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Abstract:

Non-pregnant cows and heifers were ovariectomized under local anesthesia, The ovaries were placed in
an insulated carrier containing Earle's Salts or Ham's F-10 warmed to 38°C and transported
immediately to the laboratory. Under a sterile hood the cortex was separated from the medulla and
diced into small fragments. The cortical fragments were then subjected to enzymatic digestion in either
a trypsin or a collagenase solution. The digested tissue was then subjected to two cycles of washing and
centrifugation. The dispersed cells were then aliquoted to culture dishes and flasks containing Ham’s
F-10 combined with calf serum and antibiotics.

Culture was carried out in an incubator at 37-38°C in a 5 percent COg 95 percent air humidified
atmosphere. Attempts were made to further isolate oocytes from other ovarian cells by using sucrose
density gradient centrifugation. The density gradient was made by layering successively lighter layers
of 10, 20, 30 and 40 percent sucrose dissolved in Earle's Salt, in centrifuge tubes. Following digestion
the dispersed cells were resuspended in Earle's Salts, distributed to the top of the centrifuge tubes and
centrifuged at low speed for five minutes. The 30 and 40 percent layers were taken, washed and
centrifuged twice. The cells were then aliquoted to dishes and flasks for culture.

In one experiment, media change schedules of 12, 24, 48, 72 and 96 hours were employed. Media
samples were taken and frozen for later progesterone RIA analysis. In the one successful attempt, the
use of the sucrose density gradient reduced the number of ovarian cells in culture by over sixty percent
without affecting the number of oocytes isolated. The reduction in cell population as a result of sucrose
density gradient centrifugation did not persist for the duration of the experiment. The cells which
passed through the gradient exhibited extensive mitotic activity and by the end of the experiment the
cell populations between isolation groups were equivalent. Subsequent attempts to utilize the sucrose
density gradient were unsuccessful. Bovine ovarian cells exhibit steroidogenic activity in culture. The
media change interval and total cell population appear to have some influence on the dynamics of this
steroidogenic activity. Trypsin or collagenase are suitable for the enzymatic isolation of primary
oocytes. However, the use of trypsin seems to result in more incidences of tissue clumping and oocyte
overdigestion. Estimated yields of isolated oocytes varied between zero and eleven thousand.

The primary oocytes varied from 27 to 31 p in diameter. Attempts to stimulate oocyte growth
hormonally were unsuccessful, however, ooctye viability was maintained for up to thirteen days in
vitro.
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ABSTRACT

Non—-pregnant cows and heifers were ovariectomized under local
anesthesia, The ovaries .were placed in an insulated carrier con-
taining Earle's Salts or Ham's F-10 warmed to 38°C and -transported
immediately to the laboratory. Under a sterile hood the cortex was
separated from the medulla-and diced into swmall fragments. The
cortical fragments were then subjected to enzymatic digestion in
either a trypsin or a collagenase solution. The digested tissue was
then subjected to two cycles of washing and centrifugation. ' The
dispersed cells were then aliquoted to culture dishes and flasks
containing Ham's F-10 combined with calf serum and antibiotics.
Culture was carried out in an incubator at. 37-38°C in a 5 percent
CO2 95 percent air humidified atmosphere. Attempts were made to-
further isolate oocytes from other ovarian cells by using sucrose -
density gradient centrifugation. The density gradient was made by
layering successively lighter layers of 10, 20, 30 and 40 percent
sucrose dissolved in.Earle's Salt, in centrifuge tubes. 'Following..
digestion the dispersed cells were resuspended in Earle's Salts,
distributed to the top of the centrifuge tubes and centrifuged at
low speed for five minutes. The 30 and 40 percent layers were taken,
washed and centrifuged twice. The cells were then aliquoted to
dishes and flasks for culture. .

In one experiment, media change schedules of 12, 24, 48, 72 and
96 hours were employed. Media samples were taken ‘and frozen for
later progesterone RIA analysis. In the one successful attempt, the
use of the sucrose density gradient reduced the number of ovarian
cells in culture by over sixty percent without affecting the number
of oocytes isolated. Thereduction in cell populaiion as a result of
sucrose density gradient centrifiugation did not persist for the
duration of the experiment. The cells which passed through the grad-
ient exhibited extensive mitotic activity and by the end of the -
experiment the cell populations between isolation groups were equiva-
lent. Subsequent attempts to utilize the sucrose density gradient

were unsuccessful. Bovine ovarian cells exhibit steroidogenic activity
in culture. The media change interval and total cell population appear

to have some influencé on the dynamics of this steroidogenic activity.
Trypsin or collagenase are suitable for the enzymatic isolation of
primary oocytes. However, the use of tryp31n seems to result in more
incidences of tissue clumping and oocyte overdlgestlon Estimated -.
yields of isolated oocytes varied between zero and eleven thousand.
The primary oocytes varied from 27 to 31 u in diameter. Attempts to
stimulate oocyte growth hormonally were unsuccessful however, coctye
viability was malntalned for up to thirteen days in vitro.




Chaptef 1
INTRODUCTION

Empryo tfénsfer is'a-fecognized_tgéhﬁidue fo? increasing the
productivify of the'généticélly supériar'fgmale.' Pré;eﬁtl&,cherfyﬁical
cow is 1imi£éd-to a maximum of one calf pef“yeér, however,.utilization: .
of embry§.traﬁsfer broéedﬁreé can‘increase‘thé reprodﬁééiﬁe levél Qf
the.cowlfiffy to sixfy fold. Refinements in émﬁryq transfer techni-
ques have led to pbn—surgical embryp';ecoyery procedures wﬁich rédﬁcé'
the trauma to ;he cow and extend her uéefui lifetime és;an‘eébry&
donor. In éddition, cheﬁiqais‘aﬁd'drugs which make the'maﬁibulation”
of_fhe estrus.-cycle of the récipiéﬁt cdws_more copveﬁient; help.to
eﬁhance the success rate of ehbryd fransfér procedures. Clearl&,
_embryé tran;fer caﬁ'be a valuable tool‘for'increaéiﬁg the ﬁfbduction
" ‘potential and value éf“the iivestock hefd ﬁore rapidly.thgn woﬁid.be
pqssiblé‘wifh qonventioﬁal mana gement methdds.

’Despite'the imp;oyemént of embryo traésfgr'procedureéland:fhg
' incfeésed‘success'ratES 5§ing,r;corded, embryo transfers are étill
rélatively.ékpénsive and are not feasible for‘wide¥spfeaa use‘in the--
typical ﬁommercial'1ivéstdck'herd; - For ‘embryo fransfer to‘Bgcémé éﬁ
economical méﬁagement”tool, 1arge'nﬁmbers of‘eﬁBryos muStfbe easily
obtainaBle ffom a pafticular animall Tﬁg sﬁpérqvﬁlapion ;reatments
aésociéted Qith emeyo tfgnsfer proéedures are effecfi?e fof ;néreasingA

"the numberfof-qocytes'avaiiablejfor fértilization during each of
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the cow's estrus periods, however, even repeated administration of
the hérmonal treatments over a prolonged period of time does not
effectiveiy tap the ovarian .oocyte reéesource which haé béen estimated
conservatively at between ten and one hun&red thousand ooc&tesf 'This
ooctye resource, a majority of which are small primary oocytes,:
represents a large pool for increasing the reproductive potential of
domestic livestock.

The objectives. of this researcﬁ were to develop procedures for
the recovéry of large numbers of bovine primary oocytes and determine

how long they remain viable when subjected to in vitro culture.




Chapter 2
REVIEW OF LITERATURE

OOCYTES

Anatomy of the Bovine .Ovary

The bovine ovary is an almond-shaped organ wéighing 10-20g in.
the mature animal (Héféz 19745.and is morphologicallf separated into
two major regions. |

The central tissue, the medulla, consists of loose fibréelastic
connective tissue, numerous 1arge blood vessels,'lymphatics,.nerves
and scattered strands of smooth muscle fibers. En§eloping-the
medulla is the cortex, comnsisting of ;~compéct cellular stroma com-
posed of networks of rééicuiar fibers.and spindle shaped .cells which
exhibit characteristics of both fibfoblasts énd smooth muéclé cells
(Leeson and Leeson 1976). Included in the cortical regipn aré two
other cell layers which envelop tﬁe cqftex proper. These are: the
tunica élbuginea, a layer of dense connective tissue and the germiﬁal
epitﬁelium, a layer ofAlow cuboidal'ceils éhich Eopstitutes the
epithelial surface bf the ovary.

Tﬁe ovarian cortex is of special interest because it is the
fegion in which the oécyte population is located and is élso tﬁe

site of the production of the major ovariaﬁ hormones.




Ooéyte Population .

Priméry oocytes are formed by the mifotic division of tﬁe
primordial gérm cell derived oogonia. The primordial germ cells
migraté from the yoik sac to the prgsuﬁptive gonad dpring-the period.
of organogenesis. Thé primary oocytes.enter prophase of meijosis I
and become arrested at the dictyate stage. Ohno and Smith'(1964)‘
observed that'priﬁary‘op;ytés which becaﬁeAsuccessfully arrested at ’

" the'dictyate stage had bgcqme sufrounded by fetal follicular cells.
From these observations they concluded that the fefal follicular
cells were impértant.in the initiation and maintenance of the
dictyate stage. frimary oocytes remain iﬁ thé dictyate stage through
their growth phasé until just prior to ovulation (Shea et al. 19763).

