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Summary 

 

Reproductive cycle abnormalities have risen in cows the last years. The reason for this is 

multifactorial. Regulation of the reproductive cyclicity is a complex process, mainly under 

control of the hypothalamic-pituitary-ovarian axis. A lot of influences can interfere during this 

complex process. Changes during the experiment, particularly in management and nutrition, 

are not fulfilling.    

In this research we  investigated if similar age groups of 6 different cattle breeds (Brown 

Swiss, Finn Ayrshire, Jersey, Swedish Red, Norwegian Red and Holstein Friesian) despite the 

same housing system, breeding technology and feeding show important metabolic differences 

during the periparturient period and in the onset of postpartum ovarian cyclicity. 

The acyclic period (determined by progesterone profiles) in Holstein Friesian cattle is 

prolonged, in Jersey short and in the Norwegian Red, Swedish Red, Finn Ayrshire and Brown 

Swiss average.  

During the late gestation IGF-1 declines gradually in all breeds, with a nadir in the 1
st
 and 2

nd
  

week after calving, and a moderate increase thereafter. In HF cows, this decrease is obvious 

and long-lasting, whereas in several other species only a mild temporary decline is seen. 

There were no breed differences in the concentrations of insulin during the different stages. 
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1. Introduction 

 

The metabolic status during the periparturient period and the postpartum onset of the 

ovarian cyclicity of dairy cattle has been investigated a lot. Achieving high reproductive 

efficiency is fundamental to profitability across all dairy production systems (Wals et al. 

2008). Concerns for reproductive efficiency are world-wide in the modern dairy industry, 

as fertility influences average daily milk production, average days in milk, number of 

calves born per year, the generational interval and ultimately the farmer’s livelihood 

(Leroy et al. I 2008). It has recently been reported that during the last 20 years the incidence 

of cows exhibiting reproductive cycle abnormalities has risen from 32 to 44%  (Mann et al. 

2005). The reasons for poor reproductive performance in dairy cows are multifactorial 

(Thatcher et al. 2006, Chagas et al. 2007). Transition cow management and nutrition have 

been recognized as the most important variables in reproductive performance. Imbalanced 

nutrition during the dry and early postpartum period results in reduced concentrations of IGF-

1 and a low frequency of LH pulses, followed by delayed resumption of ovarian cyclicity 

(Falkenberg et al. 2008). Low  IGF-1 concentrations have been associated with a delay in 

commencement of luteal activity  (Walsh et al. 2008). Genetic selection for milk production 

during the last decades has been associated with decreased  reproductive efficiency 

(Meikle et al. 2004) (figure 1.1). 

 

Some say that delayed onset of luteal 

activity was associated with increased 

milk yield and increased loss of body 

weight and increased loss of body 

condition score, supporting the view that 

the degree of negative energy balance is 

a major determinant of time of 

resumption of oestrous cyclicity (Mann 

et al. 2005). During early lactation 

most dairy cattle enter a period of 

negative energy balance, due to their 

inability to consume sufficient feed to 

meet the metabolic demands (Wathes 

et al. 2007, Peter et al. 2009). 

Epidemiological studies indicate that 

other factors such as reproductive 

diseases (i.e., retained placenta,  

metritis and ovarian cysts) or season 

of calving were relatively more 

important than milk yield on influencing reproductive performance (Thatcher et al. 2006) 

It is generally excepted that high-yielding dairy cows are more vulnerable to attack from 

metabolic and infectious diseases (Leroy et al. II 2008). Further studies have reported 

reduced fertility in animals with elevated blood urea. However, other studies have found no 

relationship between urea and fertility (Mann et al. 2005).  

