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This study examined the effects of hypophysiologic, physiologic, and

hyperphysiologic levels of ammonia and urea on in-vitro maturation
(Experiment 1) and fertilization (Experiment 2) of bovine oocytes. In

Experiment 1, cumulus oocyte complexes (COCs) were aspirated from

ovaries obtained from a local abattoir and randomly assigned to one of

nine ammonia and urea culture treatments. The maturation culture
media consisted of TCM-199 + 25mM HEPES + 15% heat treated estrus

cow serum (HTECS). Ammonia was added to culture treatments at 0, 5,

or 10 gg/m1 (treatments 1,4,7; 2,5,8; and 3,6,9; respectively). Urea was
added at 0, 16, or 24 mg /dl (treatments 1-3, 4-6, and 7-9, respectively).

The COCs were incubated in culture treatments for 26 to 29 hr, fixed to

microscope slides, then stained and evaluated for nuclear maturation.
Oocytes with metaphase II condensed chromatin were considered

mature. There were no effects of the three levels of ammonia, urea, or an
interaction of the two on the number of oocytes reaching metaphase II (P
= 0.76, P = 0.94, P = 0.67, respectively). Pooled mean percent
maturation was 91.2% ± 0.01 (range 87.5% to 98.7%).
In Experiment 2, COCs were recovered by slicing ovaries obtained

from an abattoir, and randomly assigned to one of the nine ammonia and

urea culture treatments described in Experiment 1. The oocyte
maturation culture media consisted of TCM-199 + 25mM HEPES + 15%
(HTECS) + 1.0 pg/mlestradio1-1713 + 0.5 pg/ml FSH + 1.0 gg/m1 LH.

Oocytes were incubated for 24 to 26 hr, then transferred to micro-drops
of fertilization media consisting of a modified Tyrode's albumin lactate
pyruvate media (Fert-TALP), + 10 mg/m1 heparin, + penicillamine

hypotaurine-epinephrine stock, and supplemented with the same
concentrations of ammonia and urea present in the oocyte maturation
media. Percoll-separated spermatozoa were added to the fertilization
micro-drops at a final concentration of 1 x 106 sperm/ml and co

incubated with mature oocytes for 24 hr. Subsequently, ova were
transferred to 0.75 ml TCM-199, vortexed vigorously to remove cumulus

cells, and placed in embryo culture media with bovine oviductal epithelial
cells. Embryo culture media contained TCM-199 + 15% HTCS + 25mM

HEPES supplemented with the same concentrations of ammonia and

urea present in either the oocyte maturation or fertilization media.
Fertilization rates were assessed as the percentage of 2 and 4-cell
embryos present 24 hr following initiation of the embryo culture. There
were no effects of the three levels of ammonia, urea, or an interaction of
the two on the percent fertilization rates (P = 0.46, P = 0.18, P = 0.59,
respectively). Pooled mean percent fertilization was 66.7% ± 0.02 (range
60.1% to 80.6%).

The results of this study demonstrate that urea and ammonia at
hypophysiological, physiological, or hyperphysiological levels do not

inhibit bovine oocyte nuclear maturation or fertilization, in vitro.
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THE EFFECTS OF THE PROTEIN METABOLITES AMMONIA
AND UREA ON OOCYTE MATURATION, FERTILIZATION,
AND EARLY EMBRYO DEVELOPMENT, USING
AN IN VITRO SYSTEM

INTRODUCTION

Milk production in the United States has increased dramatically in
the past few decades. In 1950 milk production for DHI registered herds

averaged 4160 kg/cow/lactation whereas today, some dairy herds are

producing greater than 14,000 kg/cow/lactation (Chase, 1993). This
increase in milk production has been achieved through genetic selection,

improved herd health, and better nutritional management. The primary
challenge facing the dairy producer today is the development of a

nutritional program that can support the energy demands of high milk
production, maintain reproductive performance, and sustain cow health
while remaining cost effective (Chase, 1993).

Shortly after parturition dairy cows experience a severe negative
energy balance (EB) because peak lactation yields precede peak dry

matter intake (DMI). This state of severe negative EB, which continues
for approximately five weeks postpartum, has been linked to
compromised reproductive efficiency (Britt, 1992; Butler 86 Smith, 1989;

Lucy et al., 1992). In an attempt to increase the energy density of the
diet, some scientists have examined the effects of supplementing fat pre
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and postpartum in the diet on EB, lactation performance, and
reproductive efficiency (Villa-Godoy et al., 1988; Butler 8s Smith, 1989;

Jerred et al., 1990; Lucy et al., 1991; Skaar et al., 1989).
Dairy producers must feed high levels of crude protein (CP) in the diet

of high producing cows to meet the protein requirements for

maintenance, growth, lactation, and reproduction. During the first 3
weeks postpartum when DMI is still depressed, the NRC (1989)

recommendation for CP concentration in the diet is 19%. Thereafter, the
recommendation decreases to 16 to 18% CP (NRC, 1989), depending

upon level of milk production. Managers of high producing herds will
often feed levels of CP in excess of these recommendations in an effort to

boost DMI through improved palatability. Many investigators, however,
have associated elevated levels of CP in the diet, i.e. 19 - 21%, with a
decline in reproductive efficiency (Jordan 86 Swanson, 1979; Ferguson et

al., 1988; Blanchard et al., 1990; Canfield et al., 1990; Elrod 86 Butler,

1993; Staples et al., 1993). These scientists have reported a positive
correlation between dietary CP and infertility, as reflected by days open,

services per conception, and days to first postpartum estrus. The
mechanism by which elevated dietary CP may interfere with reproduction

is unknown, but may include an indirect effect through the toxic effects
of metabolic end-products derived from dietary protein in the female

reproductive tract on sperm or ovum viability, an indirect effect through
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the increased energy expense required to detoxify the protein
metabolites, or it may act through some unknown mechanism (Staples et
al., 1993).

This study was designed to determine if dietary crude protein,
through the toxic effects of ammonia or urea, could interfere with the

reproductive processes of oocyte maturation, sperm capacitation,
fertilization, or early embryo development in vitro.
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REVIEW OF LITERATURE

Reproductive Physiology - Overview
Bovine ovaries at birth contain approximately 70,000 oocytes

arrested in the dictyate stage of the first meiotic prophase. Each oocyte
is surrounded by a single layer of epithelial-derived granulosa cells. The

oocyte and associated granulosa cells are referred to as primordial

follicles. From birth to puberty, some primordial follicles begin to grow,

but then become atretic and regress, due to a lack of proper hormonal
stimulation (Hafez, 1987b). With the onset of puberty there is an

increase in circulating concentrations of the pituitary gonadotropins,
follicle stimulating hormone (FSH) and luteinizing hormone (LH). This is

due in part to a prepubertal rise in gonadotropin releasing hormone
(GnRH, a hormone released from the hypothalamus that controls

gonadotropin synthesis, storage and release from the anterior pituitary),
believed to be caused by a decrease in hypothalamic sensitivity to the
negative feedback effects of estradiol (Hadley, 1988).

Once estrous cycles have been established, follicular growth in the

bovine proceeds in a wave-like pattern. Follicular waves are

characterized by three phases: selection, dominance, and atresia or
ovulation (Ireland & Roche, 1987). The average duration of a follicular
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wave is 6 to 10 days, and 2 or 3 waves usually occur during an estrous
cycle (Driancourt et al., 1993). During the selection phase, three to six
antral follicles develop simultaneously to greater than 5 mm diameter. A

surge in plasma FSH concentration one to two days before the initiation
of a follicular wave may be the signal that causes the recruitment of

these follicles (Fortune, 1994). As the selection phase proceeds to the
dominance phase, one follicle increases in size while its cohorts begin to
regress. At this point FSH concentrations decline. The decline in FSH,
as well as other factors produced by the growing (dominant) follicle, are

believed to inhibit the further progression of the remaining subordinate
follicles (Adams et al., 1992). It has been proposed that the dominant
follicle continues to grow, despite the decreased levels of circulating FSH,
by increasing its' sensitivity to available concentrations of FSH through
induction of additional FSH receptors (Ireland & Roche, 1987).
As the dominant follicle continues to develop, FSH stimulates

granulosa cell mitosis and follicular fluid formation. Estradiol, produced

by proliferating granulosa cells, enhances the mitotic effect of FSH and
causes an amplification of the FSH-induced increase in LH receptors on
the granulosa cells (Hafez, 1987a). As development proceeds, interstitial

tissue adjacent to the follicle differentiates and forms a concentric layer

of thecal cells that surround the granulosa cells (Hadley, 1992). Thecal
cells, in response to LH, produce and secrete testosterone which is
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aromatized to estradiol by the granulosa cells, and feeds back on the
hypothalamus to stimulate the release of additional LH. This hormonal
feedback system creates the preovulatory surge of LH that induces the
luteinization of granulosa cells within the follicle and expulsion of the
mature oocyte (Hafez, 1987a).

Reproductive Physiology - Oocyte Maturation
Within the preovulatory follicle, there are three main events that take

place in the maturing oocyte: 1) resumption of meiosis or nuclear

maturation, 2) cytoplasmic maturation, and 3) maturation of the oocyte
membrane (Thibault, 1977).

Nuclear, or meiotic, maturation is the process by which an immature
oocyte in the dictyate stage of the first meiotic prophase, present in
primordial follicles, undergoes nuclear progression to metaphase II.

Meiotic maturation is characterized by dissolution of the nuclear
membrane, or germinal vesicle breakdown (GVB), condensation of

chromatin into distinct bivalents, separation of homologous
chromosomes, extrusion of the first polar body, and arrest of meiosis
with the chromosomes aligned on the metaphase II spindle (Wassarman
as Albertini, 1994). Within small antral follicles, immature oocytes are

maintained in the dictyate stage of meiosis by the regressive effects of
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granulosa cell oocyte meiosis inhibitor (OMI). Elevated levels of cyclic

adenosine monophosphate (cAMP) within the follicular environment also

have been shown to contribute to meiotic arrest. When the preovulatory
surge in FSH and LH occurs, the granulosa cells within the developing
follicle differentiate and cease production of OMI. This cessation,
combined with a decreased sensitivity of the oocyte to the regressive
effects of CAMP, allows the oocyte to begin the maturation process

(Thibault et al., 1987).

