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(ABSTRACT)

The effects of energy balance on hormonal patterns and recovered oocytes were
evaluated in 20 lactating Holstein cows during two trial periods (fall/spring). Cows were
randomly selected and assigned to one of two dietary treatments formulated so that cows
consumed 3.6% BW (HE- 1.78 mcal/kg; n=6 in fal, n=5 in spring) and 3.2% BW (LE-
1.52 mcal/kg; n= 5 in fal, n=4 in spring). Body weight and body condition score (BCS)
were recorded prior to parturition and weekly throughout the fall trial. Ultrasound guided
transvaginal follicular aspirations were conducted twice weekly between d 30 and 100 of
lactation. Follicle size and number were recorded. Follicular fluid (FF) was aspirated
from the largest follicle, and serum samples were collected for hormone assay (IGF-1,
estradiol (E,); progesterone (P, serum ); LH and FSH). Oocytes were collected and
graded based upon cumulus density and ooplasm homogeneity, then fertilized and cultured
in vitro. Milk yield averaged 41.64 + .3 kg/d (mean + SE) for HE and 32.8 = .3 kg/d for

LE. There was a significant cubic day postpartum by treatment interaction for milk yield.
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Dry matter intake and BW treatment by week interactions were significant for the cubic
and linear components, respectively. Oocyte numbers increased linearly from d 30 to 100
postpartum. HE cows produced more good + oocytes (1.5 + .2 ) than LE cows (1.4 £
). Follicles < 5 mm predominated throughout the study (6.4 = 3.0). However, greater
numbers of follicles 10 to 14 mm and > 15 mm were found in the fall (1.98 + .08 and .50
+ .06) than spring (1.11 + .3 and .23 + .07). Follicular fluid IGF-1 was higher in HE (2.3
+ .2 ng/ml) than in LE cows (1.6 + .2 ng/ml). Mean basal serum FSH concentration was
lower at 28 d postpartum (173 + 8 pg/ml) compared to later (521 + 25 at d 60 and 650 £
25 pg/ml at d 110). Serum P, peaked at 35 d postpartum, with HE cows having 1 ng/ml
higher P,than LE cows. Low dietary energy reduced milk yield, DMI, BCS, FF IGF-1 and

serum P, and had a negative impact on oocyte quality.
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PROLOGUE

When taking into account the reationship between dietary energy and
reproduction in dairy cattle, the most significant time period is that of early and peak
lactation when the animals demand for energy is highest. The genera relationship
between dietary energy intake and energy utilization is defined as energy balance. Energy
balance (NEB) usualy reaches its nadir during the first two weeks of lactation and
recovers at a variable rate. In dairy cows, NEB is directly related to the amount of time
between calving and the cow’ s first ovulation (postpartum interval). During early lactation
the energy required for milk production exceeds that provided by the diet. Ovarian
activity is more closely associated to milk production than TDN intake (Whitmore et a.,
1974; Butler and Smith, 1987; Wiltbank et a., 1962). A cow producing 35 kg of milk
daily requires three times more energy for milk production than for body maintenance.

The energy requirements of a lactating cow are met through a combination of
dietary intake and mobilization of body reserves (Butler and Smith, 1987; Stevenson and
Britt, 1979; Coppock et al., 1974). Body condition scores may be correlated to the
number of small follicles present on an ovary, and follicle numbers are higher in cows with
body condition score of 3 to 5 than those with lower body condition. Animalsin NEB lose
body condition and body weight, and exhibit impaired reproductive performance.

Recovery from NEB after the onset of lactation to a positive state may provide an

important signa for initiation of ovarian activity. The reestablishment of ovulatory cycles



soon after parturition assures multiple estrous cycles prior to the recommended breeding
period, and can therefore influence conception rates.

Timing and magnitude of NEB interact to determine the extent to which NEB
limits luteal function in postpartum estrous cycles and subsequent maintenance of
pregnancy. Negative energy balance appears to primarily interfere with the ability of the
hypothalamus-hypophyseal axis to develop the pulsating LH pattern necessary for
fostering ovarian follicular development and ovulation (Butler and Smith, 1987).

This study will once again resurrect the decades old question of “How is
reproduction affected by nutrition?” Using the latest technologies, we employed
ultrasound-guided transvaginal follicular aspiration (TVFA) to demonstrate that NEB will
reduce milk yield, dry matter intake, body condition score, body weight, and have a
negative impact on the quality of oocytes retrieved through TVFA, as well as their ability

to develop in vitro.



INTRODUCTION

The effects of prolonged dietary energy restrictions on lactating dairy cows have
been shown to be extensive, influencing both ovarian hormones and follicular
development. Energy balance (EB) is an important regulator in the resumption of estrous
cycling after parturition, with energy balance reaching nadir during the first 2 wk of
lactation and recovering at a variable rate. However, it is thought that a delay in the
resumption of a positive energy balance state may grestly effect the ability of the animal to
produce the quality of oocytes that are essential for conception. Negative energy balance
(NEB) has been related to atered hormona levels that do not support a functional
reproductive system during early lactation.

In order to study the immediate and prolonged effects of NEB on the ovarian
function of lactating cows, ultrasound-guided transvaginal follicular aspiration (TVFA)
can be utilized. TVFA was first introduced in the Netherlands in 1987 and since that time
it has been an effective way to obtain oocytes from live cattle. These oocytes can be
matured, fertilized and cultured in-vitro. Thus, oocyte development rates can be observed
and overall effects of NEB on the oocytes determined.

The purpose of this study was to determine the impact of EB on: 1) twice weekly
assessment of the number and size of follicles; 2) quality of oocytes collected; 3) in vitro
developmental capacity of oocytes and 4) concentrations of progesterone, estradiol and
insulin like growth factor-1 (IGF-1) in follicular fluid and progesterone in serum obtained

from lactating dairy cattle from d 30 to 100 postpartum.
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REVIEW OF LITERATURE

Energy Balance

Nutrition can play important roles in reproduction of cattle (Butler and Smith,
1987; Stevenson and Britt, 1979; Coppock et a., 1974; Dominguez, 1995). However, the
precise mechanisms through which nutrition affects reproduction are not completely
understood for lactating dairy cows. Dairy cows cannot maintain positive dietary energy
balance during early lactation and must mobilize body reserves in order to maintain a
supply the combined energy demands of maintenance and lactation require (Nebel et d.,
1993; VillaeGodoy et a., 1990). The time taken to re-establish positive energy balance
after parturition is affected by the extent of fatty tissue reserves and the efficiency with
which these reserves can be mobilized (Grimard et al.,1995).

Energy balance (EB) can be an important regulator in the resumption of estrous
cycling after parturition (Dominguez, 1995; Butler and Smith, 1987). Energy balance
between days 20 and 60 postpartum is inversely related to days to first postpartum
ovulation (Spicer et a., 1990). After estrous cycles have been initiated, predicted EB is
not associated with follicular growth or number of follicles within size class (Nebdl et al.,
1993). Lucy et a. (1991) reported that increasing EB is proportiona to the number of
large follicles in postpartum dairy cows with significant differences in follicular
development related to body condition. They also demonstrated that EB in the early

postpartum period was positively correlated with follicular recruitment. Thus, cows with



a higher energy balance had fewer small follicles (1-9 mm) and a greater number of
follicles 10-15 mm in diameter.

At least 80% of dairy cows have a NEB during early lactation (Villa-Godoy et 4.,
1990). Energy baance (EB) usually reaches its nadir during wk 1 to 2 of lactation and
recovers at a variable rate (VillaaGodoy et a., 1990; Butler and Smith, 1987). Timing and
magnitude of NEB interact to determine the extent to which NEB limits luteal function in
postpartum estrous cycles and subsequent maintenance of pregnancy. Nebel et a. (1993)
stated that NEB may adversely affect fertility and may be influenced primarily by dry
matter intake (DMI). During NEB, homeorhetic events sustain metabolic support of
lactation, and apparently mammary function has metabolic priority over ovarian function.
According to Butler and Smith (1989), Coppock et al. (1974), and Whitmore et a. (1974)
a direct inverse relationship (r = -.80) exists between milk yield and energy baance.
However in another study, milk yield did not differ among cows with distinctly different
energy baances, demonstrating that some cows ingest sufficient nutrients to satisfy
requirements for high milk yield and are able to achieve positive energy balance earlier
postpartum than others (VillaGodoy et al., 1988). Grimard et al. (1995) reported that
cows in NEB lost weight with low milk production, suggesting they had both low DMI
and production requirements. The correlation between milk yield and days to first
ovulation became significant only after the period (d 40) when most cows had already
ovulated. This suggests that other factors, not just milk yield, are involved in determining

theinterval to first ovulation (Butler and Smith, 1989).



Body condition (BC) score is a tool that can be used to monitor nutritional status
in lactating dairy cows, using a1 to 5 scale with 1 being an emaciated animal and 5 being
an obese anima (Braun et al., 1986; Butler et a., 1981). There may be a relationship
between BC and the ovary whereby both follicle number and oocyte quality (proportional
of normal oocytes) of follicles may be adversely affected by alow BC, thus playing arole
in decreased fertility (Dominguez, 1995). Britt (1991) stated that the loss of BC in early
lactation is associated with decreased fertiility. An effect of poor BC at calving on the
number of follicles was present 5 wk postpartum, but not at 9 wk postpartum (Prado et
al., 1990).

Dominguez (1995) found that cows with poor BC scores had fewer normal
oocytes than cows with higher scores, leading to a smaller pool of normal follicles for the
selection of those that continue developing into the final stages of maturation and reducing
the probability of normal fertility. Body condition score is related to the number of small
follicles, and follicle numbers are higher in cows with BC score of 3 to 5 than those with
lower BC. Additionally, oocytes from small follicles are significantly affected by BC, and
the proportion of normal oocytes increases with higher BC. Body condition exerted no
influence on the quality of oocytes recovered from medium size follicles. A BC scoreof 1
yielded approximately 16% normal oocytes, while cows with a BC score of 4 and 5

resulted in 56 and 42% normal oocytes, respectively.



Oocyte Classification

A four level system based on compact multi-layered cumulus investment and
homogeneous ooplasm has been used to classify oocytes. 1 - compact multilayered
cumulus of greater than three layers with homogeneous ooplasm; 2 - compact cumulus of
one to two layers with homogeneous ooplasm having a coarse appearance and a darker
zona pellucida; 3 - oocytes with less compact cumulus and irregular ooplasm containing
dark clusters; and 4 - nude oocyte or expanded cumulus, irregular ooplasm and a jelly-like
matrix (DeLoos et al., 1989). Konishi (1996) found that more than 60% of COCs
collected through TVFA classified as grades 2 to 4. Smith et a.(1996) found significantly
more Class 1 oocytes cleave (63.7%, compact) than those in class 3 (29.5%, partially
nude) and Class 4 (17.7%, nude). It was shown that 57.2% of the oocytes collected from
bovine ovaries at abattoirs have compact, thick cumulus cells, 9.6% have thin cumulus
layers, and 7.5% are naked (Shioya et al., 1988). They found that about 50% of the naked
oocytes undergo maturation division and half of these were fertilized, although 20% of the
naked oocytes were abnormal or degenerated when examined microscopicaly.