Larée numbers of primary.oocytes are formea during the period
of fetal development. Baker (1972) reported the p?esence of six
hundreq thousapd primary oocytes at the second monfh and seven million-'
primary oocytes at the fifth month of human fetal deyelopmept. After
this point, the oocyte_populafion declines sharply until, at birth, -
tw; million oocytes are present. Estimates of the oocyte populaﬁions
for other species include: 160,000 in the rat, 700,000 in thé dog
. (Austin 1961) and 60,000 to 100,000 in doméstic livestock, i.e. cows,

sow, ewe, depending on the species and bréed (Hafez 1974). The |
oocyte populatibn-in terms of oocyte nﬁmbers, may vary between species,’

but the pattern of ooqyté formation .and population decline seems to




be the same in all species.

Oocyte size distribuFioq_'

Primary oocytes are approxiﬁately'ZOu in diameter and bécome"
enclosed in a single 1§yer of flattened granulosa cells. This complex -
of primary oocyte and accompanying follicular cells is known as a
primordial follicle.

As the animal patures, cyclic ovarian activity is established,
characterized By a ﬁﬁmber of gr;wing oocytes and follicles. fhe
devélopment of ovarian  follicles is often classified histologiéélly
by: 1) size, 2) number of layers of granulosa célls, 3) devéiopmént
of thé theca, and 4) position of thg occyte within its cumulus
oophorus (Hafez 1974). A classification system Whiéh has fecéiVed
widespread use is‘that propésed by Pederson (19705 illustrated in
Figure 1.

Cyclic activity appears early and, in the mouse,‘evidence~of
folliculaf growth is noted at seven days following birth (Peters
1969), however, the'largesf follicle present at this time is uéﬁally
type 3b. As the animal matures, progressively larger follicie types
are present. In any case, large preovulatory follicles (typé 8) are
not in evidence until the onset of buberty. It is only ;t puberty
that a follicle reaches sufficient_size and maturity that a success-

ful ovulavion occurs. The procéss of oocyte and follicular growth




Type 5b

201-400

101- 200 felts

Type 3b
‘ celly MEDIUM
FOLLICLES
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o
velle

SMALL
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©

Figure 1. Classification of the different stages of
follicle development in the mouse according
to number of granulosa cells in the largest
cross section. (Pederson, 1970)
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ié irreversible, that is; once the oocyte and follicle'hgve entéred
the growth.phase, it is fated to ei;her ovulate suhcessfuil& o?
succumb to the degenératiﬁé processes of . atresia (Oakbefg L979).
The number of follicles present in each particplér>stage-of growth,
- at any pqint in time, depends paftly updn_eséaping atresia and
partly upon tﬁe ﬁumber of oocytes wﬁich enter the grqwth phase
during each cycle of ovarian acfivity. Evidehce‘exiSts éhag £his
quéntity is under intraovarian regulation;'in that, the number of‘
oocytes entering the growth'pﬂase is a function of the pool of non-
growing oocytes (Krarﬁp et gl} 1969). Ihis seems to indicate that
as the oocyte populatioﬁ is depleted, as a.resu}t of age, fewer
oocytes enter the g;@wth phase durihg each estrous cycle.-.The
'number'of.oocytes in differént staéé; of growth ﬁa& vafy, as well as
the number of oocytes which initiate:growth processeé du;ing'eagh
'éycie, howevér; the'non—growiné poollof oocytes comprises aﬁproxi—'
mately ninety'perceht of the oocyte popuiacion at any one time
" (Peters 1969, Baker 1971), clearly constituting the.majority of thel

oocyte resource.’

Oocyte“isolaéion

A major ﬁroportioﬁ of paét éocyte research was:perforﬁed with
fully grown oocytes obfained frém aﬁtrél fqllicles. Gonadofropiﬁ
pretreatment wéé usualiy empldyéd to enhance the nuﬁber of oocytes

i
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availabie for recovery (llafez aﬁd Ishibashi 19657 Thibault‘égngl.
1975, Magnussoﬁ_ggj al. 1977). The ooéytes were.;ecovered by
puncturing the follicle and expressing the follicular coﬁténts or
by aspiration of the follicle with a syringe. Howéfer, such techni-
ques did nﬁt permit the,reco@ery of primary éocftes or oocytes in ﬁhé
intermediate stages of growth.

Recovery of growing oocytes from small and medium sized follicles
was successfully performed through -the utilization of enzymé digéstion
techniques. A variety of enzymes have been used, either singly, 6r
in combination to isolatg oocytes including: trypsin (Sorensen and
Waséarﬁan 1976, Strickiéﬁd 1976),.combinatidns of hyaluronidase,
collagenaée ;nd egg white lysozyme (Mangia and Epstein 1975,
Wassarman and Josefoﬁicz 1978), and-collagénasezpype III combined
with DNase I (Eppig 1976). V;rying &egreés of success haﬁe béen
aéhieved Qith enzyme isolation techniques but, as yet, n@'partiqular
enzyme or éombination of énzymes has proven superior'for oocyte
isolation; Enzyme diéestion techniqueé‘have pgrmitﬁed detailed
investigation of the biochemical procésses'assoqiated witﬁ éocyte
growth (Schultz aﬁd Wassarman 1977, Mangia and Epstein 1975) and thg'
‘development of meiotic competence in growing oocyteé (Sorenson and.
Wassafman 1976). Research of this type requires the use of culture
techniques which will support oocyte$'i9_xi££g for querate.periods

of time. - ->




Qocyte culture';

h A number of d1fferent nutrient media have been employed for.the
l1n vitro culture of oocytes and ovarlan tlSSue 1nc1ud1ng modlfed
Krebs—Ringer'bicarbonate (Biggers gt_ al. 1967),:Brinster s Medium
:for Ovarian Culture (BMOC—Z) (Cross and Brinster 1970) Tissue |
Culture Medlum 199 (TCM—199) (Hillensjo et al. 1979) Eagle s Medlum
,(Tsafr1r1 et -al 1972) M1n1mum Essentlal Medlum (MEM) (Epplg 1979)
and Ham s F—lO (Shea et al 1976b) In most cases the med1a were
supplemented with'variOus substances such as:' Calf serum, bov1ne-
serum albumin, buffers; carbohydrates (i.e. glucose, pyruvate), amlno_”
acids, cycllc 3" 5' adenois1ne monophosphate (cAMP), sterlods,
gonadotroplns and radlolsotopes..
| Culture vehlcles rncluded the varlous standard culture d1shes'
fand flasks. One unique approach to oocyte‘culture was.that_performed
by Tsafriri et al. (1972). This involved excising the Follicle" from -
the ovaryuand‘utilizing'organ culture‘procedures to:maintain the‘
oocyte 1ns1de of the cOmplete:intact'follicular structure, closely .
m1m1ck1ng the in vrro.envtronmént; | | |

Standard condltlons thrOughout the culture perlods were main~ _“_s
tained in most, if not all, of the oocyte experlments. These condl—
5t10ns'were:. Standard temperature of 37 38° C and a hunldlfled

atmosphere of f1ve percent C02 -in 95 percent a1r.'
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Duration.of thé culture period has been'vérie&, but overall,
was relatively short term. Thé reason for'such short culture periods
lies in the fact that much of the past ooc&te research was conducted
for the study of meiotic ﬁaturatioﬁ. Such studies utilized fully
grown oocytes and the éveqts under study ﬁanifested themselvéé after
short periods of in vitro culture. Oocytes havé been successfully
cultured for 12-13 hr (Cross and Brinster 1970), 18 hr (Bae and Foote
1975), 22-30 hr kSheé et. gl,.1976), 44 hr'(Hunter'gE: al. 197Z)éna
72 hr (Hillensjo 35  gl,'1979). The culture period for oocytes inside
intact follicles,ﬁas also been relatively short térm, i.e. 12-18 hr
(Tasfriri et al. 1972). |

Long term culture of ooc&teé-and ovarian fragments has not been
a major emphasis éf experiﬁental research, but Blandaﬁ's (1969) work,
demonstrating that some human fetal ovarian fragments were viable
following 79 days of in vitro culture lends support to the.idea that

long term oocyte culture may be possible.

Oocyte preservation

Although long term in vitro culéure of oocytes has not received
much attention, éttempts have been made for long term étorage of
gocytes through utiljzation of low temperature preservation procedures.
These attempts have not met with éreat success and, aflpresent,_

embryos have proven more amenable to freezing than unfertilized '
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oocytes. Whittingham et al. (1972) have shéwn that moﬁsé"embryos
could survive storage at ~ 196° C. Mau;er (1976), in his review,
states that mouse an& rabbit embryos frozen at - l9§° C or lower
remained viable for at least 200 dgys. Also pointed out was tﬁat
when mouse oocytés were rapidly cooled (60° C/min) to - 21°“C; they
could be subsequently fertilized with normél fétél developmen;,
if they were not held at this temperature. Further in the re?iéw,
it was stated that mouse oocytes étoreﬁ for 3.5 #r at ~10° C retained .
their fertilizability, bﬁﬁ ohly twelvé perceﬁt developed infé-viaﬁle
off;pging, whereas, wﬁén sfored for 6 hr'at -10° ¢, noﬁe of the

oocytes, when fertilized, developed into viable young.