Nuclear maturation will occur spontaneously in-vitro when an oocyte
is removed from the follicular environment and placed in a gonadotropin-

free culture medium (Thibault, 1977). Canipari et al. (1984) found that
co-culture of mouse cumulus oocyte complexes (COC) on a fibroblast

monolayer, a system in which oocytes will survive but will not grow,

inhibited spontaneous nuclear maturation for 48 hr. However, nuclear
maturation eventually did occur in these oocytes within 10 days. Thus,
it was concluded that meiotic maturation is dependent upon a genetic
program developed within the oocyte and initiated by follicular cells at
the beginning of oocyte growth (reviewed by Thibault et al., 1987).

Cytoplasmic organelles are uniformly distributed within growing

oocytes. Once cytoplasmic maturation has begun and GVB has been
initiated, mitochondria aggregate around the germinal vesicle in a

spherical pattern. In instances in which mitochondria fail to aggregate,
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maturation is arrested at metaphase I (reviewed by Thibault et al., 1987).
The number of golgi apparati also increase and are found with
mitochondria in proximity to the germinal vesicle during maturation.

During late maturation, in preparation for ovulation, cortical granules
migrate to the cortical region of the oocyte. At fertilization, the cortical

granules fuse with the oolemma to release proteinases into the
perivitelline space and thereby alter the zona pellucida to block
polyspermy (Wassarman & Albertini, 1994).

Protein synthesis is required during nuclear maturation in the bovine
oocyte. Sirard et al. (1989) demonstrated that protein synthesis was
essential at four different stages of bovine oocyte maturation by the
adminstration of cycloheximide. The first stage affected was GVB. The
addition of cycloheximide (a protein translation inhibitor) to the culture
media prior to the initiation of GVB prevented it from occurring. Second,
addition of cycloheximide following GVB did not prevent chromosome

condensation, however, it did prevent proper spindle formation to reach

metaphase I. The third stage of oocyte maturation found to require
protein synthesis is during the short window of time between initiation of
metaphase I and the completion of meiosis I. The fourth, and final,

maturational stage that is dependent upon protein synthesis is
maintenance of the metaphase II configuration. Suppression of protein
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synthesis at this stage causes chromatin decondensation, leading to the
appearance of a pronucleus-like structure.

Reproductive Physiology - Sperm Capacitation
Semen is deposited in the anterior vagina during coitus in the bovine.
Spermatozoa must pass from the vagina, through the mucus-filled cervix

to the uterus. The cervical mucus serves to protect the sperm from the
hostile vaginal environment, prevents seminal plasma from entering the

uterus, provides a reservoir from which sperm can continually move into

the uterus, and prohibits the passage of morphologically abnormal

sperm. Sperm that traverse the uterus and pass through the utero-tubal
junction are sequestered in the lower isthmic region of the oviduct where

they can reside for 18 to 20 hr. Sperm at this site are in close contact
with the epithelial cells of the isthmus where they undergo the process of

capacitation. Capacitation entails a series of biochemical changes which
destabilize the plasma membrane of the sperm head and sensitize the
membrane for interaction with the oocyte's zona pellucida (reviewed by
Yanagimachi, 1994).

Alterations in the sperm plasma membrane during capacitation
include a decline in membrane protein content, methylation of
phospholipids, decreased sterol:phospholipid ratio in the membrane, and
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increased lateral mobility of lipids and proteins. Enzymes present in the
oviductal fluid of estrus cows are partially responsible for the removal of

non-covalently fixed sperm plasma membrane proteins. In addition, a
reduction in the molecular weight of some of the remaining membrane-

bound proteins occurs due to removal of sugar residues from those
proteins (reviewed by Fournier-Delpech 8s Thibault, 1993).

The molar ratio of cholesterol:phospholipid within the sperm plasma

membrane decreases markedly during capacitation due to a net efflux of

cholesterol from the sperm plasma membrane. Serum albumin and high
density lipoproteins (HDL) present in oviductal fluid are believed to be

responsible for this phenomena.
Ehrenwald et al. (1990) examined the protein and lipoprotein

constituents of bovine oviductal secretions throughout the estrous cycle,

and then looked at the ability of those constituents to affect cholesterol
efflux from bovine sperm. Oviductal fluid volume, as well as total protein

concentration within the oviductal fluid, increased as serum

progesterone concentrations decreased to < 0.5 ng/ml during estrus.
The HDL present in oviductal fluid had a molecular weight of

approximately 28 kD which corresponded to that of apo A 1 of bovine and
rabbit HDL. The major lipid class in the HDL of oviductal fluid was

unesterified cholesterol, which accounted for 50 % of the total cholesterol

in the oviductal fluid HDL. In addition, when washed bull sperm were
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incubated 1:1 (v/v) with oviductal fluid in 1.0 ml of modified Tyrode's

solution for 2 hr, there was a net transfer of unesterified cholesterol from
sperm to the HDL which corresponded to 25% of the total sperm

cholesterol. The results of this study demonstrated that HDL levels
increased in oviductal fluid during estrus and that oviductal HDL can
serve as an acceptor for bovine sperm cholesterol.

Methylation of phospholipids within the plasma membrane also

occurs during the capacitation process. Methylation of
phosphatidylethanolamine causes an increase in the content of
phosphatidyl choline, resulting in the formation of the primary
destabilizing factor of biological membranes, lysophosphatidylcholine
(reviewed by Fournier-Delpech & Thibault, 1993), a substance which has

been shown to induce the acrosome reaction in capacitated bull
spermatozoa (Parish et al., 1988).

Current evidence suggests that increased intracellular calcium (Cal
during capacitation is a prerequisite for sperm to acquire fertilizing
ability, e.g., undergo the acrosome reaction and gain hyperactive motility.
Bovine epididymal sperm can accumulate intracellular Ca' from

calcium-rich medium while ejaculated sperm cannot. Caltrin, a protein

released from the accessory sex glands that inhibits calcium transport, is
believed to reduce the Ca2+ absorptive ability in ejaculated sperm.

Caltrin is removed from the sperm surface during capacitation. However,
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if capacitated sperm are returned to seminal plasma, they are effectively
decapacitated (reviewed by Fournier-Delpech 8a Thibault, 1993).

Glycosaminoglycans (GAG) are unbranched linear polysaccharides

normally attached to a protein core. Such macromolecules are known as
proteoglycans. Proteoglycans are constituents of the extracellular matrix
on cell surfaces and are involved in cellular adhesion, proliferation,
migration, and differentiation (Ax 86 Lenz, 1987). A GAG, heparin, has

been shown to capacitate sperm in vitro (Parish et al., 1988). In this

study, bovine sperm were incubated for 4 hr under capacitating
conditions with 5 to 10 µg /m1 of heparin, then exposed to 100 mg/m1 of

lysophosphatidylcholine, a substance that induces the acrosome reaction

in capacitated sperm. Heparin increased the percentage of acrosome
reacted sperm from 10% to 70%. Parish et al. (1989) compared the
effects of oviductal fluid from different stages of the estrous cycle on

bovine sperm capacitation. They found that estrual oviductal fluid had
the highest capacitating ability and, upon further investigation,
discovered a capacitating factor in the estrual oviductal fluid which

exhibited properties similar to that of a heparin-like GAG. Increasing the

uptake of Ca' is one mechanism by which heparin is believed to
influence sperm capacitation. Handrow et al. (1989) observed an

increase in sperm-associated 'Ca' following incubation of sperm with
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heparin at 2, 3, and 4 hr, as compared with sperm incubated without
heparin.
Elevated levels of intracellular CAMP are also observed during sperm

capacitation. Addition of cAMP to capacitation media reduced the time

required for sperm to become competent to undergo the acrosome
reaction and exhibit hyperactive motility (Fraser, 1990). Handrow et al.
(1989) observed that cAMP was capable of increasing sperm-associated

Ca', however, cAMP was not capable of capacitating sperm until heparin

was added to the media. This would imply that cAMP may influence

sperm capacitation in synergy with heparin.
The events taking place within spermatozoa during capacitation
permit three primary steps required for fertilization. First, the reduction

in cholesterol and protein content within the plasma membrane
increases membrane fluidity and sensitizes sperm for recognition of the
zona pellucida. Secondly, increased permeability of the plasma
membrane, accompanied by increased intracellular CAMP and Ca',
initiates the hyperactivation of sperm motility required for zona

pellucida penetration. Finally, alterations within the plasma membrane
prepare the sperm for the acrosome reaction and thus fusion with the
oocyte (reviewed by Fournier-Delpech & Thibault, 1993).
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Reproductive Physiology - Fertilization
Fertilization involves six events: (1) sperm penetration through the

cumulus oophorus, (2) sperm binding to the oocyte zona pellucida and
initiation of the acrosome reaction, (3) sperm-oocyte fusion, (4) oocyte

activation, (5) sperm nuclear decondensation and pronuclear formation,
and (6) male and female pronuclear formation and migration to the

center of the oocyte. Fertilization takes place at the ampullar-isthmic

junction within the oviduct. Sperm are continually released from the
isthmus and travel up to the ampulla, while the mature ovulated oocyte
descends the ampulla to the ampullar-isthmic junction (reviewed by
Crozet, 1993).

Capacitation must precede the first event, sperm penetration through

the cumulus oophorus. An enzyme released from the sperm plasma
membrane, hyaluronidase, aids in the penetration of cumulus cells.
Once the sperm cell penetrates the cumulus oophorus, it must bind to
the zona pellucida (the second event), a non-cellular glycoprotein matrix

that surrounds the oocyte. Sperm-zona binding is mediated through the
interaction of sperm surface galactosyltransferases with zona N
acetylglucosamine residues (reviewed by Crozet, 1993).

Sperm binding to the zona pellucida initiates the acrosome reaction,
an exocytotic event involving multiple fusions of the sperm plasma
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membrane with the outer acrosomal membrane. Fusion of these
membranes causes the formation of hybrid membrane vesicles, resulting
in release of the hydrolytic enzymes necessary for sperm penetration of
the zona pellucida (reviewed by Crozet, 1993). Enzymes contained within

the mammalian acrosome include hyaluronidase, proacrosin, esterase,
phospholipase A, acid phosphatase, aryl sulphatase, B-N-acetyl
glucosaminidase, aryl amidase, and non-specific acid proteinase (Bazer

et al., 1987). The influx of Ca' is a necessary event in the acrosome
reaction. The Ca' ion facilitates the fusion of the sperm plasma
membrane with the acrosomal membrane by binding to anionic

phospholipids. It also activates membrane phospholipases which
hydrolyze phospholipids (reviewed by Crozet, 1993). Flagellation of the

sperm tail, in conjunction with the proteolytic enzymes released during
the acrosome reaction, allows penetration of sperm through the zona
pellucida.

