it 
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used because of the improved convenience in isolating and 

locating individual oocytes. 

61 

Although oocytes were first matured ~ vitro several 

years ago (Pincus and En~. 1935). most of the work con­

cerning the culture of oocytes has been reported during 

the past 10 years. M~~h emphasis in tbese studies has been 

placed on improving teChni~~s. developing new media, and 

maturing the follicular oocytes with the view of fertiliz­

ing them in vivo or i:!!. vitro. Few reports have attempted 

to elucidate the factors involved in stimulating maturation 

in vivo or in vitro. The mechanism by which luteinizing 

hormone induces oocyte maturation and ovulation ~:vivo is 

not known. The fact that maturation .!B. vitro occurs in the 

absence of LH suggests that LH serves as a mechanism to 

trigger changes within the follicle whiCh, in turn, results 

in maturation of the' oocyte. Similar changes could result 

by puncturing the follicle and removing the oocyte. 

The inhibition of maturation that was observed follow­

ing complete oocyte denudation indicates that the supporting 

cumulus oophorus and corona radiata cells exhibit an import­

ant influence on the resumption of maturation of follicular 

oocytes. The cumulus oophorus cells do not appear to be 

necessary since oocytes denuded of these cells, leaving the 
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corona radiata intact, matured as did the normal control 

oocytes. Removai of the corona radiata cells significantly 

inhibited oocyte maturation. This might indicate that agi­

tation employed in the denudation process, may have had a 

detrimental effect on the oocytes. However, re-addi~ion of 

cumulus oophorus cells (Figures 21, 22 and 23) to the drop­

lets of medium containing denuded oocytes did not result in 

a significant decrease in polar body extrusion, demoDstrat­

ing that agitation did not result in the observed decrease 

in maturation and also that cumulus oophorus cells alone, 

without corona radiata, were capable of supporting matura­

tion. Such observations demonstrate that the supporting 

cumulus oophorus and corona radiata cells are directly 

involved in the induction of oocyte maturation. A similar 

decrease in human oocyte maturation following denudation 

was observed by Kennedy and Donahue (1969). 

The mechanism by which the supporting cells indu ce 

oocyte maturation is not known. It is known, however, that 

processes from the corona radiata cells (Figure 5) pass 

through the zona pellucida of the oocyte and it is possible 

that these tube-like processes may be involved in the rela­

tionship between the corona radiata cells and oocyte matura­

tion. 
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Studies with frog (~pipiens) oocytes have impli-

cated a relationship between the supporting cells surround-

ing the oocyte and the ovarian hormone, progesterone, since 

denuded frog oocytes failed to mature in vitro unless pro-....... 

gesterone was added to the medium (SChuetz. 1967a,b: Masui. 

1967). There is a possibility that a similar relationship 

may exist with mammalian oocytes and it was decided to study 

the effects of the ovarian hormones progesterone and estradiol 

l7J9 on maturation of rabbit and cow oocytes. 

Since both progesterone and estradiol l7)! are highly 

insoluble in aq~eous solutions, it was necessary to dissolve 

them in absolute alcohol prior to adding them to the TC 199 

medium. Absolute methanol was selected as the alcohol with 

the anticipation that it would not serve as an additional 

energy source. The absolute methanol did not have an adverse 

effect on the oocytes indicating that for such studies it was 

a suitable solvent for the steroids. 

The observed effects of progesterone and estradiol 17)9 

on the maturation of follicular rabbit and cow oocytes are 

interesting. Of these effects, the most important are the 

inhibition of polar body formation in non-denuded oocytes 

incubated in the presence of estradiol 17)' and the increased 

incidence of germinal vesicle breakdown and polar body 
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formation in denuded oocytes incubated in the presence of 

progesterone (Figure 20). Estradiol l7~ appeared to exert 

its inhibiting influence on the maturation of the rabbit 

oocytes following the initiation of germinal vesicle break­

down, although prior to the time of polar body extrusion. 