FOLLTCLES AND FOLLICLES CELLS

Follicle cells represent a group of spécialized, multiépoteﬁtial
cells which function fn a highly coorﬂinated manner. fhey are
intimgtely involved in tﬁe support of ooéyté growth and function.
to.produée the major ovarian hormoqes. They are important nof only
in the e&epts:leadiﬁg up,fo ovﬁlatioﬁ, but alsé in the period foliowing

~ovulation and the early stages of pregnancy. .

Follicle formation and growth

During the period of orgaﬁogenesis, the primary oocyfes‘become

enclosed by a layer of flattened follicular cells.’ These first
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follicular cells are embryologicall& derived from thg rete ovérii
(Byskov and Lintern-Moore l975).1 This complex, the primordiai
follicle, rgpreseﬂts the basic unit of ovarian function.

Follicle growth involves a number of phases: ;) growth of the
oocyte, 2) ﬁroliferatiop of the granulosa cells{ 3)_formation of the
fheca, and 4) formatioh of a cavity, 6r antrum with the accumulation
of follicular fluid. All of these processés may culminate in
oVulétion, or release‘bf é fertilizable oocyté._ Followiné ovulation,
the follicular cellé.form a corpus luteum fqr the support of éarly
pregnancy. If no pregnancy occurs, the corpus'1uteum regresses and
another cycle of féllicular activity ensues.

The facto; §r factérs'inifiating follicle g?owth remain obscure.
AAt present, whether the initiation of follicular growth is a response
'to stimulation or the removal or inéctivation of an inhibitor is
unknown, however, ié is dbubtful tha; goﬁadotropins or estrogens aré
involved in the groﬁth initiation proéess (Peters 1979).

Early follicular growth consists mainly of an increase in the
number of granulosza cells. ‘Some cépérpversy exists concerning the
o#igin of éhesé'new follicular'cells. Whefher the iﬁcrease in the
number of follicle cells is a result of mitotic division of existing
cells (Qakberg 1979) or the accumulation and différéﬁtiation of

surrpqnding.stromél cells (LinternQMoore and. Moore 1979) has not been
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resolvedL As:the nnmber of'follicular cellshincreases3.a:change occurs‘
.in-the COnformation éf the follicularbepithelinm."Thére.is a‘transition
from a flattened, squamous.layer to one which is‘cuboidalﬁin appearance.
The next d1scernable event in the f0111cular growth.process is the
appearance of the theca whlch has been snggested to be a response to a
theca cell organlzer produced by the granulosa cells (Mldgely et al
1974) Thecal development is anllmportant event since foll1c1es in -
which the theca layer is absent do not exhlblt further developmentf
The theca layer is sensitive to and dependent on a fine interplay .
“of hormones to succeed in its full development (Peters 1979)

Later staées of folllcular growth.are characterlzed by 1ncreas1ng
folllcular'slze and_the'formatlon-of an antrnn; Gonadotrdpins‘arei
necessarjffor the‘support of'folllcular growth (Peters-1979l,.and
their action on the tollicle is modulated by an.adenylplfcyclase'system.
'(Vaitukaitus and Albertson:l979, Hﬁnzlcher;Dunn gt_ al, 1979)§_poss;*
essing a guanine nncleotide*regulatory‘site (bindner‘et »al“l9l7)
Recent 1nformat10n (Anderson 1979 Fletcher 1979) ‘has dlsclosed -that
folllcular cells are attached by .gap Junctlons which develop about the
. same time as‘the.appearance of gonadotropln receptors. Gap Junctlons
function tohelectrically and metabolically couple cells'in many
‘ different tisSue types. -lheréfore, gap jnnctions have been lnplicated'
in-coordinating ﬁaﬁy'bf thefaspects'ot follichar:derelopment and.nay

be involved .in propagating hormone~initiated-signals (Amsterdam and .
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Linder 1979)

Foll1cular cells, espec1a11y those from large follicles,
actlvely synthes1ze stero1ds _most notably, progesterone, 20 &_
d1hydroprogesterone, testosterone, androstenedlone, 17 B estrad1ol
and estrone (M111s 1979).'.Steroidogenes1s 1s a coord1nated and‘
'complicated process..:For'example,-hoth thecal'and‘granulosatcells“
are necessary in the b1osynthes1s of estrogen (Young1a1 1979). ;The"

thecal cells are - thought to be respons1b1e for androgen productionA*

since they are embryologlcally derlved from the rete ovarii: The rete

- ovarii lteself, ‘represents a part of the mesonephrlc tubules wh1ch
‘1n the male, develop 1nto the ep1d1dym1s. The epid1dym1s is known T
‘.to‘have the ab1l1ty to transform ster01d‘precursors such aswacetate
.and cholesterol lnto'testosterone. Therefore,.analogoustderluatipes ;
of the mesonephric:tubules might'also be\implicated in:androgen
productioniin the ovary (?eters 1979).' |

Stero1dogen1c act1v1ty 1s dependent upon the stage of folllcular
development, that 1s, the rate of stero1d‘product10n and the ster01ds
‘produced are related to the size of the folllcle. .Cells~from 1arger i

folllcles are more apt to synthes1ze progesterone than granulosa

?,‘cells from smaller folllcles (Nakano et a1 1975 Thank1 and

Channing 1979). In add1t1on, ster01dogen1c act1v1t1es are_1nf1uenced
by hormonal,stimulation, Lutelnizing hormone fLH)‘hasvthe‘capability

_'to stimulate follicular androgen'production,_while another pituitary
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hormone, follicle stimulating hénmone (FSH), tends to stimulate the
aromatization ofvandrogen; into estrogens (Armstrpng et. al. 1979).
Some of thg_Produc;s of’follicular,cell synthesis accumulate

in the follitulaf flﬁid.whiéh, asi&e'frbm"steroids; als? contains
" several proteins, amiﬁo acids, sugars, enzymes, mucopolysacchafidés
and salts (Kané et. al. l§79).. Some of the proteins are: Steroid
binding proteins (Cook et al. 1977), a gfanulosa cell luteinizing
inhibitor (Channing 1979), a&d an oqcy#e meiosis iﬁhibiEOr (Tsafriri
et al. 1976, Stone et él. 1978, Channing 1979). The componen;é

of follicular fluid do not reméin stable But vary in reiatioﬂ to the
stage of follicglar,develbpﬁent. Fof ekamfie,_the luteinization
inhibitor is preseﬁt in follicular fluid obtained from small
follicles but is absent in fluid from large follicles (Alexander et
al. 1978, Channing 1979). Likeﬁise, the meiosis inhibitor is moré
- potent in fluid from small follicles th;ﬁ that of large félliclgs'
(Stone_gEA al. 1978),. The sigﬁificaﬁce of the fluctuations of thé'
various components in follicular fluid is‘not understoo&, but it is
- tempting to presume that these changes reflect the physiblogical
" status and méy chérécterize thé degreé‘of devglopmental maturity

of the follicle.

‘Atresia

'Onice a follicle Begins tq grbw, it will either succéssfully
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reach ovulation or be lost thrOugh degeneratiye atretic processes.
The'majority‘of follicles which enter their_growthvphase succumb to.
.atresia,swhich affects'follicles of all_sizes and'occurs’continuously
‘ thrdughout the'life of the“female. There is no‘uniform'pattern and '
atret1c processes vary with the size or stage of d1fferent1at10n of
" the follicle (Byskov 1970) Oakberg (1979) reported that in the
mouse, degeneratlon of type 1 through 4 follicles is rare, but in :
type 5a, 78 percent ‘of the folllcles were. c1ass1f1ed as degeneratlng,‘
regardless of the stage of estrous. Only in larger follicles,.i e.
type 6, did stage of estrous show any effect on the number of atretic
' follicles, with fewer present at estrus than any other stage.
Atre31a 1n small follicles occurs malnly by 1ys1s or phagocyt031s
Aiof the oocyte.' Byskov (1979) observed that a small fraction of
medium 31zed follicles become atretic but most do not exhibit
.luteiniiation.: In'comparison, large follicles, a majority of which

"do become atretic, tend to v‘luteinize 'a;;d the granulosa cells exhibit ,"
' _Aan:accumulation of-lipid dropletsporrthey-tend,to become'pyknotic.

The causes of-atresis haveknot'been defined. Perusal'of.theu
1iterature'in this area 1eadslto'thexconclusion that,many:factors'i.
'A‘are involved, either singly, or in:concert'in'the onset of atresia;f
.Ingram s (1962) review noted that the greatest loss of-oocytes occurs
'during the early postnatal perlod; 1nexp11cably hhe.als0'1mplicated .."

_hormone levels‘and pituitary 1nyolvement in atresia.. Channing (1979),
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reported the presence of gonadotropln blndlng 1nh1b1tors, wh1ch along o

with the loss of hormone receptor 31tes, may- 1ead to. the onset of

_ atresia;‘ Ledwitz—Rigby‘(1979) proposed_that the failure of the
' follicular-fluid 1uteinization inhibitor-to decline aslthe follicule;_‘
.grows may render the follicle unresponsive to LHJStimulatlon and
"predispose the follicle to'other factors initiating atresia.

It is known that there exrsts a close, Junctlonal complex between”
the oocyte and its folllcular cells (Zambon1 1970, Fletcher 1979)
Blggers et al. (1967) demonstrated that the follicular cells ' may
function to prov1de substrates for the support of oocyte metabollsm.
Therefore, 1t 1s concelvable that dlsruption of thlS close 1nter-'

action may lead,to atresia.

