


THESIS i Finiwavd
ol higen ¥LalE

-

Uzliversty

This is to certify that the

thesis entitled
Culture Technique and Cyclic Nucleotide
Effects on in vitro fertilization of the
squirrel monkey (Saimiri sciureus)

presented by
Philip J. Chan Chee Sem

has been accepted towards fulfillment
of the requirements for

M.S. degree in Physiology

WG L0 B lll

Major professor

Date May 8, 1981

0-7639



OVERDUE FINES:
25¢ per day per item

RETURNING LIBRARY MATERIALS:

Place in book return to remove
charge from circulation records




CULTURE TECHNIQUE AND CYCLIC NUCLEOTIDE EFFECTS
ON IN VITRO FERTILIZATION OF THE SQUIRREL
MONKEY (SAIMIRI SCIUREUS)

By
Philip J. Chan Chee Sem

A DISSERTATION

Submitted to
Michigan State University
In partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

Department of Physiology
1981



/ /

T

ABSTRACT
CULTURE TECHNIQUES AND CYCLIC NUCLEOTIDE EFFECTS
ON IN VITRO FERTILIZATION OF THE SQUIRREL MONKEY (SAIMIRI SCIUREUS)

By
Philip J. Chan Chee Sem

The use of non-human primates as models for in vitro fertilization
and development is important for studying the events involved in primate
reproductive physiology. A squirrel monkey in vitro fertilization system
has been developed successfully with a laparoscopic oocyte recovery rate
of 41.0% and mean maturation, fertilization and cleavage rates of 70.3,
54.8 and 28.6% respectively. Some embryos developed to the 16-cell stage.
Maturation was highest from March to June. Corona radiata cells promoted
oocyte maturation. Follicular fluid increased the fertilization rate.
Sperm studies indicated that DL-norepinephrine, caffeine and dibutyryl
cyclic AMP (dbcAMP) stimulated motility. Imidazole and dbcGMP inhibited
motility. The involvement of cAMP in the activation of the squirrel
monkey sperm was postulated. The addition of dbcAMP to in vitro cultures
increased fertilization rates from 60 to 90 percent but did not affect
cleavage rates. Dibutyryl cyclic GMP (dbcGMP) decreased fertilization
rates. In a hamster in vitro fertilization system dbcGMP increased
fertilization rates while dbcAMP had no effect. The difference noted may

be & species-difference phenomenon.
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Introduction

The use of an in vitro system for studies on fertilization and
development has been accomplished in the laboratory species, several
domestic animals and in primates including humans. In vitro cultured
embryos have been successfully transferred to recipient mothers with
subsequent live births with several species.

The achievement of fertilization outside the reproductive tract
enables one to observe and monitor the development of the embryos. In
addition, the metabolic activity, the biochemical changes and the
chromosomal normality can be studied in an in vitro culture system.
Clinically the in vitro culture system could be used for overcoming
infertility problems such as salpingitis or low sperm concentrations.
It could further be used for assessing sperm fertiiity or effects of
pharmacological drugs.

Golden hamsters and squirrel monkeys were used in the present
studies. The less expensive hamster was used to provide oocytes for
preliminary screening trials. The squirrel monkey being a nonhuman
primate, provided a model for the in vitro fertilization studies that
have greatest relevance in terms of revealing the complexities of the
reproductive events in man.

The objectives of the in vitro fertilization studies were:

1) To confirm and improve the techniques for in vitro fertilization.

2) To quantify such variables as seasonality, recovery and insemination

times, efficiency of oocyte recovery from left and right ovaries
and the effect of follicular fluid and cumulus cells on in vitro

fertilization.



3)

4)

5)

To determine the effects of epinephrine, norepinephrine, sperm
motility factor (SMF), caffeine, dibutyryl cyclic AMP (dbcAMP),
dibutyryl cyclic GMP (dbcGMP) and imidazole on squirrel monkey sperm
motility.

To examine the effects of circulating medium, continuous medium flow,
dbcAMP and dbcGMP on a hamster in vitro fertilization system.

To investigate the effects of medium replacement, Gentamicin(:z
dbcAMP and dbcGMP on the squirrel monkey in vitro fertilization

system.



Culture techniques and cyclic nucleotide effects on in vitro fertilization

of the squirrel monkey (Saimiri sciureus).

LITERATURE REVIEW

I. Stimulation of sperm motility and acrosome reaction by methyl

xanthines.

The presence of low molecular weight (100-200) heat-stable factors
that stimulate sperm motility and the acrosome reaction (fusion of sperm
outer acrosomal membrane and plasma membrane and activation of sperm
enzymes) has been shown in human serum (Yanagimachi, 1970; Bavister and
Morton, 1974), hamster adrenal glands (Bavister et al., 1975) bovine
adrenal cortex and medulla (Bavister et al., 1979) and bovine follicular
fluid (Yanagimachi, 1969). Liu et al. (1977) suggested that one of the
factors in bovine follicular fluid, responsible for inducing the acrosome
reaction was albumin.

A recent report by Meizel et al. (1980) indicated that follicular
fluid has another factor, the sperm motility factor (SMF), identified as
taurine or hypotaurine, which stimulates sperm motility. They showed
that there were high levels (range 0.054-1.525 mM) of these two compounds
in rabbit uterine and ampullar oviductal fluid, bovine follicular fluid,

macaque oviductal fluid (M. fascicularis) and bovine adrenal gland.

The sperm motility stimulating activity of the SMF was enhanced by a
cofactor, identified to be the catecholamines, epinephrine or norepine-
phrine (Bavister et al., 1979). When catecholamines were added to the
hamster sperm, the characteristic whiplash flagellar movement (Yanagimachi,
1970) characteristic of capacitated sperm was observed (Garnett and
Meizel, 1978). Using a- and B- adrenergic (catecholamine) agonist

compounds, phenylephrine and isoproterenol, Garnett et al. (1979) reported



that the ability of hamster sperm to fertilize in vitro required both

a- and B- adrenergic stimulation of the acrosome reaction. Meizel and
Working (1980) demonstrated that the negative isomers of catecholamines
were more effective than positive isomers in stimulating hamster sperm
acrosome reaction. For instance, the percent acrosome reaction after 4
hours of incubation for negative positive epinephrine and controls were
55, 36, and 10% respectively. The postulated that the catecholamines
might be inhibiting phosphodiesterase activity or by acting as a chelator
of metal ions indirectly stimulating ATPase activity with consequential
activation of acrosome reactions.

A class of compounds called the methyl xanthines, which can inhibit
cyclic nucleotide phosphodiesterase activity have been shown to stimulate
sperm motility in the bull (Garbers et al., 197la; Garbers et al., 1971b)
the human (Schoenfeld et al., 1975) the golden hamster (Morton and Chang,
1973) and the mouse (Fraser, 1979). The methyl xanthines include caffeine,
aminophylline, theophylline, isobutylmethyl xanthine (MIX or IBMX) and
pentoxifylline. Phosphodiesterase stimulators, such as imidazole, have an
opposite action. When6&mM caffeine (1,3,7-trimethyl-2, 6 dioxy-purine)
was added to bull sperm, a significant increase in motility (p<0.05) was
observed and by 4 hours the treated sperm had a 55.2% motility rating
compared to 27.2% for controls (Garbers et al., 1971a). The respiratory
rate was also noted to increase in the treated group (1.98 x endogenous
rate) over the controls (1.22 x endogenous rate) in the presence of
pyruvate. Human sperm, with an initial motility of 60-80%, also responded
with increases in motility when supplemented with 6mM caffeine (72.6 +
0.78%) compared to controls (53.1 + 1.16%) after 4 hours (Schoenfeld et al.,
1975). In addition, caffeine prolonged human sperm motility. This

observation was not seen in golden hamster sperm, which, although motility



or the rate of flagellation was increased (35% treated vs. 20% controls
after 4 hours at 6 mM caffeine concentration) with caffeine, it did not
prevent the rapid decline in motility (Morton and Chang, 1973). When
caffeine was tested on a mouse in vitro fertilization system, a higher
rate of fertilization was noted for the caffeine treated group (76.7%)
compared with controls (32.1%) after 1 hour incubation (Fraser, 1979).
The increase in the fertilization rate of the caffeine treated group was
attributed to changes in the sperm rather than the oocytes because of the
changes in sperm motility patterns observed, and because the majority of
the oocytes were fertilized in caffeine-containing medium while the
majority of control oocytes were unfertilized. This suggested that cAMP
might be a controlling factor in sperm capacitation, since, caffeine will
increase intracellular cAMP levels through inhibition of phosphodiesterase
activity. Supporting evidence of a cyclic nucleotide involvement came
from the fact that sperm have adenyl cyclase systems (Hardman et al.,
1971; Casillas and Haskins, 1971) and, at the time of capacitation, a
decrease in ATP occurs (Upchurch and Morton, 1972). The effects of cAMP
on sperm and fertilization have been extensively studied. Toyoda and
Chang (1974) reported shorter penetration times and increased sperm
penetration of rat oocytes (90.7%) when sperm were preincubated with 2 mM
dbcAMP for 5-6 hours in the presence of 34.8 mM KC1. The controls had 0%
penetrated oocytes at 3 hours. They postulated that the process of
capacitation involved activation of adenyl cyclase and the addition of
exogenous cAMP accelerated this process.

