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Abstract:
Regularly cycling beef cows (n=5) were bilaterally ovariectomized and the ovaries were transported to
the laboratory in an insulated flask, containing Earle’s Salts at 38° C. Once in a sterile unit, the ovarian
stalk was trimmed off and the ovary sectioned transversely into 1-3 mm thick discs. The outer edge of
the cortex, containing the stroma, tunica albuginea, germinal epithelium and primary oocytes, were
removed in a ribbon about 0.5 mm thick with iridectomy scissors. The ribbon was diced finely,yielding
cubes (0.5mm3) which were tryp-sinized (0.25%) in Hanks Ca++ & Mg++ free medium at 38.5°C for
1 hour. . The tissue suspension was strained through a 200 mesh screen into a centrifuge tube and spun
to form a pellet, which was washed in Earle's Salts. The resuspended pellet was distributed equally into
control & experimental portions. The experimental portion was placed in a petri dish and the oocytes
with attached granulosa cells were isolated by the aid of a 10 μl micropipette and an inverted
microscope. Recovered tissues were fixed and imbedded in agar and sectioned at 10μ, followed by
staining with hematoxylin and eosin. A total of 2256 oocytes (control and experimental) were released
from the digested tissue, with 513 (46%) being individually isolated from the 1151 in the experimental
portion. The number of granulosa cells around the recovered oocytes ranged from 0-12 layers, with the
average being 4-6 layers. Oocyte (n=633) diameters were measured with the size groupings of <40,
50,60,70,80,90,100 and >110. The percentages in each size grouping were 28,40,15,5.0,4.9,3.9,2.4, and
0.3, respectively. Trypsin digestion of the ovary is an effective way to recover larger numbers of
oocytes for in vitro investigations.
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ABSTRACT

Regularly cycling beef cows (n=5) were bilaterally ovariectomized
and the ovaries were transported to the laboratory in an insulated,
flask, containing Earle’s Salts at 38 C. Once in a sterile unit, the
ovarian stalk was trimmed off and the ovary sectioned transversely
into 1-3 mm thick discs. The outer edge of the cortex, containing the
stroma, tunica albuginea, germinal epithelium and primary oocytes,
were removed in a ribbon about 0.5 mm thick with iridectomy scissors.
The ribbon was diced finely,yielding cubes (0.5mm^) which were trypsinized (0.25%) in Hanks Ca"^" & Mg+* free medium at 38.5°C for I hour. ,
The tissue suspension was strained through a 200 mesh screen into a
centrifuge tube and spun to form a pellet, which was washed in Earle's
Salts. The resuspended pellet was distributed equally into control &
experimental portions. The experimental portion was placed in a petri
dish and the oocytes with attached granulosa cells were isolated by
the aid of a 10 pi micropipette and an inverted microscope. Recovered
tissues were fixed and imbedded in agar and sectioned at IOp, followed
by staining with hematoxylin and eosin. A total of 2256 oocytes
(control and experimental) were released from the digested tissue,
with 513 (46%) being individually isolated from the 1151 in the exper
imental portion. The number of granulosa cells around the recovered
oocytes ranged from 0-12 layers, with the average being 4-6 layers.
Oocyte (n=633) diameters were measured with the size groupings of <40,
50,60,70,80,90,100 and >110. The percentages in each size grouping
were 28,40,15,5.0,4.9,3.9,2.4, and 0.3, respectively. Trypsin diges
tion of the ovary is an effective way to recover larger numbers of
oocytes for in vitro investigations.

CHAPTER I

INTRODUCTION
The embryo transfer of bovine blastocysts has become a method of
utilizing the female genetic qualities to a greater degree.

In the

last few years, the superior female is no longer limited to one calf
per year, but has the potential of producing up to fifty offspring in
any one year through embryo transfer.
The present method of obtaining embryos involved the artificial
insemination of a super ovulated donor with semen from the desired
sire.

Following a wait of 4-6 days, the donor undergoes a surgical

operation to remove an average of 10-20 fertilized embryos.

The

morphologically normal embryos are surgically transfered to synchro
nized recipients.

The use of embryo transplantation has the potential

of greatly improving the genetic quality of a herd in a relatively
short time and provides a method for twinning.
Presently there are two limiting factors' associated with embryo
transplant programs.

One is the development of a non-surgical method

of transplantation which is being explored but no reliable procedure
is available at this time.

The second factor is the availability of a

large number of fertilizable eggs from donor cows.
This research was undertaken to establish a procedure to obtain
a large number of oocytes from an -in witFO treatment of bovine ovaries
Such a procedure could then be used to develop techniques to permit
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maturation of the recovered oocytes in vitro.

The development of a

method of recovery of primordial oocytes would facilitate expansion of
embryo transplant programs and provide a readily available supply of
oocytes for biochemical investigation.

CHAPTER 2

LITERATURE REVIEW
2.1.
2.1.1.

Anatomy of the Female Reproductive Tract

Embryonic Development
The primordial germ cells are initially located in the yolk-sac

entoderm of the pre-somite embryo (Zambbni, 1972).

These cells are

readily recognizable as they are more spherical and larger in size
than the somatic cells which surround them.

Witschi (1948) proposed

the most widely, accepted theory of germ cell migration.

In his

classic paper he described the migration.of germ cells to the germinal
ridge as an ameboid movement through the mesentry.

Once at the

germinal ridge, the primordial germ cells rapidly multiply to produce
oogonia which undergo mitotic divisions in the cortex of the gonad but
degenerate in the medullary region (Brambell, 1962).

At the end of

mitotic proliferation the oogonia begin mitotic prophase and differen
tiate into oocytes where, at the end of diplotene they are arrested.
Finally a growth process occurs and terminates with an ovulatory surge
in the adult ovary.

2.1.2.

Gross Anatomy in the Bovine
The internal genitalia of the cow are attached to the broad

ligament which is connected dorsolaterally in the region to the
ilium.