. Follicle céll culture

'

rFollicle cells can.be collected and cultured in !iEﬁé relatlnely '
'ieasily - Granulosa cell cultures tend.to 1ute1n1ze and secrete
progesterone (Channlng and Tsafr1r1 1977) and the presence.of '
A5- 38, 3a 178 aund 20a hydroxyster01d dehydrogenases has been demon~
strated (Fischer and Kahn 1972)

In.the presence of gonadotropins;.cultured cells_undergo.
morphological changes associatediwith 1uteinization (Thanki and
,Channlng 1979) Isolated“granulosa,cells from hypothSectomizedr

rats secrete estrad1ol 17B 1n the presence of FSH and testosterone
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: (Fdrtune‘and-Armstrong:i9f9); In gepera1, it éppearé'that gonado- .
tfopins_stfﬁulate'steroidogenic activi;y.of,foiligular gells ig.ziggg
‘a,s well a's:i_n vivo. | |
-Granulosa cells iglgigggp'éxhibiflfibroblaét.type growth
(Stékldsowé EE— gi. 1978, Hillensjo. et éi, i979), and aééuﬁulapé“
dropléts'bf c}fbplaépié 1ipid (Thénki.and”Chénniﬁg’19793; The
présencé of the oocyte does ﬁot'neéessafily inhibit the‘luteiniéa;ion'

of-grandlosa cells in vitro (Channing and Tsafriri 1977).

|00CYTE METABOLISM AND GROWFH

- OOcyge f&rmatioq;faé menfionéd‘préyibusiy, Qccurs‘during“tﬁe'
'périod of ofgénogéneéis. Mei&tic activipy-beginé during fetal life“a
" and the‘diplofene Sfagé“is rééchéd‘shortly before of aftér birfh;‘
At ‘this poiﬁ;, meiotic activity ceases énd fhe‘primafy oocytes enter
ﬁhe dictyateyqr ﬁrésting":stage;‘ fhig ﬁeioti& afreét persists ﬁhpil
shortly Befq;§ thé oocyﬁe is.ovﬁlated. iﬁe duration'of.the dictyate
periéd &aries wit§ the repréductiﬁe_lifeépan of Fhe sfecies. For
,example,uhﬁman éoéyte; may:remain in ﬁhe dicﬁygﬁe.spagé for several
. decades. (Zamboni i970), In fhe.interval'ﬁgfﬁeénlmeibtic qrrest and
sﬁﬁe'resumﬁtion Qf'mé#osig, qhé'QOCYte dhdefgﬁéé_é‘PgriOQ qf‘g?aﬁtﬁ.
1whiéh is closeiy'aséociatedﬂwith phe folliculér gctivify discusséd
"previbusly." | |

N

The most immature'primary_docyte:is a'relatiyeiy simple‘cell_
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~consisting of_a largé; slightly ecéehtri; nﬁcléus, a few small
pgriphgrél mitochonarié;ia‘profdgion of'grgpplaf cytoplasmic'fesicles
" and free‘riboﬁuéléoprotéip (RN?) pértiéle%. Thg ﬁajérity pf.thé
organe;lés are pbﬁéentrateaAiﬁ a:cré§céht.§haped'region éldse'to,the .
nucleus‘(Adéms and He;tig';964); l

: The oqgjté commences i;s.growth ﬁhase whén it'is sqrrOuﬁded-By B
nine'fo'téﬂ}foliicle éellé (type 3a) (Linterﬁ—Moore and Moore 1979);
Histologicallj; béé&té groﬁth is éharacterized,by pfogressivef;hanges
in the nucléoli, riﬂoéomesA mitbéﬁbpdria; endoplésmic ¥e;iCu1um,
‘Golgi éomplex éhd otﬁer.organe;les ﬁhiqh réflééﬁvexténsivé,alté;afions
in the metabolism ofsthe oqcyté’(Wassarméﬁ aﬁd Josef6w1c2'1978).

l During~éoé§te”groﬁth, nucleé; éCtivit§ is High<ahdlphe_nuclear
eﬁvélopé‘has'é'wajyvgbpearance;. Pfo#rusiqns.or‘biébs apﬁeaf in:tﬁe
nuclear eﬁyelopg, foenvodcﬁrring in c1o§é;§roxiﬁity to:tﬁe péres:bf.
thé‘nuciear envelope (Adamsignd Hertif lééﬁ,-Bﬁkgr 1971). Stfucfureéi
distribﬁted tﬁrqugﬂpuf the"c?téplésm; similar- to thé blebs of the |
nucléar envelbpe; indicéte'tha; the b1ebs are”shéd'intb thélcytoplasm,‘
functioﬁing'npé_onlﬁ in the prolifgratioﬁ‘bf the cellularsérganeilés,
but also coﬁtribufing.;o.the distribution of infofmationalnmatérial, ;
from the nucleus, neéded for éari}’embryoﬁic dévelqpmént“(Béker‘1971).:' :

The p?olifgratiﬁg mitdchqndrié are preéent ih‘varyiné’poﬁfofma—
tions-wﬁich;may-tégresgn;'étages of'bqadiné'or transitjqnallstaées”

of metabolism (Baker 1971, Szollosi 1972).- The mitochondria exhibit
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"a hooded appearance which increases their surface area and may élso
provide a specific micro-envirénment to facilitate éxchgnge of
metabolié intermediates with the endoplasmic'réticulum (Cran- et al.
1980). Such mitochondrial configurations have been nd;ed in-the-
oocytes of the cdw, goat and éheep (Senger and Saake 1976, Cran et
al. 1980). It was suggeéted that such a modificatioﬁ may be critical
to a cell which depends, in_par;, on ﬁreviously éccumgiated enefgy
sources (Senger and Saake 1970). The oocyte represents such a celi
éince it is-thé pfedecessof to the embryé. fhe'early embry6 feiies
on stored nutrients to ensure its survival. This is evidenced By
the restricted enefgy.QUbstrate requirements of early emb;yds '
(Biggers et al. 1967, Biggers 1972), éna a reduction in the protein
content of the eafly embryo by some twepty pegcent in the cow (Haféz
1974) and the mouse (Brinster 1974). |
The endoplasmic reticulum is closely'assoéiated with the

mitochondria of £he growing oocyte, leading to .the speéulation that
this association provi&eé the endoplasmic feticulum‘with the high
energy requi?ed,for synthetic -activity (Adams and Hertig 1964,
Szollosi 1972). Later in the growth phase, the very extensive
network of endoplasmic reticulﬁm disappears, giving fise'to numerous.
free vesicles, some of which are associaéed with the miﬁochonéfia
(Waséarman and Josefowicz 19?8).

The Golgi complex first appears as a single aggregateibf smooth
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membraned vesicles and.short brbad'chanpelé (Adams and Hertig 19645;
In later stages of growth, thg Golgi consists of a ;arge conglomerate
of vaguoles, granules an& 1ame11ae; fhe dimunifion of the smsoth
endoplasmic reticuium suggests that it may fﬁnction'as a precursor
for othér membrané systeﬁs, while the changés of the Golgi suggest
its increésing activity, involving_possibly the coﬁcentration.of»
secretory prpducts; formation of cortical granules (Wassarman and
Josefowicz 1978), adjusting the fluid~reserves of the oocyte (Adams
and Hertig 1964), and maybé a role in zona fellucida formation
(Baker 1971).

The formation of the zona.pellucida occurs during the growth
phase of the oocyte; ﬁaker (1971)'implicates both oocyte and
follicular cell involvement in the elaboration of the mucopoly- -
saccharide components of the zona pelluc1da and partlcularly the
Golgi comﬁlex whlch has been shown to synthe31ze mucopolysaccharldes.
The work of Adams and_Hertig (l964)'supports this idea. They noticed
that the Golgi becomes peripherally located near the oolemma at
the onset of.zoﬁa formation.

Even with the céssation of oocyte growth and the for%ation of
the zona pellucidé, the oocyte and the surrounding follicular cells
remain in close contact. Concurrent with zona formation, microvilli
develop over the oocyte accompapied by c&toplasmic‘projéctiéns of tﬁe

granulosa cells (Adams. and Hertig 1964; Zambohi‘1970) insuring the
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close functional relatlonship.