With cow oocytes, the estradiol l7~ exerted its inhibitory 

influence prior to the time of germinal vesicle breakdown. 

This difference between rabbit and cow oocytes might possibly 

be explained by the difference in maturation times of the 

oocytes. œf more than 4 or 5 hours is required for estra­

diol l7jS, at the level and conditions used, to completely 

exert its influence, the rabbi~ oocytes would have already 

proceeded beyond the germinal vesicle stage. whereas, the 

cow oocytes would not have. The same situation might pos­

sibly explain the fact that incubating denuded oocytes in 

the presence of progesterone increased both germinal ves­

icle breakdown and polar body extrusion in cow oocytes and 

only germinal vesicle breakdown in rabbit oocytes. If pro­

gesterone requires a period of a few hours to exert its 

stimulating influence on oocyte maturation, the 12 hour in­

cubation period for rabbit oocytes may have been insufficient 

for complete realization of the influence of progesterone 

on denuded rabbit oocytes. A longer incubation period for 
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such oocytes would have indicated if this was the case or if 

the differences were due to faulty procedures at the time of 

the incubations. 

The mechanism by which estradiol l7J' and progesterone 

exert their influence on oocytes has not been reported. Re­

ports concerning the induction of oocyte maturation are rela­

tively few and present attempts to explain possible mechanisms 

by whidh follicular oocytes begin to mature in !!!2 or ~ 

vitro following long periods of dormancy necessitate combin­

ing observations obtained fram several species. The present 

observations with rabbit and cow oocyte denudation and the 

addition of progesterone and estradiol l7jS to the culture 

medium indicate a similar behaviour ~ vitro of rabbit. cow, 

and amphibian oocytes. Although the reproductive physiology 

of amphibians is quite different in Many respects from that 

of mammals. it appears that factors involved in inducing 

germinal vesic~e breakdawn and polar body extrusion in mam­

mals and amphibians may be similar. 

A possible relationship between the observed influence 

of the granulosa cells and the observed influence of progest~ 

erone lies in the observations of Channing (1966) that equine 

granulosa cells were capable of synthesizing progesterone 

when incubated ~ vitro. Removal of the granulosa cells from 
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the follicle appeared to provide the stimulus for luteiniza­

tion of the cells. Such luteinization of the granulosa cells 

may have served as a source of the increased progesterone 

levels within the ovarian follicles immediately following 

LB stimulation in the rabbit (Hilliard ~ ~., 1961, 1963: 

Solod ~ al., 1966). Until LH stimulation .!:!!. vivo or incu­

bation of the oocyte in vitro, the Graafian follicle is under 

the influence of estrogen. Chatterton ~~. (1969) observed 

decreased estrogen synthesis by the ovaries of rats follow­

ing LB stimulation. 

On the basis of sudh reports and of the observations 

provided by the present experiments, it is proposed that the 

ovarian hormone progesterone provides the stimulus for the 

resumptiori of meiosis !!l vivo and in vitro, leading to matur­

ation of the oocyte. Estrogen, on the other hand, may func­

tion to inhibit maturation, the inhibitory influence being 

overcome following LH stimulation of the follicle or removal 

of the oocyte from the inhibitory influence. Such an inhib­

itory and stimulatory medhanism of estrogen and progesterone 

wou Id not only explain observations provided by incubation 

of normal oocytes, denuded oocytes, and denuded oocytes in 

the presence of re-added granulosa cells, but, would also 

help to explain follicular atresia, the occurrence of which 
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increases following sexual maturity. It may be possible that 

the stimulating dose of LB on a given follicle May be suffi­

cient to indu ce luteinization of the granulosa cells yet not 

sufficient to result in ovulation of the oocyte fram the 

tollicle. The increased incidence of atresia b6 rat oocytes 

following the administration of progesterone ~oung, 1961) 

could similarly be accounted for. Thus the results of the 

experiments reported in this thesis and reports by several 

workers indicate a role of progesterone in the induction of 

oocyte maturation with estrogen functioning to inhibit mat­

uration of the oocyte within the developing follicle until 

the time of LB release or removal of the oocyte fram the 

follicle, both of which result in an increase in the pro­

duction of progesterone. 