Fig 1.1 Declining Fertility of Holstein cows in different 

countries. (Rodriguez et al. 2008) 
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Genetic selection programs based solely on increasing milk production have resulted in cattle 

that are genetically predisposed to a greater risk of dietary energy deficit, particularly in the 

early lactation period (Walsh et al. 2008). Fertility is unfavorably genetically correlated to 

production traits. Therefore, it is important to include reproductive traits in the breeding 

programme (Petersson et al. 2007). Fertility has been included in the Swedish breeding 

evaluation scheme since the 1970s but the traits included in the fertility index have very 

low heritabilities. In Sweden, a negative genetic trend in fertility has been shown for 

Swedish Holsteins, whereas the Swedish Red and White breed has been on a stable level 

(Petersson et al. 2005). Recently there has been increasing emphasis on genetics as a 

solution, either within breed, between breeds, or by crossbreeding (Walsh et al. 2008). 

In this research we  investigated if similar age groups of 6 different cattle breeds (Brown 

Swiss, Finn Ayrshire, Jersey, Swedish Red, Norwegian Red and Holstein Friesian)  despite 

the same housing system, breeding technology and feeding show important metabolic 

differences during the periparturient period and in the onset of postpartum ovarian 

cyclicity. As in other reports the management (figure 1.2) of the housing system and 

feeding is of great influence on the reproductive and metabolic status. By using the same 

housing system, breeding technology and feeding we want to overcome this.  

 

 
 

Fig 1.2 The effect of management on the reproduction (Rodriguez et al.  2008). 

 

We are using primiparous cattle, 16 animals per breed, so the metabolic state will be 

different than in multiparous cattle. Dairy cattle generally calved for the first time at about 

24 months of age as this maximizes economic benefit. These animals are not however 

physically mature at this stage. Cattle approaching their first calving are therefore in a 

differing metabolic state to that experienced by multiparous cattle as they require nutrients 

for their own continued growth in addition to that of their developing calf (Wathes et al. 

2007). 

There will be taken blood samples every 7 days from day 263 to day 270 of gestation until 

delivery, on calving day (within 24 hours following calving) and week 1, 2, 3, 5, 10 

postpartum. IGF-1, insulin, NEFA, T3, T4, urea, BHB, TCh and glucose are analyzed from 

the blood samples in the lab.  
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The onset of the ovarian cyclicity postpartum is investigated through progesterone in milk  

samples. Milk samples will be taken three times a week, from day 7 to day 107 

postpartum. A milk progesterone radioimmunoassay offers considerable advantages over 

plasma because milk is easier to obtain from dairy cattle than blood (Eissa et al. 1995). 

There already exist a number of systems for estrus detection, based on behavioral or 

physiological measures, which have varying degrees of accuracy and automation. It is 

generally agreed that systems based on measurement of progesterone concentrations offer 

the potential for the highest degree of accuracy. Progesterone measures have the added 

advantage of also providing information on other reproductive states such as prolonged 

postpartum anoestrus, pregnancy and estrus cycle disruption due to ovarian cysts (Reksen 

et al. 2002). A report have shown that progesterone analysis of milk samples in the regular 

milk recording could be used with high accuracy in genetic evaluation of the interval from 

calving to  commencement of luteal activity (Petersson et al. 2008). Analysis of measures 

that more directly reflect the cow’s own physiology might yield additional information 

about the dairy cow’s fertility. One example would be to use interval to first ovulation 

determined by the progesterone level in milk instead of the indirect measure of the 

interval to first insemination. Studies of the interval from calving to commencement of 

luteal activity (occurring about 5 days after first ovulation) have revealed heritabilities of 

16–21%, which is considerably higher than for traditional measurements of fertility in 

dairy cows. The interval to first ovulation and the interval to first ovulatory oestrus have 

also been shown to have higher repeatabilities than traditional measurements of dairy cow 

fertility, such as conception rate at first insemination and number of inseminations per 

service period (Petersson et al. 2005). There is, however, no definite explanation of how 

postpartum progesterone concentration is reduced.  In 1992 Britt et al. postulated that 

follicles exposed to severe negative energy balance in the early preantral stage 

experienced altered development resulting in dysfunctional follicles, low quality oocytes, 

and decreased progesterone levels around 60–80 days postpartum. Others have suggested 

increased metabolic clearance of progesterone associated with increased energy intake as 

a possible cause of reduced progesterone concentrations (Friggens et al. 2005).  