Following passage through the zona, the sperm traverse the
perivitelline space and fuse with the oocyte plasma membrane, the

oolemma, marking the third event in fertilization. A sperm membrane
protein is believed to mediate the fusion of the equatorial segment of the

sperm plasma membrane with the oolemma. The sperm plasma
membrane integrates with the oolemma while the inner acrosomal
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membrane is incorporated with the sperm nucleus into the oocyte
cytoplasm (reviewed by Crozet, 1993).

Sperm-oocyte fusion causes oocyte activation, the fourth event of
fertilization, and is accompanied by a series of biochemical and
morphological events within the oocyte cytoplasm. Activation causes an

increase in intracellular free Ca' released from intracellular stores. In

response to the increased Ca', cortical granules that migrated to the
oocyte plasma membrane during maturation undergo exocytosis and
release hydrolytic enzymes into the perivitelline space. These enzymes

induce changes in the chemical and physical properties of the zona
pellucida that make it impenetrable to additional sperm, a process
referred to as "zona hardening". During activation the oocyte resumes

meiosis and progresses through the second meiotic division to form two
cells, the pronucleus and the second polar body. Expulsion of the
second polar body into the perivitelline space occurs shortly thereafter
(reviewed by Crozet, 1993).

Following sperm incorporation into the oocyte cytoplasm, the fifth

event of fertilization occurs, sperm nuclear decondensation and
pronuclear formation. Nuclear envelope disintegration occurs initially

when the sperm head enters the oocyte cytoplasm. This exposes the
male chromatin to the metaphase II oocyte cytoplasm and induces

chromatin decondensation. Immature oocytes with intact germinal
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vesicles are not capable of initiating chromatin decondensation. The
oocyte proceeds from metaphase II to telophase concurrent with

chromatin decondensation. Following the expulsion of the second polar

body, a recondensation of sperm chromatin occurs and culminates with
highly condensed chromatin corresponding to pronuclear formation
(reviewed by Crozet, 1993).

The sixth and final event of fertilization, male and female pronuclear
formation, occurs within the oocyte's cortex by the formation of nuclear

envelopes around the chromatin. These nuclear envelopes contain pores
and laminins thought to be involved in the transport of material from the
nucleus to the cytoplasm. Within the mature oocyte cytoplasm, a factor
referred to as male pronucleus growth factor controls the development of
the male pronucleus (reviewed by Crozet, 1993). Following male and
female pronuclei formation, the two nuclei migrate to the center of the

ovum and their nuclear envelopes begin dispersing to allow intermixing
of the male and female chromatin. Initiation of DNA synthesis from

cytoplasmic precursors begins concurrently with male and female

chromatin association. Associated chromosomes aggregate in prophase
of the first cleavage division, resulting in the formation of a zygote
(reviewed by Bazer et al., 1987).

Ovulation in the bovine occurs approximately 12 hr following estrus.

Sperm deposited in the anterior vagina during estrus will begin to appear
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in the isthmic portion of the oviduct within 6 to 12 hr, where they can

reside for 18 to 20 hr. Sperm are gradually released from the isthmus
and ascend the oviduct to the ampullar-isthmic junction where they
encounter the ovulated oocyte, and the process of fertilization may begin.
The technique of in vitro fertilization (IVF) has become an essential
tool in the elucidation of processes involved in, and factors affecting,
fertilization. The process of IVF involves the removal of immature COCs

from the ovary, maturation of the COCs in vitro, then fertilization of the
mature oocytes with in vitro capacitated sperm. Zygotes produced from

IVF have been cultured successfully to the hatched blastocyst stage of
development and transferred to recipient cows where live offspring have

been produced (Lu et al., 1987). This technique has enabled researchers
to examine more closely the processes involved in oocyte maturation,

sperm capacitation, ovum penetration and zygote development, and

embryonic development through the expanded and hatched blastocyst
stages.

Nutrition and Reproduction
As the energy demands on high producing dairy cows increase due to
increased milk production, achieving acceptable postpartum fertility has

become very challenging. Soon after parturition the high producing dairy
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cow experiences a severe negative EB, calculated as the net energy intake

of the animal minus the net energy required to support maintenance,
growth and lactation. This severe energy deficit is due to the inability of
cows to reach peak DMI until 8 to 10 weeks postpartum, whereas peak
milk yield occurs as early as 6 weeks postpartum (Jerred et al., 1990). In
early postpartum cows, EB may decrease to -15 Mcal/d, and it may take

more than 50 days of lactation before gastrointestinal capacity and rate
of passage can increase sufficiently to achieve the DMI required to reach
a positive EB (Berghorn et al., 1988; Villa-Godoy et al., 1988).

Energy balance has been positively correlated to reproductive

performance in dairy cattle. Butler and colleagues (Butler et al., 1981;
Canfield & Butler, 1991) determined that cows will begin cycling sooner

and achieve better conception rates when they reach their lowest point of
negative EB soon after parturition and can begin to recover, than cows

that take longer to reach a negative energy nadir. Furthermore, it has
been determined that the principle factor affecting postpartum EB is DMI
(reviewed by Barton, 1996). Villa-Godoy et al. (1988) observed that

variation in EB in postpartum Holstein cows was influenced positively by
DMI (r= 0.73) and negatively by milk yield (r= -0.25). Thus, recent

studies have focused on the effects of early postpartum EB, as well as the

nutritional factors affecting postpartum EB, on reproductive
performance.
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Staples and Thatcher (1990) determined that an increased loss of
body weight during the first two weeks of lactation coincided with

decreased ovarian activity. Furthermore, they concluded that cows
producing a corpus luteum prior to day 40 postpartum had lost the least
amount of body weight during the first 2 weeks of lactation, their first

ovulation occurred as soon as 22 days postpartum, and they exhibited
their first behavioral estrus by day 47 postpartum. Cows that did not
produce their first CL by day 40 to 60 postpartum experienced
significantly greater weight loss, increased days to first postpartum

ovulation (day 43), and increased days to first postpartum estrus (day

73). These investigators also observed that the cows with the greatest
negative EB during the first 9 days of lactation secreted significantly less

progesterone in milk during their second and third estrous cycles, than
cows that were at zero or a slightly negative EB (Staples 8s Thatcher,

1990). Folman et al. (1973) observed a positive relationship between the
level of progesterone in blood during the estrous cycle prior to first

service and the conception rate at first service. Fonseca et al. (1983)

concluded that each 1 ng /ml increase in progesterone levels during the
last half of the estrous cycle preceding the first service was associated

with a 12.4 % increase in conception rate.
The LH secretion in postpartum dairy cows is positively correlated to

the energy status of the animal. Lucy et al. (1991) found that an
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increased predicted EB was associated with an increase in the average

LH pulse amplitude on day 10 postpartum. The diameter of the largest
follicle also increased coincident with increased LH pulse amplitude on

day 10. Thus, an increasing EB on day 10 postpartum was also
associated with an increase in the diameter of the dominant follicle.
Furthermore, the day of appearance of the first postpartum CL occurred
earlier as the average predicted EB increased (Lucy et al., 1991).

In an effort to improve energy intake by postpartum dairy cows, many

studies have investigated supplementing fat to the diet. Fat is a very

energy dense feed and thus allows an increase in energy consumption
without requiring an increase in DMI, the limiting factor for energy

intake. The maximum amount of fat supplementation recommended is <
5% of ration DM (Grummer, 1993). Above this limit there is an observed
decrease in fiber digestion as well as a decrease in DMI and increased

occurrence of other associated off-feed problems. When prilled long
chain fatty acids were fed at 5% of DM, a slight but nonsignificant

increase in energy balance was observed ( Jerred et al., 1990; Skaar et

al., 1989). Skaar et al. (1989) concluded that there was not a significant
increase in EB in the fat fed cows due to the higher energy demands of
the increased milk yield observed in those animals. Jerred et al. (1990)
attributed the negligible effects of fat on EB to an observed decrease in
DMI.
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Positive effects of fat supplementation on follicular development have

been observed. Lucy et al. (1991) found enhanced follicular development
when early postpartum beef or dairy cows were fed calcium salts of long
chain fatty acids (Ca-LCFA), a form of animal fat that does not interfere

with rumen microbial function. Feeding Ca-LCFA increased the number
of follicles within different size categories at all times during the

experiment. However, during the early postpartum period (< 25 days) the
changes in follicle numbers among the size classes appeared to be
influenced more by the positive EB of the fat-supplemented animals than
by the diet directly. The control animals had a lower EB, a greater
number of follicles ranging from 3 to 5 mm in diameter, and fewer
follicles from 6 to 9 mm diameter when compared to the fat-fed cows.

After day 25, however, there was an observed increase in numbers of
large as well as small size follicles. These results indicate that
supplementation of fat to the diet increases the numbers of follicles in all

size classes once estrous cycles have resumed in the postpartum cow. A
later study (Lucy et al., 1992) tested this hypothesis with dairy cattle fed
one of three diets; a control diet (balanced to meet NRC requirements), a
Ca-LCFA diet similar in energy to the control, and a Ca-LCFA diet higher

in energy than the control. Follicular development was enhanced in both
of the Ca-LCFA diets, indicating that the Ca-LCFA, not the increased

energy content of the diet, was responsible for the improved follicular
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development, More investigation is needed to elucidate the mechanism
by which supplementing fat to the diet of high producing dairy cows
enhances follicular development and reproductive performance.
Percent CP in the diet, as well as the type of CP (degradable versus

undegradable), are also topics currently under investigation by many

ruminant nutritionists and physiologists. Because high levels of CP are
required for maximum milk production and maximum DMI, it is often fed
in excess of recommended values. This excessive feeding of CP appears

to have deleterious results on reproduction. The effects of feeding high
degradable versus undegradable CP on reproductive performance have
been studied extensively (Jordan 86 Swanson, 1979; Howard et al., 1987;

Carroll et al., 1988; Staples et al., 1993). Degradable CP in the diet
enters the rumen and is immediately hydrolyzed to peptides and amino
acids by rumen microorganisms. Amino acids are further degraded to

organic acids, carbon dioxide, and ammonia. The ammonia is utilized by
the rumen microorganisms for de novo protein synthesis (Staples et al.,
1993). Ammonia production in excess of microorganism incorporation is

absorbed through the rumen wall, enters the systemic circulation, and is
transported to the liver where it is converted to urea. Hepatic
detoxification is an energy expense to the animal; for every 100 g of non-

utilized crude protein fed there is an energetic cost of 0.2 Mcal. The

added energy demand on an animal that is already experiencing a
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negative energy balance is one mechanism by which elevated CP may be
detrimental to fertility (Olson, 1994).