The hylus of the ovary is attached to the mesoovarium and

suspended near the brim of the pelvis.

Although the size varies
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greatly with the age and stage of the estrous cycle (Hafez, 1975) the
almond shaped ovaries generally weigh from 10-20 grams.

2.1.3.

Ovarian Anatomy
a.

Medulla

The medulla is continuous with the mesoovarium, making up the
central position of the ovary (DiFore, 1973) and contains primarily
connective tissue and blood vessels.

The medulla provides a capillary

bed into which the developing follicles grow to receive an adequate
blood supply to nourish the developing oocyte and its supportive
tissue.

The medulla, which is derived from the extra gonadal undif

ferentiated cells related to the mesonepheric rudiment (Zuckerman,
1962), seems to be of slightly different origin than the cortex.
b.

Cortex

The outer portion of the ovary contains the germinal epithelium,
tunica albuginea and cortical stroma which are derived from the first
proliferation of the germinal epithelium.

The tunica albuginea and

the outer cell layers in the cortical stroma contain the primary
oocytes in the cow (personal observation).

The tunica albuginea is a

dense connective tissue which holds the oocytes in late diplotene
until maturation is initiated.

As maturation progresses the oocyte

and developing follicle are pushed into the stroma, while an increase
in follicular liquor volume causes the follicle to protrude from the
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stroma and form a bulge in the ovarian surface.

Espey (1976) demon-

strated by new staining technique that the follicle wall has a very
high concentration of collagen; thereby providing an explanation for
the rigidity of the pre-ovulatory follicle and the effect of collagenase on ovulation.

2.2.

Mechanism of Action of Peptide Hormones

Peptide hormones involved with oocyte maturation and ovulation
include Luteinizing Hormone (LH) and Follicle Stimulating Hormone
(FSH) .. The mechanism of action seems to be the same for both of these
gonadotrophins with only the receptor site and the response varied.
Much of the investigation involving the mechanism of peptide hormone
action was carried out with insulin by P. Cuatrecasas, which he
reviewed in 1974.

The similarities in the physical structure of the

peptide hormones and insulin allow the application of insulin work to
be correlated to the bichained peptide hormones.
The many effects of the peptide hormones are mediated through a
series of biochemical events.

Hormones released by the adenohypophysis

attach to the randomly positioned lipoprotein receptor sites
(Lenninger, 1975) of the plasma membrane (Crofford and Okayama, 1970).
It appears that the chain is most important in the bonding of the
receptor-hormone complex.

Kahn (1972) proposed evidence for high-

affinity receptor sites for each peptide hormone.

Once the hormone
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has compIexed with the receptor, the activation of the second messen
ger system has started.

The adenylate cyclase is reported to carry

the message through the cell membrane (Cuatrecasas, 1974).
several theories on how this interaction takes place.

There are

Perkins (1973)

and Cuatrecasas (1974) proposed the receptors are separate and
discrete structures which complex by lateral diffusion along the
plane of the cell membrane with random encounters leading to inter
action and activation of the enzyme only when the receptor has complexed with the hormone.

Rodbell et dl. (1975) suggested there are at

least 3 activation sites needed to activate the enzyme:

the hormone-

receptor site, a catalytic site which reacts within ATP chelated to
magnesium, and a nucleotide regulatory site which preferably reacts
with guanyl nucleotides.
Robison, Butcher and Sutherland (1967) proposed the original 2
component model from which the others were developed.

Swislocki and

Turney (1975) demonstrated that the nucleotide regulation of enzyme
activity is independent of membrane structure.

Activation of adeny

late cyclase and production of cyclic AMP are important steps in the
mechanism of action of the tropic hormones upon the target tissues.
Upon activation, this enzyme acts on the ATP converting it to 3' 5'
cyclic AMP.

This reaction yields pyrophosphate which is converted

into 2 inorganic phosphates by pyrophosphatase.
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A rise in cyclic AMP has been demonstrated in many species by .
several gonadotrophins (as reviewed by Catt and Dufau, 1976).

There

is evidence that more receptors are present than are needed to elicit
maximal response from the steroids and peptides thereby making more
efficient use of the low concentrations of systemic hormones (Catt and
Dufau, 1973; Mendelson 'et al., 1975).
Cyclic AMP has been shown to activate protein phosphokinase in
the hormone-stimulated cell (Krebs, 1972, 1973).

This cytoplasmic

enzyme is composed of 2 conjugated subunits when in the inactive form..
The 2 subunits, regulatory and catalytic, form the inactive holoenzyme
which can be stimulated by the cyclic AMP.

When the cyclic AMP binds

the regulatory subunit, the holoenzyme is dissociated, allowing the
catalytic subunit to initiate the phosphorylation of the protein
substrates.
Cyclic AMP’s action upon translation processes suggests that
phosphorylation of ribosomal proteins may represent an important
action of protein kinase (Eil and Wool, 1971; Bardon and Labrine,
1973).

This function has not been shown to alter ribosomal function

suggesting no regulatory effect of the protein kinase.
The principal role of the protein kinase is to initiate the
transformation of cholesterol to the various steroid hormones depend
ing upon the type of protein hormone complexing with a receptor.
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2.3.
2.3.1.

Peptide Hormones Involved in Reproduction

Gonadotrophin-Seleasing Hormone (GN-RH)
The hypophyseal regulatory hormone responsible for the release

of both LH-EH and FSH-RH was found by Matsuo ei> dl. (1972) to be a
simple decapeptide with the proposed structure being: Pyro-Glu-HisTrp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHg.

Although there may be additional

LH and FSH releasing hormones, it has been shown that the two acti
vities are inseparable (Schally et aZ., 1971).

The LH-RH and FSH-RH

are released from glandular secretory cells in the anterior hypothalmic area of the hypothalmus.

These releasing hormones travel by way

of the hypophyseal portal system to the anterior hypophysis, where the
LH and FSH are' stored for release in the Aj and Ag basophils (Turner
and Bagnara, 1971).