It was observed that oocytes, incubated within a cam­

pletely intact follicle, failed to mature beyond the germi­

nal vesicle stage. This failure to mature was not altered 

even if these intact follicles were incubated in the presence 

of progesterone. Such observations could be explained by 

the possible barrier of the follicular membrane to the flow 

of progesterone. Since luteinization of the cumulus and 

corona cells is induced by removing them fram the follicle, 

there would be no progesterone production within such 
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follicles, and the oocytes would remain under the inhibitory 

influence of estrogens within the follicle. 

IJ.'epperman and IJ.'epperman (1960) reviewed several effects 

of hormones on cells and cell constituents. Relatively litt le 

appears to be known concerning the precise action and· site 

of action of hormones on cells. Some hormones are known to 

cause changes in cell membrane permeability. Various hor-

mones have been shawn to effect the transport of amino acids 

across cell membranes. This particular role may be of signi-

ficance concerning the influences of progesterone and estra-

diol l7,s on the oocyte. Roall et al. (1957) reported that --
estradiol caused a marked'accumulation of a test'amino acid 

in the cells of the uterus but not in the liver cells, demon-

strating a variable effect of a hormone, depending on the 

tissue. The site of action of the progesterone and the 

estradiol l7~ could be at the surface of the oocyte, the 

progesterone functioning to permit entry into the oocyte of 

substances suCh as amino acids which may be required in the 

medium. The use of labelled amino acids would facilitate 

such studies involving maturation of oocytes. Amino acids 

may not be involved. Biggers ~ s!. (1967) demonstrated 

that follicular mouse oocytes would mature ~ vitro when cul­

, tured with granulosa cells or when cultured without the cells 
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but in the presence of pyruvate or oxaloacetate. Do~hue 

and stern (1968) injected pro-estrus mice with BCG. Granu-
. 

losa cells and oocytes recovéred 30 minutes after the injec-

tions were incubated ~ vitro and were found to produce pyru-

vate. Bowever, the BCG stimulus did not alter the amount of 

pyruvate produced in vitro by the granulosa cells. These 

studies indicate that pyruva~e or a similar compound invol-

ved in the tricarboxylic cycle May be required in the medium. 

Progesterone and estradiol 17)5 May alter permeability of the 

oocyte membrane to such a compound. 

Smith and Ecker (1969) demonstrated that progesterone 

was able to induce events associated with frog oocyte matur-

ation such as protein synthe sis and breakdown of the cortical 

granules, even if the germinal vesicle of the oocyte was re-

moved. After receiving injections of non-hormone treated 

germinal vesicle material, such enucleated oocytes cleaved 

normally in response to transplanted nuclei. Smith and 

Ecker suggested that, in frog oocytes, progesterone acts at 

an extracellular site, such as the surface of the cell, to 

induce maturation. Injection of progesterone into the cell 

did not induce maturation. 

The experiments reported in this thesis demonstrate 

that progesterone and estradiol 17)' have a rolein stimu­

lating and inhibiting maturation of rabbit and cow oocytes. 