In that same year, Rosado et al. (1974) published a paper providing
further evidence of cAMP involvement in the capacitation process.

Preincubation of rabbit sperm for 6 hours in 0.1 uM dbcAMP increased the



sperm capacity to fertilize, as shown by the percent of cleaved rabbit
oocytes (20.0% tested vs, 3,1% control). Negative control treatment with
dbcAMP and follicular fluid, but no sperm, had no cleavage indicating
that dbcAMP action was not on the oocytes. Reyes et al. (1978) reported
that supplementation of dbcAMP with 2.5 uM calcium and ionophore A23187
in the culture medium increased the percent cleavage from 17% to 44%.
Rogers and Garcia (1979) supported the concept of dbcAMP (10 mM) stimula-
tion with guinea pig sperm, (76% treatment vs. 53% controls at 4 hr.).
They also reported that as the percent motility was increased, the percent
acrosome reaction occurrence declined rapidly (10% treatment vs. 43%
controls at 4 hr.) and suggested that during capacitation and the acrosome
reaction there is a reduction of intracellular cAMP in the guinea pig
sperm. Santos-Sacchi et al. (1980) confirmed these observations. They
demonstrated that the guinea pig sperm acrosome reaction could be
induced by cGMP and when the sperm adenylate cyclase system was inhibited
by Zn' ions (250 uM Zn C]Z), the percent of sperm showing the acrosome
reaction increased (23.46% treated vs. 0.09% controls). They indicated
that this difference in the role of cAMP in the acrosome reaction may be
due to the species differences. |

In the golden hamster, the addition of 0.1-10 uM dbcAMP stimulated
sperm acrosome reactions 2-3-fold over controls at 5 hours (Mrsny and
Meizel, 1980). The sperm motility was not different from the controls
throughout the incubation.

Studies on human sperm (DeTurner et al., 1973) indicated that 0.6 mM
dbcAMP stimulated significantly more forwardly progressive sperm after
4 hours. They suggested that cAMP aids in prolonging human sperm motility.
Using multiple exposure photography, Makler et al. (1980) reported that



dbcAMP did not affect human sperm motility. They attributed this lack

of stimulation to the high activity of phosphodiesterase in the sperm.
Using infrared spectral analysis, Delgado and colleagues (1976) showed
that in control human sperm, the acrosomal membranes were in the most
stable protein configuration, (the antiparallel 8- conformation; "pleated
sheets"). When they added 2.04 uM dbcAMP to the sperm, they noted a
change in the membrane protein structure towards the less stable, a-
helix and random coil forms. They hypothesized that cAMP acts by causing
a change in the acrosomal membrane structure from a stable to an unstable
form in addition to increasing sperm metabolism and motility.

II. In vitro Fertilization

A review of in vitro fertilization in mammalian species including
the cat, dog, pig, sheep, cow, rabbit, mouse, rat, hamster and guinea pig,
has been published by Brackett (1979). The historical aspects of in vitro
fertilization of primate oocytes was reviewed by Kuehl (1976). The present
review will focus on the modern period (1968-1981) of in vitro fertiliza-
tion in non-human and human primate species.

In vitro fertilization in non-human primates

A. Oocyte maturation in vitro

One of the major problems for in vitro fertilization research is
obtaining matured oocytes at the time of insemination. Maturation is
defined as the stage when the oocytes are in the metaphase Il stage of
meiosis division, characterized by the presence of a polar body. It is
only when the oocyies are mature that they are ready for sperm penetration.
Since most of the oocytes recovered are not matured, they have to be
incubated in medium for a certain length of time (in vitro maturation)

before they become mature. Early work with primate oocytes at the



dictyate stage, cultured for 20 hours in vitro failed to induce germinal
vesicle breakdown and maturation (Edwards, 1962). In a later report,
Edwards (1965) noted that it required at least 30 hours of in vitro culture
for rhesus monkey oocytes to mature. Many oocytes stopped developing at
anaphase I and this was attributed to a medium deficiency of a particular
component.

In vitro maturation in the absence of gonadotropins (Edwards, 1965)
has been documented. The fertility of oocytes matured in vitro was tested
by Suzuki and Mastroianni (1968). They obtained a total of six presumptive
fertilized Macaca mulatta oocytes out of thirty-one (19.4%) from the
oviducts after a two-step process of 48 hours in vitro maturation and
oocyte transfer. Their in vitro maturation procedure yielded 55.3% matured
oocytes.

Thompson et al. (1971) compared the ultrastructural changes in
M. mulatta oocytes cultured in vitro for 48 hours with in vivo matured
oocytes. They found no difference between in vitro and in vivo matured
oocytes. The ability of the oocytes to mature depended on pre-existing
conditions in the follicle prior to culturing.

Shorter times for in vitro maturation have been reported by Thibault

et al. (1976) who stated that M. fascicularis oocytes required only 23-26

hours in vitro culturing to reach metaphase II. Follicles with diameters
below 1.4 mm were unable to mature and remained at metaphase I. They
suggested that the cumulus cells-oocyte complex responded differently in
imnmature and preovulatory follicles. Interestingly, the in vitro
maturation rate of squirrel monkey oocytes from different sized follicles
were not significantly different from each other (Kuehl and Dukelow,

1976, 1979).



Smith et al. (1978) reported differences in in vitro maturation
rates of M. mulatta oocytes obtained during the breeding (October-
January) versus the non-breeding season (April-July). At the end of a
48-hour incubation period, 58% of the oocytes extruded the first polar
body in the breeding season group compared with 21% in the non-breeding
season group. They postulated that the follicular environment, particu-
larly an increased estrogen level, facilitated subsequent oocyte matura-

tion in vitro during the breeding season. The effect of seasonality on

squirrel monkey in vitro oocyte maturation is considered in the present
experiments.

B. In vitro fertilization in non-human primates

With the discovery of capacitation (the process the sperm undergoes
to acquire the abi]ity to fertilize oocyte) successful in vitro fertili-
zation was accomplished in many species including the primates. In 1972,
Kraemer (unpublished) described in vitro fertilization of 5 baboon (Papio

cynocephalus) oocytes in Bavister's and Brinsters media with subsequent

development of one fertilized oocyte to the six-cell stage. dJohnson
et al., (1972) first reported attachment of sperm to the zona pellucida

when they cultured Saimiri sciureus (squirrel monkey) oocytes in media

containing estrone sulfate. Cline et al. (1973; Gould et al., 1973)
reported 11 of 22 oocytes fertilized in vitro, with 6 proceeding to the
2-cell stage. They noted the extrusion of the second polar body between
20-24 hr after insemination and cleavage was observed 12 hours later.

Kuehl and Dukelow (1975a; Dukelow and Kuehl, 1975b) reported in vitro
fertilization of 32 of 79 squirrel monkey oocytes with some developing
to the 4-cell stage. There were no significant differences in fertilization
rates using culture medium TC199 or Ham's F-10-based media, but there

was a higher maturation and fertilization rate in a chamber-slide culture



system compared with Karrel flask culture dishes.