2.3.2.

LH and FSH
The adehohypophyseal gonadotrophins have a molecular weight of

about 30,000 being glycoproteins containing about 20% carbohydrate.
They are formed of a and. 6 subunits with the a chain the same as TSH.
The S chain appears to vary and is the active component of the
molecule (Schreiber, 1974) and exhibits amino acid variations.
The feedback controls of the gonadotrophins are very complex
compared to the other adenohypophyseal hormones. Progesterone and
estrogen exhibit both a positive arid negative feedback on the hypo-

thalmlc hormones.

Estrogen inhibits FSH more than LH in negative

feedback, then stimulates LH more than FSH in the LH surge (Yen

et at., 1971).

Progesterone will inhibit the gonadotrophins in con

junction with estrogen, but can induce ovulation when estrogen is hot
present.

There is evidence that species variation exists in the

biological effect of FSH (Gemzell and Roos, 1966).

In their compre

hensive study, Channing and Kammermah (1974) found that FSH binds .
almost exclusively to the granulosa cells of medium and large
follicles.

LH and HCG bind primarily to luteal cells and thecal and

granulosa cells in larger follicles.. They also determined that the
maturity of the follicle determines the number of LH receptors on the
granulosa cells.

2.4.
2.4.1.

Female Sex Steroids

Physical Characteristics
Figure I represents the probable biosynthetic and metabolic

pathways of progesterone and estrogen, the primary female sex steroids
These are highly specialized in their function and do not produce.
direct general or systemic effects on metabolism.

They produce an

effect only in those cells that contain cytoplasmic receptors for that
particular steroid.
°
2.4.2.

The Mechanism of Action of Estrogen
The estrogens, 17 6-Estradiol, Estrone and 17 a-Estradiol have

Choleslerol

c=o

Pr ogesterone

P reg n e n o lo n e

19 -H y d ro x y te slo ilero n e

Il O

19 O i o l es l o s l er o n e

Estradiol-17/<

Estrlol

IR) O

10,J C ar h o x y - 17/1 hyilroxyeslr 4 en-3 one

Figure I.

19 Norlesloslerone

Probable pathways in the biosynthesis and metabolism of
estrogens.
(Turner and Bagnera, 1971).
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been shown by in vitvo studies to arise in the bovine adrenal, ovary
and placental tissue from:
terone, or 4) neutral

I) acetate, 2) cholesterol, 3) proges
and C^g- steroids (Mellin and Erb, 1965).

Estrogens have their primary effect on the uterus (Baulieu, 1971),
vagina (Lenninger, 1975) and anterior pituitary (Jensen and Jacobsen,
1966).

They are reported to increase granulosa cell sensitivity to

FSH (Swain, 1969).

According to Mercur et at. (1966) testosterone and

estrogen are carried by the same plasma protein, the sex steroid
binding protein, to the target cells.

The exact mechanism by which it

goes through the plasma membrane is not known; however, it is known
that the steroid readily passes through the membrane and is quickly
bound to a 4S or 8S proteinaceous carrier to form an estrogen-receptor
complex.

The carrier changes to a 5S complex at the nucleus, which is

the only form to stimulate uterine-ENA synthesis and work specifically
on nucleolar-ENA Polymerase I (A m a u d et at., 1971).

In a few minutes

one sees an increased uptake of RNA and protein precursors, an
increase in nuclear

ribosomal and messenger RNA precursors and an

increase in RNA polymerase activity.. About 30 minutes later there is
an increase in DNA-dependent RNA synthesis.

Within 3-6 hours follow

ing estrogen entry into the cell there is a considerable growth noted
in the uterus, probably due to water retention due to protein and ENA
synthesis (Swain, 1969; Jackson, 1975).

In the vagina both estrone

and estradiol are bound, stimulating an increased comification of the
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vaginal epithelium (Swain, 1969).

The primary estrogen effect upon

the anterior pituitary is a feedback inhibition on the gonadotrophins„
Estrogen can produce more receptors there by magnifying its own action
(Jackson, 1975).

2.4.3.

!

The Mechanism of Action of Progestins
Progesterone appears to be responsible for transformation of

uterine endometrial cells in order for implantation of the developing
blastocyst to take place (O'Malley and Means, 1975).
seem to be:

Other functions

I) support of mammary growth, 2) direct antagonization of

estrogen, and 3) appear to alter a number of physiological parameters
with no relationship to pregnancy or reproduction, i.e. it alters
hepatic function, increases conversion of amino acids to urea and
influences renal permeability to sodium (Landau and Lugibihl, 1961).
The primary cyclic production site of progesterone is in the corpus
luteum; while some is also secreted by the granulosa cells in the late
follicular stage (Swain, 1969).
As with estrogen, progesterone and its principal metabolite,
5 a-pregnane-3,20-dione, bind with a "receptor" macromolecule within
the cytoplasm.

This receptor seems to be a physiological receptor as

it is found only in tissues sensitive to progesterone (O'Malley and
Means, 1975) where they appear to interact with the genome at specific
DNA sites, determined by the chromatin acidic proteins (Spelsberg
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et dl.t 1971).

Evidence suggests that progesterone works at the

transcription level increasing RNA polymerase and stimulating m-RNA
synthesis, which stimulates protein synthesis to cause a protein
induced cell transformation (O'Malley and Means, 1975).

2.5.

Prostaglandins in Oocyte Maturation and Ovulation

At the present time there is a great deal of controversy as to
the role and the mechanism.of action that prostaglandins have in
ovulation.
ing points:

The most recent review (Karim, 1975) brings up the follow
I) levels of prostaglandins of the F series, but not the

E series, increase most markedly as the time of follicular rupture
approaches.