The inability of an oocyte to be fertilized may be attributed to incomplete
cytoplasmic maturation. Cytoplasmic maturation can be defined as the processes that
occur in oocyte that prepare it for fertilization, activation, and preimplantation
development (Eppig et a., 1996). The improvement of cytoplasmic maturation in bovine
oocytes could be associated with an increased volume of secretions from granulosa and
cumulus cells. One possihility is that the secretions of granulosa cells may promote the

synthesis of oocyte glutathione. Glutathione has important roles in male pronuclear
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formation and early development, and the level within the oocyte increases during
maturation and decreases during fertilization and early development (Konishi, 1996). One
reason for only a modest IVM/IVF success rate is that the proper conditions to support
development in vitro are not well known but may be related to incomplete cytoplasmic
maturation.

Early research reported that the size of the follicle from which the oocyte is
recovered does not affect IVM of bovine oocytes (Leibfried and First, 1979), suggesting
that most oocytes recovered from antra follicles are competent to undergo nuclear
maturation. Oocytes recovered from early antra follicles have usualy become “competent
to resume the first meiotic divison” after separation from the follicle. However, smal
antral follicles contain oocytes which are often only “partially competent” to complete
maturation, and melosis is arrested prior to metaphase |1, resulting in an undevel oped
oocyte (Eppig et a., 1996).

More recent research by Machatkova (1996), reported significantly higher yield of
embryos with more ideal morphological characteristics from follicles with diameters
greater than 6 mm than those obtained from follicles less than 6 mm and postulated that
larger follicles contained growth factors that enhance the morphological and functional
status of the oocytes and the yield of embryos.

Results of IVM/IVF show that only nude oocytes (class 4) had a significantly
diminished capacity to mature in vitro and a substantiadl number of nude oocytes
degenerated under in vitro conditions (DelLoos et a., 1989). Konishi (1996) indicated

that more than four layers of cumulus cells are optimal for development of embryos to the
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blastocyst stage. Naked oocytes, even when fertilized, exhibited a delayed mae
pronucleus formation and less development to the two-cell stage than higher classified
oocytes (Shioyaet al,. 1988). Looney et a. (1994) reported that out of the 1,970 oocytes
they recovered from dairy cows, 722 oocytes cleaved (40.5%), and 813 embryos were
transferred to recipient cows resulting in 89 pregnancies. Hasler et al. (1995) reported that
there can be a wide variation of the number of oocytes collected from individual cows
over the coarse of an experiment.

A higher rate of development to the blastocyst stage (54% of cleaved embryos)
was observed with oocytes never cooled below 35°C, suggesting that careful temperature
control over the entire in vitro embryo production process may be necessary to retain the
maximum developmental capability of oocytes recovered from ovaries. It may be prudent
to maintain bovine ovaries, gametes and embryos at temperatures within the physiological
range of 37 to 39°C to maximize both the quantity and quality of embryos obtained by in
vitro methods (Pollard et al., 1996). In contrast, Hasler et a. (1994) noted that the
percentage of oocytes developing to the blastocyst stage for 38 + 1 °C was 45.6 %, while

the development of oocytes exposed to 25 + 2 °C only dropped to 43.5%.

Follicular Development

Follicular growth was affected only in cows fed a diet lacking essential nutrients
and having alow body condition score at calving (Perry et al., 1991). Differences between
underfed and adequately fed cows up to d 50 postpartum were more striking in terms of

follicular growth (Grimard et al., 1995). Recruitment and growth of ovarian follicles
9



increased with time postpartum (Murphy et al., 1990). According to Leibfried and First
(1979) the mean relative proportion of non-atretic follicles per pair of ovaries was 23.7%

for cycling dairy cows and heifers.

Dominant Fallicles

Evidence was presented that the presence of a dominant follicle decreases
ovulation rate and the number of transferable embryos in cattle. Therefore, a dominant
follicle may indicate a cohort of atretic small follicles, which may not be appropriate for
oocyte collection (Smith et al., 1996).

Follicles that start to grow between 10 to 20 d postpartum may be affected by the
NEB and carry oocytes with a low developmenta capacity. Follicles 1 to 3 mm in
diameter tend to have a higher proportion of oocytes possessing a compact, complete
investment than those of larger follicles (Leibfried and First, 1979). The average size of
large follicles increased in weight gain vs weight loss heifers during the follicular phase of

the estrous cycle (Spicer et a., 1991).

Reproductive Hormones

In cattle the concentrations of reproductive hormones in follicular fluid vary
considerably with stage of the cycle and with size and physiologic status of the follicle.
Follicular fluid is smilar to plasma, and many of its components are believed to be derived
from plasma. Determination of steroid concentrations in follicular fluid from follicles of

known physiologic statusis of interest because it may provide information on the synthetic
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capabilities of granulosa and theca cells at particular stages of differentiation and
nutritional status (Fortune and Hansel, 1985). Healthy large antra follicles in cattle are
characterized by high intrafollicular estradiol concentrations and low progesterone,
whereas atretic follicles contain higher progesterone or androgen concentrations; atretic
follicles have a different and much more variable profile of reproductive hormones in
follicular fluid than non-atretic follicles (Smith et al., 1996; Fortune and Hansel, 1985).

One potential hormonal mediator of ovarian function is insulin-like growth factor -
| (IGF-I). In vitro studies have implicated | GF-I as a potent stimulator of bovine granulosa
and luteal cell steroidogenesis. Specifically, IGF-I increased steroidogenesis of thecal and
granulosa cells in vitro, and enhanced granulosa cell mitosis. Ovarian follicular
development is controlled by numerous systemic and local intraovarian factors and in vitro
studies have established ovarian granulosa and thecal cells as sites of IGF-I action. The
available in vivo data suggest that concentrations of IGF-I in follicular fluid increase with
increased follicular size in cattle. However, the concentration of IGF-1 in small follicles
seems to be very low and the levels are comparable to those in blood, and could actualy
be transferred from the blood. In addition, in vivo data are consistent with the hypothesis
that IGF-1 concentrations in follicular fluid regulate ovarian follicular progesterone
biosynthesis.

|GF-1 has been postulated as a potent activator of ovarian follicular growth and for
the differentiation of luteal cells. The stimulatory effect of IGF-I on oxytocin and
progesterone biosynthesis and release were reported for bovine granulosa and luteal cell-

culture. The expression of IGF-1 in rat granulosa cells of developing follicles suggests that
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IGF-1 is produced directly in the follicles. Under in vivo conditions, increased
concentrations of progesterone in follicular fluid are associated with increased levels of
IGF-I inindividua follicles (Einspanier, 1993).

Reduced dietary energy intake had no effect on concentrations of IGF-I in
follicular fluid (Spicer et al., 1991). Concentrations of IGF-I were 27% lower in follicular
fluid than in plasma. Since IGF-I concentrations in plasma and follicular fluid are not
changed gignificantly with reduced dietary energy intake, it appears that reduced
concentrations of progesterone and estradiol in follicular fluid were not mediated by
decreased IGF-1. Reduced ovarian follicular function during dietary energy restriction in
cyclic heifers was not associated with changes in concentrations of 1GF-1 in plasma and
follicular fluid. Thus, IGF-I of ovarian and systemic origin is unlikely the mediator of
dietary induced alterations in ovarian follicular function of heifers (Spicer et a., 1991).
Concentrations of IGF-1 are low in small follicles, and increase significantly in larger
follicles. Concentrations of IGF-1 in preovulatory and cystic follicles are higher than in
bovine plasma (Einspanier, 1993).

An increase in EB was associated with an increase in concentrations of 1GF-I in
serum during early lactation. This increase in IGF-I was associated with increased
progesterone secretion during diestrus of the first and second postpartum estrous cycles.
Also, an inverse relationship between milk production and IGF-I was observed (Spicer et
al., 1990).

There was a significant positive correlation between weekly average EB and serum

progesterone concentrations (r = .26). Spicer et al. (1990) observed that progesterone
12



concentrations in serum during diestrus of the first and second estrous cycles were greater
in positive energy balance (PEB) than NEB cows. Cowslosing BW due to restricted diets
had decreased plasma progesterone concentrations, which may be due to lower
progesterone output by the CL. A reduced level of progesterone caused an increase of
LH pulse frequency, which may modify the secretion of other ovarian paracrine and
autocrine factors (Dominguez, 1995). Progesterone secretion during diestrus increased
only in PEB cows during the second and third (but not first) estrous cycle postpartum
(VillaeGodoy et al., 1988). Decreased progesterone secretion occurs with limited luteal
function, and insufficient luteal support of the uterus during early pregnancy may be one
cause of decreased pregnancy rates (Nebel et al., 1993). Decreased dietary energy intake
in cyclic heifers was associated with decreased concentrations of progesterone in follicular
fluid of small and medium follicles, and decreased size of large follicles (Spicer et d.,
1991). Follicular fluid progesterone levels are correlated (r=.61) with the age of the
follicle, with levels being higher in regressing than growing follicles. Morphological
criteria and follicular fluid progesterone may be able to be used to select those bovine
cumulus oocyte complexes (COCs) with higher potential for blastocyst development
according to Hazeleger et al. (1993).

Estradiol produced by ovarian follicles is the primary hormone stimulating estrous
behavior in cattle. Reduced IGF-1 secretion caused by NEB could ater ovarian follicular
estradiol production, thereby suppressing expression of estrus (Spicer et a., 1990).
Estradiol concentrations were higher in large dominant follicles than in small follicles, with

levels rising during follicular growth and being higher in preovulatory follicles. Small and
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medium follicles contain higher estradiol concentrations in the early days of diestrus (d 1
to 10) when compared with the late (d 11 to 17) luteal phase. These studies imply that
smdl follicles in the midluteal phase are more likely to be atretic than those that are
present in the early luteal phase (Spicer and Zinn, 1987). According to Price et al.
follicular fluid estradiol levels in cattle are lower in static follicles when compared to
growing follicles, with levels being significantly lower (p<.05) in follicles that are

histologically atretic.

