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Abstract

Reproductive efficiency in beef cows is limited by the length of the postpartum
anoestrous period which in turn is controlled by pituitary gonadotrophins and gonadal
steroids and/or proteins. The first aim of this study was to elucidate the role of LH
pulses in the development of ovarian activity in postpartum beef cows, specifically to
determine whether or not the normal, relatively slow process of follicular development
could be accelarated in cows in low body condition (BC) with pulses of
gonadotrophin-releasing hormone (GnRH). The second aim was to determine the role
of the metabolic hormones and in particular growth hormone (GH) in ovarian follicle

development and function.

Treatment of cows in low BC with pulsed intravenous infusions of 2 ug every
2 hours from 5 to 7 weeks postpartum induced ovulation in 10 out of 12 cows. Saline
infusions resulted in ovulation in only 1 of 12 cows in high BC and 1 of 11 cows in
low BC groups. Plasma concentrations of GH, IGF-I and insulin were not affected by
GnRH treatment, but cows in high BC had higher IGF-I and lower GH levels than
cows in low BC. Gonadotrophin profiles, luteinizing hormone (LH) pulse frequency
and LH pulse amplitude were not affected by either GnRH treatment or BC. Numbers
of small (3-7.9 mm diameter) and large (> 8 mm diameter) follicles present at week 7
POstpartum and numbers of LH receptors in theca and granulosa tissue were not
affected by GnRH treatment or BC. The number of granulosa cells present in large
follicles at week 7 postpartum was also unaffected. Intrafollicular concentrations of
oestradiol, testosterone and IGF-I in large follicles at 7 weeks postpartum were not
significantly affected by GnRH treatment or BC but there was a marked trend towards

higher concentrations of oestradiol in cows in high BC compared with cows in low
BC.



In Experiment 2. depot injections of 32() mg bovine somatotrophin (bST) (each
designed to release 23 mg/day for 14 days) administered at weeks 2, 4, 6 and 8
postpartum induced ovulation in 4 out of 17 cows while 0 out of 15 ovulated in the
control group (p= 0.10). While peripheral concentrations of GH and IGF-I were
significantly increased throughout the postpartum period, there was no effect of bST
on circulating concentrations of insulin, glucose, follicle-stimulating hormone (FSH),
LH, LH pulse frequency or LH pulse amplitude. Numbers of small (3-7.9 mm
diameter) and large (= 8 mm diameter) follicles and numbers of LH and FSH receptors
in both theca and granulosa tissue at week 9 and numbers of granulosa cells present in
large follicles was also unaffected. bST treatment significantly enhanced intrafollicular
concentrations of oestradiol and IGF-I in large follicles (= 8 mm diameter) at 9 weeks
postpartum but no difference in testosterone concentrations was observed.

It is concluded that infusion of exogenous GnRH pulses enhanced the process
of follicular development in cows in low BC. While it was not possible to identify
causal relationships between BC, plasma GH and IGF-I concentrations and
intrafollicular oestradiol concentrations, bST treatment was found to increase
oestradiol production in large follicles. This effect was not mediated through changes
in gonadotrophin profiles or receptors, indicatin g that GH has a more direct role in the
control of ovarian function. It is suggested that this effect may be mediated through

changes in intrafollicular IGE-] concentrations,
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tissue. Granulosa cells and thecal tissue were derived from
follicles classed as non-oestrogenic (Eo low: secreting <
10,000 pg per ml of follicular fluid) and oestrogenic (En
high; secreting > 10,000 pg per ml of follicular fluid).
(Back transformed values are given in parenthesis; s.e.d.s
are expressed in log units).

XII

118

119



ACTH-
BC -
bFF -
BSA -
bST -
CL-
DARS -
DASS -
DF -
E2-
EGF -
EOP -
FGF -
FSH -
FSP -
GH -
GnRH -
hCG -
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CHAPTER 1

Introduction

One of the major constraints on economic efficiency of beef cows is
reproductive efficiency, and in particular the length of the postpartum anoestrous
period. Normally a cow has to conceive by day 85 postpartum and maintain the
pregnancy, in order to produce a calf each year. However the duration of the
postpartum anoestrous period is extremely variable and frequently exceeds 80 days
(Peters and Riley, 1982).

Genetic, management and environmental factors including season, breed. age
or parity, dystocia, presence of a bull. suckling and nutrition, may prevent the
resumption of normal ovarian activity postpartum (Short, Bellows, Staigmiller,
Berardinelli and Custer, 1990) but nutrient intake, weight change, body condition at
calving and suckling seem 1o be the most important factors in determining the length of
the postpartum anestrous period (Richards, Spitzer and Warner, 1986).

The effect of nutrition on postpartum reproductive activity depends partly on
nutritional state before and after calving, although deficiencies already present at
calving as estimated by precalving body condition score (BCS) are more important
than those that occur after calving (Short and Adams, 1988).