B10chem1cally, the grow1ng’oocyte 1s actlvely synthes1z1ng RNA
3t a high rate (Oakberg 1968 Moore et al 1974) A 31gn1f1cant"'
'Aaspect of the dynamlcs of this RNA synthes1s-1s that it decreases
sharply 1n type . Sb folllcles and is at very low levels in. type 6 and
.7 folllcles. The 1n1t1al decllne in the RNA synthes1s occurs. at the
" time that the oocyte is fully grown and c01nc1des with antrum
tfornat1onl(Mbore and LinternfMoore 1978).: Thls intense RNA-synthesls ,
représents transcription of the oocyte nucleolar genes (Mbdfefaﬁd.
LinterneMbore 19?8, lintern—Moore,and Moore 1§79).' The RNA synthe-
sized nakes its way into the cytoplasm‘of the cell (Oakberg'l968
"Moore gt al 1974), probably through the process of nuclear blebblng
(Baker. 1971). Both r1bosomal and heterogeneous RNA spec1es are being .
synthesized. Blochemlcal analyses show that‘elghty five percent or
more ‘of the RNA in fully grown oocytes 1s ribosomal or' RNA (Wassar—
‘ man and Josefow1cz 1978) |

Proteln synthesls patterns of. grow1ng oocytes wh1ch probably _'
reflect, in part, the transcr1pt10nal actlvity, present the same
trends. _Schultz and Wassarman (1977) demonstrated 51gn1f1cant'_'
qualitative changes rn'the size'classes’of proteins Synthesized»
-during the oocyte growth period

Enzyme system act1v1t1es also 1ncrease during oocyte growth

" :Mangia and Epste:n (1975) demonstrated that the levels of glucose—
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6-phosphate déhydrogenése (G6PD) and 'lactate dehydrogenase (LDH)
activity increase &uring'ooéyte growfh and this activity declines
after the oqcyte has réached'its maximﬁm growth, sﬁggésting that .the
synthesis of these enzymés'is almost complete when,ﬁhé oocyte
reaches its maximum-size. | '

Eppig (1976) demonstrated that érowing oqcytés utiliied pyruvate
more efficiently than glucose, 1a§tate or succinate as an energy
source. ther research has shown that pyruvate serves as an impﬁrtant
energy substrate in fuily gfown oocytes and éarly embryos (Biggers
et. al. 1967, Rushmer and Brinster 1973).

The end product of'oocyte growth is-a cell which is capable of
yesumihg meiosis and, upon fertilization; has thé-abiiity to develép
into a normal individual. Sorensen gnd Wassarman.(1976), demonstrat-
ing the,importanqé of growth, noted that thg ipéidencg of spontaneous
initiation of meiotic maturation, of moﬁse oocytes, was'relateq to -
the size or stage of growth of the'oocyte.'.These observations have
been corrobérated by Schultz and Wassarman (1977) and McGaughey
(1977) wﬁo demonstrated-that .oocytes isolated from larger follicles
resumed meiosis ﬁore readily than.00cytes-from small follicles.

These findings distinctly support the contention that 6ocyte growth
represénts the accumulation of "information" needed for,subsquent'
development (Baker 1971,‘Smith 1972, Moore and Liﬁtern—Moére 1975).

Growing ococytes have been cultured in vitro for short periods
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of time (Sorensen and Waséariaﬁ 1976, Eppig 1976, Schﬁlf£>én&
Waaéafman 1977). Eppig‘(1979)'Cultured.g#owiﬂg'odcytes‘gg;giszg
for-gevéﬁ,days'gnd‘épqcludéd thatA£ﬁé closé'juﬂctipnai_compiex
befWéen'thé-OOQY£e and thé‘fpllicular*cells must be maintéined-in
.oragr tQ‘féciliEaté gquth.r At prééent, there i; a ﬁaucitytbf
information ééncérﬁiﬁgithe'reéoﬁerysand ig_gigggECulture 6f the
large population of odc#tgs"whiéh comprisés-tﬁe nbn—grqwing pool),'.
fhe physiolégicél ﬁe;hanisﬁs which initiate odcyté gfowtﬁ afe'néﬁ
: kpown, but the Qork.of‘Linfern-Mpofe and Mooré (1979) indicéteS'thé
_ii_gizg reédifeﬁenﬁ fér a ére&omiﬁantly cuboidal fblliéular ep’ithelium~
before oocyte growth caﬁﬁenées; .This; élong ﬁith tﬁe work 6f Bigggrs
(1972) énd- Epp_-ig '(_19?9)‘, who concluded that the follicula;r cells and
: the oocyte feciprbcaliy‘influenée'eéch:other, indicatés a ﬁajor:fole.
for‘thelfoilicﬁlar,péllé in the initiation and'support,:as weii as

the coordination of oocyte growth.

. 'Meiotic maturation .and in vitro fertilization

For some time fallowing'tﬁé qomplepioﬁ of oocyte gfoﬁth;'the
foilicle cdnfinqés.tqzenléfgé, with the formation of thé’antrgm.and
the'éppéaﬁance-of~the Sfructureé'of the classic Graafian féiliclé;
i.e. eqorona r;diapa,‘cumulué oophorué. _Shortly after qvulétibp,.thé
oo;yte‘resgmeé-meiésis"witﬁ'the”éopsequent'émiésion éfithe fifst_

referred to as meiotic maturation, has been.

’

'ﬁbiar body. Thisfeven;,u
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an area of'intense study,in~mammals and other vertebrates (Schueta
"‘1964 Edwards 1966, Masui and Market 1971, Bae and Foote 1975).

The time scale and sequence of events of oocyte maturation are
‘well chronicled (Sorensen 1973 Lopata et- .al. 1977).-'00cytes of a
number of. species will mature spontaneously in XlEEQ (mouse, Cross
and Brinster 1970 Sorensen 1973 Bae and Foote 1975, Schultz. and
.'Wassarman ‘1977, cow; Hafez and Ishibashi 1964 Shea et al 1976b
Thibault et ’al 1976 Thibault 1977, plg, McGaughey 1977 rat; -
Magnusson et al 1977 rabbit Shea et al l976a)

Protein synthe31s occurs during oocyte maturation (Smith 1972
"Golbus and Stein 1976) Similar to oocyte growth there are 31gn1—
ficant qualitative and’ quantitatlve changes in the.s1ze classes of
the prote1ns~synthes1zed -but it-is not clear whether-they are
d1fferent from those protelns synthe31zed-dur1ng the growth period ‘
(Schultz and Wassarman 1977) However, protein synthes1s does not
'change 1n‘!igrg in the same Way it does intrafollicularly (Thibault
1977). | |

Metabolicaily,(oxpgen consumption increases during maturation
with a concurrent increase in pyruvate utilization kMagnuSson &t al
| 1977)." Zeilmaker et al. (1972) and Zeilmaker and Verhamme (1974)
'concluded that oxygen (oxidation—reduction potentlals) was 1mportant
in the initation ‘and- support of melotlc maturation of m0use and rat

oocytes in_v1tro.
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Hormones are involved in the'inductionAof meiofic maturation of
oocytes of lower vertébraées (Schuetz 1964) and hormones have been
-used to. stimulate meiotic ﬁafuration of follicle enclosed oqéytes of
mammalian species (Tsafriri et él. 1972, Thibault et al. 1975).
While this information indicates a role f6r hormones in the initiation
of ﬁeiotié maturation in vivo, résearéh implicgting the follicuia?
cells in the maintenance of the dictyate stage (Thibault 1972;.Foote
et al. 1970, Hillénsjb et al. 1979) and.éhe partial .charactefization
of.meiosis inhibitors preseﬁt in follicular fluid (Tsafriri et. al.
1976, Stone et al. 1978) supports the contentlon that fully grown
oocytes are poised to resume meiosis and no new proteins need to be
synthesized for initiating meiosis (Schultz and Wassarman 1977).
In other words, hormones are not involvedlaﬁd final oocyte nuéleaf
maturation is not follicle dependent (Thibault 1977). Research with
meiosis inhibitors (Tsafriri et' al. 1976, Stone et al. 1978) has
shown that LH reverses the inhibition, indicating that; in vivo, the
preovulatory surge of Lﬁ serves a permissive role in oocyte maturation.

Masul and Market (1971) demonstrated, in the frog, that the
cytoplasm’played a major role in the control of meiotic maturation.
ﬁalakier and Czolowska (1977) had similar results using mouse oocytes,
"concluding that meiotic maturation.is ;nduCed by a cytoplaéﬁic factor
which is produced or unmasked independently of the nucleus. Schult;

et al. (1978) confirmed these results and suggested that meiotic
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maturation is under the control of cytopiasmié factorééi-that’a
change in quality of the cytop;asm rather tﬁan qﬁgntity is responsible
for the acquis;tibn of meiotic compétence during oocyte growth.

Although ooctyes can be matu;ed.iglgigzéa feftilizability reﬁains
in question. -Normal young have been born to mice (Cross_and Brister
1970) when follicular oocytes were matured and fertilized in vitro
and in rabbitg and shéep (Betteridge 1977) when matgred éocytes were
transferred and férfili%ed in_the-recipieﬁf; Similar work with f
oocytes oflthe calf (Menezo gﬁ_ al. i976,lThibau1t:g£ él. 1976) héve“
proven ddlsappointing. In giggg_matured'oopytes-of rabbits, pigs, cows
and Womén can be penetrated by spermatazoa but, the male nucleus does
not dissociate and swell immediafely aé it does in those oocyfes'
matured ig_yizg (Thiﬁault|1977).. The preliminéry réport‘of Soupart
(1979)'indiéa§es that fusion of two oocytes can be succeésfullyAper—
formed, providing an altérnative to ig_ﬁigzé fertilization Vith

spermatazoa.




Chapter 3 -
MATERTALS AND METHODS

Thg experimental procedure can be separated into four major
phasés: 1) surgery, 2) tissue prepafation, 3) enzymatic digestion

and 4) plating and culture.

SURGERY

Non-pregnant, cycling cows and heifers from the Montana'State
University beef herd were ovariectomized, the surgery being performed
under local anesthetia (Lidocaine). Upon removal, the ovaries were
pléced iﬁ an inéulated‘carrier containing either Earle's Saltsl or
Ham}s F-101 nutrient mixture which had been wafmed to. 38°C. The 6varieé

were then transported to the laboratory for tissue preparation.