70 

However, they are not sufficient to demonstrate the site and 

mechanism of action of the hormones. The use of bothhor­

mones in the same medium at various concentration ratios 

would have indicated if the action of progesterone opposes 

that of estradiol 17)'. Exposing the oocytes to the pro­

gesterone for a short period of time and the use of media 

designed to provide only the proper osmotic pressure rather 

than to serve as a nutrient source, would indicate if the 

oocyte depends on such an added source of nutrients for 

maturation and if progesterone functions at the surface of 

the celle 

Although attempts to transfer and fertilize cow 

oocytes did not prove successful, it is unlikely that the 

culture techniques involved in maturing oocytes ~ vitro 

seriously affected their fertilizability. Fertilized, two­

celled rabbit ova were recovered following transfer of cul­

tured oocytes into a recipient female. Only a small per­

centage of the cultured oocytes appeared to be degenerate 

(Figures 24 and 25) following culture and it is possible 

that such oocytes were in a degenerate condition prior ta 

incubation. Difficulties encountered with the transfer of 

cow oocytes arose mainly fram problems in the manipulation 

of the small reproductive tracts of the heifers. Transfer 
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of oocytes via laparotomy is an involved and time consuming 

procedure, the practical importance of which is very limited. 

Transfer of unfertilized oocytes via vaginal incision appears 

to be feasible only with mature animaIs with larger repro­

ductive tracts. SuCh a method would be of practical import­

ance because of the relative simplicity and short time in­

volved. Anesthesia and surgery could he done in about 15 

minutes. The fa ct that surgery is required emphasizes the 

value of suitable non-surgical ova transfer techniques in­

volving the transfer of fertilized, cleaving ova. The cul­

ture of fertilized ova !a vitro has been weIl demonstrated. 

The present experiments indicate that homologous serum 

would be a suitable culture medium for cleavage in vitro of 

fertilized ova. 

A problem with the use of follicular oocytes in non­

surgical transfers arises with fertilization of the oocytes. 

!a vitro fertilization of such oocytes would greatly enhance 

their usefulness. To date, there have been no reports of 

successful in vitro fertilization of follicular oocytes 

matured ~ vitro. The use of laboratory animaIs suCh as the 

rabbit or animaIs such as the sheep to fertilize cow oocytes 

in vivo would be of value until suitable in vitro techniques 

are developed. Attempts by Coggins (1968) to fertilize 
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foreign gametes in the reproductive tract of the female rab­

bit and present attempts to fertilize cow oocytes in the sheep 

oviduct did not prove successful. It appears that the use of 

different species presents several difficulties. More re­

search is necessary before sufficient evidence is available 

to determine if oocytes can or cannot be fertilized in the 

reproductive tracts of other species. 

Further uses of methods by which follicular oocytes 

are matured in vitro are by no means dependent on the ferti­

lization of such oocytes. Sudh techniques will enable workers 

to observe the development and changes that take place within 

the oocyte during ovarian and follicular growth leading to 

ovulation of the oocyte. 

In summary, it appears that the culture media and 

techniques employed throughout the present experiments pro­

vided the necessary requirements for the maturation of folli­

cular rabbi t and cow oocytes. The supporting cumulus oophorus 

and corona radiata cells serve an important role in oocyte 

maturation. Oocyte maturation was inhibited by removing 

these cells or by incubating oocytes in the presence of the 

ovarian hormone estradiol 17,8. The inhibition was overcome 

by re-adding cumulus cells or by incubating the oocytes in 
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the presence of progesterone. On the basis of these obser­

vations and observations reported by several workers, it is 

concluded that the supporting cells induce oocyte maturation 

by their production of progesterone. The stimulus for the 

production of progesterone results fram luteinizing hormone 

or fram the removal of the oocyte and supporting cells fram 

the follicle. Until this time. the oocyte is under the in­

hibitory influence of estrogens within the follicle. The 

site and mechanism of action of progesterone and estradiol 

17~ is not known. although it May be on the surface of the 

oocyte. Fertilization!a ~ of rabbit oocytes cultured 

in vitro was achiev~d indicating that suCh culture proced­

ures do not alter oocyte fertilizability. Difficulties 

encountered with attempts to transfer and fertilize cow 

oocytes were primarily results of small reproductive tracts. 