Both series are synthesized by the follicule; 2) a pros

taglandins inhibitor will prevent ovulation, however, its effect can
be nullified by an increase in L H ; 3) follicular prostaglandins have
an effect on ovulation, but do not have an effect on luteinization.
Tsfariri et at. (1972) demonstrated with an i
Ln Vttro system of
Graafian follicles that resumption of the first meiotic division could
be induced with the addition of LH or prostaglandin Eg, but prosta
glandin Fgoi was only partially effective.
With these points in mind, one must hypothesize the yet to be
elucidated action of prostaglandins.
with LH to multiply its effect?
tion in the follicular wall?

Does it work synergistically

Does it cause smooth muscle contrac

Is it an end product of LH stimulation
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with an effect of inducing

ovulation via smooth muscle contraction or

feeding back on L H .to inhibit its action? ,These questions, along with
many more must be investigated before an answer to the function of
prostaglandins in ovulation can be determined.

2.6.
2.6.1.

Oocyte Maturation

Meiosis
Meiosis consists of a single chromosomal duplication during two

cell divisions and is a phenomenon observed only in germ cells.

The

process has been broken down into several stages for identification
purposes; however, there is no clear demarcation between the end of
one stage and the beginning of another.

The specific stages are

useful in determining the approximate stage of maturation and age of
the germ cells, specifically, the oogonia and the oocytes.
Experiments with microsporocytes have shown there is an irre
versible commitment to meiosis after the stage of interphase, which
involves DNA synthesis (Cohn, 1969).

G2 (RNA synthesis and chromo-.

somal condensation) must be completed for normal meiosis to occur.
Following G 2 the cell enters meiosis I which contains essentially the
same stages as mitosis.

2.6.1.I.

Prophase I

Prophase I of meiosis is a relatively long period that is marked
by a substantial increase in nuclear volume.

The stage has been
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further

subdivided due to the variety of events that occur at this

time into the stages leptotene, zygotene, pachytene and diplptene.
Each individual stage will be discussed (DeRobertis et aZ., 1970;
Watson, 1970 and Herskowitz, 1973).
a)

Leptotene

At the beginning of leptotene chromosomes are not coiled and are
very long.

Although the chromosomes are elongated, individual chromo

somes are not

recognizable:

During leptotene, they develop a number

of small coils; the tightest coils become major coils and are recog
nizable as chromosomes.

There is at this time a functionally single

kinetochore which keeps the individual chromatids associated.

There

is also an increase in RNA synthesis.
b)

Zygotene

During the zygotene substage the two chromatids of each chromo
some synapse, forming a synaptinemal complex with the homologous
chromosomes yielding a tetrad.

This pairing occurs part by part and

may begin at the ends and progress toward the kinetochore region, at
the kinetochore region and move to the ends or by pairing of various
segments along the length of the tetrad.

During this substage there

is some DNA synthesis and structural protein synthesis.

The chromo'-

somal coiling and condensation continue with the major coils increas
ing in diameter and becoming shorter and thicker.
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c)

Pachytene

Pachytene begins once the pairings described above are complete.
During this importa.nt substage the chromosomes grow shorter and
thicker as a result of an increase in coil diameter.

The individual

bivalents become readily identifiable as does the genetic crossing
over or chiasma.

It appears that the longer chromatids can have more

than one chiasma per bivalent which may or may not interfere with
crossing over in other bivalents in adjacent areas.

There is some DNA

synthesis associated with the crossing over.
d)

Diplotene

This substage is identifiable by an increased coiling with
continued condensing and an apparent repulsion between homologous
chromosomes in areas that had no crossing over.

The number and

position of the chiasmata indicate the configuration of the bivalents
associated at the chiasmatic sites.

2.6 .2 . Diakinesis
During diakinesis the bivalents separate and move to the peri
phery of the nucleus.

The chromosomes have condensed with the coils

tightened to their maximum.

The tetrads at this time undergo termin

al! zat ion which involves the separation of the tetrads so that one
bivalent slides off the other.

The nucleolus disappears with the last

event of diakinesis and Prophase I , being the dispersal of the nuclear
envelope.
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Metaphase I

The chromosomes align along the equator of the cell, with their
kinetochores directed toward the poles and their arms toward the
equator.

The kinetochores appear to repel each other and act as an

individual unit.

Since the chromosomes are not aligned along the

equator, the number of chromosomes dividing at.anaphase I will not be
the same as the number present in the original cell.

The kinetochore

is structurally double even though it is functionally single.

The

spindle fibers attach only to the kinetochore of the chromosomes as
chromosome fibers.
b)

Meiotic coils are apparent.

Anaphase I

The chromosomes of the bivalent move to opposite poles, with the
kinetochores moving first and the arms following completing the
terminalization.

This reduces the chromosome number from diploid to

haploid.
c)

Telophase I

The chromosomes elongate through loosening of their coils, the
nucleolus reappears and a nuclear envelope forms around each polar
group.

This is the final step in meiosis I, resulting in the forma

tion of daughter nuclei.

During the interphase between meiosis I and

II, there is an absence of DNA synthesis.
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2.6.3.

Melosis II
a)

Prophase II

Prophase.II resembles prophase I with the following exceptions:
The chromatid arms are widely separated and there is no coiling as the
chromosomes are still coiled from meiosis I.

Spindle fibers appear

and the nuclear envelope disappears at the end of prophase II.
1
b)
Metaphase II
The chromosomes align along the equator with the kinetochore at
the equator and the arms extending outward.

As soon.as the kineto

chore is functionally double, the chromosomes begin to move to oppo
site poles with each chromatid having its own kinetochore.

Ovula

tion in cattle occurs at this time.
c)

Anaphase II and Telophase II

The daughter chromosomes move to opposite poles in anaphase II
and uncoil in telophase II.

The nucleolus reappears and a nuclear

envelope forms around each group.
Meiotic maturation in the mouse begins when oogonia are in
prophase, about 8 days before birth.

By approximately 5 days post

parturition primary oocytes have reached diplotene and maturation is
arrested at this point until puberty.

At dictyate the chromatin mass

has become less condensed and a, large nucleolus is present.