Ultrasound-Guided Transvaginal Follicular Aspiration

Ultrasound-guided transvaginal follicular aspiration (TVFA) was developed as an
efficient means of collecting oocytes from live animals for in vitro production of bovine
embryos. TVFA is performed by inserting a vagina probe equipped with an ultrasound
transducer into the vagina of a cow. An ovary is then placed adjacent to the ultrasound
transducer and a 17 g needle is inserted into one of the present follicles. The oocyte is
retrieved through the needle by suction, with little to no damage. The production of
embryos following in vitro maturation, fertilization and culture of oocytes aspirated
directly from ovarian follicles is performed for therapeutic reasons in humans, for
production purposes in domestic animals, and for experimental research in laboratory
mammals. In cattle, ovaries obtained from the abattoir constitute a major source of
oocytes used in in-vitro fertilization (IVF) procedures, although the quality of these

oocytesis highly variable (Smith et a., 1996).
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Pieterse et a. (1988) performed 36 transvaginal procedures on dairy cows during
which 54 oocytes were recovered from 197 follicles, an overall recovery rate of 27.4% in
dairy cows. It was estimated that at that recovery rate the number of oocytes that could be
harvested from one animal on a yearly basis (52 wk) would be 135 oocytes. Looney et al.
(1994) performed TVFA on 84 dairy problem donor cows with a total of 321 aspirations
and 2874 aspirated follicles, arecovery rate of 68.5%.

Because there is an association between the follicle and its oocyte, oocyte quality
is affected by the day of the estrous cycle. By collecting all follicles larger than 2 mm in
diameter usng TVFA, a new follicular wave develops and reaches full numerical
development within 3 d. Hence, when TVFA is performed twice weekly the number of
follicular waves doubles (6 vs 2 or 3) with respect to a natural estrous cycle. The
dynamics of the follicular wave induced by TVFA causes a rapid turnover of the follicular
population and decreases the occurrence of atresia (Boni et al., 1996). The mean
proportion of normal oocytes decreased with increasing follicular size suggesting a normal
process of follicular atresia (Dominguez, 1995).

The ultimate goal of TVFA procedures is to produce more embryos and
pregnancies per donor cow than by superovulation. More offspring per cow would also
be possible if, during the entire estrous cycle, preovulatory follicles (10 to 15 mm) and
smaller follicles could be aspirated and the retrieved oocytes were matured and fertilized
(Pieterse, 1988). The combination of TVFA and in vitro embryo production has a higher
potential benefit than superovulation for embryo production. In fact, TVFA and in vitro

embryo production can be applied regardless of the stage of the estrous cycle of the
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donor, in animals with occluded oviducts or with uterine infections, or in animals that do
not respond to superovulation treatments (Boni et a., 1996). Follicular aspirations allow
for repeated ovum collections without hormonal stimulation of the ovaries or disrupting
the animals cyclicity, while avoiding surgical tactics (Pieterse et a., 1991), as well as
providing an aternate method for laparoscopy which has been associated with scar tissue
and ovarian adhesions (Looney et al., 1994).

Follicle size as well as the location and attachment of the oocyte in cumulus cells
can be influenced by the use of hormones, follicles may aso play an important role in
recovery rates of oocytes. Oocyte recovery rates may be affected by technical aspects of
collection procedures such as vacuum pressure, tubing system, needle size, sharpness and
bevel, adequate restraint of the animal and methods of manipulating the ovaries.

Oocytes are usually aspirated from follicles which are greater than 2 mm diameter
in size without regard to the stage of the estrous cycle. Although the size of oocytes
remains unchanged during the growth of follicles between 2 to 7 mm, both nuclear
maturation and cleavage development is enhanced in oocytes isolated from larger follicles
(Machatkova, 1996). The twice weekly frequency of TVFA has aso been documented by
Gibbons et a. (1994) in dairy cattle for optimal oocyte retrieval. (Gibbons et a., 1994).
Presicce et a. (1997) demonstrated that TVFA can even be utilized for ovum pick-up in
prepubertal calves with embryo development being comparable to that of an adult cows.

Oocytes are fixed in place by their cumulus cells or hidden in folds of larger
punctured follicles and may remain behind during aspiration. Preovulatory oocytes and

oocytes of atretic follicles may be recovered more easily because of loose fixation in the
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cumulus cdls (Pieterse, 1988). The developmental quality of oocytes used for in vitro
fertilization and maturation (IVF/IVM) is dependent upon adequate support of the somatic
follicular cells. This cellular support is mediated through an extensive connection between
adjacent cumulus and corona cells and between the corona cells and the oocyte through
gap junctions (Laurincik et al., 1996). Developmental capacity of oocytes during the
postpartum period is low between d 80-120 (Kruip et a., 1996 ). Oocytes with adark rim
of corona radiata cells display a higher capacity for meiotic maturation and post
fertilization development than those without a distinct corona (Laurincik et al., 1996).
Revah and Butler (1996) showed that oocytes aspirated from prolonged multiple follicles
were characterized by expanded cumulus, condensed chromatin, and possible germinal
vessical breakdown, while oocytes aspirated from growing follicles have compact cumuls
with intact germinal vesicals. Bovine follicular oocytes recovered from the follicles void
of investment are probably from atretic follicles. Therefore, they are degenerating and
losing the ability to mature as judged by nuclear development in culture (Leibfried and
First, 1979). A problem with this method is that the length of the needle, tubing and
vacuum pressure used for oocyte aspiration tend to remove a portion of the cumulus cells

from the cumulus oocyte complex (COC; Konishi, 1996).

Bovineln Vitro Maturation, Fertilization and Culture
In vitro embryo maturation, fertilization and culture (IVM, IVF, IVC) otherwise
known as in vitro production, are procedures that give researchers an opportunity to

evaluate and understand the concepts behind mammalian reproduction in a laboratory
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environment. Thisis done with out having to rely on an animals estrous cycle or its ability
to reproduce naturally.

It has been suggested that the cumulus cells improve the fertilization rate in cattle
IVF through specific and non-specific ways. The first, by providing a capacitation-
inducing mechanism, and the latter, by facilitating the interaction between capacitated
spermatozoa and the zona pellucida surface (Cox et a., 1993). Cumulus cells were shown
to increase the sperm penetration of matured oocytes (Park et al., 1989), and stimulate the
acrosome reaction during IVF (Fukui et a., 1990). However Cox et al. (1993) found that
cumulus cells improved the fertilization rate of matured oocytes, and that the cumulus
effect was expressed only when cells were in contact with the zona pellucida.  Krisher et
a. (1994) reported that embryos derived from oocytes that were matured with intact
cumulus cells exhibited improved developments over those derived from denuded oocytes.

Although the presence of cumulus cells is not essential for IVF, cumulus cells are
needed for complete oocyte maturation (Shioya et a., 1988). Procedures for the in vitro
production of bovine embryos require that oocytes be removed from this highly regulated

maternal system to the more variable laboratory environment (Pollard et al., 1996).
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MATERIALSAND METHODS

Treatment Groups:

A total of 20 cows were randomly assigned at parturition into one of two dietary
treatment groups. Treatment 1 (HE; n=6 in fall, n=5 in spring) was designated as the high
energy group and fed 3.6% BW (1.78 mcal/kg). Treatment 2 (LE; n=5 in fdl, n=4 in
spring) was the low energy group and fed 3.2% BW (1.52 mcal/kg; Cooperative
Extension Service, Dept. of DASC, VA Tech). Energy was the only limiting factor in the
diets (Table 1). Energy balance was equal to: net energy consumed - net energy required

for production and maintenance.

Body Condition Scores and Body Weights:

Body condition scores for each anima were determined prior to calving and
through 25 wk postpartum in the fal trial (Braun et al., 1986). Body weights were
recorded prior to parturition and weekly throughout the experiment. Orts and milk
weights were obtained daily. Milk fat was measured once weekly on pooled daily milk

samples and determined by the Virginia Tech DHI lab.

Ultrasound-Guided Transvaginal Follicular Aspiration:
Transvaginal follicular aspirations (TVFA) guided by ultrasound were performed
twice weekly (Tuesday and Friday) between 30 and 100 d of lactation on al cows. The

TVFA apparatus consisted of an ultrasound transducer (SMHz) and vaginal probe that
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Table 1. Dairy cattle ration formulafor high and low energy groups

Ingredient HE (%) LE (%)
Corn silage 33.0 29.0
Alfdfadlage 18.9 17.7
Orchardgrass hay 6.7 24.4
Corn, Ground 24.4 4.8
Soybean oil meal, 48% 8.1 9.7
Corn distillersgrain 6.6 13.3
Megalach 1.8 -
Minerals’ 5 1.1

Chemical Components

DM % 66.8 68.5
CP % 17.2 19.2
ADF % 17.2 26.4
NDF % 30.8 45.2
Fat % 6.0 4.1
NE, Mcal/kg 1.8 15

! Concentrated form of digestible undegradable energy which does not interfere with rumen function;
Church and Dwight

2 Contained trace mineral salt (26.8% HE and 22.6% L E), magnesium oxide (12.0% HE and 8.1% LE),
monocal cium phosphate (36.6% HE), dicalcium phosphate (29.1% LE), limestone (40.2% LE), and
sodium bicarbonate (24.6% HE) per kg of mineral mix, vitamin A (75, 000 - HE and 50,000 1U/kg -

LE), vitamin D (24,000 - HE and 16,000 1U/kg - LE) and vitamin E (370 - HE and 240 1U/kg - LE)
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uses a 17-g, 55 cm needle with an echogenic tip (RAM Consulting, Madison, WI) which
was guided by a dorsal mounted needle (16-g). Cows were sedated using acepromazine
maleate injected i.v. (44 mg/100 kg BW; Aveco Co., Inc., Fort Doge, 1A). An epidural
was administered (6 ml; 2% Lidocaine Hydrochloride; Phoenix Scientific, Inc., St. Joseph,
MO) and for the more difficult cows the epidural anesthesia was supplemented with
Rompun® (up to .3 ml of 20 mg/ml; Moby Corporation, Shawnee, KS). Both the vulva
and anus were cleansed and disinfected (Nolvasan ®; Fort Dodge Laboratories, Fort
Dodge, IA). The vagina was infused prior to aspiration with .9% sterile saline to cleanse
the vagina vault. Follicles were observed on an Aloka 500V ultrasound monitor
(Corimetrics, Wallingford, CT) and size and number of follicles on each ovary were
recorded at each session prior to aspiration (Gibbons et a., 1995). Follicular fluid from
the largest follicle (> 10 mm) was aspirated for further hormonal studies and stored at - 20
°C until hormone assays were performed. Jugular blood samples (10 ml) were collected
for progesterone analysis beginning at parturition and continued twice weekly throughout
the experiment. Blood samples were stored for 24 h at 4° C to alow for clotting, then
centrifuged at 2100 g for 30 min for separation of serum. The serum samples were stored
at -20°C until hormone analysis.