In an extended study, Kuehl and Dukelow (1979) reported a
fertilization rate of 33.5%. A comparison of five different media
indicated that TC-199 supplemented with 20% calf serum and 72 ug/ml of
pyruvate resulted in the highest maturation and fertilization rates,
56.5% and 73.9% respectively. There were no differences in oocyte
recovery between laparotomy (34.4%) and laparoscopy (35.2%) or in
subsequent in vitro fertilization (35.7 and 43.3% respectively).

C. In vitro preimplantation stage development in the non-human primate

In vitro and in vivo fertilized embryos of the rabbit (Onuma et al.,
1968) mouse (Brinster, 1963; Hsu et al., 1974), swine (Davis and Day,
1978), rhesus monkey (Lewis and Hartman, 1973), baboon (Kraemer, 1972),
squirrel monkey (Kuehl and Dukelow, 1975a, 1979; Dukelow, 1981) and
human (Rock and Menkin, 1944; Seitz et al., 1971; Edwards and Steptoe,
1975; Soupart and Strong, 1974, 1975; Lopata et al., 1978) have been
reported to develop in vitro to stages characteristic of those just prior
to implantation.

In the non-human primate, Kraemer (1979) successfully cultured one
in vitro fertilized baboon embryo to the six-cell stage by 72 hours in
Brinster's medium. In the in vivo environment this was observed 48-72
hours after mating (Hendrickx and Kraemer, 1968). Lewis and Hartman
(1933;1941) reported in vitro development of in vivo fertilized rhesus
monkey oocytes. They noted first, second, third and fourth cleavage times
of 1-1.5, 1.5-2, 2 3, 3-4 days after natural mating respectively. Kuehl
and Dukelow (1975a; 1979) observed in vitro development times for first,
second and third cleavage of squirrel monkey embryos at 20-40, 46-52 and
52-72 hours after insemination, respectively. Their in vitro time course

of development agrees with the human embryo in vitro development time

10



(Edwards and Steptoe, 1975). They also reported further development of
eight-cell in vitro fertilized squirrel monkey embryos to the sixteen-
cell stage in the pseudopregnant rabbit oviduct (Kuehl and Dukelow, 1977).
In other species, the components necessary for in vitro development have
been implicated to be pyruvate and palmitic acid for rabbit embryos (Kane,
1979), glucose for the rabbit blastocyst (Frindhandler et al., 1967),
pyruvate and lactate for the mouse (Brinster, 1965a; 1965b), pyruvate for
early stages up to 8-cells and lactate for stages up to the blastocyst

in the mouse (Quinn and Wales, 1973), and three factors, found in human
cord serum that promoted development of the mouse blastocyst to the

early somite stage (Hsu, 1980). Bovine serum albumin supported 4-cell
porcine embryos to the blastocyst stage and pyruvate inhibited this
development (Davis and Day, 1978). Glucose was required for the bovine
blastocyst (Renard et al., 1980). Recently Pope et al. (1980) published

a paper describing successful culture of in vivo fertilized paboon embryos
in CMRL-1066 medium supplemented with 20% heat-inactivated fetal calf serum
or human cord serum. Embryos at the 8 to 16 cell stages developed to

the blastocyst stage after 5-6 days culture, attached to the culture dish
(2 days later) and formation of the primary yolk sac occurred. Recovered
blastocysts hatched in vitro after 2-3 days in culture. Currently there
are no published reports of in vitro fertilized oocytes developing to the
advanced pre-implantation stages in culture.

III. In vitro Fertilization in Humans

A. In vitro maturation of human oocytes

There were early reports of in vitro studies done on human oocytes
(Pincus and Saunders, 1939; Rock and Menkin, 1944; Mayashi, 1963). Edwards
observed germinal vesicles in the oocytes after 20 hours of culture (1962)

and reported in vitro maturation (resumption of meiosis up to Metaphase II)

11



after 40-48 hours of culture (Edwards, 1965a). When inseminated, sperm
was observed in the perivitelline space (1965a). Germinal vesicle break-
down, Metaphase I and Metaphase II occurred 25, 28-35 and 36-43 hours
after oocyte recovery, respectively (Edwards, 1965b), Jagiello et al.
(1968) reported observing oocyte maturation 47-50 hours after HCG treatment.
In an extended study, Edwards et al. (1969) reported an in vitro
maturation rate of 57.5% in follicular fluid, supplemented with either
Hank's, Brinster's or Bavister's medium. When a chemically defined
medium, Kregs-Ringer bicarbonate with added glucose, lactate and pyruvate,
was used for in vitro maturation of oocytes, Kennedy and Donahue
(1969) obtained a 15 percent maturation rate. Using Ham's F-10 medium,
they reported that in vitro maturation was higher in oocytes with cumulus
cells (13%) compared with cumulus free-oocytes (6%). They suggested
that the cumulus cells supplied factors necessary for oocyte maturation.
Based on in vitro observation of oocyte maturation, Steptoe and
Edwards (1970) aspirated follicles by means'of laparoscopy, 29-31 hours
after HCG treatment. The recovery rate was about 33%. Three out of
ninety-seven recovered oocytes were in the Metaphase II stage. Nine other
oocytes reached this stage after 3-18 hours of culture in follicular fluid
with 50% Bavister's medium. Laparoscopic examination confirmed the
process of ovulation at 37-38 hours after HCG (Edwards, 1973).
Ultrastructural analysis was done on different stages of in vitro
matured oocytes (Zamboni et al. 1972). Their results indicated a 38.2%
maturation rate afier 37 hours or less of culture, and 67.4% after 40-53
hours. Comparison of the oocytes matured in vitro and in vivo showed no
differences ultrastructurally, and that in vitro maturation did not induce

significant anomalies.

12



Soupart and Morgenstern (1973) using Bavister's medium (25%) and
follicular fluid (75%), evaluated oocytes maturing with exogenous FSH,

LH and HCG. They reported a higher maturation rate in the presence of
exogenous hormones (57.1%) compared to controls (28.0%) but the
difference was not significant. Soupart and Strong (1974; 1975)
described a method using hormones for in vitro maturation of immature
oocytes. This consisted of culturing the oocytes in Ham's F-10 medium
with added 17g- estradiol for 4 hours and then culturing in 17-hydroxy-
progesterone for 44 hours. Shea et al. (1975), however, did not observe
any differences in in vitro maturation of oocytes in the presence of
progesterone (36.6%) compared with untreated controls (39.0%). They did
notice that the highest maturation rate came from patients 34-39 years of
age.

Thibault (1977) reported a difference between oocytes matured in vivo
and in vitro. With in vitro maturation, the male nucleus penetrating the
oocyte did not dissociate and swell immediately, as it does with in vivo
culture. There were also grains of chromatin in the male pronucleus not
seen under natural culture conditions. He suggested that the discrepancy
might be due to the late appearance of a male pronucleus growth factor in
the intact follicle.

In a review of oocyte maturation, Moor and Warner (1979) summarised
the events during maturation. The synthesis of heterogenous and ribosomal
RNA occurred until germinal vesicle breakdown. Mitochondrial RNA was
continuously synthesized. There appeared to be short-lived tyrosine-rich
proteins synthesized to regulate early meiotic events. The maturing
oocyte needed pyruvate or oxaloacetate and oxygen. The membrane junction
between the oolemma and the follicle cells became disrupted and there was

. N L0 . . .
an increase in K permeability and increased amino acid transport across
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the membrane.

B. In vitro fertilization of human oocyte

Preliminary attempts at in vitro fertilization of human oocytes were
reported prior to 1969 (Menkin and Rock, 1944; Hayashi, 1963; Edwards
et al. 1966). Edwards et al. (1969) successfully fertilized seven of
thirty-four mature oocytes in vitro. Five of the fertilized oocytes,
however, were polyspermic. In another study, Bavister et al.(1969)
reported observing sperm midpiece and tail in four of six fertilized
oocytes 10.5-24 hours after insemination. The most successful medium for
in vitro culture was Ham's F-10 supplemented with human or calf serum
(Edwards and Fowler, 1970).