As the levels of ammonia in the rumen continue to rise, rumen pH

increases, causing an even greater absorptive rate of ammonia across the
rumen wall into the circulation. As the circulating levels of ammonia
escalate, an increase in blood urea nitrogen (BUN) results due to the
body's inability to recycle, or eliminate via the kidneys, the excess urea

produced by the liver from ammonia. Urea circulating in the
bloodstream can freely diffuse into the mammary gland where it is

excreted in the milk. The concentrations of milk urea nitrogen (MUN)
have been found to be 83 to 98% that of BUN, and vary relative to the
time of eating (Harris, 1995). Blood urea nitrogen and MUN levels are

utilized as indicators of nitrogen utilization in dairy cattle. Low BUN and
MUN values (< 12 mg /dl and < 8 mg /dl, respectively) reflect inadequate

ammonia in the rumen for optimal microbial growth, whereas BUN and
MUN values exceeding 18 to 20 mg /dl reflect losses in nitrogen

utilization (Hutjens, 1996).
Elevated BUN, as well as ammonia in circulation and in body fluids,

is a second postulated means by which elevated CP suppresses

reproductive performance (Jordan & Swanson, 1979; Jordan et al., 1983;
Ferguson et al., 1988; Canfield et al., 1990; Elrod & Butler, 1993).
Jordan et al. (1983) observed a positive correlation between BUN and
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blood ammonia concentrations (r = 0.24) and between BUN and the

concentration of urea in uterine secretions (r = 0.46). The levels of these
protein metabolites in the uterine secretions may have toxic effects on
sperm, ova, or the developing embryo. Ferguson et al. (1988) observed
decreased conception rates when BUN concentrations exceeded 20

mg /dl. Other studies have since looked at the effect of increasing the
levels of ruminally degradable protein in the diet on the concentration of
BUN.

Butler and colleagues (Canfield et al., 1990) reported that feeding

excess CP as rumen degradable protein elevated BUN concentrations and

decreased first service conception rates. Elrod and Butler (1993)
observed decreased first conception rates, increased levels of BUN, and
decreased uterine pH in heifers fed higher than NRC-recommended levels

of ruminally degradable protein. Other studies, however, contradict the
conclusion that excess CP in the diet suppresses reproductive

performance. Carroll et al. (1988) concluded that when controlled
reproductive management practices were incorporated, feeding 20% CP
in early lactation dairy cattle diets did not significantly decrease

reproductive performance. It was also noted that BUN levels averaged
well over 20 mg /dl (24.5 ± 0.5 mg /dl) in the 20% CP diet, and there was

a positive effect of dietary CP intake on urea N levels in vaginal mucus
samples (8.2 vs. 20.9 mg /dl in the low vs. high CP diet). The high levels
of BUN and vaginal mucus urea N did not significantly affect
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reproductive performance however, as conception rates for the low and

high CP diets were 65 and 57%. In addition, Howard et al. (1987) failed
to observe a negative influence of high dietary protein (20% CP) on

reproductive performance despite elevated BUN concentrations (26

mg /dl) in cows fed the high CP diet. Nonetheless, the majority of studies

support the hypothesis that excess protein in the diet is detrimental to
reproductive performance.

Ammonia and Urea
Rumen ammonia (NH3) is derived from degradation of dietary crude

protein in the rumen, hydrolysis of urea recycled via saliva to the rumen,
and digestion of microbial crude protein from the small intestine. Rumen
NH3 is incorporated by rumen microbes to form amino acids for protein

synthesis, absorbed across the rumen wall into blood circulation, or
flushed to the omasum. Factors which affect the level of rumen NH3 are
frequency of feeding, extent of dietary CP degradability, dietary CP to

energy ratio, and rumen pH (Jordan, 1982). Rumen bacteria can
assimilate NH3-nitrogen (NH3-N) as a source of nitrogen for protein

catabolism while rumen protozoa cannot (Owens & Zinn, 1988). Rumen
NH3-N is fixed to carbon for amino acid synthesis through the action of

two enzymes, glutamine synthase and glutamate dehydrogenase.
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Glutamine synthase is the predominant enzyme active with low
concentrations of rumen NH3 while glutamate dehydrogenase
predominates at the levels of rumen NH3 observed with conventional
diets (Armstrong 8s Weekes, 1983).

As dietary CP increases, rumen ammonia concentrations rise to
levels which exceed the microbes' ability to incorporate it. An increase in
dietary CP from 8 to 24% can cause an increase in rumenal NH3-N from
0.8 to 56.1 mg /dl (Satter 86 Roffler, 1975). It has been demonstrated

that rumen NH3 concentrations greater than 5 mg /dl exceed the capacity
of the microbes to incorporate it for protein synthesis (Satter, 1982).
Excess ruminal NH3 which escapes microbial incorporation diffuses

across the rumen wall into the circulatory system where it is transported
to the liver and converted to urea via the urea cycle. The urea cycle
enzymes in the liver have been shown to increase in response to
increased dietary CP. Schimke (1962) observed a 2 to 4-fold increase in
the activity of all five urea cycle enzymes when the dietary protein of rats

was raised from 15 to 65%. This increase in urea synthesis by the liver
surpasses the body's ability to excrete, or recycle it, and levels of urea

rise in the blood. In addition, if the levels of ammonia in circulation

surpass the hepatic cells uptake ability, then concentrations of ammonia
in the bloodstream rise as well (reviewed by Jordan et al., 1983).

Increased levels of ammonia and urea in the bloodstream can diffuse into
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the reproductive tract where they may have deleterious effects on sperm,
ova, or early embryo survival.

The fact that mammalian cells can tolerate only moderate

concentrations of ammonia has been known for some time; however, the
biochemical mechanisms by which ammonia can exert toxic effects is

still poorly understood. One theory is that an increase in glutamate
formation, an amino acid synthesized from ammonia, depletes the TCA
cycle of a-ketoglutarate, which interrupts energy metabolism and ATP
synthesis (Visek, 1984). Clifford et al. (1972) demonstrated that in

horses administered a toxic dose of urea, the levels of glucose, pyruvate,
and a-ketoglutarate in blood plasma declined within 1 to 2 hr. The
interference of ammonia in energy metabolism is also evident in the

brain, as ammonia intoxication results in coma. Ammonia also has been
shown to inhibit the TCA cycle in bovine spermatozoa (Dietz 85 Flipse,

1969). In ruminants, it has been observed that gluconeogenesis is
impaired by elevated levels of ammonia as well (reviewed by Armstrong 8s

Weekes, 1983). It is likely, however not completely understood, that

ammonia has effects on tissue metabolism that are not distinguished
from neurological signs, in vitro urea cycle activities, or blood ammonia

concentrations.
Surplus urea produced by the liver is disposed of primarily through
urinary excretion and by recycling to the rumen via saliva. When the
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levels of urea surpass the body's ability to recycle or excrete it, blood

urea-nitrogen levels increase. Urea is a small water soluble molecule
which easily permeates all cells and tissues in the body (Butler et al.,

1995). Jordan et at (1983) found a significant relationship between
blood urea and ammonia levels and the amount of urea in uterine

secretions. Urea within the reproductive tract also may be detrimental to
gamete survival. Urea has been shown to be toxic to sperm and ova
(Dasgupta et al., 1970; Umezaki & Fordney-Settlage, 1975; reviewed by

Ferguson & Chalupa, 1989). For example urea has been shown to
inhibit epididymal sperm motility in vitro (reviewed by Jordan et al.,
1983).

Direct toxic effects of ammonia and urea present in the female

reproductive tract environment, could be one possible means by which
elevated levels of CP in the diet could interfere with reproduction.

Research Objectives
The objective of this study was to determine if elevated levels of the

protein metabolites, ammonia and urea, in the reproductive tract have a
direct effect on oocyte maturation, sperm motility and fertility, the

fertilization process, or early embryo development. Using an in-vitro
model, I will attempt to determine which phase of the reproductive
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process may be affected by hypophysiological (ammonia, 0 µg /ml; and
urea, 0 mg /dl), physiological (ammonia, 5 mg/m1; and urea, 16 mg /dl),

and hyperphysiological (ammonia, 10 µg /ml; and urea, 24 mg /dl)

concentrations of these protein metabolites. Experiment 1 will examine
oocyte nuclear maturation in the presence of the three levels of ammonia
and urea, while Experiment 2 will evaluate the effects on sperm
capacitation, fertilization, and early cleavage stage embryos.
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MATERIALS AND METHODS

In vitro Oocyte Maturation, Experiment 1
Oocyte Collection and Maturation
This experiment was repeated four times. Each replicate of this
experiment included all nine ammonia and urea treatments, and
consisted of 8 to 10 oocytes randomly allocated to each treatment.
Ovaries (6 to 8 pair) were collected from slaughterhouse cull dairy cows
(Carlton Packing Co., Carlton, Oregon), washed three times with sterile
saline (0.9%), immediately placed in sterile saline at 35-38 °C, and

transported to the laboratory (collection and transport time was 2 to 3
hr). Upon reaching the laboratory, follicular fluid (containing oocytes)
was aspirated (Leibfried & First, 1979) from follicles 2 to 5 mm in

diameter using a 20 gauge needle and a 10cc syringe. Sterile DPBS +
0.3% PVP solution was used as collecting media for the oocytes.
Collection media, containing oocytes, was then transferred to 60mm

sterile culture dishes, and cumulus-enclosed oocytes were recovered and
transferred to wash plates. The average oocyte recovery rate using this
technique was 5.4 oocytes per ovary.
The cumulus-oocyte-complexes (COCs) were washed three times in

sterile TCM-199 (Sigma, St. Louis, MO) supplemented with 15% heat
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treated (56° C water bath for 30 min, to inactivate the protein
complement within serum) estrus cow serum (HTECS) and 25mM
HEPES. The COC washing procedure involved transferring the COCs

through three 75 pl micro-drops of wash media. Oocytes possessing a

full cumulus mass, unfragmented cytoplasm, and intact zonae were then
transferred to 50 ill culture micro-drops of TCM-199 + 15% HTECS +

25mM HEPES, approximately 10 COCs per drop, under paraffin oil in

60mm sterile culture dishes. The maturing oocytes were incubated at 39
°C in an atmosphere of 5% CO2 in air for 26 to 29 hr.