Oocytes were collected in Dulbecco’s phosphate buffered saline (DPBS; Gibco,
Long Idland, NY) enriched with 10% vol/vol Newborn Caf Serum (NCS; Gibco), 1%
vol/vol Penicillin/Streptomycin (P/S) and 25 pg/ml Heparin (Sigma Chemical, St. Louis,
MO). During follicular aspiration, oocytes were transported through the needle to 2 m

slastic tubing (2.0 mm o.d. x .5 mm i.d.; Dow Corning Corporation, Midland, Ml) by a
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vacuum pressure pump at 75 mmHg and they were collected into an Em-con filter
(Professional Embryo Transfer Supply, Canton, TX). The Emcon was drained and rinsed
with DPBS to make sure all oocytes were released from the filter. Located oocytes were
moved using a 5 ul Drummond microdispenser pipette (Drummond Scientific Co.,
Broomall, PA), washed three times in TL Hepes supplemented with BSA (3 g/L; Sigma
Chemical), graded and placed into a maturation media containing TCM199 (Gibco), 10%
vol/vol Feta Caf Serum (FCS; Hyclone, Logan, UT), bFSH, bLH (0.01 U/ml each;
NOBL Labs, Sioux Center, 1A) and 1% vol/vol P/S (Gibco; Gibbons et a., 1994). The
two treatment groups were kept separate throughout the entire experiment. Oocytes were
placed into 500 W of the maturation media with a1 ml minera oil overlay, and kept in an

incubator, where they remained for 22 to 24 h at 39°C and 5%CO..

Oocyte Evaluation:

Oocyte quality scores were based on those of Del.oos et a. (1989). There were
four classifications based on ooplasm homogeneity and cumulus investment: 1 - compact
multilayered cumulus with greater than three layers and a homogeneous ooplasm; 2 -
compact cumulus of one to two layers with homogeneous ooplasm having a coarse
apperance and a darker zona pelucida; 3 - oocyte has less compact cumulus with irregular
ooplasm containing dark clusters in the ooplasm; and 4 - nude oocyte or expanded

cumulus, irregular ooplasm and a jelly-like matrix (Figure 1).
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Figure 1. Evaluation of the quality of oocytes derived from transvaginal follicular
aspiration.

A. Good +: compact multi-layered cumulus with greater than three layers and a
homogeneous ooplasm

B. Good 0: compact cumulus of one to two layers with homogeneous ooplasm having a
coarse appearance and a darker zona pelucida

C. Good -: less compact cumulus with irregular ooplasm containing dark clusters

D. Poor: nude oocyte or expanded cumulus, irregular ooplasm with jelly-like matrix
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In-Vitro Maturation, Fertilization and Culture:

After 22 to 24 h of maturation the oocytes were washed three times in TL Hepes
supplemented with BSA (3 g/L; Sigma Chemica) and placed into Nunc wells (Thomas
Scientific, Swedesboro, NJ) containing fertilization media prepared from a stock media
containing 25 mM Pyruvate (Sigma Chemical); 1% vol/vol P/S (Gibco) and supplemented
with BSA (.3g/L; Sigma Chemical). Characterized frozen semen from a tested bull was
thawed and separated through Percoll separation procedures (Parrish et al., 1995). The
final sperm suspension used was 1x10° sperm/ml. Heparin and PHE (Penicillamine, 20
mM; Hypotaurine, 10 mM; Epinephrine, 1 mM ) were added for increased sperm
capacitation and mobility. The final sperm suspension (.5 ml) was added to the Nunc
wells with oocytes and incubated for 18 to 22 h.

After IVF (18 to 22 h), the oocytes were vortexed to remove remaining cumulus
cells and transferred to a co-culture well containing buffalo rat liver (BRL) mono-layer
media (200,000 cells in 500 l); no more than 25 oocytes per well. The media consisted
of TCM 199, FCS, 1%BSA, 0.1 mM nonessential amino acids (Gibco), 2 mM Glycine, 1
mM Alanine (Sigma), and 1% vol/vol P/S (Gibco). They were placed into the incubator at
39° C and 5% CO,, where they remained for 4 d. At the start of the fourth day, the
embryos were moved to fresh media until d 7. At this time the oocytes were evaluated

under light microscopy and developmental stage for each treatment group was recorded.
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Radioimmunoassay Validations:

Prior to using Coat-A-Count assay kits (Diagnostic Products, Los Angeles, CA),
the kits were vaidated for both follicular fluid and serum samples. This was done to
determine the optimum volume of sample to be used for each assay. The results of the
assay validations for estradiol and progesterone in follicular fluid were assessed in diluted
samples and by adding known amounts of hormone to follicular fluid (Tables 3-6). Assay

of progesterone in serum was assessed using similar procedures (Tables 7 and 8).

Radioimmunoassay Procedures:

IGF-I concentrations in bovine follicular fluid: Frozen follicular fluid samples were
thawed and mixed. An extraction mixture (900 «l) made up of 87.5% ethanol (100%) and
12.5% 2N HCL and 100 pl of the follicular fluid sample was added to a microfuge tube,
vortexed and incubated for 1 h. The samples were placed in a Hermle Microfuge 2231
and spun for 10 min at 9982 g. Five hundred microliters of the supernatant was added to
200 pl of 0.855 M/L Tris Base to neutralize the sample. The samples were frozen at -20 °
C. After 1 h the samples were removed from the freezer and placed in a Beckman J6-B
clinical centrifuge for 30 min at 3935 g. The supernatant was poured off into a 12 x 75
mm plastic tube (VWR, Bridgeport, NJ) and frozen until assayed.

Ond 1 of the assay, 100 ul of the tracer plus 100 wl of the first antibody (mouse

anti-1GF-1) were added to the 40 vl of the thawed supernatant and stored 4° C.
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Table 2. Bovinefollicular fluid estradiol parallelism using 1
ul of sample (pg/ml)

Dilution %z + SE (n) % Undiluted

Undiluted 8.7+ 0.2 5 -
1:1.33 9.9+ 0.6 4 114
1.2 8.2+0.8 4 94
1:4 6.5+ 04 4 75
1:10 109+ 1.2 4 126
1:20 9.7+ 0.3 3 111
1:50 3127 + 86 % of 1:50
1:100 3256 + 75 4 104
1:200 2968 + 40 5 95
1:300 2671 + 66 5 85
1:400 2825+ 153 5 90
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Table 3. Recovered estradiol after known amounts of hormone were
added to 5 ul (pg/ml) of bovine follicular fluid

Standard added Observed x + SE (n) Expected % O/E

0 36.00 + .04 2

2 338+ .14 4 2.36 143
5 5.98 + .53 4 5.36 112
15 16.40 + .40 4 15.36 107
50 5355+ 1.74 4 50.36 106
180 178.30 + 16.79 4 180.36 99
360 358.77 + 53.61 4 360.36 94
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Table 4. Progesterone parallelism, in 100 x| (ng/ml) of bovine
follicular fluid

Dilution % + SE (n) % 1:100
1:100 399.4 3 -
1:50 355.9 3 89
1:25 571.5 3 143
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Table 5. Recovered progesterone of bovine follicular fluid after known
amounts of hormones were added to 1 «| (ng/ml)

Standard added Observed x + SE (n) Expected % O/E

0 95 + .07 3

i 92 + .09 3 1.05 87
5 1.33 + .13 4 1.45 91
2 341 + .17 4 20.95 115
10 10.99 :+ .16 4 10.95 100
20 22.02 + .86 4 20.95 105
40 41.28 + .56 4 40.95 101
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Table 6. Bovine serum progesterone parallelism using .1 ml
of sample (ng/ml)

Dilution % + SE (n) % Undiluted
Undiluted 95 + .02 4 -
1:1.33 79 + .02 3 83
1.2 74 + 01 4 78
1:4 .86 + .03 4 90
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Table 7. Recovered progesterone after known amounts of hormones
were added to 50 ul (ng/ml) of bovine serum

Standard added  Observed < + SE  (n) Expected % O/E

0 .88 + .09 4

i .79 £ .03 4 .98 81
5 1.31 + .07 4 1.38 85
2 3.00 £ .15 4 2.88 104
10 11.39 + .47 3 10.88 105
20 22.72 + .50 4 20.88 109
40 4440+160 4 40.88 109
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The second antibody (goat anti-mouse) was added on d 2 (100 ul) to each sample and
placed into the 4°C cold room for 3d. On d 6 1 ml of cold double distilled PBS was
added and the samples were centrifuged at 2,200 g for 30 min. The supernatant was
poured off and the samples were counted for 1 min in a gamma counter (Akers, personal
communication; CV with in assay: 14.9%, between assay:15.8%).

Progesterone and estradiol concentrations in bovine follicular fluid: Samples
were removed from the freezer and alowed to thaw and vortexed. Sets of samples were
diluted to 1:100 or 1:200 prior to the assay. One hundred microliters of the diluted
sample was placed in polypropylene antibody coated tubes (Diagnostic Products, Los
Angeles, CA), wherein '®I-labled progesterone/estradiol competed for 3 h with the
progesterone/estradiol in the unknown sample for antibody sites. After 3 h the
supernatant was removed to terminate the competition and isolate the antibody-bound
fraction of the radiolabled progesterone/ estradiol. These samples were counted using an
125 gamma counter (1 min per sample; progesterone CV with in assay: 6.62%, between
assay: 11.5%; estradiol CV with in assay: 7.1%, between assay: 10.0%).

Progesterone concentrations in bovine serum samples: Serum samples (.1 ml)
were anayzed using the identical kit (Diagnostic Products) and procedure as for the
follicular fluid assay without the dilution (CV with in assay: 7.46%, between assay: 8.9%).

Luteinizing hormone concentrations in bovine serum samples. The blood samples
used for LH analysis were collected using aseptic techniques. A cannula was placed into
the jugular at 0530 and immediately infused with a 3.5% citrate solution, to prevent

clotting in the cannulation tubing. Citrate addition was repeated after each sample was
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collected. Blood collection began at 0930 and continued to 1300 at 15 min intervals. The
blood samples (10 ml) were placed into 13 ml collection tubes and immediately placed on
ice. All samples were stored at 4° C for 24 h, then centrifuged for 35 min at 2,200 g. The
serum collected was stored at - 20° C until assayed.

The levels of LH present in the collected serum samples were evauated according
to the methods set forth by Bolt and Caldwell (1992). Both serum samples and a purified
form of LH (USDA-bLH-B-6) were placed in an assay buffer (500 wl) and incubated with
USDA-309-684p antibody (1:35,000). The samples were allowed to sit for 24 h at room
temperature. Then, *®| radio-labeled LH was added to each sample and kept at room
temperature. Forty-eight hours later, the second antibody (anti-rabbit gamma globulin
serum) was added at a 1:8 dilution and stored for 48 h at 4° C. The samples were then
centrifuged for 45 min and the supernatant was poured off. The tubes were allowed to
drain for 30 min before being placed in a gamma counter for 1 min (CV with in assay:
12.0%, between assay: 13.0%).