The use of sperm, pre-incubated in the rhesus monkey uterus for 4
hours, resulted in in vitro fertilization of 8 of 50 oocytes (Seitz et al.
1971). The fertilized oocytes were in various stages of development
(2-12 cells) by 72 hours of culture. They supplemented Ham's F-10 medium
with estrone sulfate. The incidence of sperm penetration was significantly
increased, when exogenous FSH, LH and HCG were included in the medium
(Soupart and Morgenstern, 1973). In the presence of these hormones, they
obtained a fertilization rate of 12.5% compared to 0% for controls. They
suggested that the sperm required capacitation, probably initiated by the
hormones, and that the hormones acted through the follicle cells. Electron
microscopy revealed the sperm tail in the oocytes (Soupart and Strong,
1974). The oocytes did not develop further. The time of observation of
pronuclei was 11.5 hours after insemination (Edwards, 1973).

Early reports of transferring in vitro fertilized embryos to recipients
lack details and were discounted by scientists. Edwards and Steptoe (1976)
reported a right tubal ectopic pregnancy after reimplantation of an in vitro

developed blastocyst. The embryo did not survive due to persistent bleeding.
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On July 25, 1978, Steptoe and Edwards in England reported the birth of
a baby girl resulting from transfer of an in vitro fertilized ovum. The
oocyte had been recovered on November 10, 1977, fertilized in vitro and
developed to the eight-cell stage. This presented strong support for the
validity of in vitro fertilization systems. Subsequently a second child
(male) was born in England from this procedure. A total of five pregnan-
cies have occurred there. In India, another in vitro fertilized baby girl,
born on December 2, 1978 was reported by two research workers, Mukkarjee
and Bhattacharya (Blandau, 1980). This embryo was allegedly frozen and
thawed prior to transfer. Details of this work have not been documented
nor has the work been confirmed.

The experiments on in vitro fertilization of oocytes, recovered using
a suction aspiration device (Lopata et al. 1974), suggested that human
sperm were capacitated in vitro, after 3-4 hours (Lopata et al. 1978a).
These workers reported a 55.6% fertilization rate. Decondensation of the
sperm chomatin in the vitellus required three hours followed by pronuclei
tormation 1n an additional three hours. Cleavage of the embryos in culture
was observed up to the 8-cell stage and viable embryos were transferred
back into the oocyte donor (Lopata et al. 1978b). Pregnancy was achieved
from transfer of an in vitro fertilized 8-cell embryo (Lopata et al. 1980)
and later reports indicated that the baby had been born and several other
pregnancies are still in progress.

C. In vitro development of preimplantation human embryos

The use of Ham's F-10 medium supplemented with human or calf serum
has facilitated development of the in vitro fertilized embryos in culture
(Edwards and Fowler, 1970; Seitz et al. 1971; Edwards, 1973a). The first,
second and third cleavage times were 18-39, 38-46 and 51-62 hours of

incubation, respectively (Edwards and Fowler, 1970). The fourth cleavage
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time, the morulla and blastocyst stages were later reported to be 63-85,
111-135 and 123-147 hours of incubation, respectively (Edwards, 1973a;
1973b). Seitz et al. (1971) reported cleavage of eight in vitro fertilized
oocytes to the 12-cell stage by 72 hours of culture. Staining of embryos
showed chromatin in the blastomeres. Parthenogenic cleavage was not
observed in the controls. Human blastocysts do not exhibit rhythmic
hatching pulsations when cultured in vitro (Edwards, 1973b). The hatching
phenomenon has not been observed in vitro. Embryos cleaved abnormally when
high osmotic pressure medium was used (Edwards, 1973a).

Human cord serum or human embryo extract has been used as supplement
to the Ham's F-10 medium (Lopata et al. 1978). Using such media, they
showed that preovulatory oocytes had a higher cleavage rate (55.6%) than
nonovulatory oocytes (0.0%).

Extensive developmental studies of cultured human embryos have not
been done for ethical and moral reasons. This emphasizes the value of
non-human primate models for such developmental studies.

IV. In vitro fertilizationin the golden hamster

The in vitro fertilization ot goiden hamsters was Tirst reported by
Yanagimachi and Chang (1962; 1964). Superovulation was induced with
pregnant mare serum gonadotropin and at least, a 44 hour interval (Fleming
and Yanagimachi, 1980) before HCG treatment. The extension of the interval
to 72 hours resulted in increased fertilization with no increase in
chromosomal abnormalities (Mizoguchi and Dukelow, 1980). The medium used
by Yanagimachi and Chang (1964) was Tyrode‘s solution or a mixture of
TC199 and glycine. The observed slower penetration of oocytes and lower
fertilization rates with epididymal sperm compared with uterine incubated
sperm. Embryos fertilized in vitro developed only to the two-cell stage.

A period of 4 hours for sperm capacitation was noted by Barros and Austin
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(1967). Niwa et al. (1980) recently noted that capacitation required the
presence of follicular cell componénts. In vivo experiments showed that
follicular contents had no effect on fertilization (Moore and Bedford,
1978). Cornett and Meizel (1978) reported that catecholamines stimulated
capacitation and the acrosome reaction. The stimulation by catecholamines
was potentiated by a sperm motility factor from the adrenal glands (Bavister
et al. 1979). A high rate of fertilization was noted when catecholamines
were added to the cultures (Cornett et al. 1979). Since catecholamines
elevate intracellular cAMP, cAMP was added to the in vitro cultures but
was observed to decrease the acrosome reaction and fertilization (Rogers
and Garcia, 1979). In a recent report, this observation was contradicted
when added cAMP significantly stimulated the acrosome reaction (Mrsny and
Meizel, 1980). They suggested an involvement of cyclic nucleotides in
hamster sperm capacitation and the acrosome reaction. The present
investigation examined the role of cyclic nucleotides in hamster in vitro

fertilization.

17



Materials and Methods

Animals Used

Adult squirrel monkeys (Saimiri sciureus) of Bolivian origin (Primate

Imports Corp., Port Washington, New York) were maintained indoors with a

12 hr: 12 hr Light:dark cycle at 21 3_2°C. During the summer months (June
to October) the animals were housed in large gang cages outdoors (Jarosz
and Dukelow, 1976). They were fed a commercial monkey feed and fresh water
ad 1ibitum.

Ovulation Induction Regimen

The follicular oocyte development and ovulation regimen consisted of
treating the female squirrel monkeys with four daily i.m. injections of
follicle stimulating hormone (1 mg, FSH-P, Burns-Biotic Laboratories, Inc.,
Omaha, Nebraska) and a single i.m. injection of human chorionic gonadotropin
(250 iu, HCG, APL ®Ayerst Laboratories, Montreal) on the fourth day
(Dukelow, 1970; 1979). During the anovulatory season (July-Sept.) five
days of FSH injections (rather than four) are given (Kuehl and Dukelow,
1975b) followed by HCG treatment.

Laparoscopic Recovery of Squirrel Monkey Oocytes

The laparoscopic procedure for oocyte recovery has been previously
described (Dukelow et al., 1971; Dukelow and Ariga, 1976). This procedure
consisted of anesthetizing the monkey with sodium pentobarbital (27 mg/kg
body weight per adult animal, i.p.). A small midline incision was made
and the trocar-cannula inserted. The trocar was then removed and the
laparoscope (4 mm diameter, Karl Storz Co.) inserted. A 25 gauge needle
and 1 ml tuberculin syringe were used to move the fimbria aside to expose
the ovaries. The follicles were punctured using the needle and the oocytes
aspirated into 0.05 ml of medium in the syringe. The oocytes were then

placed into sterile 8-chamber tissue culture slides (Lab-Tek Products,

10



Napierville, IL) and incubated in a 37°C moist atmosphere of 5% CO2 in
air. The cultures were periodically observed with an inverted microscope
and the medium replaced daily using a drawn-out Pasteur pipette. Cultures
contaminated with red blood cells were washed by flushing 0.2 ml of
medium into each chamber. The oocytes, being heavier, sunk to the chamber
bottom, and 0.2 ml of the diluted medium was aspirated carefully and
discarded. The final volume in all chambers was adjusted to 0.25 ml.
During observation of the cultures, a chamber-slide incubator (Clinical
Scientific Equipment Co., Melrose Park, IL) held the cultures at 37°c.