This

stage remains until the oocyte is stimulated to continue maturation to
metaphase II.
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In most mammalian ovaries the first four stages of meiosis,
Ieptotene, zygotene, pachytene and most of diplotene are carried out
in the foetal ovary.

In late diplotene the germinal vesicle forms, as

do the first layers of granulosa cells, and meiosis is halted until
puberty.

The lag period from birth to puberty is recognizable and is

known as the dictyate stage by most researchers.
As the female approaches puberty there is a large reduction in
oocyte numbers due to atresia.

These oocytes are reabsorbed; the

remaining oocytes await the resumption of meiosis, which can be any
where from a few weeks to many years.

It has been estimated by Hafez

(1975) that there are approximately 200,000 oocytes in the mature
bovine ovary.
The oocytes need gonadotrophin stimulation for the resumption of
meiosis.

FSH stimulates the Graafian follicle to enlarge and LH stim

ulates the oocyte to resume meiosis, completing its meiotic division.
The effect of LH is enhanced by the FSH and estrogen stimulation.

2.7.

Follicular Genesis

As mentioned earlier, mitosis of the oocyte stops at or near
birth; while meiosis is not completed until ovulation.

During the

early mitotic phase of growth the oocyte becomes surrounded by other
types of ovarian cells forming the primordial follicle (Pederson,
1969, 1970).

These follicles are at their maximum number at the end
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of mitosis and decline throughout the reproductive lifespan of the
female.

The decline in numbers results from atresia or ovulation.

Figure 2 represents the sequence of follicular maturation beginning
neonatally and advancing to the most mature stage (ovulatory stage).
The smallest follicles would be found in the pre-pubertal ovary.

The

follicles may become.atretic early in the neonatal life or remain
quiescent for the life span of the ovary.

Figure 3 and Table I

(Schwartz, 1974) present a theoretical description of the follicle
population at any given time within the ovary.

2.7.!.The Action of FSH and LH on Follicular Growth and Maturation
Data on exogenous hormone treatment of hypophysectomized pre
pubertal rats and mice have suggested that the follicular growth is
independent of pituitary secretion or exogenous treatment (Schwartz,
1974).

At the same time, gonadotrophin treatment produces an increase

in estrogen concentration with the associated estrogen effects (Price
and Ortz, 1974).

In the pre-pubertal mouse, Ryle (1969, 1971, 1972)

showed with -in pitvo experiments that % - Thymidine uptake was greatly
increased in the presence of FSH but not L H ; while LH would work only
on the larger follicles.

This is significant as the thymidine uptake

is an indication of granulosa cell division and increased follicular
size. Lostroth and Johnson (1966) very clearly demonstrated the result
of highly purified FSH stimulation to be antrum formation and ovarian
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T y pe .5b

Type (j

Type .5a

201-400

Type 4

101-200

cells

T vjk-7

61-100

MKDIUM
Type 3a

FOLLICLES

LARGE
EOL LICL ES

Type 8

SMALL
FOLLICLES

Figure 2.

Classification to 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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Puberty
Cycle

Cycle

Ovarian

No. of Follicles in Pools
at each time

End of
Mitosis

□ Pool of Nonproliferating
Follicles
ES Pool of Proliferating

Ovulating Follicles

Figure 3.

Theoretical description of the numbers of follicles
remaining within the ovary, displayed on an ontogenetic
time scale. "Nonproliferating follicles" are smaller
than 3b(Fig. 2). A description of "Cycle Ni" is in
Table I. Schwartz, 1974.
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TABLE I
Identification.of Follicle Groupings
within One Ovary

N = No. of cycles that have occurred
Fo = Total no. of follicles (oocytes) at end of
mitotic divisions (at birth or before)
F^ = Total available at onset of puberty
F0 - Fi = Prepubertal loss
F 2 = Total available at beginning of cycle Ni
F = Average follicle cohort in each cycle Ni

At the £th cycle
Fia = Cohort which begins to grow in cycle £
Fib = Follicles which become atretic in cycle £
Fic = Crop which remains ovulable
Fid = Follicles in the crop which shed ova (ovulate)
Fie = Follicles in the crop which do not ovulate
Equations

Fic = Fia - Fib
Fid = Fic - Fie
(Fia = Fib + Fid + Fie = loss of follicles in cycle Ni)
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growth; while highly purified ICSH was incapable of duplicating the
same results.

They concluded that FSH cannot stimulate development of

the follicle, beyond medium size due to lack of estrogen.

The secre

tion of follicular fluid, mitotic proliferation of granulosa cells and
the transformation of stroma into theca cells are also attributed to
FSH (Genzell and Roos, 1966).

In order for follicular development to

continue and ovulation to occur, LH must be present in a synergistic
capacity with FSH.. LH appears to be responsible for the final induc
tion of oocyte maturation and estrogen production.

McClintock and

Schwartz (1968) proposed that FSH and LH do not invoke their effect
within the same cycle of the rat; FSH is responsible for the matura
tion in the subsequent cycle.

At the present time this is not a

widely accepted theory.
Shortly after the LH surge, and before the FSH surge, meiosis
resumes in the rat (Ayalon et at., 1972).

The oocyte is resting in

Diakinesis of Prophase I, with the germinal vesicle present.

Under

the influence of LH stimulation the oocyte resumes meiosis toward the
Metaphase II stage within a few hours.

If fertilization takes place.

Anaphase II and Telophase II are completed in the oviduct (Edwards,
1966).

2.8.

Follicular Breakdown Prior to Ovulation

At the culmination of follicular genesis, the follicle undergoes
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a rapid degeneration ending in ovulation.

The follicle becomes very

soft just before ovulation and is readily broken with little pressure,
whereas those that are not ready for ovulation are extremely sturdy
and cannot be broken easily (personal observation).

Espey (1967)

noted there is a dissociation of follicular collagen with the thecal
tissue appearing to undergo significant deterioration.