Serum FSH was quantified by a heterologous double antibody radioimmunoassay
in a non-equilibrium assay conditioned as described previoudy (Bolt and Caldwell, 1992)
with the following alterations. The FSH assay utilized rabbit ovine-FSH antiserum
(NIDDK-anti-oFSH-1, [1:80,000 dilution]) as the primary antibody and highly purified
bovine FSH (USDA-bFSH-I-2) as both iodinated tracer and reference standard. Sheep
anti-rabbit gammaglobulin (1:8 dilution) was used as the second antibody. The ovine-FSH

antiserum bound 15% of radiolabeled FSH in the absence of the unlabeled hormone with
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the sengitivity of the assay being < .1 ng/ml of the reference standard (CV with in assay:

7.8%, between assay 11.0%).

Post-Aspiration Synchronization:

Estrus was synchronized in each anima post-aspiration using Synchromate B
(Sanofi Animal Hedlth, Overland Park, KS) ear implants. The implants remained in the
animal for 9 d. Two injections of GNRH (100 «g) were administered 5 d after the
completion of aspiration and 48 h after the implant was pulled (Purdley et al., 1995).

Estrus was monitored using Heatwatch® , with Al occurring at visual hest.

Statistical Analysis:

The statistical analysis was performed using the Genera Linear Model procedure
in the Statistical Anaysis System (SAS, 1985). The basic mode included: linear,
quadratic, and cubic time by weeks postpartum effects, season, treatment, season by
treatment, cow nested in season by treatment, and interactions of treatment by days
postpartum (week). Reduced models were based on remova of non-significant terms.
Dry matter intake, EB, energy intake, BC, and BW analyses were only conducted on the
data from the fall season. This was due to the fact that the Calan doors used for feeding
and data collection were only available for the fal trial. Dry matter intake, EB, energy
intake, BC and BW were analyzed with a modd including treatment (LE or HE), cow
nested in treatment, and weeks postpartum by treatment interactions. The second model

assessed milk yield, and milk fat, with the dependent variables being season, treatment,
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treatment by season, cow nested in treatment by season, and treatment by week
interactions. For the analysis of largest follicle size the model included follicles < 5 mm,
follicles 6-9 mm, follicles 10-14 mm, and follicles > 15 mm as independent variables, with
season, treatment, treatment by season, cow nested in treatment by season, days
postpartum by treatment as dependent variables. Oocyte numbers and oocyte quality
scores were assessed by the fourth model, with the variables being treatment, season,
treatment by season, cow nested in season by treatment, treatment by days postpartum,
and aspirator was added to the model. The fifth basic model examined hormone data
(follicular fluid: 1GF-I, estradiol and progesterone; and serum: progesterone), with the
model including treatment, season, season by treatment, and cow nested in season by
treatment and days postpartum by treatment. The sixth model assessed both LH and FSH
data, with the variables being treatment, cow nested in treatment, with the addition of
period, treatment by period, cow by period nested in treatment, and time by treatment by
period interactions. The final two analyses were performed on the oocyte culture data and
pregnancy models upon the completion of the TVFA experiment. Both model statements

included treatment and season in the basic model.
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RESULTS

Through the evauation of dry matter intake, energy intake and energy balance, it
was demonstrated that there were cow nested in treatment, and linear, quadratic and cubic
week by treatment interactions (p<.01 or p<.05; Appendix Table 9). Energy intake in HE
cows reached 45 kg/d at 7 wk postpartum and remained relatively stable through 14 wk
with a dlight increase there after. In contrast it took an additional 6 wk for the LE group
to maximize EB (Figure 2). Dry matter intake peaked at wk 7 for HE cows, while DMI
for LE increased more gradually and peaked at 13 wk postpartum (Figure 2). Energy
balance was lowest for the LE group at 3 wk postpartum (-3.25 Mcal/d) and it was -4.25
Mcal/d at wk 1 for HE cows. A positive EB was reached at wk 3 for HE cows, but was
delayed to wk 7 for LE cows (Figure 3).

Body weight treatment by week interaction was significant (p<.05) for the linear
component showing an increased rate of gain for LE cows compared to HE cows (Figure
4; Appendix Table 10). Body weights at parturition were 576 kg for HE cows and 540 kg
for LE cows. Body condition score showed a significant quadratic week by treatment
interaction (p<.01; Appendix Table 10) from -8 to 25 wk postpartum. Body condition
scores for the HE cows at parturition averaged 2.9, while the LE cows scored 2.6. Both
BC scores were lowest at 12 wk postpartum, however the nadir was lower for LE cows
(HE = 2.7, LE = 2.3; Figure 5). Body condition scores did not attain prepartum scores by

25 wk postpartum.
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Figure 2. Curvilinear relationships of dry matter intake (DMI) and energy intake (EN

INT) for the high energy (HE) and low energy (LE) groups from 1 wk to 16 wk

postpartum.
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Milk yield averaged 41.6 + .3 kg/d (mean + SE) for the HE cows and 32.8 + .3
kg/d for LE cows (Figure 6). The significant cubic day postpartum by treatment
interaction (Appendix Table 11; p<.01) showed a peak in milk yield at wk 7 for HE cows,
while the peak for LE cows was between wk 5 and 6 postpartum. Milk fat changed in a
quadratic manner over time (p<.01; Appendix Table 11). Milk fat was lowest for HE
cows at 8 wk postpartum and at 11 wk postpartum for LE cows. At wk 16 the milk fat
percentages for both treatments were increasing (HE-5.1%, LE-4.0%; Figure 7).

The sizes of the largest follicle a each aspiration session from d 30 to 100
postpartum were significantly (p<.05) affected by the cubic days postpartum by treatment
interaction (Appendix Table 12), with LE cows having greater development throughout
the aspiration period than HE cows (Figure 8). The average sizes of the largest follicle
were greater for LE cows than HE cows. These individual follicles were larger in diameter
at the first aspiration session. While the largest folliclesin LE cows did not approach the
initial aspiration size, the largest fallicle in the HE group was approaching initial aspiration
size at 90 d postpartum. Additionaly, the number of follicles < 5 mm had a negative
impact ( b = -.14263) on size of the largest follicle, while the number of follicles 10 to 14
mm and > 15 mm had a positive association with the size of the largest fallicle (b = .7420
and 3.8147, respectively).

The number of follicles < 5 mm was affected by the cubic days postpartum by
treatment interaction (Appendix Table 13). Numbers of follicles < 5 mm peaked at 7.2 at
49 d postpartum for HE cows, while in LE follicles < 5 mm peaked at 6.1 at 47 d

postpartum and remained relatively constant thereafter (Figure 9). Numbers of follicles 6
41



MILK YIELD

KG/DAY

20 \ \ \ \ |
1 4 7 10 13 16

WEEKS POSTPARTUM

Figure 6. Milk yield (+ .3) for the high energy (HE) and low energy (LE) groups

from 1 to 16 wk postpartum.
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Figure 7. Milk fat levelsfor the high energy (HE) and low energy (LE) groups from 1 to
16 wk postpartum.
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Figure 8. Largest follicle sizes recorded for the high energy (HE) and low energy (LE)

groups from 30 to 104 d postpartum, viewed via ultrasound.



to 9 mm in HE cows were dightly above one per aspiration at 30 d postpartum (Figure 9)
and increased linearly (Appendix Table 13) to dmost 3 by 104 d postpartum, while in LE
cows they were 2.0 and 2.4, respectively. Numbers of follicles 10 to 14 mm in diameter
changed in a curvilinear manner for HE and LE cows over the aspiration period (Appendix
Table 13). Number of 10 to 14 mm follicles changed in a curvilinear manner (Appendix
Table 13) and were at a nadir for HE cows at 45 d postpartum and peaked at 93 d
postpartum, whereas the nadir and peak for LE cows was d 40 and d 88, respectively
(Figure 10). However, greater numbers of follicles 10 to 14 mm (p<.01) and > 15 mm
(p<.05) were found in the fall than in the spring (1.98 + .08 and .50 + .06 vs 1.11 + .3 and
.23 + .07, respectively). Number of follicles > 15 mm changed in a curvilinear manner
(Appendix Table 13) and were lowest around 45 d postpartum and peaked about 90 d
postpartum with LE cows averaging dightly more than HE cows throughout (Figure 10).
Cow (treatment by repetition) was significant (p<.01) for both follicles < 5 mm and 6 to 9
mm (cow ranges for < 5 mm follicles was 3.89 + .65 to 10.06 + .67, and for 6 to 9 mm
follicleswas .56 + .55 t0 3.96 + .48; Table 13).

The overal oocyte numbers per aspiration increased (p<.05) linearly from d 30 to
104 postpartum (Appendix Table 14; Figure 11) with the rate of increase greater in LE
than HE cows. The mean ova quality scores was weighted by the number of oocytes for
each cow, and was determined by assigning each oocyte graded a specific value (1-4) and
adding these scores for each cow for each aspiration. This number was divided by the
total number of oocytes at that aspiration session. High energy cow mean oocyte quality

scores at d 30 postpartum peaked at 2.1 and declined linearly from that point to 1.7 at d
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Figure 9. Number of follicles < 5 mm and 6 to 9 mm viewed via ultrasound for

High Energy (HE) and Low Energy (LE).
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Figure 10. Number of follicles 10 to 14 mm and > 15 mm viewed via ultrasound for high

energy (HE) and low energy (LE) groups from 30 to 104 d postpartum.
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Figure 11. Number of oocytes collected via ultra-sound guided transvagina follicular
aspiration (TVFA) from 30 to 104 d postpartum.
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104 postpartum. The mean quality scores for LE cows also declined throughout the
experiment. However, the LE cow scores only dropped from 2.05 to 2.0 (Figure. 12).
Total oocyte number, mean ova quality score and total ova quality score were significantly
different (p<.01) for the cow nested in treatment by repetition interaction (cow range for
total oocyte numbers: .90 + .68 to 7.34 + .58; cow range for total oocyte quality: 3.05 +
1.78 to 13.64 + 1.21; cow range for mean quality score: 1.44 + .14 to 2.51 + .14;
Appendix Table 14). Tota oocyte quality scores were determined by assigning each
oocyte a separate grade from initial quality, of 1 to 4 with 1 being poor and 4 good +.
The total figure derived was the sum of all oocytes quality scores at that aspiration
session. Both total oocyte number and mean ova quality score were significantly affected
by linear days postpartum by treatment interaction and aspirator effect (p<.01 or p<.05;
Figure 11 and 12). Both tota oocyte number and mean oocyte quality scores had an
aspirator effect (p<.05), with total numbers ranging from 3.8 + .4 to 4.6 + .2 and mean
oocyte quality scoresfrom 1.7 + .05t0 1.95 + .10.