Maturation Environment
The COCs were matured in maturation media (TCM-199 + 15%
HTECS + 25mM HEPES) supplemented with 0, 5, or 10 pg/ml ammonia

and 0, 16, or 24 mg /dl urea (Table 1). The treatments were chosen to
represent hypophysiological (no supplemented ammonia or urea),
physiological (5 gg/m1 ammonia or 16 mg /dl urea), and
hyperphysiological (10 µg /ml ammonia or 24 mg /dl urea) levels of

ammonia and urea. Culture media with added treatments were
prepared, dispensed into 50 ill micro-drops in 60mm sterile culture

dishes (three drops/dish, 1 dish/treatment), covered with paraffin oil,
and placed in an incubator at 39°C in an atmosphere of 5% CO2 in air
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for at least 4 hr prior to oocyte collection to allow equilibration of the

culture media with the incubation atmosphere.

Table 1. The concentration of ammonia and urea added to culture
treatments.
Treatment

Ammonia

Urea

(µg /ml)

(mg/ dl)

1

0

0

2

5

0

3

10

0

4

0

16

5

5

16

6

10

16

7

0

24

8

5

24

9

10
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The concentrations of urea and ammonia used for these treatments
are based on findings from previous studies comparing CP% in the diet

with blood levels of urea and ammonia and uterine secretion levels of

urea (Jordan et al., 1983; Ferguson et al., 1988; Bruckental et al., 1989).
Jordan et al. (1983) found that cows fed 12% CP or 23% CP diets had
BUN levels of 4.8 + 0.3 and 16.8 + 0.5 mg /dl, respectively. Blood

ammonia levels were 6.3 + 0.3 and 8.0 + 0.5 pg/ml, respectively, and
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levels of urea in uterine secretions were 6.4 + 0.7 mg /dl and 17.2 ± 1.1,

respectively. Ferguson et al. (1988) concluded that reproductive
efficiency decreased when BUN levels exceeded 20 mg /dl. Bruckental et
al. (1989) observed BUN levels as high as 32 mg /dl in cows fed 21.6% CP

diet consisting largely of soybean meal as a protein source which has a

high proportion of degradable intake protein.

Oocyte Fixation
Following the maturation incubation, oocytes were transferred from

the culture micro-drops to micro-centrifuge tubes containing DPBS + 10

mg/ml hyaluronidase and returned to the incubator for 20 min.
Following the hyaluronidase incubation, oocytes were vortexed vigorously

for 2 min to remove the cumulus cells. After removal of the cumulus
cells, the oocytes were washed twice in 2.0% sodium citrate, transferred

to 0.7% sodium citrate for 3 min, then fixed onto microscope slides with
25% acetic acid in ethanol, air dried (McGaughey 8s Chang, 1969), and

stained with hematoxylin and eosin. Oocytes were evaluated for
germinal vesicle breakdown and chromosomal progression to metaphase
II using brightfield microscopy.
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In vitro Fertilization, Experiment 2
Oocyte Collection and Maturation
This experiment was repeated three times. Each replicate included

the nine ammonia and urea treatments, and consisted of 10 to 15
oocytes randomly allocated to each treatment. Bovine ovaries (24 to 37
pair) obtained from slaughterhouse beef feedlot heifers (IBP Inc., Pasco,

Washington), were rinsed with sterile saline and placed in a thermos

containing sterile saline at 31° C for transport to the laboratory
(transport time ranged from 4 to 5 hr; thermos temperature upon arrival
was approximately 28° C). At the laboratory, ovaries were placed in a

funnel supported above a 50 ml conical tube and sliced repeatedly with a
scalpel, with cuts every 0.5 to 1 mm (modified from Rehman et al., 1994).
Following slicing, the ovaries were lavaged with TL-HEPES (Parish et al.,

1988) to liberate the cumulus oocyte complexes (COCs). The 50 ml tubes

containing wash media from 5 to 8 ovaries were placed in the incubator
at 39° C for 10 to 20 min while debris and COCs settled to the bottom of

the tubes. After the debris settled, a 3 ml aliquot was pipetted from the
bottom of the tubes and placed in the center of a 100 x 15 mm petri dish.
The media was spread thinly across the bottom of the dish and COCs
were located under a dissection microscope (2.5x), removed and
transferred to wash micro-drops containing TCM-199 + 15% HTECS + 25
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mM HEPES. Oocyte recovery rates using this technique were 2.3 oocytes
per ovary. Oocytes with an evenly pigmented cytoplasm and at least 3
complete layers of cumulus cells were selected (Leibfried 86 First, 1979).

The remaining unacceptable, or denuded oocytes, were discarded with

collection media. Selected COCs were transferred three times through

the wash micro-drops, then placed into maturation culture micro-drops
containing TCM-199 + 15% HTECS + 25 mM HEPES + 1 µg /ml LH (NIH
LH-S17, Ovine) + 0.5 lig/m1FSH (NIH-FSH-S9, Ovine) + 1 µg /ml

estradio1-1713 (Sigma # E-8875) and varying levels of ammonia and urea.

The concentrations of ammonia and urea added to the IVF maturation
culture media were identical to those depicted in Table 1.

Sperm Separation
The sperm separation procedure utilized was described by Parish et
al. (1995) with minor modifications contributed by Dr. Leibfried-Rutledge
(Dept. of Meat and Animal Sciences, University of Wisconsin-Madison,

personal communication). Two straws of frozen semen (0.5 ml/straw)
from each of two bulls were thawed at 35° C for 60 sec and pooled. A 1

ml aliquot of the semen was layered on top of a discontinuous gradient of
45 and 90% (v/v) Percoll (Sigma catalog #P 1644). To prepare the 90%
Percoll solution (prepared fresh the day of fertilization), Percoll was mixed
9:1 with a concentrated solution containing 31 mM KC1, 800 mM NaC1, 3
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mM NaH2PO4 and 100 mM HEPES adjusted to pH 7.4 with 1 N NaOH.

The following chemicals were added to the mixture of Percoll and the salt
solution: 2 mM CaC13, 0.4 mM MgC12, 21.6 mM lactic acid, and 25 mM

NaHCO3. The final osmolality of the 90% Percoll solution averaged 285

to 295 mOsmols/kg. To prepare the 45% Percoll solution, the 90%
Percoll solution was mixed 1:1 with modified Tyrode's albumin lactate
pyruvate media (Sp-TALP, described by Parish et al.,1988). The final

gradient consisted of a 1-ml aliquot of semen layered over 2 ml 45%
Percoll which was layered over 2 ml 90% Percoll in a 15 ml conical

plastic tube. The tube containing the Percoll gradient was centrifuged at
700 x g for 20 min at room temperature. Following centrifugation, the
semen extender (top layer), the 45% Percoll layer, and the 90% Percoll

layer were removed using a Pasteur pipette, being careful not to disturb

the sperm pellet at the bottom of the tube. The concentration of sperm
in the pellet was determined with the aid of a hemocytometer and
resuspended to 25 x 106 sperm/ml using Sp-TALP.

Fertilization
To determine the effects of ammonia and urea on sperm viability,
fertilization, and early embryo cleavage, the three levels of ammonia and

urea depicted in Table 1 also were added to fertilization media consisting
of a modified Tyrode's albumin lactate pyruvate media (Fert-TALP,
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described by Parish et at, 1988). Fertilization media with added
treatments were prepared, dispensed into 44 µl micro-drops in 60mm

sterile culture dishes (three drops/dish, 1 dish/treatment), covered with
paraffin oil, and placed in an incubator at 39°C in an atmosphere of 5%
CO2 in air for at least 4 hr prior to use to allow equilibration of the

culture media with the incubation atmosphere. Following the 24 to 26
hr oocyte maturation incubation, COCs were transferred to the
fertilization micro-drops, approximately 5 to 6 oocytes per micro-drop.

Oocytes matured in one treatment were transferred to the same
treatment for fertilization co-culture. After the oocytes were transferred
to the Fert-TALP micro-drops, 2 gl of the Percoll separated sperm

suspension were added to the fertilization micro-drops for a final
concentration of 1 x 106 cells per ml, followed by 2 Al heparin 100X stock

(Sigma Catalog # H-3393) in saline (Parish et al., 1988), and 2 gl of
penicillamine-epinephrine-hypotaurine stock (described by Leibfried

Bavister, 1982). The oocytes were incubated with sperm for 24 hr.
Following the fertilization co-culture, ova were removed from the

fertilization micro-drops and combined within each treatment, then
transferred to 0.75 ml TCM-199 + 15% HTCS + 25 mM HEPES in a micro

centrifuge tube and vortexed vigorously for 2 min to remove cumulus

cells. Denuded ova were transferred to embryo culture 50 ill micro-drops
containing TCM-199 + 15% HTCS + 25 mM HEPES and supplemental
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ammonia and urea and co-cultured with BOEC (Eyestone & First, 1989).
All oocytes from one treatment were placed in one micro-drop (range 8 to

10). Embryo culture media contained the same concentrations of

ammonia and urea as depicted in Table 1. The number of 2- and 4-cell
embryos present out of the total number of ova removed from the
fertilization media represented the percent fertilization rates.

Bovine Oviductal Epithelial Cell (BOEC) Collection
Bovine oviducts were collected from slaughterhouse beef heifer

reproductive tracts bearing ovarian cysts, to obtain oviductal epithelial

cells that were under the influence of estrogen. Oviducts were dissected

from the reproductive tract at the slaughterhouse and trimmed of
surrounding parenchyma. Both ends of the oviducts were clamped with
hemostats and placed in a plastic bag containing 150 ml TCM-199 +
15% HTCS + 25 mM HEPES on ice for transport to the laboratory.