While associations between nutritional state and endogenous metabolic protiles
and between nutritional state and reproductive activity have each been well documented
(Downing and Scaramuzzi, 1991; Rutter, Snopek and Manns, 1989), the mechanisms
through which nutritional state affects reproductive activity remain poorly understood
and require further investigation.

Circulating metabolic hormones such as growth hormone (GH) and insulin,

growth factors such as IGE-I and blood metabolites such as glucose may play a role in



mediating the effects of nutrition on reproductive activity. Restriction of feed
intake in ruminants increases circulating concentrations of GH (Breier, Bass, Buitler
and Gluckman, 1986 Foster, Ebling, Micka, Vannerson, Bucholtz, Wood, Suttie and
Fenner, 1989), while depressing IGF-I (Breier, er al., 1986: McGuire, Vicini.
Bauman and Veenhuizen, 1992; Rutter and Manns, 1989) and insulin (Butler, Everett
and Coppock, 1981; Lucy, Beck, Staples, Head, De La Sota and Thatcher, 1992).
Feed restriction also results in mobilization of body energy reserves and decreased
circulating glucose concentrations (Rutter and Manns. 1987; 1988).

In most investigations of the mechanisms through which nutrition affects
reproductive performance, the effects of body condition and level of feed intake on
gonadotrophin production, metabolic hormone and metabolite profiles as well as on
reproductive activity have been confounded. The effects of body condition per se, on
these factors requires further study.

One mechanism by which energy restriction may affect reproductive activity is
suppression of LH pulse frequency which may be a determinant of the rate of growth
of ovarian follicles to the preovulatory stage (Richards, Wetteman and Schoenemann,
1989a). Reductions in LH pulse frequency have been reported in association with both
low energy intake (Echternkamp, Ferrel and Rone, 1982: Terqui, Chupin, Gauthier,
Perez, Pelot and Mauleon, 1982) and low body condition (Wright, Rhind, White,
Smith, McMillen and Prado, 1990). However, in contrast to these results Rhind.
Bramley, Wright and McMillen (1992) reported no difference in gonadotrophin
profiles with body condition. While gonadotrophins are vital to ovarian follicle
development, the equivocal nature of these results suggests that the effects of body
condition on follicle development may not be mediated through differences in
gonadotrophin profiles alone. If the importance of LH pulses in mediating the effects
of body condition on reproductive performance is to be understood, there is a need to

elucidate the role of LH pulses in ovarian function,



The studies of Murphy, Boland and Roche (1990) and of Savio, Boland.
Hynes and Roche (1990) indicate that large ovarian follicles are detectable as early as
7-15 days postpartum, although the first ovulation does not occur untl approximately
36 days postpartum. This indicates that failure to ovulate carlier is not attributable to a
lack of large, "dominant" follicles; however., the physiological state of these follicles in
animals in different nutritional states is unknown. Clearly, the presence of large
follicles is not the only prerequisite for ovulation; an appropriate pattern of LH pulses
may also be one of the keys to final maturation and ovulation.

One possible effect of frequent LH pulses may be to stimulate development of
the biochemical pathways required for steroid synthesis. Prado. Rhind, Wright,
Russel, McMillen, Smith and McNeilly (1990) showed that low body condition at
calving in beef cows results in the growth of large follicles which have a reduced
oestrogen biosynthetic activity in vitro. It was suggested that the aromatase systems in
the large follicles was poorly developed since they had a reduced ability to convert
estosterone (which was present in large amounts) to oestradiol.

The oestrogenic capacity of the follicles is dependent on their ability to respond
to gonadotrophins (Gore-Langton and Armstrong, 1988), which in turn depends on
the presence of adequate concentrations of FSH receptors on granulosa cells and LH
receptors in thecal tissue. The results of Rhind, er al. (1992) suggests that the delay in
the development of oestrogenicity of follicles which is associated with low levels of
body condition is not attributable to a deficiency in FSH or LH receptor concentration
in either granulosa or thecal tissue at 9 weeks postpartum. However the capacity to
synthesize oestradiol could also be affected by the number and size of granulosa cells
Present in large follicles. This has not been investigated with respect to effects of

nutritional state or time postpartum.

It has been suggested that nutritional modulation of reproduction may be

exerted not only at the hypothalamic/pituitary level (Procknor. Forrest, McArthur and



Harms, 1986) but also at the gonadal level (Cox. Stuart, Althen, Bennet and Miller,
1987; Harrison and Randel, 1986). Body condition probably affects ovarian function
through metabolic hormones profiles. These could act either through altered
gonadotrophin profiles, altered tissue metabolism. or through a direct effect of the
metabolic hormones on ovarian function. In addition to their metabolic effects, recent
evidence suggests that GH, IGF-I and insulin may act directly on the ovary to change
reproductive function independently of energy balance (Adashi, Resnick. D' Ercole,
Svoboda and Van Wick, 1985).