Analyses of variance for individual oocyte quality scores arein Appendix Table 15.
The good quality oocytes were not effected by any of the variables tested. The HE group
produced more good + oocytes (1.5 + .2 vs 1.4 + .1) than the LE cows (p<.05). The
numbers of good - oocytes were significantly affected by the linear days postpartum by
treatment interaction (p<.01; Appendix Table 15). The HE cows had 1.3 good - oocytes
at d 30 postpartum and about 1.5 at d 104 postpartum, while the LE cowshad 1.1 at d 30
postpartum and the numbers increased to around 2.1 by d 104 postpartum (Figure 13).

Poor oocyte quality scores were significantly affected by (p<.01) cow nested in treatment
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Figure 12. Mean quality score of oocytes collected via ultra-sound guided transvaginal
follicular aspiration (TVFA) for the high energy (HE) and low energy (LE) groups from

30 to 104 d postpartum.
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Figure 13. Number of oocytes collected via ultra-sound guided transvagina follicular
aspiration per quality group for the high energy (HE) and low energy (LE) group from 30
to 104 d postpartum
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by repetition (cow ranges for poor oocytes. .87 + .54 to 4.88 + .41) interactions, as well
as for the cubic components of the days postpartum by treatment interaction (Appendix
Table 15). Cows in HE had more poor quality oocytes during the first 2 wk of aspiration
and between 70 to 90 d postpartum than LE cows (Figure 13). Poor quality oocyte
numbers were relatively stable for LE cows during the aspiration period. The aspirator
effect was most evident in the poor quality oocytes, with the numbers ranging from 2.37 +
.17 t0 3.00 + .15.

Anaysis of follicular fluid hormones showed that follicular fluid IGF-1 was higher
(p<.05) in HE (2.3 + .2 ng/ml) than in LE (1.6 + .2 ng/ml) cows (Appendix Table 16).
Follicular fluid estradiol was higher in HE (302.0 + 59.3 ng/ml) than in LE cows (148.7 +
53.3 ng/ml; p < .09). The days postpartum by treatment interaction (p<.09) for follicular
fluid estradiol isin Figure 14. Follicular fluid estradiol increased in HE cows but remained
relatively stable for LE cows from d 30 to 104 postpartum. There were significant cows
nested in treatment by repetition interactions (p<.01 for FF IGF-1 and FF E;; Appendix
Table 16). The cow ranges for IGF-I were .91 + .2 to 3.86 + .24 ng/ml and for follicular
fluid estradiol ranges were 20.1 + 104 to 756 + 120 ng/ml. Mean follicular fluid
progesterone was 3.54 + 6.15 ug/ml. The follicular fluid estradiol and progesterone ratio
was not significantly affected by any variablesin the model (Appendix Table 16).

Serum progesterone was affected by the cubic days postpartum by treatment
interaction (p<.01) and by cow nested in treatment by repetition (p<.01; Appendix Table
17). Serum progesterone peaked at 2.5 ng/ml serum at d 39 for the HE group and 1.5

ng/ml serum at d 35 postpartum for LE (Figure 15). Following the beginning of
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Figure 14. Follicular fluid hormone concentrations (IGF1: Insulin-like growth factor-I;
E2: Estradiol; P4. Progesterone) for the high energy (HE) and low energy (LE) groups
from 30 to 104 d postpartum.
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aspirations at d 30 postpartum, and after the CL had regressed serum progesterone
generaly was below 1 ng/ml. There was a significant cow by period nested in treatment
interaction (p<.01) and a significant treatment by period by time (quadratic) interaction
(p<.01) for both LH and FSH (Appendix Table 18). Basal LH patterns were highest for
both treatments at d 60 (HE-1050 pg/ml, LE-925 pg/ml) and lowest at d 28 (HE-150
pg/ml, LE-50 pg/ml; Figure 16). However, basal changes in LH were intermediate at d
105 postpartum and patterns were opposite over the sampling time. Basa LH was
affected by cow nested in treatment (p<.01).

Basal FSH was affected also by period (p<.05; Appendix Table 18). Mean basa
FSH was lowest at d 28 (172.7 + 7.8 ng/ml) and increased to 521 + 24.8 at d 60 and
650.1 + 24.1 pg/ml at d 105. At d 60 basal FSH in the HE group peaked at 400 pg/ml,
while the LE group had a peak of 680 pg/ml (Figure 17). At d 28 both the HE and LE
group basal FSH concentrations were low and similar. At d 28, at d 105 basal FSH
concentrations were highest and patterns were similar.

The oocytes collected by TVFA were matured, fertilized and cultured in vitro.
The overal development was poor for both treatments in both sessions with no
development beyond the early morula stage. The total number of oocytes cultured for the
LE and HE treatment groups were 717 and 962 oocytes, respectively, with the
development being 14.1 + 1.2 for the LE group and 20.3 + 1.2 for the HE group. Slight
seasona differences were observed, with 1002 oocytes collected in the fall session
(91.Y/cow) and decreasing to 677 in the spring (75.2/cow). The average number of

oocytes that cleaved per aspiration in the fall was 1.7 for HE and 2.6 for LE, while the
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spring values declined to 1.2 and 1.7, respectively (fall development: 16.0 + 1.3; spring
development: 18.5 + 1.2). The average mean development scores for both treatments are
listed in Table 8.

At the conclusion of the experiment, the cows in both treatment groups were
observed for standing heat and serviced by artificial insemination. The number of mounts
recorded for each animal in estrus prior to breeding differed between seasons (Fall: 6 and
4.1; Spring: .75 and O; HE and LE, respectively). The pregnancy rate for the fall cows,
for both groups was 91%, with an average of 1.25 services per cow (67.8 + 11.5). Only
one cow (LE) was culled. However, the spring cows had a zero percent pregnancy rate,
no reported standing heats and only 1 service was performed on each of two cows out of
nine (O + 32.4). Thefina conception rates were 50.7 + 20.7 and 14.9 +20.0, for the high

and low energy groups, respectively.
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Table 8. Mean oocyte development scores for
high energy and low energy cows, per aspiration

Development HE LE

2 cell 15 2.1

4 cell 14 15

8 cdll 14 1.1

10 cell 15 0.5

16 cell 0 0.5
morula 0.5 0
blastocyst 0 0

Average number of oocytes that cleaved for both the high energy (HE) and low energy
(LE) groups per aspiration session.
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DISCUSSION

After parturition, the ability of alactating dairy cow to resume estrus is dependent
upon the EB of the animal. Infertility is brought on primarily by low DMI which keeps the
cow in NEB (Nebel et a., 1993). Both the energy intake and DM in this study peaked at
16 wk postpartum for the HE cows and at wk 13 for the LE group (40 and 35 kg/d; 24
and 26 kg/d, respectively). After wk 13, energy intake and DMI began to decline for the
LE cows, while HE cows continued to increase. Energy balance usually reaches its nadir
during wk 1 to 2 of lactation (VillaaGodoy et a., 1990). However, the energy balance for
LE cows did not reach its lowest point until wk 3 postpartum before beginning to recover,
this agrees with the work of Villa-Godoy et al. (1990). These results demonstrate that the
two imposed diets achieved the effects desired in carrying out this experiment. The
success of obtaining differences between treatments assured the experiment two distinct
groups for evaluation of the effects of EB on bovine reproductive functions.

Body weights for both groups increased in a linear fashion with LE animals having
the greater rate of weight gain. This contradicts the findings of Yung et al. (1996), whose
work with heifers indicated that only HE animals gained BW, while LE heifers lost .410
kg/d over a 10 wk tria period, and Rhodes et al. (1996) who reported a loss of .8 kg/d in
heifers on “restricted” diets. The increasing BW of the LE cows on the “restricted” diet
may have been due to a shift in energy utilization away from milk production, as milk
yields were lower than in the HE cows. In contrast to the heifers (Yung et a., 1996;
Rhodes et a., 1996), the change in metabolic activities lead to the increase in BW.
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Another possible theory could be that the LE animals consumed more feed, therefore
giving them a greater gut fill than the HE cows. Moreover, the final BC scores were
higher in the HE group, with both groups at their lowest at 12 wk postpartum. The HE
group lost less BC over the course of the experiment. In both groups BC scores were
similar at 8 wk prior to calving, however a the lowest BCS the HE group was
approximately .3 above the LE cows.

Milk yield averaged 8.8 kg/d higher for HE than LE cows suggesting a direct
relationship between EB and milk production. These results agree with the findings of
Grimard et a. (1995), who reported that cows in NEB had lower milk production than
those in a positive energy balance. The LE cows in this study peaked in milk production
(34 kg/d) a 5 wk postpartum and then steadily declined until 15 wk where milk
production began to increase. Although the treatments differed by 8.8 kg/d, the two
groups followed the same milk yield pattern over the course of the experiment. In a
previous study, Butler and Smith (1989) reported a direct relationship (r = -.80) between
milk yield and EB, suggesting that an animal must first be in a positive energy balance
prior to producing substantial milk yields. The results of this research agree, with the HE
cows producing greater amounts of milk than the LE cows throughout the course of the
study.

Milk fat fell to its lowest at wk 8 and 11 for HE and LE, respectively. When cows
are in NEB, their body fat and protein stores are mobilized to meet the nutritional
demands they face. Barbano and Lynch (1997) found these changes to occur when the

anima’s milk yields begin to increase, resulting in an increase in milk fat concentrations,
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Increasing EB was demonstrated to be proportiona to the number of large follicles
in postpartum dairy cows with significant differences in follicular development related to
BC (Lucy et al., 1991). However, LE cows had greater follicular development throughout
the aspiration period for the largest follicle sizes from d 30 to 100 postpartum. Boni et a.
(1996) found that the dynamics of the follicular wave induced by TVFA caused a rapid
turnover of the follicular population and decreased the occurrence of atresia. In the
current study follicular aspiration occurred every third and fourth day, ridding the ovary of
follicles > 3 mm. Furthermore, the number of < 5 mm follicles had a negative impact (b =
-.14263) on size of the largest follicle and the number of follicles 10 to 14 mm and > 15
mm had a positive association with the size of the largest follicle (b = .74 and 3.81,
respectively), suggesting that as a greater number of follicles mature there is an inhibitory
effect on the new follicular wave. Thiswas the case for the LE cows (Figure 8) that had a
maximum of 15 mm size follicles compared to 11 mm size follicles for the HE cows.
Differences among small and intermediate follicle numbers (Figure 9 and 10) may indicate
a possible treatment effect on < 5 mm, 6 to 9 mm and 10 to 14 mm follicles.