To harvest the oviductal epithelial cells, the clamped ends of an
oviduct were cut and the remaining portion was laid flat on a piece of
sterile aluminum foil in a bioflow hood. Using sterile scissors, the

oviduct was sliced open longitudinally beginning at the isthmus and

cutting towards the ampulla. The exposed inner mucosal layer of
epithelial cells was removed using a sterile scalpel and gently scraping
the top layers of cells, which were then transferred to a 60 mm petri dish
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containing 15 ml of TCM-199 + 15% HTCS + 25 mM HEPES at 39° C.

The BOECs were incubated overnight at 39° C in humidified 5% CO2 in

air. The following day, BOECs were examined under a stereo microscope
(2x). Epithelial cell sections with vesicles and rapidly beating cilia were

selected and transferred to 50 gl micro-drops of embryo culture media.
Approximately 20 vesiculated epithelial cell sections were placed in each
micro-drop.

Ammonia Assay
Concentrations of ammonia in the culture treatments were verified
using the Sigma Ammonia Quantitative Enzymatic Determination kit
(Procedure No. 171-UV), which is designed to measure ammonia in

serum. In each experiment a 100-gl sample of each of the nine culture
treatments (Experiment 1: the maturation media; Experiment 2: the
maturation, fertilization, and embryo culture media) was collected prior

to preparation of incubation plates, and analyzed for ammonia content in
duplicate. Additionally, in Experiment 1 a 40111 sample of maturation
media was removed from each of three culture micro-drops within a

treatment at the end of the incubation, and pooled following the oocyte

maturation culture period to evaluate the change in urea and ammonia
concentrations during oocyte maturation. A 40-g1 sub-sample was
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removed from the post-maturation culture pooled sample, diluted 1:3
with TCM-199, and analyzed for ammonia content. To modify the assay
to measure ammonia concentrations in TCM-199, 100 ill of TCM-199 was

used in the blank in place of water. Samples were placed in 1.5 ml
methylacrylate cuvettes (Fisher # 14-385-938), and absorbance was
measured at 340 nm on a Shimadzu UV 160 U Spectrophotometer. The
inter-assay and intra-assay CV were 7.6% (N=10) and 28.2% (N=5),
respectively.

Urea Assail
The concentrations of urea in the culture treatments were verified
using the Sigma Urea Nitrogen Kit (Procedure No. 640). In each

experiment a 100 Al sample of each of the nine culture treatments
(Experiment 1: the oocyte maturation media; Experiment 2: the oocyte

maturation, fertilization, and embryo culture media) was collected prior
to preparation of incubation plates, diluted 1:10 with distilled deionized

water, and analyzed for urea nitrogen content in duplicate. In addition,
in Experiment 1 a 40 Al sample was removed from the pooled oocyte

post-maturation culture media, diluted 1:3 with TCM-199, and analyzed
for urea. Since the Sigma Urea Nitrogen Kit was designed to determine

urea nitrogen concentrations in serum, the calibration method outlined
in the manual was modified for use with TCM-199. One milliliter TCM
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199 replaced 1 ml of water during standard preparation, resulting in a
1:10 dilution of TCM-199 in the standards, similar to the dilution of the

samples. The assay blank also was adjusted by using 100 Al of a 1:10
dilution of TCM-199 in distilled deionized water, rather than 100 Al

water. Absorbance of the solutions was measured at 570 nm on a
Shimadzu UV 160 U spectrophotometer, using 1.5 ml methylacrylate
cuvettes (Fisher # 14-385-938).
Calculated urea-nitrogen values were divided by a factor of 0.467 to
correct from the nitrogen content of urea (MW = 28) to total urea
(CI-I2N20, MW = 60). The inter-assay and intra-assay CV were 3.7%
(N=10) and 3.6% (N=6), respectively.

Statistical Analysis
Logistic regression using the Statistical Analysis System (SAS, 1994),
was employed to evaluate the effects of hypophysiological, physiological,

and hyperphysiological concentrations of ammonia and urea on oocyte

maturation and fertilization. The effect of culture treatment on the
percentage of oocytes reaching metaphase II (Experiment 1) and
percentage of 2-cell embryos produced (Experiment 2) was evaluated

using a full factorial treatment structure comprised of the three
concentrations of ammonia, urea, and the ammonia by urea interactions.
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The logistic regression model, rather than a simple linear regression
model, was chosen because binomial data do not satisfy several of the

assumptions required by ordinary least squares regression. Specifically,
the response (count data) cannot be assumed to be normally distributed,
and the variance of the response increases with the mean, rather than
remaining constant. Logistic regression, a special type of a generalized
linear model, provides an appropriate modeling technique for binomial

data. Drop-in-deviance tests (likelihood ratio tests) were used to test
which exposure variables (ammonia or urea) significantly influenced the

establishment of the dependent variable (oocyte maturation or
fertilization).
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RESULTS

Experiment 1
Pre-incubation Ammonia and Urea Levels
The observed pre-incubation concentrations of ammonia in the

culture treatments were higher than the projected values, particularly
the ammonia control treatments (1,4,7; Table 2). The ammonia

concentrations in the control treatments averaged 1.3 ug/ml above the
projected levels of 0 ug/ml, whereas ammonia concentrations, averaged
across similar treatments, were only 0.4 ug/tnl (8%) above projected

levels of 5 ug/ml (treatments 2,5,8) and 0.2 ug/ml (2%) above projected
levels of 10 ug/ml (treatments 3,6,9). The higher observed values for

ammonia in the treatments can be attributed primarily to the
contribution of ammonia from the 15% HTECS. Jordan (1982) reported
a range of 6 to 8 pg/ml in blood ammonia levels in dairy cows. Using
these data, the addition of 15% HTECS would have contributed 0.45 to

0.6 ug/ml to the incubation media, thereby accounting for much of the
differences between projected and observed levels of ammonia in the

treatments. However, we are unable to explain why the zero control

treatments exhibited a greater deviation from the projected than the

Table 2.

Experiment 1: Projected vs. observed concentrations of ammonia present in the oocyte
maturation treatments prior to and following the oocyte incubation period'.
Treatment

Projected
(µg /ml)

Observed
pre-incubation

Observed
post-incubation

Increase observed
during culture

(µg /m1)

(µg /ml)

(µg /ml)

1

0

1.5 ±

0.25

3.4 ±

0.37

1.9

2

5

5.3 ±

0.43

8.0 ±

0.07

2.7

3

10

10.5 ±

0.40

12.4 ±

0.15

1.9

4

0

1.2 ±

0.19

3.3 ±

0.34

2.1

5

5

5.3 ±

0.50

7.8 ±

0.17

2.5

6

10

9.9 ±

0.40

12.5 ±

0.13

2.6

7

0

1.3 ±

0.10

3.4 ±

0.33

2.1

8

5

5.6 ±

0.15

8.3 ±

0.09

2.7

9

10

10.2 ±

0.28

12.8 ±

0.36

2.6

a = 4 replicates
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intermediate and high treatments (1.3 vs. 0.4 and 0.2 gg/ml,
respectively). Although unlikely, this discrepancy may be due to

experimental error arising from the preparation of the treatments,

variation within the ammonia assay, or changes that may have taken
place within the culture treatments during the interval between

treatment preparation and the time the treatments were analyzed for
ammonia, usually 1 to 2 days later (treatment media was stored at 4° C).

The observed concentrations of urea in the culture treatments prior
to incubation also were higher than the projected values. The urea levels
in the zero control treatments (1 3) averaged 4.7 ± 0.49 mg /dl while the
physiological treatments (4 6) averaged 21.8 ± 0.68 mg /dl, and the
hyperphysiological treatments (7 - 9) averaged 31.0 ± 0.78 mg/ dl (Table

3). The differences in these values can be partially attributed to the urea
present in the 15% HTECS. Harris (1995) compiled results from 8
studies comparing CP % in the diet of dairy cows and BUN levels and
observed BUN concentrations ranging from 8.8 mg /dl to 32 mg /dl.

Therefore, the urea contributed by the 15% HTECS accounted for 1.3 to

4.8 mg /dl urea in the treatments. After subtracting the urea present in
the hypophysiological treatments (4.7 mg/ dl), the differences in the

physiological treatments (4-6) and the hyperphysiological treatments (7

9) were reduced to 1.1 ug/ml and 2.3 ug/ml, respectively, above
projected levels of 16 and 24 ug/ml.

Table 3.

Experiment 1: Projected vs. observed concentrations of urea present in the oocyte maturation
treatments prior to and following the oocyte incubation period'.
Treatment

Projected
(mg /dl)

Observed
pre-incubation

Observed
post-incubation

Decrease observed
during culture

(mg/ dl)

(mg/ dl)

(mg/ dl)

1

0

4.3 ±

0.54

3.5 ±

1.74

0.8

2

0

4.6 ±

0.78

3.3 ±

1.63

1.3

3

0

5.3 ±

1.26

3.9 ±

1.99

1.4

4

16

21.3 ±

1.33

17.2 ±

2.28

4.1

5

16

21.7 ±

0.94

16.9 ±

1.54

4.8

6

16

22.3 ±

1.49

18.7 ±

3.24

3.6

7

24

30.6 ±

1.23

26.2 ±

3.38

4.4

8

24

31.5 ±

1.65

27.8 ±

2.60

3.7

9

24

31.0 ±

1.51

26.1 ±

1.55

4.9

a = 4 replicates
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The average of these differences (average - 1.8 mg /dl) may be due to

inaccuracies in the treatment preparations, variation within the urea
assay, or changes within the media itself which may have occurred

between the time the treatments were prepared and the time the
treatments were analyzed for urea, usually 1 to 2 days later (treatment
media was stored at 4° C).

Post-incubation Ammonia and Urea Levels
An increase in the concentrations of ammonia during oocyte
incubation (average over all treatments: 2.3 µg /ml; range: 1.9 to 2.7
lig/m1)(Table 2) indicates that metabolism may have occurred within the

oocyte, the cumulus and granulosa cell population, or a combination of

the three. Cumulus and granulosa cells are involved in the initiation of
protein or polypeptide synthesis within the maturing oocyte during
meiosis which renders the oocyte cytoplasm competent to achieve normal
cooperation with the male genome.

The cumulus and granulosa cells also may perform a scavaging role
during oocyte maturation by metabolizing by-products, as demonstrated

by the observed decrease in urea levels during the oocyte incubation
period (average across treatments: 3.2 mg /dl; range: 0.8 to 4.9
mg/d1)(Table 3). The wide range observed in the amount of decrease in
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urea concentrations during the incubation period is most likely due to

the variable numbers of cumulus and granulosa cells present in each of
the treatment micro-drops.