TISSUE PREPARATION

The ovaries were reméved from the carrier under a sterile hood,
where all subsequent pfeﬁaratory work was perforﬁed. The‘first step.
in preparing .the tissue involved washiﬁg the ovaries with warmed Earle's
Salts and reméving extraneous connective tiQSue. The ovaries were then
placed in a newlpetri dish containiﬁg Earle's Salts aﬁd.sliced trans-
versely into strips 1-3 mm in width. With the aid of tissue'forceps,

and iridectomy scissors the medullary tissue was separatéd from the

lGrand Island Biological Company, ‘Santa Clara, California.
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cortex; Any antral follicles, Whiéh had not been previously punctured,
were excise&. This wgs done to ensure a more homogeneous population
of oocytes following enzyme digestion. Thé remaining corticalktissug
was placed into a clegn petri.dish.cbntéining a small (5 ml) amount of
fresh Earlg'g Salts and' diced into small (1 mm3) fragments with a
scissor-type action of t&oscalpelé'ﬁith # 11 blades. Once dicing was
compléte, the Earle's Salts solution was decanted and the tissue sub-

jected to enzymatic digestiou.

ENZYME DIGESTION

The enzyme digestiqn-apﬁaratus consists of a'spandard trypsinizing
flask cortaining a magﬁetic stirring bar. The open sidearm and{top_
are covered with aluminum foil and the whole épparatus ig stefilizgd.‘
The digestiop solution consisted of the rquiréd aﬁount of enzyme
dissolved in warmed (BSOC) Hank's Ca++ and Mg++ free Balanced Salt
Solution (HBSS)l. The initial experiments involved simul;aneous;
side-by-side digestions using trypsin. and éollégenage. The trypsin
solution was prepared to a strenétﬁ of .25 percent .by mixing 4 ml of
2.5 percent Trypsin Solutioﬁ1 in 36 ml HBSS. Thé strenéth of
the collagenase solutidn was i percent and piépared by diésolving
.4-g collagense Type II p’owde'r2 into 40 ml HBSS. Borh enzymes
satisfacto?ily dispérsed the ovarian tissue, but sipce the majority

of the connective tissue of animals is composed mainly of collagen, it

2Sigma Chemical Company, St. Louis, Missouri.
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_was decided to use collagenase exclusively Suhseduent experiments
1nv01ved variatlon of the strength of the collagenase solution. These
concentrations varied from .25.percent to 1 percent,'the'best results
coming from .5 percent collagenase solutions, prepared by dlssolv1ng
.25 g of collagenase in 50 ml of warmed HBSS.

Immedlately follow1ng the preparation of the énzyme solution,
the prepared tissue was then'added to the'flask andlthe flask was
swirledfby hand to renove any tissueszagments stuck to the'side. The
flask was theén placed.on‘a magnetio stitter in an inouhator that main-
tained the tenperatute at'BSOC{the mixture was agitated at -low speed
and monitoted periodicaliy_to determine the extent-of cell'diSpersion.v
.Sampies of the diéestion mixture'were alSo.taken and examined under;
an invertedlnicrosoope in an attempt to ascettain the'degree,of cell
dispersion and dEtermine_the time.at which‘the'ootinum numheroff
ptimaty'oocytes'had heen‘lihetated.

Duration of the :diges‘tion_‘ .va'tied-’frbm 45 minutes to- 3.5 hours.
Because the'strength.of the enzyme Solution vatied}nas'well as thel
specific activity of‘the enzyme; the decision to terminate:the‘diéestion'
was made from the ptevious1§ mentioned observationai technioues-rathet
than a set time. Upon'the dec1s1on to terminate the dlgestion the'
supernatant was decanted into fOut sterlle 15 ml centrlfuge tubes.
These Were'spun for five minutes at moderate speed in a table—top

clinical centrifuge. The centrifugation creates a tissue pellet in
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the.bottom,of'the ;ube.' Following centrifugation, the supernatant

Qas aspirated and fresh, warmed Earle's Salts (5 ml) was‘addéd‘td each
tube. The pellet was brbkénkup.by‘suckiné and expelliﬁg #he'ftﬁfd,‘
by mouth, Witﬁ a sterile pipette.” When the pellet was sufficiently
Broken up, tﬁé tubés were tecentrifugéd for five minutes, followed by
another cycle of-wéshing and_centrifuéation. After the final washing
and centrifugation; thg supernatant wés-aspirétgd and ﬁhe tissue pellet
: was resuspendea in culture media and aliquoted to fhe'culturé flasks

and dishes.

'PLATING AND CULTURE

All cultures were carried out under similar conditions of con-

trolled temperéture (3890) in a 5 percent CO,, 95 percent air humidified

92
atmosphere. |

Initially, two cﬁlture media were used. These were: Bripéter}s
_(BMOC-3) Culture-Mediuml and Ham's F-10 Nutrient Mixturel. Both were
normally supplementéd with: calf seruml to a conééntrafion of 10
percent and é.Pencillin—Streptomycin—Fungizone mixture3 to a 1 -percent
concentration. |

The cultures, in the beginning;‘wefe‘carried out in sterile plastic

75 cm2 culture flasks4.. Flasks allowed sufficient observation of the

K I . . ., . . .
Microbiological Associates, San Francisco, California..

4Félcon.Plastics - VWR Scientific; Seattle, Waéhington .
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cultured celis but reliably.éoﬁnting_thé,cells and'attembts atv,ﬂk

'manipulation were not feasible with this éyétém. SuBsequeﬁf é#pefi4 -
ments utilized a:§0 x.15'ﬁm Integrid diéh4 which had a 2'mﬁ grid -
system. ‘Twentyffi;e mm glass coversiiﬁs wgre~add¢d to each~dish;
-During‘culture thg chefsliﬁs_céuld be fémbvéd;~the‘att§ched‘cells
fixed in forﬁaliﬁ—Acgtié Agid.(fAA) énd sfainéd by roufiné Héma;oiyliﬁ— .
_ Eosin staining brocedpres. Sﬁdan Black-B lipid stainiﬁg-p?océdures
were'also_occasionélly employgdﬂ Attempts &ere also made'to.{soléte
oocytés for fixatioﬁ ;nd staining by ﬁSipgva mouth a;piréfedjlo'ﬁli
pipeﬁéés‘ The ‘technique invoiyéd observing'fhe'diéh.with‘the inverted
'ﬁié;osqdpé; pi;king'up tﬁe 1ocaté§ odé&ées'ﬁith the‘pipette aﬁd»::
_ tranéférriﬁg them to.a'standard gléss siide.'ijhe tfahsferféd ceils
‘wgfe fiﬁed_to the slide with FAA and stainéd'withiﬁematoxilin and
Eosin. Fixation aﬁd.étaiﬁing'for‘histbloéical examina;ion pérmiffed
thé gathéring Qf.a dgta Baée:oﬁ:pﬁimafy soéyfes'ih cultﬁre and 1eﬁt
confidéncé~£§ viéﬁai bbéérvgtibns déing the inverted microséopé- .
ththwould'ﬁét provide the reSolutiéﬁ'fequifed.for définite énalysis; :
l Once,the'pgllét ofAdigeStéd tiééue was f;suspéﬁded in cultufe:
media, it was aliqt;oted to _thé f1aék§: ;nd ;dAishe's'whiEh had been

previously,pfgpared by addition of-cdlture.hedia and placéﬁént,infthe

5Kimble OWGn—Corning;.Toiédo, Ohio.

x
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incnba'to.r_t'o.allow equilib_fatio_n. F;ol'l'ow’ing addition of the diée'sted
tissne; the final polune of -the flaSks and dishes.was approximately

l5 ml and 3 ml respectively. After'one‘niéht ot cultufe; the disnes '
&ere examined and-an odc&te count .performed. ThlS was done $§ countlng
the number -of oocytes in ten randomlf selected squares in each dish,
The number of oocytes.ebserved was totaled and diVided by,the-numtet
of dishes enamined; atriving at a figure for-tne average nunber of
docytes observed per dish. 'Since.tne'ten obsetvations pet'dish f
tepresented 2“peteent pf‘the tetal area~of each disn, ealculations,
.using the formula 0.2x = aﬁetage nunbet.of oocytes oﬁserved:per dish,:
-allowed-an-estimate of an average numper df oocytes per dish: When
“this figure was multiplied by the number of dishes in the’ experiment,
which was e1ther 50 or. 60 then an estimate of the’ total number of
oocytes isolated was attained. Twice 1t'wa3'p0531ble to take.tissue
weights and the number of:eeCytes per.mg ef:diéested tissuedwas.
Calculated.' | ”

‘Media changes~were'performed:at'48 or j2 hour interﬁals b&_aspira—
tion:of the old media and pipetting in ffesn nedia, :Varions attenpts_
'were‘made to_stimulate gtowth througn'media supplementation. .These
--included supplementing the media ﬁith". l mM. concentrations of pyruvate'
‘IPMS (1000 10/m1), HEG. (1200 T0/ml) and combinations of PMS and HCG
. (1000 IU/ml and 800 IW/ml respectively), and cAMP 1n concentrations of

10, 100, and 1000 ug/nl. In all cases, visual observatlons of’ the
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flasks and diéhes were made at various intervals and coverslips were
taken, fixed aﬁd stained for histological examination.

Attempts were made to sSelectively isolate oécytés by using a

.y ) . .