Body condition scores exert an effect on the number of small follicles, with their
numbers being higher in cows with BC scores of 3 to 5 (Dominguez, 1995). Follicular
growth was affected in cows with a low BC fed diets that did not meet essential
requirements (Perry et a., 1991). The numbers of small follicles (< 5 mm) peaked at 49 d
at7.2and 47 d at 6.2 for < 5 mm for HE and LE cows, respectively, and may be related
to differences in BW and BC scores during the early postpartum period. The numbers of

6 to 9 mm follicles increased in alinear manner over the aspiration period, starting with 1
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per aspiration at 30 d postpartum and increasing to almost 3 by 104 d postpartum for HE
cows, while the LE cows only had a dight increase from 2 to 2.4 in 6 to 9 mm follicles
per aspiration session. Numbers of 10 to 14 mm follicles were at a nadir at 45 d and 40 d
postpartum and peaked at 93 d and 88 d postpartum for HE and LE cows, respectively.
These changes in follicular population support the observations of Murphy et a. (1990),
who found that recruitment and growth of ovarian follicles increases with time postpartum
and is in accordance with Grimard et al. (1995), who reported striking differences in
follicular growth between underfed and adequately fed cows up to 50 d postpartum.
Theoretically, greater numbers of large follicles should be observed in adequately fed cows
when compared to cows in NEB, suggesting that physiological mechanisms responsible
for ovarian follicular growth and dominance may become functional at an earlier
postpartum stage than in underfed cows. Burns et a. (1997) found that dietary restriction
decreased the follicular growth of the largest follicle in contrast to this study.
Interestingly, there were greater numbers of 10 to 14 mm and > 15 mm follicles found in
the fall season when compared to the spring aspiration trials. The difference between
seasons could be due to weather or season of calving (Ray et al., 1992). Tota follicle
numbers increased with respect to days postpartum, while the number of CL decreased as
days postpartum increased. After 3 wk of aspiration CL were not detected by ultrasound
and serum progesterone remained < 1 ng/ml until the end of the study.

The total oocyte numbers recorded per aspiration increased linearly from 30 d to
100 postpartum for both treatments, with a greater increase in oocyte numbers for LE

cows. At d 30 postpartum the difference between the two groups was about one oocyte
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per session. This gap declined and closed as days postpartum increased to 104, and
resulted in an average of 4 oocytes per session for both treatments. This trend
corresponds to that of BW and BC scores for the two groups, both following the same
pattern with the LE cows having the greater rate of increase in weight gain and BC
overal. Kruip et a. (1996) found no difference among the number of oocytes collected
via aspiration, between animals on either high or low energy diets.

Mean oocyte quality scores for LE cows were stable throughout the experiment.
However, in HE cows quality scores decreased over time. Both treatments at 30 d
postpartum were at their peak for mean quality. The oocyte quality scores were lower
(good -) than anticipated for both treatments when compared to the work of Gibbons et
a. (1995) who recovered 52.5% good quality oocytes from twice weekly TVFA.
However, the trends over the course of the experiment were comparable to those found by
Carlin (1995) with levels of good - oocytes rising by 104 d postpartum (Figure 13).

The HE group produced a greater number of good + oocytes throughout the
experiment (70 to 90 d postpartum), but had more poor quality oocytes. However, this
was only for the first 2 wk of aspiration. Konishi (1996) using a comparable grading scale
found that more than 60% of COCs collected through TVFA were classified as good 0
to poor. Lebfried and First (1979) found that bovine oocytes obtained from follicles
varied in the appearance of ooplasm and chromatin configuration. These physica
differences were present in a larger proportion of follicles > 3 mm than smaller size
follicles. Follicles> 3 mm contain a greater number of degenerating oocytes. Britt (1991)

found that preantra follicles exposed to deleterious environmental conditions had altered
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gene expression leading to impaired and altered development ending in dysfunctional
follicles, CL and low quality oocytes around 80 to 100 d postpartum. There are no
reliable methods for predicting the quality of an oocyte that is obtained from a given size
follicle. Dominguez (1995) reported that a mean proportion of normal oocytes decreases
with increasing follicular size suggesting a normal process of follicular atresia. Factors
that may have led to greater numbers of good - and poor quality oocytes obtained from
both treatments, when compared to higher quality oocytes numbers, could have been due
to varying TVFA techniques performed by the different aspirators.

Available in vivo data on follicular fluid IGF-I concentrations show an increase in
IGF-I with an increase in follicular size in both pigs and cattle (Einspanier, 1993). The
expression of IGF-1 in smaller follicles seems to be very low and comparable to blood
levels (Einspanier, 1993). There was a higher follicular fluid concentration of IGF-1 in HE
(2.3 + .2 ng/ml) than LE cows (1.6 + .2 ng/ml) and no difference over the time course of
the aspirations. This result conflicts with data presented by Spicer et a. (1991), who
reported that reduced dietary energy intake had no effect on IGF-I concentrations in
follicular fluid. Reduced IGF-I secretion caused by NEB could ater ovarian follicular
estradiol production, thereby suppressing the expression of estrus. Echternkamp et al.
(1994) reported that follicular fluid IGF-1 levels increased as follicular fluid estradiol and
follicle size increased. Although we report dietary energy differences in follicular fluid
|GF-1, the absolute values were lower than those of de la Sota et al. (1996). However, our

aspirations were at 3 to 4 day intervals and the size of the largest follicle at each aspiration
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only ranged from 13 to 15 mm for LE cows and 8.5 to 11 mm for HE cows. Thus, it may
be unredlistic to expect dramatic changes in follicular fluid IGF-I.

In the present study, follicular fluid estradiol increased in HE cows but remained
stable for LE cows during the course of aspirations (Figure 14). Estradiol levels were
higher in large dominant follicles, with rising concentrations during follicular growth
(Spicer and Zinn, 1987). Spicer et a. (1991) reported higher estradiol concentrations in
estrogen active (healthy) follicles in heifers, as well as Smith et a. (1996) who reported
hedlthy large antral follicles in cattle are characterized by high intra-follicular estradiol
concentrations.  Ginther et a. (1997) reported that follicular fluid estradiol increases in
growing follicles, with the concentration of estradiol being approximately 100 ng ml ™ in
the dominant follicle (> 8mm) and increasing curvilinearly. The production of estradiol by
the maturing ovarian follicle seems to be crucia for the growth of granulosa, theca cells
and development of the mature follicle (Rhodes et al.,1996). The greater IGF-I
concentrations in follicular fluid of HE cows and the increases in follicular fluid estradiol
as lactation advanced support the data of Echternkamp et a. (1994), except that the
largest follicle was smaller in HE cows than LE cows. This would suggest that the higher
energy diet may provide an element of follicular devel opment not dependent on size alone.

Serum progesterone levels peaked at 2.5 ng/ml at 39 d for HE and 1.5 ng/ml at
35 d postpartum for LE cows. This supports Spicer et a. (1990), who observed that
progesterone concentrations in serum during diestrus of the first and second estrous cycles
were greater in PEB than NEB cows, suggesting that luteal function is adversely affected

by NEB. VillaGodoy et al. (1990) also observed an increase in progesterone secretion
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during the second and third estrous cycle postpartum. Rhodes et al. (1996) reported
lower peripheral serum concentrations of progesterone in animals fed a restricted diet.
Cows with restricted diets may have lower progesterone levels due to lower progesterone
output by the CL. A reduced level of serum progesterone causes an increase of LH pulse
frequency, possibly modifying the secretion of other paracrine and autocrine functions
(Dominguez, 1995). Britt (1991) conducted hormonal studies for five estrous cycles, and
noted that progesterone levels decreased over time. Burns et al. (1997) found that serum
progesterone concentrations did not decline until the cycle before anestrus in beef cattle
fed diets limited in energy. Differences in serum progesterone were not reflected in
follicular fluid progesterone, and associations with follicular fluid IGF-1 and follicular fluid
estradiol remain to be established. The role of progesterone as a precursor to estradiol in
the follicle needs further evaluation (Giudice, 1992).

Basal FSH was highest for both treatments at 105 d postpartum and at its lowest
at 28 d postpartum. Similarly, basal changes in LH were lowest at d 28 postpartum but
highest at d 60 postpartum, agreeing with Grimard et a. (1995) who noticed that with
increasing time postpartum, LH pulse frequency increases. Ahmad et a. (1996) also
reported an increased pulse frequency of LH in animals that had greater numbers of
primordial follicles. However, Burns et a. (1997) reported cows fed restricted diets had a
lower LH pulse frequency when compared to control animals. The low LH base lines
occurring at the onset of NEB in LE cows may be because after calving the milk yield
needs more energy than is supplied by the diet. This lack of energy leads to a lower

glucose concentration, inducing lipolysis and resulting in alower LH release (Kruip et d.,
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1996). At 60 d FSH in HE peaked at 400 pg/ml and LE peaked at 750 pg/ml, the greatest
differences in concentrations between treatments in a sampling period. At 28 d basal FSH
was low and similar in both treatments. Reduced secretion of basal LH is believed to be
due to a reduction in LHRH release from the hypothalamus, not by an impaired pituitary
gland. This reduction in LHRH due to restricted diets is thought to be the main cause of
atered reproduction functions, possibly resulting in a cessation of the estrous cycle
(Rhodes et al., 1996). Basal concentrations of both LH and FSH had differences due to
treatment effects: d 28, both basal LH and FSH concentrations were low; at d 60, HE
cows had intermediate FSH concentrations and high LH concentrations, LE cows had
high concentrations of both LH and FSH; at d 105 HE cows had high concentrations of
FSH, with low LH levels, while LE cows aso had high concentrations of FSH, with
intermediate LH levels.

In vitro oocyte development was poor when compared to similar studies (Konishi,
1996; Smith et a., 1996; Shioyaet al., 1988), with development never surpassing the early
morula stage. The reasons for these results could be numerous and more likely a
combination of factors preventing blastocyst formation in either treatments. One theory is
that the environmental conditions in which the oocytes were collected and subsequently
transported was detrimental. Oocytes exposed to ambient temperatures below 35° C
during oocyte recovery may be adversely affected, therefore affecting the overal quality of
oocytes available for in vitro production. Pollard et al. (1996) showed that chromosomal
abnormalities can be brought on through exposure of oocytes to room temperature,

leading to a reduction in development in vitro. The group noted that it would be prudent
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to maintain oocytes at the physiological range of 37° to 39° C, to insure maximum
guantity and quality of recovered oocytes. Since TVFA in this experiment was conducted
in an enclosed, yet non-temperature regulated barn, aspirated oocytes were exposed to a
wide range of temperatures, sometimes for a period of 30 min.