Oocyte Maturation
The concentrations of ammonia and urea in the culture treatments
(Table 2 and 3) varied between the four replicates. Specifically, replicate

1 had higher levels of both ammonia and urea as compared to replicates
2 to 4 which were more comparable (data not shown). Therefore, the

data initially was analyzed to ensure that the differences in oocyte

maturation rates did not vary between the four replicates, possibly due to
the differing concentrations of ammonia and urea. It was determined (P

= 0.64) that treatment effects were constant across the replicates, and
that the differences between treatment levels of ammonia and urea in
replicate 1 vs. replicate 2 - 4 did not affect the maturation rates. Further
analysis indicated no effects of ammonia (P = 0.82), urea (P = 0.92), or an

interaction of ammonia and urea (P = 0.68) on the number of oocytes
reaching metaphase II (Table 4).
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Table 4.

Experiment 1: Oocyte maturation rates pooled across
replicates'.

Treatment

Number of oocytes

per treatment

Number of oocytes in
metaphase II (%)

1

24

23 (95.8)

2

29

25 (86.2)

3

31

28 (90.3)

4

28

25 (89.3)

5

34

33 (97.1)

6

25

23 (92.0)

7

29

28 (96.5)

8

32

29 (90.6)

9

30

27 (90.0)

Overall

262

241 (92.0)

a 4 replicates

Experiment 2
Ammonia and Urea Levels
The observed values for the concentration of ammonia present in the

maturation, fertilization, and embryo culture treatments were higher
than the projected values. The observed levels of ammonia, averaged

over the three replicates, the three incubations (maturation, fertilization,

and embryo culture) and three similar treatments were 0.9 ± 0.08 µg /ml
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for the hypophysiological ammonia treatments (1,4,7), 5.8 ± 0.26 gg/m1
for the physiological ammonia treatments (2,5,8), and 11.2 ± 0.37 gg/m1
for the hyperphysiological ammonia treatments (3,6,9)(Table 5). These

results are similar to those observed in Experiment 1. The rational
behind these differences, therefore, also would be similar. However, the
ammonia concentrations for the fertilization media appear to deviate

from projected levels more than either the maturation media or the
embryo culture media (Table 5). This can only be explained by pipetting

errors incurred during preparation of the treatments or inconsistencies
in the ammonia assay procedure. Prior to preparation of the fertilization

treatments, the maturation media was analyzed for ammonia
concentrations, and the fertilization treatments then were prepared from

100x ammonia and urea stocks to mimic the maturation values. It is
evident that errors may have occurred in the calculating or pipetting
process.

The observed levels of urea in the maturation, fertilization, and

embryo culture treatments were higher than the projected values. The
observed levels of urea, averaged over the three replicates, the three

incubations (maturation, fertilization, and embryo culture) and three
similar treatments were 9.2 ± 0.21 mg /dl for the hypophysiological urea

Table 5.

Experiment 2: Observed and projected concentrations of ammonia in the in vitro fertilization
culture treatments°.

Treatment

Projected

Observed oocyte

maturation

Observed
fertilization

Observed embryo

(µg /ml)

culture

Overall average of
observed values

(µg /ml)

(Ng /ml)

(µg /ml)

(µg /ml)

1

0

0.7 ± 0.11

1.4 ±

0.49

0.7+ 0.17

0.9+ 0.19

2

5

5.4 ± 0.07

5.1 ±

1.85

5.5+ 0.31

5.3+ 0.54

3

10

10.1± 0.25

12.4±

1.66

10.4+ 0.32

10.9+ 0.61

4

0

0.8± 0.04

1.1±

0.24

0.9+ 0.28

0.9+ 0.12

5

5

5.5 ± 0.18

7.0 ±

1.01

5.7+ 0.37

6.0+ 0.39

6

10

10.5± 0.30

13.0±

1.99

10.6+ 0.41

11.3+ 0.72

7

0

0.8 ± 0.10

0.9 ±

0.04

1.0+ 0.25

0.9+ 0.08

8

5

5.5 ± 0.26

7.0 ±

1.00

5.9+ 0.51

6.1+ 0.40

9

10

10.4± 0.30

12.8±

1.77

10.8+ 0.57

11.2+ 0.65

a = 3 replicates
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treatments (1-3), 23.5 ± 0.23 mg /dl for the physiological urea treatments
(4-6), and 31.1 ± 0.27 mg /dl for the hyperphysiological urea treatments
(7-9)(Table 6). If the urea in the hypophysiological treatments (9.2 ug/dl)

is subtracted from the physiological (4-6) and hyperphysiological

treatments (7-9), the urea concentrations for these treatments are
reduced to 14.3 and 21.9 mg /dl, respectively, or 10.6% and 8.8%,

respectively, below projected levels. These results differ from the results
obtained from Experiment 1, and may be partly explained by increased

variability from preparing three complete sets of culture treatments for
each of the three replicates. Pipetting error during preparation of the

fertilization culture media treatments may also explain some of the
differences observed.

Oocyte Fertilization
There was some variability observed in the concentrations of
ammonia (Table 5) and urea (Table 6) in the maturation, fertilization, and

embryo culture treatments between replicates (data not shown).
However, the variability in the levels of ammonia and urea between

replicates was not found to have an effect on fertilization rates (P = 0.84).
There were no effect of ammonia (P = 0.62), urea (P = 0.32), or an

interaction between ammonia and urea (P = 0.78) on the percent
fertilization rates in this study (Table 7).

Table 6.

Experiment 2: Observed and projected concentrations of urea in the in vitro fertilization culture
treatments'.

Treatment

Projected

Observed oocyte

(mg /dl)

maturation

Observed
fertilization

Observed embryo

(mg /dl)

culture

Overall average of
observed values

(mg /dl)

(mg /dl)

(mg /dl)

0.17

7.8+ 0.71

8.5+ 0.32

10.0 ± 0.38

8.4 + 0.35

9.1 + 0.29

1

0

8.2 ± 0.23

2

0

3

0

0.93

9.5 + 0.29

9.9 + 0.32

4

16

22.7 ± 0.53

22.5 + 0.94

22.5 + 0.33

5

16

24.1 ± 0.64

23.1 + 0.56

23.7 + 0.29

6

16

9.0 ± 0.24
10.1 ± 0.38
22.4 ± 0.27
24.0 ± 0.18
24.4 ± 0.37

23.8 ±

1.09

24.3 + 0.38

24.2 + 0.36

7

24

30.2 ± 0.47

30.2 ±

1.06

30.0 + 0.94

30.1 + 0.43

8

24

31.4 ± 0.41

31.9 ± 0.35

30.4 + 0.21

31.2 + 0.28

9

24

32.3 ± 0.57

32.2 ±

31.5 +

32.0 ± 0.49

a = 3 replicates

9.4 ±

10.2 ±

1.12

1.06
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Table 7.

Experiment 2: Oocyte fertilization rates pooled across
replicates'.

Treatment

Number of oocytes

per treatment

Number of fertilized
oocytes (%)

1

38

23 (60.5)

2

37

24 (64.9)

3

31

21 (67.7)

4

40

26 (65.0)

5

39

26 (66.7)

6

39

25 (64.1)

7

29

25 (86.2)

8

41

33 (80.5)

9

32

21 (65.6)

Overall

326

224 (68.7)

a 3 replicates
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DISCUSSION

Oocyte recovery was accomplished via aspiration of ovarian follicles <

5 mm diameter in Experiment 1. This process has been used extensively
in oocyte collection for in vitro experiments; however, one disadvantage in

using this technique is that oocytes may be recovered from only 30 to
60% of punctured follicles (Gordon, 1994). Ovary slicing, the technique
employed for the recovery of oocytes in Experiment 2, has been shown to

markedly increase oocyte yield. Gordon (1994) compiled the results of

nine studies in which the follicle aspiration technique was employed and
four studies utilizing the ovary slicing technique for oocyte recovery. The
average oocyte yield per ovary for the replicates in Experiment 1, using

the aspiration technique was 12.0 oocytes per ovary (range - 9.4 to 16);
while the average oocyte recovery for the replicates in Experiment 2,

using the ovary slicing technique was 39.1 oocytes per ovary (range - 20
to 55.5). Caro lan et al. (1994) compared oocyte yield between aspiration

and slicing of bovine ovaries, and found a 3-fold increase in the number
of oocytes recovered per ovary pair from slicing compared to aspiration.
They noted no differences in oocyte quality or diameter between the two

techniques. Takagi et al. (1992), however, observed that developmental
rates decreased significantly in oocytes recovered by ovary slicing as

opposed to aspiration (51% vs. 70% initial cleavage, respectively; and
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14% vs. 21% blastocyst development, respectively). In our laboratory, we

found that the ovary slicing technique was a faster process; however, we
achieved higher oocyte yields from the aspiration technique (Experiment
1, average 5.4 oocytes per ovary), compared to the ovary slicing
technique (Experiment 2, average 2.3 oocytes per ovary). No differences
were observed in oocyte quality between the two techniques. We are

unable to explain why our oocyte recovery rates were 2-fold lower than

previously described for aspiration techniques, but time and experience
in using the technique may have been a factor. One explanation for the
17-fold lower oocyte recovery rates observed in our laboratory using the

slicing technique, could be attributed to the source of ovaries in
Experiment 2 which were obtained predominantly from feedlot beef

heifers from the IBP, Inc. abattoir. It is possible that the growth
promotants commonly used in feedlots may have affected follicular
development in these heifers.
Nuclear maturation (completion of the first meiotic division to

Metaphase II) was the parameter evaluated in Experiment 1 to determine
the effects of hypophysiological, physiological, and hyperphysiological

concentrations of ammonia and urea on the maturation of bovine oocytes
in vitro. It has been determined previously that oocyte nuclear

maturation is a spontaneous event which occurs when the oocyte is
liberated from the follicular environment and placed into adequate tissue
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culture media (Gordon, 1994). Thus, hormonal supplementation was not
incorporated into the maturation media for Experiment 1. Leibfried and

First (1979) evaluated nuclear maturation as the parameter to determine
oocyte maturation rates between oocytes aspirated from follicles present
on ovaries at differing stages of the estrous cycle. They found no

relationship between the donor's stage of the estrous cycle and the
frequency of nuclear maturation. Moreover, they determined that the
ability of follicular oocytes to undergo nuclear maturation in vitro was not

lost until late in the process of oocyte degeneration. The maturation
media used in Experiment 1 was of the same composition as that used
by Leibfried and First (1979) TCM-199 supplemented with 15% HTECS

and 25 mM HEPES with no supplemental hormones. Hyperphysiological
levels of ammonia or urea had no effect on the attainment of meiotic

nuclear maturation in bovine oocytes in Experiment 1. This agrees with
the reports of Leibfried and First (1979) and Thibault et al. (1987) who

attributed the acquisition of meiotic competence in oocytes to an internal
genetic program, developed within the oocyte, that is probably initiated

at the beginning of follicle and oocyte growth. Thus, nuclear maturation

may not have been the most revealing parameter to assess oocyte

maturation. Nonetheless, our results demonstrate that neither ammonia
nor urea at hyperphysiological levels interfere with nuclear chromosome
condensation and the processes involved with meiosis.
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The mean maturation rate pooled across treatments and between
replicates for Experiment 1 was 92.0%. These maturation rates are
comparable to those reported by Leibfried and First, 1979 (62%), Sirard
et al., 1988 (99%), Leibfried-Rutledge et al., 1989 (81%), Saeki et al.,
1990a (91.1%), and Saeki et al., 1990b (90%).