Semen Collection

The male monkey was held in a V-shaped restrainer (Kuehl and Dukelow,
1973) and short pulses of current (frequency 120 pulses per second;
duration 5 msec) were delivered to a rectal probe. The voltage was
gradually increased and decreased in a rhythmic fashion every 3 seconds.
The semen, as a white coagulum, was collected and diluted in medium and
held at 37°C for 5-10 minutes. The ovum-containing cultures were
inseminated with 0.05 ml of sperm suspension 36 to 37 h after HCG
injection of the females (105 to 106 sperm/m1). Semen volume and sperm
motility based on visual estimation were recorded. Aliquots of the sperm
suspension was used to study the effect of culture additives on sperm
motility. In the cyclic nucleotide experiments described in a later
section the compounds were added at the time of insemination to the culture.
They were also added in the replacement medium daily.

Culture Medium

The medium used was TC-199 (with 25 mM HEPES Buffer, Earle's Salts
and L-Glutamine, GIBCO Laboratories, New York) supplemented with 20% heat
inactivated GG-free fetal bovine serum (GIBCO Laboratories), 1 mM pyruvate

(Sigma Chemical Co., St. Louis), 100 Units per ml Penicillin-Streptomycin
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initially, replaced by 100 ug per ml Gentamicin ®(Schering Corp.) later,
and 1 unit per ml heparin. All media were sterilized by passing through .
a 0.45 um Millex filter (Millipore Corp.) and stored in 10 ml vacutainer
tubes at 4°C. Fresh medium was prepared every 3 weeks and unused medium
discarded.

In the cyclic nucleotide experiments, the treated cultures received
either 1 or 10 uM final concentration of dibutyryl cAMP (Sigma Chemical
Co., St. Louis, Catalog D-0627, Lot 98C-7430) or 10 uM dbcGMP (Sigma
Chemical Co., Catalog D-3510, Lot 109C-7630) dissolved in medium.

The sperm motility factor, SMF (Bavister et al. 1976) was prepared
from homogenized female hamster adrenal glands and the SMF was heat-
inactivated and sterilized with the millipore filter (0.24 mg/chamber).
The concentration of DL-norepinephrine (Sigma Chemical Co., Catalog A
7256, Lot 20C-3880) and L-epinephrine (Sigma Chemical Co., Catalog E-4250,
Lot 108C-0263) used in the SMF experiments were 20 uM each (Cornett et al.,
1979). The continuous flow culture system was set up as shown in figure
1. An automatic syringe dispenser (Sage Instruments, Inc., Model 234-7)
dispensed 37°C medium at the rate of 0.4 ml per 6 hr into the culture
chamber and as the level of medium rose it was aspirated into a flask
through a vacuum system.

In the circulating medium experimenis, cultures were slowly shaken
at 37°C on a variable speed rotator table (Clay-Adams, Inc.) set at the
lowest speed (105 revolutions/min). The cultures were observed over a
3 day period.

Visual Assessment of Sperm Motility

The sperm aliquots (0.02-0.05 m1) from the diluted ejaculate was

placed into the chambers containing treated and control media. The
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chamber was then mounted on the inyerted microscope and the chamber slide
incubator placed over the chambers to maintain tne 379C temperature. The
percent motile sperm (number of sperm swimming in the field of vision) was
then visually assessed at 5 different locations in each treatment chamber
and the average recorded.

The sperm motility was estimated at intervals of 0, 30, 60, 120
minutes and so on, up to 10 hours.

In assessing the ejaculated monkey sperm for each trial, the initial
motility, the degree of progressive motility, the percentage of immature
sperm (as denoted by cytoplasmic droplets), and the concentration in each
chamber were noted.

Criteria of Maturation and Fertilization

At intervals of approximately 24 hr the cultures were examined and
the stage of development noted. The presence of a polar body indicated
that the oocytes was mature. The criteria for fertilization were as follows:
(1) two or more polar bodies in the periviteiline space (occasionally 2
pronuclei are also observed, but at other times were difficult to see due
to surrounding cumulus cells)
(2) two or more polar bodies and two or more equal sized blastomeres by
24 hr after insemination
(3) verification of two or more sets of diploid chromosomes through Giemsa
staining (Mizoguchi and Dukelow, 1980)
(4) observation of the sperm tail or midpiece within the cytoplasm.

When an oocyte had one or more of the above criteria, it was designated
as fertilized.

Hamster Gamete Recoyery

The hamster in yitro system was designed as a preliminary screening

system for testing variables. Adult female golden hamsters (Mesocricetus

21



AA////////,;— To vacuum pump

Collection flask

T — Narrow tubing

¥ 10 m1 syringe

Millipore filter

O - ll 37°C medium
Syringe dispenser

VA

In vitro culture

Figure 1. Apparatus for the continuous flow experiment
in hamster in vitro fertilization system.
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auratus, Charles River Labs., Wilmington, MA, 80-160 g, 10-20 weeks of

age) kept at 14 hr:1Q hr (L:D) cycle, were superovulated using the system
of Mizoguchi and Dukelow (1980) with an ip. injection of 30 i.u. pregnant
mares serum (PMS) at 800 hr on Day 4 (estrus). The oocytes are flushed
out of the fimbriated end of the oviduct with medium with a 30 ga needle
on Day 5 at 800 hr and the oocytes cultured in the chamber slides at 37°%
under moist 5% CO2 in air mixture. The male hamsters (100-195 g) were
sacrificed and sperm collected from minced epididymis tissue. The cultures
were inseminated (about 106 sperm/m1) and observed later for evidence of
tfertilization.

Criteria for Fertilization in Hamster In Vitro System

The oocytes were examined for fertilization 24 hours post insemination.
Fertilization was said to occur if (a) there were 2 polar bodies and 2
pronuclei (b) 2 polar bodies and 1 pronuclei, the second pronuclei having
not been formed yet (c) 2 pronuclei and 1 polar body and (d) more than 2
polar bodies and /or more than 2 pronuclei (polyspermic fertilization).

The progress of the cultures were assessed again 48 hours post insemination.
The number of atretic, matured and fertilized oocytes were recovered in each
trial.

Statistical Analysis of Data

The Student t-test was used to evaluate differences between values.
Paired t-test was used for the evaluation of sperm motiiity. In the
efficacy of recovery trials, two-way analysis was performed. A1l data

were computed using the Hewlett Packard 41C statistical packet.
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Results

Squirrel Monkey In Vitro Fertilization System: Technical Parameters

A. Seasonality and Fertility of Male Squirrel Monkeys

To better understand the effects of season on male fertility, the
data on the males collected throughout the year were analyzed. Analysis
(t-test) of the results (Table 1) indicated no significant differences
in the fertilization rates in the four seasons or among the 5 males. The
fertilization rates during the breeding season of squirrel monkeys (winter)
and in the anovulatory season (summer) were 69.4% and 50.0% respectively.
The mean sperm concentration of the 5 male monkeys was 35.1 + 18.0 (X105)
sperm/ml. The natural logarithm of the mean sperm concentration of the
five males appears to be linearly related to the fertilization rate, over
a period of one year for each of the five males with correlation coefficient
of 0.8307.

Seasonal Maturation of Qocytes

The high fertilization rates around spring time noted in Table 1
might be explained by the high maturation rate in vitro of the squirrel
monkey oocytes at this season (Figure 2). The highest percentage of ova
maturing in vitro was in April with an 85.7% maturation rate (12/14). The
lowest month was in October with 0% maturation (0/3). The mean rate of
oocyte maturation was 49.6 + 7.0% (one standard error). The data were
based on squirrel monkey follicular oocytes recovered 15-16 hr after HCG
treatment and incubated over a period of 3-5 days and thus represents
in vitro maturation rates. The data for each month was taken from all
in vitro trials done in that particular month.

In Vitro Oocyte Maturation Time

The data presented in Figure 3, show the approximate time the
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Figure 2. Seasonal variation in squirrel monkey oocyte maturation
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recovered oocyte extruded the first polar body (maturation). Between
21 to 25 hours after laparoscopic recovery, the highest percentage of
oocytes were observed to be mature 28.2% (22/78). The maturation of
oocytes in culture occurred between 21 and 35 hours. These data came
from a series of trials over a six-month period from December to May.