The objective of the whole research is to designate the most suitable breed to be adapted to 

local technology by monitoring the energetic status and ovarian activity of primiparous cows 

of six different breeds. 

 

Aim of the study 

Are there important metabolic differences periparturient between the 6 different breeds? 

 Is there an important difference in the onset of cyclicity between the 6 different breeds? 

 

Hypothesis 

Similar age groups of different cattle breeds, despite the same housing system, breeding 

technology and feeding, show important metabolic differences during the periparturient 

period and in the onset of postpartum ovarian cyclicity.  
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Figure 2.2.1 Changes in Hypothalamic Secretion of GnRH Before and 

after puberty (Senger, 2003) 

2. Reproduction 

 

Reproduction is regulated by a remarkable interplay between the nervous system and the 

endocrine system (Senger, 2003). Under conditions of domestication, normal and well-cared-

cattle are polyoestrus throughout the year. The age at first oestrus, or puberty, is affected by 

nutrition and season of birth, and ranges from 7 to 18 months, with an average of 10 months 

(Noakes et al. 2001). Senger (2003) also found a great influence of breed on the age which 

puberty is attained: Holstein female has an average of 8 months as Brown Swiss female has 

an average of 12 months. A small proportion of heifers do not ovulate at the first heat, and in 

majority of young cattle the oestrus associated with the first ovulation is ‘silent’. They fail to 

show overt signs of oestrus but yet have normal cyclical activity. Once puberty has been 

reached, cyclical activity should persist, except during pregnancy, for 3-6 weeks after calving, 

during high milk yield (especially if there is some evidence of dietary insufficiency), and with 

a number of pathological conditions (Noakes et al. 2001). Such as uterine infection, persistent 

corpora lutea or a mummified fetus (Senger, 2003). Peter et al. reported that in the present day 

dairy cow the interval from calving to ovulation can be 3 weeks longer than the 3-6 weeks. 

The average length of the oestrous cycle in cows is 21 days and the average duration of 

oestrus has traditionally been recognized as being about 15 hours with a wide range of 2-30 

hours; however, there is a good evidence that in the ‘modern’ Holstein and Jersey cows, as 

compared with the heifer, the average is much shorter, perhaps an average of 8 hours. There 

are a number of factors which can influence the duration: breed of animal, season of year, 

presence of a bull, nutrition, milk yield, lactation number and, perhaps most important, the 

number of cows that are in oestrus at the same time. There is also good evidence that more 

signs of oestrus are observed during the hours of night, perhaps when the animals are least 

disturbed. Ovulation is spontaneous, and occurs on average 12 hours after the end of oestrus 

(Noakes et al. 2001). 

 

2.1 Puberty 

Regulation of the cyclic activity in the female is a complex process. It is mainly under control 

of the hypothalamic-pituitary-ovarian axis (Noakes et al. 2001). The hypothalamus is the 

neural control center for reproductive hormones and produces gonadotropin releasing 

hormone (GnRH). Positive and negative feedback control the secretion of GnRH that in-turn 

controls the secretion of the gonadotrophins: follicle stimulating hormone (FSH) and 

luteneinizing hormone (LH) 

from the anterior lobe of the 

pituitary. LH is responsible 

for causing ovulation and 

stimulating the corpus 

luteum to produce 

progesterone. FSH causes 

follicular growth in the 

ovary. (Senger, 2003). 

The hypothalamus has a 

surge center and a tonic 

center. The surge center 

responds primarily to a 

positive feedback stimulus  
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and is responsible for the preovulatory release of GnRH that stimulates a surge of LH, 

causing ovulation. At low levels of estrogen, produced by the follicle, the tonic center has 

a sensitivity to negative feedback and therefore does not produce high levels of GnRH and 

gonadotrophins remain low. During pubertal transition, however, the negative feedback 

sensitivity by the tonic center to estradiol decreases and consequently higher and higher 

amounts of GnRH are produced that stimulate the ovary to produce more and more 

estrogen, When estrogen levels reach a certain threshold, it now causes a massive 

discharge of GnRH from the surge center (positive feedback) (Figure 2.1.1). It is the 

sensitivity to negative feedback that decreased and triggers the onset of puberty in the 

female. The decreased sensitivity to negative feedback by the tonic center means that 

smaller and smaller quantities of estradiol can stimulate the release of GnRH and thus LH 

and FSH are secreted. These gonadotrophins then stimulate more follicles and more and 

more estradiol is produced until finally the surge center releases the preovulatory surge of 