He also noted

an 80% thinning in the fibrous outer layer of the follicle wall.
Ultrastructural studies of the Graafian follicle have shown multivesicular bodies in the tunica albuginea and theca externa that pro
trude from the fibrous fibroblasts (Espey, 1971).

These bodies

exhibit a 9 fold increase just prior to ovulation with some evidence
demonstrating these bodies produce a chemical that causes degeneration
of follicular connective tissue.

However, the data suggests that the

structures are not comparable to lysosomes.

During this time there is

an increased vascularization of the follicular dome with observations
of petechiae and extravasation
cular wall (Espey, 1974).

of blood into the antrum and/or folli

Since there is collagen in the blood

vessels, follicular arterioles must be damaged over the entire folli
cle wall (Bader, 1963).

Robb-Smith (1952) showed destruction over the

entire follicle as a result of collagenase activity, but not in the
medullary stroma.

Espey (1964) and Rondell (1964), using different

techniques, demonstrated a deterioration in the collagenous connective
tissue of the follicle wall as the follicle approaches ovulation.
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They reported that the tensile strength of the collagenous tissue of
the follicle wall decreases near the time of rupture (Espey, 1967).

2.9.

Mechanism of Ovulation

Ovulation is the culmination of a dynamic process of growth
exhibited by the follicle.

The follicle protrudes from the surface of

the ovary with the stigma (maculla pellucida) at the apex of the
follicle just prior to ovulation.

Beyond this point there are a

variety of theories proposed to explain the phenomenom of ovulation.
The theories can be broken down into two basic groups, the non-enzymatic and the enzymatic theories.

2.9.1.

Non-Enzymatic Theories
According to Espey (1974), the most widely accepted theory of

ovulation prior to 1963 was that an increased intrafollicular pressure
resulted in follicular rupture.

It was then shown that intrafolli

cular pressure does not increase prior to ovulation, but is maintained
at the same level (Espey and Lipner, 1963; Rondell, 1964).
Early investigators felt that smooth muscle fibers contracted
and constricted blood vessels, thus forcing a rupture (Rouget $ 1858;
Groche, 1863).

Histologically, one may observe smooth muscle in the

thecal tissue (Espey, 1964), but will not find myofibroblasts in the
follicle wall (Classon, 1947), which seems to be contradictory.
Espey (1974) feels there may be some myofibroblasts in the follicular
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wall, but they play no significant role in ovulation.

2.9.2.

Enzymatic Theory of Ovulation
The first suggestion of proteolytic enzymes causing a weakening

of the follicular wall and digestion of the stigma was made by
Schochet (1916).

Since that time many investigators have placed a

large variety of enzymes into and on the surface of follicles.

Of

these, trypsin, clostridiopeptidase-A (a bacterial collagenase),
nargase and pronase were effective in inducing rupture (Espey, 1974).
These worked most effectively at reducing the tensile strength of the
follicular wall as did L-ascorbic acid at pH 3.2, although it could
not induce rupture (Espey, 1970).

Upon analysis of the preovulatory

(20 hr) and ovulatory follicle wall and follicular fluid, only tryp
sin in the wall, and collagenase in the fluid had a significant
increase in activity at a physiological pH.

A relationship between

gonadotrophin stimulation of the ovary and proteolytic release can be
shown

with

the samples taken from rabbits prior to rupture.

The

gonadotrophin stimulation causes an increase in cyclic AMP levels,
which can stimulate collagenase and hyaluronidase activity (Harper and
Toole, 1973).

The mature Graafian follicle contains at least two

collagenolytic enzymes which could have a direct effect bn ovulation
(Espey and Coons, 1976).
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2.10.

In Vitro Culturing of Ovarian Tissue

2.10.1. General Aspects
Tissue and organ culture systems provide a valuable tool to
investigators in that an isolated biological component may be studied
within a very structured environment.

In the case of ovarian tissue,

the organ culture system allows the addition of gonadotrophins to the
media with the measurements of dissipated products and histological
examination of the tissue used to determine the effect of the treat
ment.

The media provide essential amino acids and vitamins with

balanced salts to .the living cells.
There are advantages and disadvantages to the use of an in vitvo
system.

The principal advantage is that it allows close exam!nation

of one isolated function without involving the many complex processes
that are found in the dynamic biological whole.

The primary disad

vantage is that the organ or tissue is in an unnatural environment
with abnormal chemical and physical stimuli used to obtain results
which are many times interpreted as "normal" (Paul, 1970).

2.10.2. Ovarian Dispersal Methods
a)

Mechanical Isolation

Many investigators study various components of the ovary by
mechanically isolating the portion desired.

This can vary from whole

follicles.(Tsfariri et at., 1972), aspiration of the follicle, to
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re cover the oocyte (Jesch et at., 1974) to scraping the granulosa
cells, which are allowed to multiply -in V1
CtitO (Tsfariri and Channing,
1975).

Rondell (1964) isolated follicular wall in Imm wide strips to

study tensile strength.

Mechanical isolation of components has some

drawbacks as it allows only larger groups of tissue to be isolated at
any time and it causes tissue damage which can release toxic intra
cellular substances (MacIntyre, 1957). .
b)

Enzymatic Dispersal

Enzymatic disaggregation of the.ovary is one of the more success
ful methods of cell type isolation.

The. more widely used proteolytic

enzymes include pronase (trypsin and chymotrypsin), trypsin, and
collagenase (Grob, 1964, 1969, 1971; Paul, 1970; Kono, 1969).

Trypsin

is the most commonly used of the proteolytic enzymes; however,
collagen rich tissues are resistant to its action (MacIntyre, 1975).
Trypsin has a serious side effect in that it can destroy hormone
receptor sites (Kono, 1968), but these can be protected by the addi
tion of a trypsin inhibitor at the appropriate time since the tissue
disaggregrates prior to receptor site destruction (Sayers et at.,
1971).
Trypsin, EC 3.4.4.4 (I/) is a pancreatic proteolytic enzyme
which preferentially catalyzes the hydrolysis of peptide bonds between
I/

(Enzymes, Worthington Biochemical Company Handbook, 1968)
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the carboxyl group of arginine or lysine and the amino group of
another amino acid.