Downing and Scaramuzzi (1991) demonstrated that increases in ovulation rate
in sheep, rather than being related to changes in gonadotrophin concentrations,
correlate with increases in plasma insulin concentrations after infusion of glucose or
branched-chain amino acids. This measurement probably represents an index of the
availability to tissues of oxidizable metabolic fuels. such as glucose and nonesterefied
fatty acids. However, the relative importance, with respect to ovarian function, of

insulin concentrations and associated differences in nutrient availability is unclear.

Recent studies have shown that GH treatment in vivo can increase the number
of small follicles in mature heifers (Gong, Bramley and Webb, 1991: Gong, Bramley
and Webb, 1993), and increase the incidence of twin calving in lactating dairy cows in
carly postpartum (Butterwick., Rowlinson, Weekes, Parker and Armstrong, 1988).
Studies in vitro have shown that it also stimulates follicle growth, oocyte maturation
and ovarian oestradiol production in the rabbit ovary (Yoshimura, Nakamura.
Koyama, Iwashita, Adachi and Takeda, 1993). GH treatment has been shown to
clevate the IGF-T levels in the circulation by stimulating the production of IGF-I in the
liver (D'Ercole, Stiles and Underwood. 1984), but it is not yet known if the effects of
GH on follicular development are exerted directly on the ovary, or mediated by
inducing the hepatic production of IGF-1 or through changes in availability of

metabolic fuels. The effects of GH on gonadotrophin profiles, follicular size,



steroidogenicity, gonadotrophin receptors and numbers of granulosa cells in
postpartum cows are not known.

Study of these factors in postpartum beef cows may improve understanding of
the mechanism(s) controlling follicular development and reduce the postpartum

anoestrous period.

The aim of the first experiment was to elucidate the role of LH pulses in the
development of ovarian activity in postpartum beef cows and specifically to determine
whether or not the normal, relatively slow, process of follicular development could be
accelerated in cows in low body condition by the infusion of pulses of GnRH. A
further objective was to determine the underlying effect of GnRH pulse infusion on
associated gonadotrophin profiles, ovarian follicle growth and function.

The aim of the second experiment was to determine the effect of GH on ovarian
follicle development and function and, thus, to elucidate the possible role of this

hormone in mediating the effects of body condition on reproductive performance.



CHAPTER 2

Literature Review

2.1- Factors affecting the length of postpartum anoestrus in

the beef cow

The duration of the postpartum interval is dependent on many different factors
which do not operate independently of each other. However. for the purpose of this

review, the effects of each of many factors are considered separately.

2.1.1- Nutrition

Nutritional management in the pre- and postpartum period is one of the most
important factors limiting or controlling the timing of the resumption of ovarian activity

in beef cattle (Rutter and Randel, 1984).

2.1.1.1- Effect of level of Feed Intake
2.1.1.1.1- Energy

Effects of dietary energy content have been most commonly studied (Short and
Adams, 1988), although effects of energy intake cannot usually be completely
SCparated from other components of feed intake such as protein, minerals and
vitamins. When cnergy requirements are not met, it is unusual for other nutrients to be
Present in adequate amounts (Maas, 1987).

Energy restriction during the late prepartum period extends the interval to first

POStpartum oestrus, and decreases the probability of a high percentage of cows



cxhibiting oestrus at an early stage of the postpartum period (Boyd. 1977; Perry,
Corah, Cochran, Beal, Stevenson, Minton, Simms and Brethour, 1991: Whisnant,
Kiser, Thompson and Hall. 1985; Wiltbank, Rowden, Ingalls and Zimmerman,
1964), and this effect is even stronger in females calving at a young age (Bellows and
Short, 1978; Hansen and Hauser, 1983).

After parturition, low levels of energy intake decrease the percentage of cows
that ovulate by the end of a finite breeding season, and low conception rates have also
been reported (Imakawa, Day, Garcia-Winder, Zalesky, Kittok, Schanbacher and
Kinder, 1986; Johnson, Wagner and Ray, 1987; Wiltbank, Rowden. Ingalls and
Zimmerman, 1962). However, other authors have reported no effect of level of
postpartum nutrition on the length of the anoestrous period (King and MacLeod, 1982;
Moore and da Rocha, 1983; Richards, er al., 1986). This may be a function of
comfounding factors such as timing and length of feed restriction, body condition and
age of cow (Short and Adams, 1988). Some experiments indicate that increasing
dietary energy intake for periods of approximately four weeks in suckled postpartum
beef cows shortens the anovulatory period (Connor, Houghton, Lemenager, Malven,
Parfet and Moss, 1990). However, others have found that longer periods (7 and 12
weeks) are necessary for the cows to respond to high energy diets (Terqui, ez al.,
1982; Wiltbank, er al., 1962) and some reports showed that similar increases in energy
intake failed to reduce the postpartum interval at all (Holness, Hopley and Hale, 1978;

Wetteman, Hill, Boyd, Spitzer, Forrest and Beal, 1986).