Supplemental hormones were incorporated into the oocyte

maturation culture media in Experiment 2 because previous studies
demonstrated an increase in fertilization rates when FSH, LH, and
estradio1-1713 were added to oocyte maturation media (reviewed by

Gordon, 1994). Saeki et al. (1990a) observed an increase in fertilization
(66.4% vs. 40.0%) and blastocyst formation rates (29.4% vs. 1.3%) when

the oocyte maturation media was supplemented with 1.0 µg /ml
estradio1-178, 0.5 pg/m1FSH, and 5.0 µg /ml LH, than without
hormones. Leibfried-Rutledge et al. (1989) summarized the data from

experiments conducted in their laboratory where maturation media was
similar except for the presence or absence of hormonal additives, and

concluded that developmental competence to the blastocyst stage was
27% in the presence of hormones but only 17% without them. The

concentrations of hormones supplemented in the oocyte maturation
media in Experiment 2 were similar to those employed by Saeki et al.
(1990a), and our fertilization rates, pooled across treatments, were

comparable to the rates observed in that study (68.7% vs. 66.4%,
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respectively). Fertilization rates achieved in Experiment 2 (68.7%) are

comparable to fertilization rates observed in studies by Sirard et al.,
1988 (73%), Fukui, 1989 (66%), Leibfried-Rutledge et al., 1989 (84%),

Saeki et al., 1990a (66%), Saeki et al., 1990b (63%), and Takagi et al.,
1992 (62%).

Expansion of the cumulus cells surrounding the oocytes was
noticeably improved in Experiment 2 over that observed in the cumulus

surrounding the oocytes in Experiment 1. This would appear to be an
additional benefit of the supplemental hormones in the oocyte

maturation media incorporated in Experiment 2.
Ovaries were maintained at a lower temperature during transport

from the slaughterhouse to the laboratory in Experiment 2 as compared
to Experiment 1 (28 - 31°C vs. 35 - 37°C, respectively). Leibfried-

Rutledge (personal communication) advised that oocytes exhibited
improved viability when ovaries were maintained at a lower than body

temperature prior to processing.
Bovine spermatozoa can reside in the female reproductive tract for 18

to 20 hr and maintain fertility. During this time sperm undergo the
biochemical and morphological changes involved in capacitation, a

process which prepares them for interaction with the oocyte zona

pellucida and subsequent fertilization. In this study we found no effect
of hypophysiological, physiological, or hyperphysiological levels of
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ammonia and urea on sperm motility or fertility. Progressively motile
sperm were observed in all treatments following the 24 hr fertilization co

culture. Silvestroni et al. (1982) utilized a solution of 0.3 M urea in
phosphate-buffered saline to remove cell coat proteins from the human
sperm plasma membrane without affecting sperm viability. They

observed that the cell coating proteins were removed by urea while
maintaining cell integrity and sperm viability. In our study, the highest

concentration of urea in the culture media was only 5 mM, 60 fold lower
than that used by Silvestroni et al. (1982). The effect of the urea
treatment on increased removal of cell membrane coating proteins, a

necessary step in sperm capacitation, may explain the slight, but not
significant, increase in fertilization rates in the hyperphysiological urea
(30 mg /dl) treatment groups (77.4%) as compared to the combined
hypophysiological and physiological urea treatment groups (64.8%)(Table
5).

The use of the BOEC co-culture in embryo culture media has been
described (Eyestone & First, 1989). It has been demonstrated that BOEC

co-culture with the zygote can enhance embryo development to the

blastocyst stage. Eyestone and First (1989) cultured in vivo-produced 5
to 8 cell embryos and observed an increased proportion of embryos

developing to the compact morula and blastocyst stage when co-cultured
with the BOEC (46%), as compared to those cultured without BOEC
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(4%). Thibodeaux et al. (1992) observed that in vitro fertilized bovine

embryos collected from heifers at different stages of the estrous cycle and
co-cultured with BOEC, had an increased number of 2 to 4 cell embryos
developing to the morula stage (52%) as compared to bovine embryos
cultured in the absence of BOEC (32%). They observed no effect of the
donor's stage of the estrous cycle on BOEC viability or contribution to

embryo development. Although the mechanism by which BOEC can

influence embryo culture is not understood, two hypotheses have been

proposed: (1) the secretion of an embryotrophic substance that increases
growth in the early embryo, or (2) the removal of substances from the
culture media which may be inhibitory to embryo development (reviewed
by Eyestone 86 First, 1989).

There was no direct effect of hyperphysiological levels of ammonia

observed on oocyte maturation, sperm capacitation or viability,
fertilization, or early embryo development to the 2-cell stage in this

study. A reduction in the pH of uterine secretions is one of the
mechanisms by which elevated ammonia has been proposed to be
detrimental to the ova, sperm, fertilization process, or embryo

development. Elrod and Butler (1993) reported that decreased uterine
pH (6.8 ± .01 vs. 7.1 ± .06) was associated with an increase in urinary
excretion of NH4 during the luteal phase of the estrous cycle when heifers
were fed high levels of degradable protein (21.8% CP, which exceeded
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ruminally degradable protein recommendations by 50%). In the present
study the culture media used for oocyte maturation, fertilization, and
early embryo culture were buffered with 25 mM HEPES to maintain the

pH at 7.4. This was done to keep the environment stable so that we
could better determine the direct effects of ammonia and urea on the
oocyte, spermatozoa, and the processes involved in fertilization.
Elevated levels of ammonia have been shown to interfere with energy

metabolism in animal cells through the depletion of an essential
substrate of the TCA cycle, a-ketoglutarate (Visek, 1984). Dietz and
Flipse (1969) demonstrated that ammonia is inhibitory to the TCA cycle

in bovine spermatozoa. The results of the current study do not indicate
any deleterious effects of ammonia on energy metabolism in any of the

systems examined, as demonstrated by normal maturation of the oocyte,
motility and viability of sperm, and embryo development to the 2-cell

stage.

The results of this experiment indicate that hyperphysiological levels
of urea, comparable to BUN levels reported in dairy cattle fed high crude

protein diets (Bruckental et al., 1989), do not directly affect the
developing oocyte, spermatozoa, or early embryo in vitro. Many studies
have focused on the effects of elevated levels of BUN and MUN on

reproductive performance. Most studies have found a negative effect of
elevated BUN on conception rates in dairy cattle (Jordan, 1982; Folman
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et al., 1981; Kaim et al., 1983; Ferguson et al., 1988; Bruckental et al.,
1989; Canfield et al., 1990; and Elrod & Butler, 1993), while a few
studies have found no effect of elevated BUN on conception rates

(Howard et al., 1987; Carroll et al., 1988). Harris (1995) summarized the

results of eight studies which compared the percent CP in the diet and
BUN concentrations with conception rates and surmised that, although
increased CP in the diet was associated with elevated levels of BUN, there

was no clear relationship between elevated BUN and decreased

conception rates. In addition, the results of the current study contradict
the observations of Dasgupta et al. (1970) and Umezaki and Fordney-

Settlage (1975) who reported that urea, present in the reproductive tract
secretions, was spermicidal.
There were no detrimental effects of hypophysiological, physiological,

or hyperphysiological levels of ammonia or urea on BOEC viability in the

embryo co-culture media. The vesiculated BOEC sections maintained

ciliary motion and appeared robust across all treatments throughout the
culture period.
We have established that hyperphysiological levels of ammonia and

urea, do not have a direct toxic effect on the maturing oocyte, sperm
viability, or the process of fertilization in vitro. However, there are still

many questions to be answered about the mechanism by which elevated
levels of CP in the diet are 'deleterious to reproductive performance.
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There are systems involved in vivo which can not be mimicked in vitro.

The added energy demand involved in removing excess ammonia from

circulation and excreting it from the body, on an animal that is already
in a state of severe energy deficit could inhibit reproductive performance.

Elevated levels of ammonia and urea in the reproductive tract also may

alter the uterine environment such that it can not support fertilization or
the developing embryo. The present study examined embryo
development to the 2-cell stage, detrimental effects of ammonia and urea

may not be exhibited until later in development. Reproductive function

is regulated by many hormonal feedback systems, it is possible that
elevated ammonia and urea in circulation could interfere with these
systems.
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CONCLUSIONS

The results of this study suggest that the deleterious effects of high
CP diets commonly fed to high producing dairy cows may not be

attributable to direct toxic effects of the protein metabolites, ammonia

and urea. These conclusions define one variable of an immense enigma
surrounding nutritional influences on reproductive performance in the
high producing dairy cow. There are many parameters yet to be
elucidated regarding the interrelationships between energy and nitrogen
balance in these animals. The development of in vitro techniques has
given us a valuable tool to aid in the discovery of factors which affect

many of the cellular mechanisms involved in animal reproduction.
Furthermore, by employing these in vitro techniques and developing a

better understanding of the cellular processes affected by dietary
components, we can begin to answer many of the challenging problems

facing the production industry today, one piece at a time.
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