-sucrose density'gradienp. The absence of follicular and stromal cells
. In the cultures would permit easier ébsérvatidn'of the oocytes as well
as allow comparisons bétween'attempts.to stimulate oécyte growth in
‘the'presende and abégﬁcé'qf other ovarian cells. - The prepara;ion of
the sucrose density gradient consisted of mixedllo, 20, 30 and 40
percent sucrose solutions. This required &issolving the necessafy
‘amount 6f'sucrose iﬁ Eafle's Salt Solution. The preparéd'ﬁixture§
were autoclaved and stored in' the refrigerétor; but were warmed before
use. Preparation of the gradient i;self required ;ayeriﬁg of.the-
solutions in ; sterile centrifﬁge tube with the 40 pefcent solution
ag the bottom and the decreasing density solutions sﬁccessively 1ayeped
on top of that.  The first attempt used'iS ml éentrifuge tubes with
each layer being a volume of 2_m1. Supégépent attempts invol#ed 50 ml
centrifuge tubés with. éach sucrose 1ayer being a volume.of 10 nl.
The Sucrééé density gfadieﬁt procedure is inserted toward the énd of
the tissue digéstion proc;éé, following the two cycles of washing and
centrifugation. - At this poihé, the tissue pellet was resuspended iq'
fresh, warmed Earle's Salts and pipetted carefully ;o'twojcentrifugé
tubes'containing the sucrose density éradient. The tubes were sbdn on

the centrifuge at the lowest speed setting for five minutes. Fbllowing
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centrifugation, each successive layer, in one tube was examined under

the microscope for the.presence :of oocytes,

which were found in the

30 and 40 .percent layers. These, and the 30 and. 40 perceﬁt layers of

the second tube, were ‘taken and subjected to washing with Earle's

Salts and centrifugation to remove the sucrose.and lessen the osmotic

shock which could be attributed to the sucrose. - Aftér two' cycles of

washing and centrifugation, the pellets were resuspended in culture

media and aliquoted to dishes by methods previously described. Subse-

quent attempts utilizing the sucrose density gradient, did not involve

- screening, in an attempt to reduce osmotic
sucrose density gradient Wés made in terms
possible effects on maintenance of oocytes

one-half of the digested tissue was plaféd

shock. Evaluation of the

of oocyte recovery and

in culture. ' To do this,

énd cdltured normally, while

the other'oﬁe—half went through the sucrose density grédient, followed

by standard plating and culture. The experiment involved 50 dishes

distributed among five media change schedules: 12, 24, 48, 72 and

96 hours. Ten dishes were in each treatment, with five taken from the

group of cells from the standard isolation procedure and the remaining

five from the digested tissue which had been put through the sucrose .

density gradient.' Just before the media was changed, a 1 ml sample‘ﬁas :

taken from a #andomly selected dish in each respective isolation

treatment, i.e. one sample from a tregular isolation dish, one from a

'sucrose isolation. The media samples were stdredrin a labeled vial.




36
and frdzén fof subsequent”progésterone yadioimmunoassay (RIA5. Céver-
slips were a}so taken,the attached cells'sfained and mounted for use
in determining, in conjunction with the RIA fésults; the cell density
and metabolic activity, fo evaluate .the efficacy of the sucrose denéity .
gradient for iéolafing ooc&fes and to'try to evaluate-the effects‘of
the follicular cells oﬁ.oocytes in culture. Standard counting pro-
cedures were'pefformed to evaluate if.tﬁe sucrose deq;ify gradient had
any effect on -the humBer pf oocytés isolated.‘

The use of the gridded dishes.permitted attempts to locate and
follo& sbecific oécytes over the csurse of the ekpériments. :This was
done by markiﬁg é.;eference,point:én the dish and dividing it iﬁtO'qine
quadrants. Ten areas were delineated for_obgervation on. the bésis that
" they could be cénsisténtly found. ‘Each dish was observed daily in these
ten areas and the pregépce and size of oocyfes was ‘scored. If success~
ful, this method would permit observation and eQéluafion'of particular
60¢ytes, providing bétter data for drawing conclusions‘about oocyte
response to various attempts.to stimulate ooéyﬁe growth.

" In two insténces; if wéé pbssible to utilize fetal ovafigs, but
unfortunately, contamiﬁation fuined the.eXperiménfs. However, these

short-~lived experiments will be discussed.




Chapter 4

RESULTS

ENZYME DIGESTION. AND échTE RECOVER:

'Recovery of primary'OOuytes thfuugh‘euzymatié diégstibn of ovarian
-tiusue is poSsiblé'aud both trfpéihuunducollageuase éfé_éuitable_for‘USg
in éuqh.procedureé. Trypsin digustion,seemed to'result,in_mofé:évi&enue-
of'tissue clumping tuan'uollagenusé‘digestion. In ‘such cases, there
:we%e‘morélagguegaues of uéljs and many, if not.moSf; of_the.priuérf
Aoocytes tended tu haug largenumuers.of foiliculérluells still éttaéheu.
Primary oocytes"uﬁiuh had_been completely stuipped,of grauulusa ¢elis‘
souefimes éhowedqsigﬁs,uf overdigestion;.evidenééd'b§ disruption of
‘the cellular muubrane{ In contrast,vcollagenase dléestlon reSUlted 1n‘
-feuer obuerved 1nstances of tlséue clumplng Thére were numerous
prlmary'oocytes Whlch hgd-been strlppgd-of guanuloéuicélls but showed
no eviuencg‘of'overdi%éstioh. | |

Neither enzyme was‘cleurly supérior in'its_abiiiuy to liberate or.
denude priﬁary.oocytes. The number‘bf uocytes:liberatéd by either :
‘enzyme uere prububly_euual,'uuwever; since thé intiéi iéolation.exberif
ments utiliZeu éulture flasks.for theuincubatiun of{;ue.digested,tissue,‘
no:réliable«oocyue-counus‘ébuld-be'méde; Theioocyteé 1ibeféted B&
dlgestlon with e1ther‘enzyme varied from being completely strlpped,'or
" deriuded, to oucytes Whlch had a: large number of folllcular cells still

attached.
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The decision to use collagenase exclusivély was made on thé basis
of its'abiligy to successfully liberate primary oocytes in a denuded
state without resulting in 1érge oocyte loss due to overdigéstioq.
Collagenaée is highly selective for gollagen as its substrate and
possesses very little general préteolytic activity. 'Its use decreasgs
the chances of éverdigestioﬁ possible with more general proteolytic
enzymes_such as trypsin. Since tﬂe connective tissue of the ovary,
as with most other animal tissues, is composed primarily.of collagen,
the use of collagenase matches more closely the tiésue digestiqn'agent

" with the tissue to be digested.

ISOLATED OOCYTES

The initial enzyme digestidn trials resulted in the liberation of
oocytés of all size classes, ranging from primary oocytes to‘fﬁlly
grown preovulatory oocyteé possessing well developed zona peiiucidaéQ
When antrallfoilicles Wepe ﬁunctured or e#cised prior to tissye
digestion, a more hoﬁqgeneéus population‘of poqytés wés obtainedf Ihis
step was incorporated into all subsequent isolation.trials.

The primary o;cy£es isolatéd yaried in size from épproximately
23u to 31Uu in«diametef. Bhotomicrdgraphg of primary oocytes S£aiﬂed
with Hematoxylin and Eosin (H + E) during culture ate shown.in'Figurés-
2 through 4. Primar& oocytéé isolated with the aid of a mouth aspirated
10 ul pippette énd stained with H + E afe présented_ih Figureé 5 and 6.

The size and appearance of these oocytes is similér to the stained
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Figure 2. Primary oocyte after 1 day in vitro culture. Oocyte
diameter approximately 31 p. Magnification 300.
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Figure 3. Primary oocyte after 1 day in vitro culture. Oocyte
diameter approximately 28 u. Magnification 300.
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Figure 4. Primary oocyte after 13 days of in vitro culture.
Magnification 300.

Figure 5. Primary oocyte aspirated with a capillary pipette after
11 days of in vitro culture. Oocyte diameter approximately
24 y. Magnification 300.




Figure 6. Primary oocyte aspirated with a capillary pipette after
11 days of in vitro culture. Oocyte diameter approximately
27 y. Magnification 300 X.
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secti¢né éf‘béviﬁe‘ovarieg-maAQVBy Stfickiand (l9f6) and érgﬁsiﬁilérf o
to ooc&fes of_otbe?lspecieg (Hémétef - Adams éﬁd ﬁéftié'iQﬁé{iﬁousé +:
soreﬁseq_éna.Waséarméﬁ 1976) " |

The number ofl&ocyteé ispiétgd:eﬁéymaticélly ranged'from zero ;b
‘an estimated eleveﬁ tboubén& as éhoWﬁ iﬁ'iablé_l. Alsofshown'ig thé:‘
one succeésful a#teﬁétluﬁilizing $ucrose_densi£y gradieqt cénttifugation,‘
In this trial, thg Sﬁcrosé dgnéity grgdient had no éffeét bn‘thé number
"of oocytes iso}éted. SuBséquent_éttgmpts:utiiizingAthe sucrose &eﬁgi;y'
gradient~failéd féf, as Yét;-undétermined réasdﬁs.< The first trial
using the gradient ﬁas.accomﬁanied-by‘dﬁiqk.visqai'dbserQatién'of the
 successi§§ sucroég 1ayer§g: Since'tﬁe-QQCYtes were found inlthé 30 ana 3:.
40 pefcéht sucrbée‘léyers, fhe'néxt,trial was not:aécompanied by'§iéuélz

' observation. Instead the 30 and 40 percent sucrose layers were

. extracted and used immediately in an attempt to reduce osmotic shock.
. When this failed to yleld any results, visual obscrvations weré made .~ = . * 7 f,
during the third attempt. ~.In the third'trial.no'odgytes-wére obséerved

"and the sucrose densitytgradiént was not used agéin.