2.1.1.1.2- Protein

Recent work has shown that low protein intakes initiated, prior to and
maintained following parturition, lengthen the postpartum interval and decrease the
number of animals that show oestrus and conceive (Harrison and Randel, 1986:
Nolan, Bull, Sasser, Ruber, Panlasagui, Schoeneman and Reeves, 1989; Sasser,

Willians, Bull, Ruder and Falk, 1988).



2.1.1.2- Body Condition

Body condition at calving, which is highly correlated with the amount of fat
stored in mature beef cows, reflects prepartum levels of feeding (Wright and Russel,
1984), and is an important factor with respect to re-establishment of cyclic ovarian
activity in the beef cow (Dunn and Kaltenbach. 1980: Richards, et al., 1986: Selk.
Wetteman, Lusby, Oltjin, Mobley, Rasby and Garmendia, 1988; Wright, Rhind,
Russel, White, McBean and McMillen, 1987). Some reports suggest that the key to an
early return to oestrus in beef cows is adequate prepartum levels of nutrition, which
results in cows calving in moderate to good body condition (Richards, er al.. 1986;
Spitzer, 1986). More recently, a negative association between body condition score at
calving and the length of the anoestrous period has been reported. For each unit
increase in body condition score at calving the duration of the postpartum anoestrous
period was reduced by between 43 and 86 days (Wright, er al., 1987: Wright, Rhind
and Whyte, 1992a).

2.1.1.3- Body condition and feed intake interaction

There is clear evidence that body condition and feeding level interact to

influence the duration of the postpartum anoestrous period.
2.1.1.3.1- Prepartum

There appears to be no experimental evidence of an interaction between intake

and body condition during the prepartum period.
2.1.1.3.2-Postpartum

The results of Richards, er al. (1986), indicate that, if cows calve in moderate
0 good body condition, postpartum nutrient intake has little or no influence on
POStpartum interval to oestrus, and this is also supported by King and MacLeod

(1984), Moore and da Rocha (1983) and Wright ez al. (1987). Furthermore, Wright, et



al. (1992a) showed that level and pattern of feeding postpartum has little effect on the
duration of the postpartum anoestrous period when cows calve at a body condition of
approximately 2.25. However, Rutter and Randel (1984) found that cows that calved
in good body condition and were fed low postpartum energy diets had a longer
postpartum interval than those fed on a high energy diet.

Cows in moderate to good condition at the time of calving can lose some
liveweight postpartum without increasing the length of the postpartum interval
(Holness, er al., 1978; Humphrey, Kaltenbach, Dunn, Koritnik and Niswender, 1983:
Moore and da Rocha, 1983; Richards, et al., 1986) but, if the weight loss after calving
is severe, even cows calving in good body condition score may show delayed cyclicity
(Wiltbank, ef al., 1962).

In summary, provision of appropriate levels of intake during both the pre-and
postpartum periods is essential to maximize reproductive performance and minimize
the negative intluence of lactation and suckling (Connor, et al.. 1990). It seems that
body condition at calving is more important than postpartum food intake in
determining the length of the postpartum anoestrous period, but there is also some

evidence that the effect of food intake is more important in thin cows.
2.1.2- Suckling

Suckling has an inhibitory effect on the return to oestrus (Carruthers and Hafs.
1980: Oxenreider, 1968: Randel. 1981 ). This may lead to an extended calving interval
in individual cows and an extended herd calving season, both of which increase the
cost of beef production and are undesirable (Allen, Nilsen-Hamilton and Hamilton,
1981; Randel, 1981).

The postpartum interval has been shown to be about one month longer in
suckled cows than in milked cows (Boyd, 1977). Several reports suggest that the
intensity of mammary stimulation is a major determinant of the length of the

postpartum anoestrous interval in suckling cows (Short, Bellows, Moody and
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Cattle are not generally considered to be seasonal breeders, However numerous
reports have described seasonal variations in rebroductive traits (Hansen. 1985: Horta,
Vasques, Leitdo, Robalo Silva and Vaz Portugal, 1989:; King and MacLeod, 1984:
Mascarenhas, Rios Vasques, Horta, Robalo Silva and Vaz Portugal, 1986: Peters and
Lamming, 1984) probably as a result of changes in photoperiod. Intervals to first
Ovulation and first oestrus were observed to be longer for cows calving in autumn or

winter than in spring (Boyd, 1977; Hansen, 1985; King and MacLeod, 1984: Peters
















































































































































































































































































































































































































































































































