It also acts as an esterase and ami dase.

It can

be inhibited by organophosphates and natural peptides from the
pancreas, soy bean, lima bean and egg white.

2.10.3. Culture of Granulosa Cells and Follicles
In granulosa cell cultures of subantral rabbit follicles and
early antral follicles, Erickson et dl. (1974) demonstrated that
smaller follicles were incapable of progesterone synthesis while the
antral follicles could respond to both gonadotrophins and cyclic AMP
to secrete progesterone.

It may be that unmasking of the LH/FSH

receptor sites occurs at this time.

Granulosa cells are thought to

influence oocyte maturation by secreting an inhibitory substance into
the fluid of the follicle.

Tsfariri and Channing (1975) were able to

culture procine oocyte from medium sized follicles beyond dictyate
when granulosa cells were not present, but the oocytes were prevented
from resuming meiosis if granulosa cells were present.

It is their

conclusion that granulosa are responsible for maintenance of oocytes
in dictyate stage in the follicle.
By using microdissection many investigators have removed whole,
intact follicles to be treated -in v-ltvo.
PGE

By the addition of LH or

to the media or a microinjection of dibutryryl cyclic AMP into

the.antrum of an exp!anted rat follicle, Tsfariri et at., (1972) were

- Sl
ab Ie to induce oocyte maturation.

Baker, Hunter and Neal (1975) tried

many different approaches to the problem of follicle maintenance and
found the best system involved a pressure system of 55% oxygen, 5% COg
and 50% air, with, the follicle lying on a stainless steel grid in the
media.

CHAPTER 3

ENZYMATIC DISPERSAL OF BOVINE OVARIAN TISSUE WITH
SUBSEQUENT RECOVERY OF OOCYTES

3.1.

Introduction

Large numbers of readily available mammalian oocytes would
facilitate oocyte research in both domestic and laboratory animals;
the availability of large numbers of cultured, mature oocytes would .
greatly facilitate development of domestic animal embryo transplant
programs.

Investigators are currently isolating whole follicles

either mechanically or enzymatically (Tsfariri et al., 1972; Nicosia,
Evangelista and Batta, 1975 and Grob, 1964) or aspirating oocytes from
follicles that developed in vitro (Jesch et al., 1975) as methods of
obtaining oocytes for in vitro studies.
to investigate maturation

These oocytes were cultured

or chemically treated to study a number of

physiological processes (Lindner et al. s 1974).

The present study was

initiated to evaluate trypsin digestion of bovine ovarian tissue as a
method of obtaining large numbers of oocytes for in vitro studies on
oocyte maturation.

3.2.

Methods and Materials

Regularly cycling beef heifers and masectomized cows from the
Montana State University beef herd were observed with a vasectomized
bull for I hour in the morning and I hour.in the evening to detect
standing estrus.

Heat records were established and those animals
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which exhibited a predictable estrus for at least 2 consecutive cycles
were chosen when they were in days 15-19 (the follicular stage) of the
cycle.
A bilateral ovariectomy through a laparotomy was performed to
obtain the ovaries.

The laparotomy was performed under a local anes

thetic (Lidocaine and 2% epinepherine).

This anesthetic was chosen

because it was not systemic, therefore it would have no effect oh the
ovary.

The ovaries were.excised with 46 cm long spay shears.

Imme

diately upon removal, the ovaries were placed in a glass-lined
insulated carrier; which was filled with approximately 100 ml of
warmed (38.5°C) Earle's Salts (Gibco) and transported from the surgi
cal clinic to our laboratory in less than 10 minutes from the removal
of the last ovary.

Once in the laboratory the ovaries were placed

under a sterile hood, with all subsequent manipulations occurring here
or elsewhere under sterile conditions.

Upon removal from the carrier,

the ovarian stalk was trimmed from the ovary, and the ovary placed in
a petri dish containing fresh warmed Earle's Salts at 38.5°C.
The two ovaries were sectioned transversely into discs of I-Smm
thicknesses with a large pair of surgical scissors.

The resulting

discs were picked up with a pair of tissue thumb forceps and trimmed
with iridectomy

scissors to remove a very thin outer ribbon of tissue

which contains the germinal epithelium, tunica albuginea, and the most
outer area of the cortical stroma.

These ribbons were diced in fresh

— 34—

warmed Earle’s Salts into small (<0.5mm^) pieces by a scissors action
of 2 pointed (#11) scalpel blades.
After dicing was completed, the tissue was drawn into a 35 ml
disposable syringe.

The Earle’s Salts were decanted and the tissue .

cubes were placed into digestion media in a trypsinizing flask with a
Teflon coated magnetic stirring rod on the bottom.

The digestion

-H-Hmedia consisted of 36 ml of Hank's Ca , Mg
Free Balanced Salt
Solution (Gibco) and 4 ml of 2.5% trypsin (Gibco).
of 0.25% trypsin.

This yields 40 ml

The trypsinizing flasks were placed on automatic

stirrers within a humidified incubator at 38.5°C in 95% air and 5% CO^.
A digestion time of I hour was adopted following experimental designs
with programmed times ranging from 30 minutes to 3 hours.

This time

does an adequate job of digesting the tissue without destroying the
oocyte.
Following incubation with the stirrers on low speed, the.solu
tion was placed in a 60 ml disposable syringe and the large pieces of
incompletely digested tissue were removed by straining into a 30 ml
centrifuge tube.

The screen was a 200 mesh stainless steel screen

with pore diameters of approximately 200 y.

Twenty ml aliquots of the

resulting suspension were centrifuged at a moderate speed, resulting
in the formation of a tissue pellet.

This pellet exhibits a strati

fication with the cells and tissue forming a dense apex covered by a
cloudy suspension containing digested cellular residues.