The Effect of Cumulus Cells on In Vitro Fertilization

It has been reported that cumulus cells act indirectly to inhibit
oocyte maturation (Hillenjo et al., 1979). In the squirrel monkey in
vitro fertilization system, the effects of the corona radiata and cumulus
cells are presented in Table 2. The results indicate that the oocyte
with corona radiata cells had a greater maturation rate than oocytes
without these cells (P<0.05). The lowest maturation rate was found in
oocytes without corona radiata cells which had a rate of 51.2%. Studies
done in bovine in vitro fertilization systems also confirmed that the
presence of corona radiata and cumulus cells significantly increased
maturation of oocytes (Fukui and Sakuma, 1980). The mean maturation rate
of squirrel monkey oocytes in vitro was 70.3 + 4.3% (s.e.m.). The
incidence of atresia of the oocyte was significantly higher (P<0.005) in
the no-corona cells group compared to the rest of the groups.

The in vitro fertilization rate of the oocyte-corona cells complex
groups were not significantly different from each other (two-tailed, t-
test). Fertilization was independent of the presence of corona radiata
and cumulus cells. The mean fertilization rate for the 6 groups of
oocytes was 54.8 + 6.1 (s.e.m.). The mean time when 2 polar bodies were
observed in the oocyte groups was also not significantly different. The
mean of all these values was 31.4 + 10.1 hours after insemination. The
earliest time recorded for observing 2 polar bodies was 2.8 hours after

insemination.

N7



Percent matured oocytes/total oocyte (n=78)

100

o SRR N |
-1 ..'. N
L 90 _
o =
- ks
- . 80 §
30 - g
22 s . 70 g
: >
: 8
! | 60
- [ ~4
.‘. §
20 | o - 50 2
; 1 2
A . 40 +
11 i 3
R 10 3 £
. 30 S
10 - : :
6 :,..,..o.....o 5 6 L 20 v
( 3 L 10
* 1
0 (=) _53',J =
L § 4 ] L] \J | ]
¢ o ' [Te) o w o wH o wn o w o -t
(Vo I ] - N N (32] o <t < [Ve] (T2} (Vo) (Vo]
1 ] [ ] ] ] ] ] ] 1 ] 1 1 A
o W - (Vo) - O (Ve Lo (Vo) -4 O
- ~— N N o o < < wn [Ye)

Time of incubation (hours after oocyte recovery)

Figure 3. Squirrel monkey oocyte maturation time in vitro. The
highest number of oocytes were observed to be matured
at 21-25 hours after recovery.

28



(S0°0>d) udu344Lp AL3uedtsiubls aue s3dLuds4adnNs JuauassLp Y LM saniep pe3
(50°0>d) JududyLp ALauedtslubls ade s3diadsaadns Juauafslp yILm sanjep qee

(0°021-0"2L) V€Y (oo°t) 9 uﬁo.mv I nAo.muv ST 02 s|192 shaoydoo
snnund pue ejeLped
BUOUO0D Y3 LM PAUIA0)

(°G£-0°1T) 08°€¥ (0°08) ¢ uﬁm.mv I nﬁm.hﬂv 1 81 SL19
ejeLped BUOJOD YItm
pa43A0d £|333|dwo)

(0°9€-0"¢) 9°6I (9°€9) 1 p(£79) 2 q(€7€L) 22 0€ SL13d ejelped

2UOJOD Y3 LM PaUdA0D

sJddj4enb alauay)

(0°€L-8"2) 6°0¢ (2°1%) L p(£°8) 2 q(6°€L) L1 €2 SL192

ejRLpRA RUOUOD

Y3 LM paudA0d J[BH

(0°25-8°9) 2°¥e (0°6L) 6 nﬁm.mv 1 nAo.omv el L1 SLL®d

eleLpRL RUOUOD Y3 LM

P343A02 4334enb 8uQ

(§°65-0°9) §°92 (1°65) €1 uAm.qmv ST mAN.ﬂmv 2¢ 137 SLL®

ejeLped RUOJOD ‘ON

(uorjeurwasul (%) (%) (%) $934200 JO 934200 buLuaAa0d

3sod ay) abued $934200 $934200 $934A200 ‘ou |e3jo) S|1®2 ejeLped

pue paA43sqo Sem pozZL| L3434 J13343e pasnjeuw 'UOJU0D JO junowy
qdz awi3 ueay 40 °ON 40 “ON 40 °ON

‘Wa3SAS UOLIRZL|LI4DS O4FLA UL A3yuow [dJJ4LNbS UO S[[32 SNLNWNI 4O dduan|jui ayy ‘2 3Lqel

o Ta)



Table 3 shows the effect of corona radiata and cumulus cells on the
development of fertilized oocytes. The highest rate of cleavage to the
2-cell stage was found in the no-corona radiata cells and the three
quarters-covered group (P<0.10). The mean cleavage rate of the 6 groups
was 28.6 + 9.2%. The mean observed time of first cleavage was 33.8 *
10.6 hr. The 3-cell stage took 73.4 hr. The completed second cleavage
took 62.8 hour and the observed fourth cleavage at 75.0 hour. The time
for third cleavage was not observed in this series of trials.

Laparoscopic Recovery of Squirrel Monkey Oocytes

The efficacy of oocyte recovery is presented in Table 4. The total
number of oocytes recovered in 21 trials was 222 from 541 aspirations
(41.0%). Two-way analysis of variance for the left and right ovary
indicated insignificant interaction between follicle size and follicular
development. If an ovary had poor follicular response to the ovulation
regimen, the follicles were generally small. Conversely, if the development
was excellent, the follicles tended to be large (>2.0 mm). When the
recovery data for the left ovary was compared to the right ovary, a signifi-
cant difference (P<0.005) was noted between them. There was a higher rate
of recovery from the right ovary compared to the left ovary (48.2 + 2.6%
vs 37.1 + 3.4%).

Follicular Fluid Effects on the In Vitro Fertilization System

The influence of follicular fluid on the in vitro maturation and
fertilization rates of squirrel monkey oocytes was studied in cultures
incubated for three days. The results indicate that the follicular fluid
volume tested at the 0.0 (control), 0.01, 0.02 and >0.03 ml resulted in
maturation rates of 85.7% (6/7), 66.7% (10/15), 83.3% (5/6) and 42.9%

(6/14) respectively. There were no significant differences in these rates.
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The fertilization rates were 16.7% (1/6), 50.0% (5/10), 80.0% (4/5) and
33.3% (2/6) respectively. The presence of 0.02 ml follicular fluid had

a significantly higher (P<0.05) fertilization rate than controls.
Development of the fertilized oocytes was observed only in the 0.01 ml
group (2/5, 40.0%) and the 0.02 ml1 group (2/4, 50.0%). These trials were
conducted from April to August.

Fertilization and Development at Different Recovery and Insemination Times

Some researchers have reported that oocytes have a critical period
of RNA synthesis at the final period of maturation in response to LH or '
HCG injection (Davidson et al., 1964; Edwards et al., 1969). The results
of the present squirrel monkey studies (Table 5) indicated that the in vitro
maturation and fertilization and cleavage rates were not significantly
different between oocytes recovered at 16 and 36 hours after HCG. The
in vitro maturation period or the time of insemination after recovery
tested at 13, 21 and 24 hours did not show any significant differences in
the maturation and fertilization or cleavage rates. Oocytes recovered 36
hours and inseminated 49 hours after HCG had the highest rate of cleavage
(28.6%). One 3-cell embryo was observed in this last group. These trials
were conducted from June to October.

Squirrel Monkey Sperm Motility Studies

Sperm motility factor, SMF, (Bavister et al., 1976) and its cofactors,
catecholamines (Cornett and Meizel, 1978; Bavister et al., 1979) have been
implicated as a sperm motility stimulant. These factors were tested on
squirrel monkey sperm and the results are presented in Figure 4. The
results indicated that 20 uM DL-norepinephrine significantly stimulated
(maintained motility above controls) (P<0.05) sperm motility by 10% over
a period of 10.5 hours. L-epinephrine also stimulated sperm motility but

this effect was insignificant and was observed only after 2 hours incubation.
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The adrenal extract (SMF) inhibited motility up to 5 hours in culture

and when this was added to the catecholamines, a reduction of the
stimulated effect was noted with norepinephrine while it did not have

an effect on the stimulation by epinephrine. At 10.5 hours all treatment
groups had higher sperm motility than the controls but only the norepine-
phrine-SMF group had a significant (P<0.05) motility sustaining effect.