Further work is necessary to improve the techniques involved 

with such transfers. Once fertilization of the oocyte has 

been achieved. suitable media and methods are available by 

which development of the early embryo in vitro can be carried 

out. 
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APPENDIX 



Figure 1. Dissacting equiPment used in the recovery of 
follicular oocytes 

A - Forceps (sharp, curv~) 

86 

B - Dissacting sciSsors (aharp, curved) for cutting folliclas 
C - Glass vial for trans~ting oocytes 
D - Petri dish 
E - Sharp pick for puncturing follicles 
F - Microsyringe for manipulating oocytes 
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Figure 2. Equipment used in the manipulation and in­
cubation of follicular oocytes. 

A Petri dish (containing culture medium) 
B Culture dish (containing culture medium) 
C Tubes used in agitation of oocytes (denudaticn) 
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D Culture dish containing mineraI oil and medium droplets 
E Microsyringe for manipulating oocytes 
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Figure 3. Recovery of oocytes (left) and incubatio~ 
in Falcon plasticdishes con~aining 

mineraloil (riqht).' 
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pi'gure 
4 

Figure 
5 

se'~c,.~J~j~F;iiMUal~iih",· of a 
rall*L t:;' .N:oJijj~:A aarrOODeJed 

. cuaulUII ooph-
or ua uaatainèd X550. 

" 

Phase..:.coiItiast'photalicrograph of a 
partially denuded rabblt oocyte 
showing pr.ocea.es frOID aurrounding 
cella pa •• ing through zona pellu­
cida - un.tained XSOO. 
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Figure 
4 

Figure 

Prase-contrast photomicrograph of a 
follicular rabbit oocyte surrounded 
by corona radiata and cumulus ooph­
orus cells - unstained X550. 

Phase-contrast photomicrograph of a 
partially denuded rabbit oocyte 
showing processes from surrounding 
cells passing throuqh zona pellu­
cida - unstained XSOO. 
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Pigure 
6 

Figure 
7 

'Ph1ise~~'~t~ .• "'i~pb:ot4_.=D9*~ÏlI'Il' 
folli~1a,:'rlabb:[t·OOcyta· . a. *aerved 
illllll84i1ïtely dt. r .. cwal froiD folot 
liel. - UD.tain~ "OZ. 

Phase~Ontrast photomicroqraph of a 
follieular rabbit qocyte after'l hour 
of e~ltur_ showing ~~inal vesiele 
after fixing and staining 700X. 
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Figure 
6 

Figure 
ï 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte as observed 
immediately after removal from fol-­
licle - unstained 550X_ 

hour 
of culture showing ~erminal vesicle -
after fixing and staining 700X. 
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,~igure 
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Pigure 
9 

Piuif •• ·~ii~_~i"~*~M1fjj."··;ctf '* 
......... ..1~ ·nl»l~l.t è~;mrfoo. :~t_. 2. 

hour • .. ~f CQJ:ture· ..' . .-raina1 
v.,tèMt _. alter f~tn9.:UcJ atain-

_ . i~CJ~SOX.' . ," 

of a • 
follicular rabbit oocyte after 3 
hours of culture showing breakdown 
of germinal ve,icle membrane - after 
fixing and staining 650X. 
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Figure 
(3 

Figure 
9 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 2 
hours of culture showing germinal 
vesicle - after fixing and stain­
ing 450X. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 3 
hours of culture shO\.;ing breakdown 
of germinal vesicle membrane - after 
fixing and staining 650X. 
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Pigure 
10 

Figure 
Il 

f 

. Phaae~c"D:t:ra 
f01licuiar ".''''''.,-'0 
houraGf culture ahowinq nucleolua 
during the breakdawn of the germi­
nal v_sicle - after fixing .and 

'staining 7 SOX. ' -

Phase~~ontrast fh,otomicrograph of a 
fo11icular ~bbit oocyte afte~ S 
hours of culture showing chromatin 
and 10ss o~ membrane (late germi­
nal vesicle breakdown) - after 
fixing and staining 650X. 