The second theory is related to the abundant number of poor quality oocytes
obtained from TVFA in both treatments. De Loos et a. (1989) reported that oocytes of
poor quality have a significantly diminished ability to mature and develop under in vitro
conditions. This could be due to oocytes lacking cumulus cells that are needed for proper
nuclear and cytoplasmic maturation, leading to the formation of the male pronucle,
essential for further embryonic development. It is thought that the secretions from both
the granulosa and cumulus cells promote the synthesis of oocyte glutathione, which is a
promoter of male pronuclear formation (Konishi et al., 1995). A further possibility is that
nude or corona enclosed oocytes have a reduced penetration rate when exposed to
capacitated spermatozoa, therefore reducing normal fertilization rates and ability of the
oocyte to develop (Laurincik et al., 1995).

At the completion of the experiment, all cows were synchronized and heat
checked. Thefal tria resulted in 91% pregnancy rates, with only one culled cow from the
LE group. This cow was removed from the herd due to failure to conceive. In contrast,
the spring trial resulted in no pregnancies. Only one of the nine cows (LE) was known to
have adhesions and was culled for this reason, seven other failed to show a standing heat

and were not bred. Only two were bred by Al (1-HE, 1-LE) and neither conceived to a
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single service. These results are difficult to explain, since both replicates followed the

exact same format.
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IMPLICATIONS

This study demonstrated the importance of energy balance as it relates to
reproduction in the dairy cow. The low energy diet reduced milk yield, DMI, BCS, FF
IGF-1, serum progesterone, and had an impact on the quality of oocytes retrieved through
TVFA. After calving, a cow needs to be placed on a diet to maximize DMI. Dairy cattle
need adequate nutrients for milk production and must be able to recover from the NEB
brought on by calving. Only when the cow is able to function in a positive energy state

can she successfully be a high producing, reproductively functioning animal.
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APPENDI X

Table 9. Analysis of variance for dry matter intake, energy balance and energy intake of
lactating dairy cattle from calving to 100 d postpartum

Source df Mean Squares df MeansSquares df Mean Squares
Dry Matter Intake Energy Balance Energy Intake

Treatment® 1 7.9 1 35 1 58

Cow

(Treatment) 9 36.9 ** 9 46 ** 9 89 **

Treatment X

Week 2 86.2 ** 2 56 ** 2 214 **

Treatment X

Week® 2 37.9** 2 43 ** 2 115 **

Treatment X

Week™ 2 22,0 ** 2 37 * 2 80 **

Residual 142 3.8 139 9 141 10

& Treatment tested by Cow(Treatment)
® Quadratic effect
¢ Cubic effect

*=p<.05
** =p<.0l
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Table 10. Analysis of variance for body condition (BC) scores and body
weights (BW) in lactating dairy cows from -8 to 25 wk postpartum

Source df Mean Squares  df Mean Squares
Body Condition Body Weight

Treatment® 1 1.14 1 11,658

Cow (Treatment) 9 A8 ** 9 17,090 **

Treatment X

Week 2 2.65 ** 2 10,493 **

Treatment X

Week™ 2 1.78 ** - -

Residual 97 .05 ** 146 1,004

A Treatment is tested by
Cow(Treatment)
® Quadratic effect

** =< .01
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Table 11. Analysis of variance for milk yield and milk fat percentagein

lactating dairy cows from calving to 100 d postpartum

Source df Mean Squares  df Mean Squares
Milk Yield Milk Fat

Season® 1 663.6 1 35
Treatment® 1 11.9 1 4
Treatment X Season®

1 A4 1 1.7
Cow (Treatment x
Season) 15 251.0 ** 15 1.2 %%
Treatment x Week” 2 7324 ** 2 4.7 **
Treatment x Week* 2 462.1 ** 2 4.5%*
Treatment x Week™ 2 304.1 ** - -
Residual 249 14.1 244 A4

aTreatment, Season, and Treatment x Season are tested by Cow
(Treatment x Season)

®Linear effect

¢ Quadratic effect

¢ Cubic effect

** =p< 01
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Table 12. Analysis of variance for size of largest follicle measured in lactating
cows from d 30 to 100 postpartum

Source df Mean Squares
Season® 1 11.7
Treatment® 1 1.2
Treatment x Season® 1 1.9
Cow(Treatment x Season) 15 4.6
Treatment® x Days Postpartum 2 28.4 **
Treatment® x Days Postpartum® 2 27.3**
Treatment® x Days Postpartum® 2 25.2 *
Follicles <5 mm 1 22.6*
Follicles 6-9 mm 1 17
Follicles 10-14 mm 1 154.8 **
Follicles > 15 mm 1 1507.7 **
Residual 345 55

aTreatment, Season, and Treatment x Seasonare tested by Cow
(Treatment x Season)

® Linear effect

¢ Quadratic effect

¢ Cubic effect

*=p<.05
** =p<.0l
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Table 13. Analysis of variance for follicle numbers by size category obtained

from lactating dairy cows from d 30 to 100 postpartum

Source df Mean df Mean df Mean df Mean
Squares Squares Squares Squares
Follicles < Follicles Follicles Follicles >
5mm 6-9 mm 10-14 mm 15 mm

Season® 19.5 1 30.0 1 66.1** 1 66*

Treatment® 10.4 1 89 1 41 1 2

Treatment x Season® 31.8 1 27 1 1 1 1

Cow(Treatment x 15 84.8** 15 129** 15 26 15 8

Season)

Treatment® x Days 39.1* 2 32.8** 2 195** 2 AT**

Postpartum

Treatment x Days 34.3* - - 2 216** 2 50**

Postpartum®

Treatment x Days 20.2* - - 2 208** 2 50**

Postpartum®

Residual 349 89 353 4.6 349 23 349 0.6

aTreatment, Season, and Treatment x Season are tested by Cow (Treatment x Season)

®|inear effect
¢ Quadratic effect
4 Cubic effect

*=p<.05
** =p<.0l
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Table 14. Analysis of variance for total oocyte numbers and
quality scores for data obtained from d 30 to 104 postpartum in

lactating dairy cows

Source df Mean df Mean Squares df Mean Squares
Squares
Total Mean Ova Total Ova
Number Quality Quality Score’
Score”
Treatment® 1 1372 1 32 1 61
Season® 1 52 1 599* 1 150
Treatment x Season®
1 .02 1 138 1 32

Cow(Treatment x
Season) 15 6288** 15 .96 ** 15 167 **
Treatment® x Days
Postpartum 2 17.797 2 1097 2 22
Aspirator 2 19.637 2 1.26* 2 7
Residual 356 6.81 331 37 331 28

&Treatment, Season, and Treatment x Season were tested by Cow

(Treatment x Season)

®Derived from averaging al quality scores for each individual treatment
¢ Derived from averaging scores for each individual quality grade

4 Linear effect of days postpartum

N=p<.08
"=p<.06
*=p<.05
** =p< .01
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Table 15. Analysis of variance for the number of oocytes by quality score

from d 30 to 104 postpartum
Source daf Mean  df Mean  df Mean df Mean
Squares Squares Squares Squares
Good + Good Good - Poor

Treatment® 1 126* 1 .03 1 104 1 526
Season® 1 .73 1 .21 1 97 1 45
Treatment X Season® 1 .04 1 .24 1 .18 1 25
Cow(Treatment x Season)

13 .24 15 .59 15 1.56 15 18.4**
Treatment®x Days
postpartum 2 .74 2 .09 2 6.61** 2 358**
Treatment®x Days 2 3L1**
Postpartum® 2 74 - - - -
Treatment®x Days 2 .76 2 27.1%*
Postpartum?® - - - -
Aspirator 2 .69 2 .34 2 .51 2 121*
Residual 83 .57 131 .55 212 1.13 266 29

&Treatment, Season, and Treatment x Season were tested by Cow
(Treatment x Season)

®Linear effect

¢ Quadratic effect

4 Cubic effect

*=p<.05
** =p<.0l



Table 16. Analysis of variance for follicular fluid

hormones from lactating dairy cows from d 30 to

104 postpartum

Source df Mean df Mean df Mean df Means
Squares Squares Squares Squares
FFIGF-I°>  FFE2® FFP4° EP°

Season® 1 33 113E+11 1 2,997,624 1 7,483,520

Treatment® 1 338* 17.2E + 11" 1 9,582,388 1 12,379,452

Treatment X

Season® 1 97 14.9E +11 1 5965805 1 28,840,504

Cow(Treatment

X Season) 15 6.4** 15 20E+11** 15 93,693,777 15 11,896,264

Treatment X 1 04 1 25E+ 117 127,522,774 1 14,538,695

Days

Postpartum

Residual 266 0.7 144 85E + 10 201 37,799,131 130 10,515,358

aTreatment, Season, and Treatment x Season are tested by Cow

(Treatment x Season)

®|GF-I concentrationsin follicular fluid
Estradiol concentrationsin follicular fluid

4 Progesterone concentrations in follicular fluid
°Ratio between follicular fluid estradiol and progesterone concentrations

N=p<.09
"' =p<.06
*=p<.05
** =p< .01
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Table 17. Analysis of variance for serum progesterone (ng/ml) obtained from
lactating dairy cows from calving to 104 d postpartum

Source df Mean
Squares

Season® 1 15.6
Treatment® 1 2.3
Treatment x Season®

1 2
Cow(Treatment x
Season) 15 11.7 **
Treatment x Days
Postpartum” 2 57.1 **
Treatment x Days
Postpartum? 2 49.4 **
Treatment x Days
Postpartum™ x 2 37.9**
Residua 450 1.9

aTreatment, Season, and Treatment x Season are tested by Cow
(Treatment x Season)

®Linear effect

¢ Quadratic effect

4 Cubic effect

** =p< 01
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Table 18. Analysis of variance for basal FSH and LH (pg/ml) obtained from
lactating dairy cows from 28, 60, and 105 days postpartum

FSH LH

Source df Mean Mean

Squares Squares
Treatment® 1 104,435 218,836
Cow (Treatment) 5 1,218,538 * 231,208 **
Period” 2 807,776 * 1,061,536
Treatment x Period” 2 26,740 146,175
Cow x Period
(Treatment) 7 106,251** 1,265,141 **
Treatment X
Period“x Time 6 25,174 ** 42,463 *
Treatment X
Period x Time® 6 30,744 ** 54,545 **
Residua 258 8,635 17,561

@Treatment tested by Cow (Treatment)
® Period and Treatment x Period tested by Cow x Period (Treatment)
¢ Quadratic effect

*=p<.05
** =p<.0l
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Table 19. Analysisof variance for development of oocytes collected from
lactating dairy cows by ultrasound guided transvaginal follicular aspiration

Source df Mean Squares
Season 1 140.8
Treatment 1 901.6*
Residual 89 67.1

*=p<.05
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Table 20. Analysis of variance for rate of conception of lactating dairy cows
post transvaginal follicular aspiration

Source df Mean Squares
Treatment 1 .75
Season 1 .60

Residual 17 21
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