By 22.0 hours all cultures lacked sperm motility except the three cultures
containing SMF,

Since catecholamines are phosphodiesterase inhibitors (Goren and
Rosen, 1972), another compound with this property, caffeine, reported to
stimulate ejaculated bovine sperm motility (Garbers et al., 1971), was also
tested on squirrel monkey sperm. The results are shown in Figure 5. At
the 2.6 mM and 5.2 mM caffeine level, there were up to 30% significant
increases (P<0.05) in sperm motility compared to the controls for a period
of 3 hours. When 25.8 mM or 51.5 mM caffeine was added to the cultures,
the sperm motility declined rapidly with total cessation by 3 hours.
Caffeine did not prolong the sperm motility.

One effect of the phosphodiesterase inhibitor is to raise intracellular
cAMP levels in the sperm. To study the direct cause of stimulated sperm
motility dibutyryl cAMP was tested on squirrel monkey sperm. This
derivative of cAMP was used because it penetrates cell membranes much more
readily than cAMP (Posternak et al., 1962) and is more resistant to
phosphodiesterase activity (Kaukel et al., 1972). The motility of the
sperm was significantly increased (P<0.10) by 10 to 20% when 0.05 uM or
1.2 uM dhcAMP was added over a minimal period of 3.5 hours. (see Figure 6).
The 0.7 uM dbcAMP level stimulated sperm motility at the 3.5 hour
observation point. The period of stimulated activity appeared to be similar

to low concentration caffeine addition (r=0.9234). Al1 treatments were the
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same or below control cultures after 6 hours of incubation.

The results of adding two phosphodiesterase stimulators, dbcGMP and
imidazole, which lower intracellular cAMP levels are presented in Figure 7.
A significant decrease (P<0.05) in sperm motility of about 10% was observed
with the 10 uM dbcGMP treatment. The 6 mM imidazole treatment significantly
decreased (P<0.05) sperm motility up to 40%, compared to controls, with
total cessation of activity at 9 hr incubation. The addition of 1 uM and
10 uM dbcAMP significantly stimulated (P<0.05) sperm motility up to 10%
over the controls and this effect was sustained for at least 5 hours. When
dbcAMP was added after the sperm had been incubated for 4.5 hours, a burst
of stimulated motility (P<0.05) was observed (see Figure 8). This increased
motility (10%) was still observed after 12 hours of incubation compared to
the controls and the dbcAMP-added at time O group.

In Vitro Fertilization Studies

Preliminary trials were conducted with hamsters, prior to extending
the studies to squirrel monkeys. The results of the effect of circulating
medium (cultures put on rotating tables) on hamster in vitro fertilization,
is presented in Table 6. The maturation rates of the control and shaken
cultures were not significantly different because the oocytes were matured
in vivo prior to testing the treatment. Cultures that were shaken had a
significantly lower (P<0.01) fertilization rate (25.9%) compared to control
(70.8%). Further, the incidence of polyspermy was significantly greater
(P<0.01) for shaken cultures. After 48 hours of incubation, the percentage
of degenerated oocytes was significantly higher (P<0.01) in the shaken
cultures (78.8%) compared to controls (7.7%). Owing to the fact that shaken
cultures had lower fertilization rates, this method of culture was not
tested with the squirrel monkey in vitro fertilization system.

A continuous medium flow culture system, tried on hamster oocytes and
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sperm, yielded the results shown in Table 7. The maturation rates of the
control and treated groups were not significantly different. The
fertilization rate and the incidence of polyspermy were also not signifi-
cantly different between groups. The percent degeneration, however, was
significantly higher (P<0.01) for the control group.

Studies to provide a means of waste removal and medium replacement
were also done in the squirrel monkey in vitro fertilization system. The
results, shown in Table 8, indicated that there were no significant
ditfferences in maturation, fertilization or first cleavage rate between
the control and the medium-replacement group.

Gentamicin(ﬁl a broad spectrum antibiotic widely used in tissue
culture systems was evaluated for its efficacy in the squirrel monkey
in vitro fertilization system. The results (Table 9) showed no signifi-
cant differences between regularly used penicillin-streptomycin and
GentamicinQE)in terms of maturation, fertilization and cleavage rates.

The effect of adding cyclic nucleotides to the hamster cultures is
presented in Tahle 10. There were no significant differences in the
maturation rate and incidence of polyspermy. However, the fertilization
rate of the 1 yM dbcGMP group (93.3%) was significantly greater (P<0.05)
than the control (57.1%) and 1 uM dbcAMP group (42.9%). The addition of
dbcAMP had no effect on the fertilization rate. A greater number of
oocytes with 2 polar bodies and 2 pronuclei were observed in the dbcGMP
treatment group.

Table 11 shows the results of adding cyclic nucleotides to the
squirrel monkey in vitro fertilization system. Addition of 1 and 10 uM
dbcAMP enhanced the fertilization rate above controls (90.2, 90.0 vs.

60.0% respectively, P<0.01). The addition of 10 uM dbcGMP resulted in
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a lower fertilization rate (P<0.1Q) compared to controls (51.2 vs. 72.7%
respectively). The rates of first cleavage for control, dbcAMP and
dbcGMP groups were not significantly different from each other. dbcAMP
and dbcGMP did not inhibit two-cell embryos to develop further in the

cultures.
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Discussion

Squirrel monkeys exhibit strong reproductive seasonality in the
wild. They mate from June to September (Rosenblum, 1968). In captivity,
there is a shift of the mating season to the winter months, January to
April. Seasonal effects were not observed on the fertilizability of
oocytes, in vitro. In the present studies where follicular development
was induced with gonadotropins, the winter months had the highest fertili-
zation rate, but this was not statistically significant.

The effect of seasonality on the in vitro maturation of oocytes was
pointed out by Smith et al. (1978). Rhesus monkey oocytes had significantly
higher in vitro maturation rates during the breeding season (50-60%)
compared to the non-breeding season (20-30%). The present data indicate
that the squirrel monkeys have a significantly higher in vitro maturation
period in the months of March to June (60.5-85.7%) compared to a mean
maturation rate of 37.4% for the remaining months. The present colony of
squirrel monkeys has been in captivity for about two years and the
observed high maturation rate in spring may reflect a transition in the
shift to the winter months.

The in vitro maturation time required for human oocyte has been
reported to be 24 hours (Seitz et al. 1971). The in vitro maturation
time for squirrel monkey oocytes was about 24 hours in culture (Kuehl,
1974). The present study indicates that the percent of in vitro matured
squirrel monkey oocytes increases slowly from O to 20 hours incubation
indicating some of the oocytes may have begun maturation prior to the
HCG injection. At 21 to 25 hours incubation, there is a high level of
maturation. It is for this reason insemination of the cultures was done

21-22 hours after oocyte recovery. The role for corona radiata and
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cumulus cells in promoting maturation of oocytes have been reported

(Fukui and Sakuma, 1980), and this effect was confirmed on squirrel

monkey oocytes. When the mean maturation rate of all oocytes with at
least some corona cells were compared to the group of no-corona cells
oocytes, a significant difference was noted (P<0.05). Corona radiata and
cumulus cells increase the maturation rate and decrease the atresia rate
possibly by supplying the oocyte with steroids or with some maturation
factor. The corona radiata and cumulus cells, however, do not play a role
in fertilization. Curiously, high first cleavage rates were observed in
the no-corona radiata cells and three-quarters covered with corona radiata
cells groups.

The percentage of oocytes recovered from follicles varies from 32.0%
(Steptoe and Edwards, 1970) to 41.0% (Lopata et al., 1974). The recovery
efficiency (number of oocytes recovered/follicle aspirated) for squirrel
monkey oocytes is at a rate of 41.0%. There was a higher recovery rate
for the right ovary. This technical difference may be due to the fact
that this researcher is right-handed, facilitating recovery from that
ovary.

The percentage of oocytes recovered increased with increasing size of
the follicle (Edwards, 1973). Lopata et al. (1974) noted a high recovery
rate from medium-sized follicles. Kuehl and Dukelow (1979) reported the
highest recovery rate came from large sized follicles. In contrast, the
data presented in Table 4 indicates no differences in the recovery rate
among different sized follicles.