PRIMARY OOCYTES IN CULTURE

Primary oocytes are eésily idéﬁﬁifiable'dur{ng the inifiél fhases:
of culture because they afe ;hé largest cell visibléf _They bgéome_
difficult-po discé;n'afﬁef,féuf to five;déys qf'cuitufg bécéusé ofifﬁé
. grdwth charaéteristics éf”the qfﬁér.cellé in-culturéﬂ Tﬁése Céllél

exhibit fibroblast—iike growth patterns and in many'insfanCQS'thé N




Table 1 -

43

~ 0OCYTES ISOLATED THROUGH'COLLAGENASE DIGESTION OF OVARIAN TISSUE

No..of Oocytes

No, of Oocytes/

Technique Mg’T;ssue_
‘Regular Isolation 6230 1054 -
Regular iéolationt ilbOO —. |
Regular Isélation 0 -
Combined ““'5166 : 1.8

A;.Regulér Iéoiafibﬁ . 1500
B..Sucrqsé‘Density_GradientJ 1666
Sucfose Density Gradiehf- 0 f
Sucrose Denéify Gradient 0 -




44

cells spread to such an extent that the nﬁcleiiexceed 20u iﬁ'diameter,
roughly the diametér of a primary ooéyte; 1In such‘gases, the resolutién
of the transmitted light inverted microscope was_insufficient té
distinguish a primary o&c&té froﬁ an eniaréed nucleus.

. Initially'many oqcyteé were observed to be fioating or only weakly
_attaphéd to the culture dish-énd ogly a sméllhnumber of pocytes:
exhibited relatively strong attachment: This ﬁade follbWing particular
oocytes for the duration of £he culture period impossible. The use of
gridded culture disﬁés was not sufficient to pefmit this type of
-observation aﬁd cher facto?s; i.e. coverslip movement, media changeég
hindered attempts to foiiow particﬁlar oocytes. Time-lapge cinemicro-
graphy could efféctively be used téirectify ;he situgtion.

The depletibn of méteriai during the expérimentai period as a
?esult éf gathering'matérial for fixation and staining, negated any
’ éstimation of the survival rate of primary pocfyec during mgaepaﬁe
periods of ig_zigzg_culture.‘ Generally, the'presehceﬁof oocytes became
more difficﬁlt to detect as culture prdgréssed. This decli%e in the
number of bbéerved oocytes was atEributed primarii§ tg'déath loss,‘
however: mechanical ménipulatory techniques; such és media Ehangés,
could break the ooéyte;"fragile attachment aﬁd conffibute signifiéantly
to the decline in the nqmbef of observed oocytes. Figure 4 illustrates
"an oocyte which has survived thirteen days of culture, dgmbﬁéprafing

the oocytes” ébility to survive under relatively,sténdard_culturé
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" conditions.

_The Ham{s'h—IO nntrient7mixture,_supplemented with‘calf‘sernm and
antibiotics was-sattsfactory forﬂthe'eultnre.of nrimary oocwtes,
though durlng the 1n1t1a1 experlments, Br1nster s Medlum (BMOC 3) was.
also used for the culture of oocytes Nelther medlnm was clearly
Superlor, but-Ham's FrlO contalnSna w1der varietw of-nutrients;.Since -
the nutrltional requlrements of" prlmary oocwtes have‘not been.def1ned
it was thought that using Ham s F-10- mlght help to ensure the v1ab111ty

of prlmary‘oocytes in culture.

STIMULATION OF OOCYTE .GROWTH

. :Attempts'to'hormonall;Astimnlate growth of nrimary oocytes met_f
with no snccess. Nelther PMSG nor HCG alone or in comblnatton
stimulated oocyte growth When added to the media. Also.unsueCesstui
was cAMP when added to the med%a 1n~severa1 ooncentrations.JlTablegZ-
summarizes the results of the stimulation trials. Evidentiy hormones,n':
esnaﬁailygonadotropins which can be used‘to snpport'and’enhance'the
growth of large oocytes in v1vo; do not work under in y;trg_condltlons,
in the 1n1tiat10n of the growth of oocytes derlved from the non—grow1ng

pool However, these attempts were only pre11m1nary and ‘a role for

) hormones in the inltlatlon of oocyte growth cannot be dlscounted

OTHER ASPECTS OF CULTURE

Although oocytes can be 11berated through enzyme dlgestlon
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Table 2

' EFFECT OF HORMONE ADDITION TO THE CULTURE MEDIA
FOR STIMULATION OF OOCYTE GROWTH

of Cultures

Hormone Concentration Noireated Responsea
PMSG 1000 IU/ml 5 -
HCG 1200 IU/ml 3 -
PMSG + HCG 1000 + 800 IU/ml 3 -
cAMP 10 ug/ml 10 -
cAMP 100 ug/ﬁl 10 -
cAMP . 1Q- -

1000 ug/ml

2+ indicates stimulation of oocyte growth.

- indicates no effect.
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techniques, the cultures initiated.with SUch‘procédureS'élso cbntéin
ﬁollicularhaﬁd other ovariaﬂ cells .derived from the coftex of -the
ovary. These cells a?e‘quite amenafie to culture, exhibiting rép{d
attachment to the surface of the cﬁlture dish and fibrﬁblaét.grdwth.
" patterns.- Mitotic figureé are ﬁrevélent during the early étages of
cuiture-and‘thé‘cells remain vigblé dﬁring extended cultﬁre periods.
The synthetic activity of ovarian cells in culture has been well
documented éMills 1979g Thanki and Channing 1979). However., the |
effects of this synthétib-activity on primary 60¢tyeé in'cﬁlture has
not been aetermined; By using thé sucrose density gradient, i# was
hoped that the effects of the culturéd'ovarian cells on the.priméry
oocyte would be diminished or eliminated. Progesterone synthesis was
meaéured By'radiéimmunoassay (RIA) and reflec£ed the Viabilify and’
activity of the'ce11S'in cultufeg When tﬁe sucrose deﬁsity'gfadiént
was used sﬁccessfully; it had no effect on the ﬁumber of oocytes
isolated, Eut it reduced the number of‘other ovarian ceils in culture
by.60 percent. Figufes 7 throﬁgh 14 are paife& hicrographs which
show the population of ovarian cells during the beginning, ﬁiddlé and
iatter stéges'of'cuiture. There is a,draﬁatic difference in cell
numbers' between ﬁhe isolation groups at the beginniﬁg'of the cultute
pe;iod (figures 7-8)., However, as culture progresses, the cells which
passed through thé gradient multiply:rapidly and by the‘end‘éf the

culture period there is no difference between the isolation groups in
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Cell population of sucrose density gradient isolation

Figure 7.
following 1 day of in vitro culture. Magnification 400 X.
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Figure 8. Cell population of normal collagenase isolation following
Magnification 400 X.

1 day of in vitro culture.
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Figure 9. Cell population of sucrose density gradient isolation
after 36 hours of in vitro culture. Magnification 400 X.

Figure 10. Cell population of normal collagenase isolation following
36 hours of in vitro culture. Magnification 400 X.
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Figure 11. Cell population of sucrose density gradient isolation

following 12 days of in vitro culture. Magnification
400 X.
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Figure 12. Cell population of normal collagenase isolation following
12 days of in vitro culture. Magnification 400 X.
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Figure 13. Cell population of sucrose density gradient isolation

following 13 days of in vitro culture. Magnification
400 x.

Figure 14. Cell population of normal collagenase isolation following
13 days of in vitro culture. Magnification 400 X.
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terms of cell'nnmbers (fignres 13-14).
The summarlzatlons of the progesterone RIA are shown 1n f1gures

I15 through 19, 1llustrat1ng that the.use: of. the sucrose gradlent-
effectlvely decreased.the amount of-progesterone‘present during the
initial stages'ot cultnre._ This disparity in'the'leyel;of-progester—
one production conld easily be attrlhoted to the smaller:cell
:population offthe socrose density:isolationAgroups., As cultnrell
progressed, the cells in_this group became-more numerous.’ Consequently,
as the cell popnlation increased, the-production of progesterone |
increased, surpassing the progesterone productlon of the regnlar‘
isolation group‘hyv4 to 6Adays of cnlture. AThe regnlar'isolation
group generally exh1b1ted h1gh 1n1t1a1 progesterone productlon and a
decllne in product1on .as culture progressed ‘ |

'Though this}experiment was never successfully repeated, it is
“indicative of"the.processes'that have been occurring in previons
experimentsﬂ The cells‘dn'other enperinentsfhave_demonstrated similar
- characterlstics and the progesterone data lend credence to the
assﬁnption that isolatlonnof hopine'primary oothes also llberates_a
' population of multipotential oparian'cells'which becone steroidogenic
dnring in gitro'culture These cells develop stores -of cytoplasmrc
l1p1ds (flgures 20 and 21) wh1ch can be mob1l1zed for’ synthe31s of

: stero1ds and other, as yet, undetermlned products.

































































