Figure 
10 

Figure 
Il 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 4 
hours of culture showing nucleolus 
during the breakdown of the germi­
nal vesicle - after fixing and 
staining 750X. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 5 
hours of culture showing chromatin 
and loss of membrane (late germi­
nal vesLcle breakdown) - after 
fixing and staining 650X. 
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Pigure 
l2 

Figure 
13 

folltcuUr· , ,,' ',-- ..... -
hour. ,of culture~h,QwiD9. '~ly first 
metallla.a (diakinealar'-after fJ,x-
.ing ,and ,ataining 6SOle. " 

, Phase~OnttàR 'photomlcrogX-aph of, a 
follicular rabbit oocyte after 7 
hours of culture showing metaphase 
plate of the first meiotic divi-' 
sion - after fixing and staining 
700X. 



Figure 
12 

Figure 
1") 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 6 
hours of culture showing early first 
metaphase (diakinesis) - after fix­
ing and staining 650X. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 7 
hours of culture showing metaph~se 
plate of the first meiotic divi­
sion - after fixing and s~alning 
700X. 
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Fi.gure 
14 

Figure 
15 

Pha8e::..ctintt~st:: phot.tcrograph of a 
foUic~ ,iabbit oocyte after 8 
h __ of culture ahowinq early ana­
.....- after fixing and staining 
60QX. . 

: Phase~ontt:ast phot omicr ograph ,of a ' 
fol1icular rabbit oocyte after 9 
hours of culture showing late ana­
phase - after fixing and staining 
550X. 
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Figure 
4 

Figure 
lS 

phase-contrast photomicrograph of a 
follicular rabbit oocyte after 8 
hours of culture showing early ana­
phase - after fixing 3nd staining 
600X. 

Phase-contrast photomicrograph of a 
follic~la~ ~abbit oocyte after 9 
hours of culture showing la te ana­
phase - after fixing and staining 
5S0X. 
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Figure 
16 

Pigure 
17 

a 
raJl),DlL~ ~,~. ,atter 10 

houi8 of cultuié,âhCiJWi~9formation 
of the filC8t polar' ~y (early' tel­
opbase) - after' fixinq and staining 
700x. 

Phase-contraât'PbotQmicrograph of a 
follicular rabbit oocyte afte~ Il 
hours culture showing formation of 
the first polar body (telophase) -
after fixing and staining 450X. ' 



Figure 
16 

Figure 
17 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 10 
hours of culture showing formation 
of the first polar body (early tel­
ophase) - after fixing and staining 
700x. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after Il 
hours culture showing formation of 
the first polar body (telophase) -
after fixing and staining 4S0X. 
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Figure ~ Phaile~Glttraàt -PQotœdcr'oqraph of a 
18 fo1licu1ar .rabbit oocyte after 12 

hours of culture showing first 
polar body formation (te1ophase) -
after fixing and staining 70OX. 

Figure 
19 

Phase~ontra&t. ptlotomicroqraph of., a 
fo11icu1ar r.bbit oocyte after 13 
hours of cultur6 showing chromatin 
of first polar body and second meta­
phase - after fixing and staininq 
700X. 
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Figure 
1h 

Phase-contrast photomicrograph of a 
fo11icular rabbit oocyte after 12 
hours of culture showing first 
polar body formation (telophase) 
after fixing and staining 700X. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte after 13 
hours of culture showing chromatin 
of first polar body and second mcta­
phase - after fixing and staining 
700X. 
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Figure 
, 20 

Figure 
21 

Phase~r!ist:,t:'of a 
den\kle4 folli~lat' ~r.bblt oocyte 
incubate4 . iD the'F •• ce: of pro­
gesterone - '.h.t...9'·'1~.t polar 
body, - beforefix1D9';ândata.ining 
40OX. 

Pha se-.contra st' photcmi.crograph of a 
denu4e4 ~ollicular rabhit oOèyte 
incubated in the presence of re­
add.a cumulus cells - ahowing 
f.ir.t polar bod:y - before fixing 
and staining 400X. 
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Figure 
20 

Figure 
21 

Phase-contrast photomicrograph of a 
den1lded follicular rabbit oocyte 
incubated in the presence of pro­
gesterone - showing first polar 
body - before fixing and staining 
400X. 