An oocyte maturation inhibiting factor found in follicular fluid
(Tsafiri et al., 1976) has been reported to inhibit meiosis. Inhibition of
oocyte maturation was not observed when varying amounts of follicular fluid

was incubated with the oocytes. It is possible that higher titers of the



follicular fluid are needed to observe inhibition or that once the

oocyte is removed from the follicle, meiosis begins. Fertilization

events, however, were influenced by the volume of follicular fluid used
with the optimum volume being 0.02 ml in a total culture volume of 0.25 ml.
Some researchers have suggested that follicular fluid contains components
(Yanagimachi, 1970) that trigger capacitation and the acrosome reaction
(Yanagimachi and Chang, 1964; Gwatkin and Andersen, 1969) and the present
data supports this contention.

When the oocyte recovery time and insemination time were varied, no
significant differences were noted in maturation and fertilization rates.
Edwards et al. (1969) pointed out the necessity of in vivo maturation for
RNA synthesis but the development of in vitro fertilized squirrel monkey
embryos appears to be independent of in yivo or in vitro maturation time.

The sperm motility studies were conducted with the intention of
studying compounds that stimulate motility and possibly, capacitation and
the acrosome reaction. This in turn would lead to higher rates of
fertilization. A sperm motility factor and catecholamines stimulated
hamster sperm motility (Bavister et al. 1976; Cornett and Meizel, 1978).
DL-norepinephrine significantly stimulated squirrel monkey sperm motility
above the controls. L-epinephrine did not have any significant effect
and the hamster sperm motility factor inhibited monkey sperm motility in
contrast to hamster sperm. The data showed that squirrel monkey sperm have
predominantly beta-adrenergic receptors involved with motility. Further
experiments using receptor blockers will provide further information on
sperm receptors.

Caffeine has been reported to stimulate bovine (Garbers et al. 1971)
murine (Fraser, 1979) and human (Makler et al. 1980) sperm. The present

work shows that squirrel monkey sperm is also stimulated by caffeine at
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Tow concentrations. Since, both, catecholamines and caffeine, increase
intracellular cAMP levels, a direct effect of cAMP was tested on squirrel
monkey sperm. The results indicated that the cAMP is involved in sperm
motility. To test this hypothesis further, two phosphodiesterase stimula-
tors, dbcGMP and imidazole, were added to reduce cAMP levels. The sperm
motility decreased with these compounds, providing further support for the
hypothesis. When cAMP was added at a later time, the sperm motility
increased, indicating reversibility. It has been suggested that cAMP acts
by destabilizing the sperm plasma membrane (Delgado et al. 1976), by acting
on sperm glycolytic enzymes to speed up glycolysis (Haskins, 1973) or by
activating a protein kinase involved in contraction of fibrils (Bailey and
Villar-Palasi, 1971).

Three methods were tried to provide a means of supplying fresh medium
to the oocytes in culture. The first method, the circulating medium method,
had an adverse effect on the hamster oocytes in culture. It is possible
that the minimum speed of the rotating table was too rapid since it was
twice the speed used by New (1973). The continuous medium flow system
tested on the hamster in vitro fertilization system showed no differences
in maturation or fertilization rates compared to controls. The percent
degenerated oocytes was significantly lower in the continuous flow system.

The method for replacing medium on a daily basis proved useful not
only in the removal of spent medium and red blood cells that hinder
observation, but also in that it had no adverse effect on fertilization.
Similarly, the use of Gentamicin<:>as an antibiotic in the culture medium,
was possible without adverse effects. Of significance is the effect of
cyclic nucleotides on hamster and squirrel monkey in vitro fertilization.
It has been reported (Rogers and Garcia, 1978) that 10 mM dbcAMP treated

hamster oocytes had lower fertilization rates (3.2%) compared to controls
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(76.1%). The present data indicate that dbcAMP has no effect on hamster
in vitro fertilization. When dbcGMP was added, there was a significant
increase in the fertilization rate which may be indirectly related to
lowered intracellular cAMP levels. Cyclic GMP has been reported to induce
guinea pig sperm acrosome reaction by increasing calcium ion influx
(Santos-Sacchi et al. 1980). The hamster sperm, 1ike the guinea pig sperm
appears to be activated by cGMP, instead of cAMP.

In contrast to hamster studies, squirrel monkey sperm motility is
inhibited by cGMP and this is manifested by the lowered fertilization rate.
The addition of cAMP shortened the capacitation time, in one case, to
45 minutes, and increased the fertilization rate by about 30.0% over controls.
The action of cAMP is on the sperm since it increases the sperm motility.
This view is confirmed by work done in the mouse (Fraser, 1979)

The differences noted in the control of hamster sperm activation
(by cGMP) and squirrel monkey sperm activation (by cAMP) may be attributed
to a species difference. It has been reported that cGMP activates guinea
pig sperm acrosome reactions (Santos-Sacchi et al., 1980) while cAMP
activates rat (Toyoda and Chang, 1974), rabbit (Rosado et al., 1974) and
human (DeTurner et al., 1973) sperm. Apparently, the type of nucleotide
that causes sperm activation depends on the species under study.

The cleavage rates of the in-vitro fertilized oocytes were not
affected by cAMP or cGMP, although the percent cleavage in the cGMP group
was higher. It has been reported that low levels of cAMP promote microfila-
ment-mediated contiaction of cell processes and microtubule disassembly
(Willingham and Pastan, 1975). Pienkowski (1980) indicated that cAMP
decreased germ cell layers in mouse blastocysts. The preimplantation
development of squirrel monkey embryos do not seem to be affected by cAMP

and 4-cell stages have been reached.
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Summary and Conclusions
The squirrel monkey in vitro fertilization system provides an
excellent non-human primate model for the elucidation of the intricacies
of primate reproductive physiology. The studies conducted produced the
following results:

1) There was no observable seasonality in fertilizability of oocytes.
The rate of maturation was significantly higher in the months of
March to June. In vitro maturation was observed 21-25 hours after
incubation.

2) The groups with varying degrees of corona radiata and cumulus cells
covering the oocyte were not different in maturation or fertilization
rates. The mean maturation rate of all corona radiata cells-covered
oocytes, however, was higher than the no-corona radiata cells group.
Follicular fluid had no effects on oocyte in vitro maturation but
affected the fertilization rate with an optimum level of 0.02 m1/0.25
total fluid volume.

3) The mean time for observing 2 polar bodies was 31.4 + 10.1 hours
after insemination. The earliest recorded time was 2.8 hours. The
mean first cleavage time was 33.8 + 10.6 hours.

4) The mean oocyte recovery rate from follicles aspirated was 41.0%.

The right ovary had a higher recovery rate than the left (48.2 vs.
37.1%). There were no differences in recovery rates from follicles
of different sizes.

5) The time of recovery (16 and 36 hours after HCG) and the time of
insemination (13, 21 and 24 hours after recovery) did not affect
maturation, fertilization or cleavage rates of squirrel monkey oocytes.

6) DL-norepinephrine significantly stimulated sperm motility indicating

a predominence of beta-adrenergic receptors. The L-epinephrine did
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7)

8)

9)

10)

not affect the squirrel monkey sperm motility significantly while
the hamster Sperm Motility Factor decreased motility.

Caffeine and dbcAMP stimulated sperm motility while imidazole and
dbcGMP inhibited motility.

The circulating medium system had an adverse effect on hamster
oocytes. The continuous flow system had no effect on the maturation
and fertilization rates of hamster oocytes. Replacement of medium

®

daily and Gentamicin ~ addition did not affect squirrel monkey oocytes.
The addition of dbcGMP increased the in vitro fertilization rate of
hamsters. dbcAMP had no effect on hamster in vitro fertilization rates.
The addition of dbcAMP increased the squirrel monkey in vitro
fertilization rate by 30 percent while dbcGMP lowered the fertilization
rate. An involvement of cAMP in the capacitation and acrosome reaction
of the squirrel monkey sperm is postulated. The mean time for
observing 2 polar bodies in the dbcAMP treated group (N=23) was 18.3 +
2.4 hours after insemination (in contrast to controls, 31.4 + 10.1

hours). The mean first cleavage time in the dbcAMP treated group was

37.8 + 7.4 hours.
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