This pellet
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was aspirated with a Pasteur pipette and placed in an Earle's Salt
solution to wash as much trypsin as possible off the cells.
Equal aliquots of the dense portion of the pellet were divided
into a control and experimental portions.

This was done by placing

the pellet in suspension and drawing it up into a Pasteur pipette.
The solution was now divided drop by drop into two portions.
control portion was immediately fixed, using S-collidine.

The

Baker's

Formalin was used in the early experiments, however it was noticed
that there was less tissue shrinking when the S-Collidine was used as
the fixative.

The experimental portion was dispersed over the bottom

of a petri dish containing Earle's Salts.

When the solution is spread

thin, it is possible to identify the spherical oocytes and oocytes
with attached granulosa cells through an inverted microscope, which
are isolated with the aid of a 10 pi pipette (2/).

After the thorough

examination of the suspension, the isolated oocytes and the remaining
experimental portion were fixed.

Upon fixation, the control, the

remaining experimental fraction and the oocytes isolated from the
experimental portion were centrifuged to form pellets.
was decanted and replaced with warmed 2% agar.
greater than 2% will shatter during sectioning.

The fixative

An agar percentage
This was spun at a

high speed, with the tissue forming a pellet before the agar hardens.

^Kimble, Owens-Illinois, Toledo, Ohio)
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Up on hardening, the agar pellet was prepared for histological examin
ation with the agar being covered with S-collidine for at least 2
days, to avoid shattering of the agar during sectioning.

The pellet,

in a paraffin block, was kept very cold when sectioned at 10 y.
tissue was stained with hematoxylin and eosin.

The

The ova in each

serially sectioned pellet were counted and measured in a 50 y grid
system.

The measuring system was constructed by projecting light from

a microprojector through a hemocytometer and tracing the grids on
paper.
Initial investigations on the methodology were attempted with
rat ovaries, with the results indicating which procedures should work
on bovine ovaries.

It is presumed that results similar to the bovine

observations reported in the above would have been noted, although no
attempt was made to analyze the data.

3.3.
3.3.1.

Results and Discussion

Oocyte Isolation
An average of 221 oocytes/ovary were observed in the control

portion and 221 oocytes/ovary (103 isolated plus 128 not isolated) in
the experimental portion using 5 pairs of bovine ovaries (Table 2).
Although the total bovine oocytes isolated (513) was less than those
not recovered (638), the percentage of oocytes recovered improved
greatly with experience of the investigators and ranged from 21% to

TABLE 2.

NUMBERS OF OOCYTES REMOVED BY TRYPSIN DIGESTION OF BOVINE OVARIES

Control

(h original
Trial

sample)*

Total
oocytes
observed

Experimental

Oocytes
isolated
individually

Oocytes
not
recovered

Actual
individual
oocytes
recovered %

Control
plus
experimental

A

336

95

132

42

563

B

308

89

339

21

736

C

159

23

19

55

201

D

144

HO

74

60

328

E

158

196

74

73

428

1105

513

638

221

103

128

Total
oocytes
Avg/
ovary

2256
46

* The original sample was equivalent to the mince of two ovaries

226
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73%.

The concentration of the trypsin and the digestion time are

undoubtedly critical and a solution of decreased trypsin potency may
have been responsible for the low number of oocytes in trial C.

The

number of granulosa cell layers around the oocytes varied from 0-12
layers; a majority of the oocytes had approximately 4-6 layers of
granulosa cells surrounding them.

The 4-6 layers correspond with the

type 4-5b follicles as proposed in the classification scheme by
Pederson (1970).

The extent of the trypsin digestion and the stage of

follicular development influence the average number of granulosa cell
layers observed surrounding the oocytes.

A decreased trypsin incu

bation time might permit the recovery of more intact follicles similar
to that reported with collagenase digestion of rabbit ovaries (Nicosia

et dl. , 1975).

The retention of a few layers of granulosa cells may

be an asset in providing protection for the oocyte in any manipula
tions it may undergo after the digestion procedure.

3.3.2.

Oocyte Measurement
The diameters of 633 oocytes were measured and classified into

groupings of _< 40,50,60,70,80,90,100 and >110 y (Table 3).

Eighty-

three percent of all oocytes had diameters between 40 and 60 y.
Iwamatsu and Yanagimachi (1975) demonstrated that the cytoplasmic size
must reach 80 p in order for spontaneous maturation to occur.
appears that these smaller oocytes will have to be subjected to
further treatment during culturing to reach maturity.

It
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TABLE 3.

SIZE RANGE OF OOCYTE POPULATION IN DIGESTED OVARIAN. TISSUE

Size of
Oocyte

Number
Observed

Percentage
of Total

j< 40 u

178

28%

50 Vi

252

40%

60 u

95

15%

70 y

35"

5.0%

80. ii

31

4.9%

' 90 y

25

3.9%

100 y

15

2.4%

>110 y.

2

0.3%

Total

633

CHAPTER 4

SUMMARY AND CONCLUSION
Finely diced ovarian tissue was trypsinized for one hour, after
which the suspension was decanted through a 200 mesh screen into
centrifuge tubes.

A .dense pellet of tissue was formed following

centrifugation, this pellet was resuspended and divided into a control
and experimental portion.

The control was immediately fixed while the

experimental portion was dispersed in solution and examined through an
inverted microscope.

The oocytes with attached granulosa cells were

aspirated and counted after fixation.

An average of 221 oocytes/ovary

was observed in the control portion and 231 oocytes/ovary in the
experimental portion, with the percentage recovered increasing from
21 percent to 73 percent with the experience of the investigator.
sizes of the oocytes ranged from _< 40.p to

The

H O y with the highest

number of oocytes found in the 50 y size classification.
These data indicate that enzymatic.digestion of ovarian tissue
will provide a method for the recovery of large numbers of oocytes for

■In vitro studies on oocyte maturation and physiology.

It appears .

there will be required some additional treatment to initiate oocyte
maturation.
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