Phase-contrast photomicrograph of a 
denuded follicular rabbit oocyte 
incubated in the presence of re­
added cumulus cells - showing 
first polar body - before fixing 
and staining 400X. 
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Pigure-
22 

Pigure 
23 
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Phase~çontJ:ajè,_phot_crocP:apb of a 
normal -follicular cow·oocyte after 
culture for 38 ho~s .howing first 
polar body - bafore fixing and 
staining 425X. 

Phase~ontraàt photomicrograph of a 
denuded follicular cow oocyte in­
cubated in the presence of re­
added cumulua cells - showing first 
polar body - before fixing and 
staining 425X. 
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Figure 
22 

Figure 
23 

Phase-contrast photomicrograph of a 
normal follicular cow oocyte after 
culture for 38 hours showing first 
polar body - before fixing and 
staining 42 5X. 

Phase-contrast photomicrograph of a 
denuded follicular cow oocyte in­
cubated in the presence of re­
added cumulus cells - showing first 
polar body - before fixing and 
staining 42 5X. 
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Piqure 
24 

Pigure 
25 

phot.*i.ér!èJcJj:'''II~ ,of a 
follicular rabbit,oocyte after l2 
hours of culture showing cytoplas­
mie degeneration ... unatained X42S. 

Phase~antras~photomicrograph of a 
follicular rabbit oocyte completely 
degenerated after 12 hours of cul­
ture - unstained X400. 
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Figure 
24 

Figure 
25 

Phase-contrast photomicrograph of a 
fol~icular rabbit oocyte after 12 
hours of culture showing cytoplas­
mic degeneration - unstained X425. 

Phase-contrast photomicrograph of a 
follicular rabbit oocyte comp1ete1y 
degenerated after 12 hours of cul­
ture - unstained X400. 
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Pigure 
26 

.Phas.~çontrast. pbotami=ogcaph of a 
follicular co. oocyte cu1tured in vitro 
and tranaferred in~o. sheep - sho;in~ 
shrunken,' dagaD.rate eytoplaem - before 
fixing and staining 550X. 

Pigure 27. Vaginal speculum vith lights attached 
during attempt to transfer oocytes into 
oviduct via incision in dorsal vagina. 
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Figu~é 

26 

Flgure 

Phase-contrast photomicrograph of a 
follicular cow oocyte cultured in vitro 
and transferred into sheep - showing 
shrunken, degenerate cytoplasm - before 
fixing and staining 550X. 

27. V~ginal speculum with lights attached 
during attempt to transfer oocytes into 
oviduct via incision in dorsal vagina. 

100 



• 
':':'----: .. _- ....... 

, 

, 
~, 

."" 

Figure 
29 

, "",", ,,', "of an' 
8-cellA!4.tabbit ,OOc:yta' following, i!!,vitro 
culture of 24 hours inlO~pig serum -
before fixing ànd staining 52 5X ... 

Pha .. <~~t 'photomicrograph of a 12-
celleà rabbit oocyte following ~ vitro 
culture of 26 hours in 100% rabbit serum 
- before fixing and staining 525X. 
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Figure Phase-contrast photomicrograph of an 
)H 8-celled rabbit oocyte following i~ vitro 

culture of 24 hours in 1000/ pig serum -
before fixing and staining 525X. 

1-"lCj e-' Ph"se-contri1st photomicrogcaph of ël 12-
cclled r.'1bbit oocyte followinc; !:.!2 viLr~ 
c ~< l t l1r C 0 f 2 0 11 0 LLC S i j l l () U r cl 1 j b i' s :--' C u m 

- Le for C' f i x in CJ ct n d s ta i 11 i l, LJ ')? _-,:.: . 
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