GnRH (Senger, 2003). However, this endocrinological switch does not occur until the heifer 

possesses an adequate body size and/or metabolic status to successfully reproduce. Indeed, 

body weight and growth rate have been suggested as the two major factors affecting onset of 

puberty in cattle (Velazquez et al. 2008). 

 

 

2.2 Reproductive cyclicity 

Regulation of the reproductive cyclicity is a complex process.  It is mainly under control of 

the hypothalamic-pituitary-ovarian axis (Noakes et al. 2001).  Below a description of the 

reproduction cycle and most important hormones. 

Figure 2.2.1 show the different concentrations of 

these hormones during the oestrus cycle. The estrous 

cycle can be divided into two distinct phases that are 

named after the dominant structure present on the 

ovary during each phase of the cycle. These 

divisions of the estrous cycle are the follicular phase 

and the luteal phase. 

Follicular phase is the period from the regression of 

corpora lutea (luteolysis) to ovulation. Luteolysis 

cause a marked reduction in progesterone, because 

corpora lutea produces progesterone. The negative 

feedback of progesterone on the hypothalamus is 

removed and GnRH is released at higher amplitudes 

and frequencies. This causes LH and FSH to be 

released at higher concentrations, thus promoting 

follicular development and the production of 

estrogen. The preovulatory surge of GnRH is 

controlled by the combination of high estradiol and 

low progesterone (positive feedback). When estradiol 

reaches a threshold level, or peak, the preovulatory center releases large quantities of GnRH 

that stimulates the secretion of the preovulatory LH surge. Thus, tonic center releases small 

pulses of GnRH that stimulate release of FSH en LH causing growth and development of 

ovarian follicles. The surge center is responsible for release if large quantities of GnRH, 

causing a surge of LH that causes ovulation (Senger, 2003). 

Figure 2.2.1 Trends in hormone 

concentrations in the peripheral circulation 

of the cow during the oestrous cycle, with 

three follicular waves (Noakes et al. 2001) 
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Recurring large ovulatory-sized follicles develop in a wave with a cohort of antral 

follicles that are all recruited in a synchronized manner in response to a FSH surge (Figure 

2.2.2) (Moore et al. 2006). Recruitment is the phase where small antral follicles begin to 

grow and produce estradiol (Senger, 2003). Each wave is comprised of successive phases 

referred to as selection, deviation, dominance, and atresia. Follicular recruitment occurs 

every 8 to 10d with cows generally having either 2 or 3 follicular waves during an estrous 

cycle. Within a wave of FSH recruited follicles, one follicle is selected and undergoes 

deviation at approximately 8.5 mm in size (Figure 2.2.2). It continues to grow in a linear 

manner, while subordinate follicles of the wave cease to grow and undergo atresia 

(degeneration of the antral follicle (Senger, 2003)). Consequently, this dominant follicle 

blocks recruitment of the next wave until it either undergoes atresia in a high progesterone 

environment (i.e., at midcycle) or undergoes spontaneous ovulation in a low progesterone 

environment following regression of the corpus luteum. The GnRH-induced release of LH 

causes ovulation or luteinization of dominant follicles >10 mm. The GnRH-induced 

turnover of the dominant follicle leads to recruitment of a new follicular wave, such that a 

new mature dominant follicle is present 7 d later (Moore et al. 2006).  

 

 

 
 

Figure 2.2.1 Ovarian follicular and corpus luteum development correlated with endocrine changes during the 

bovine estrous cycle. E2 = Estradiol; IGFBP-4 and -5 = insulin-like growth factor binding proteins 4 and 5; 

OvF = ovulatory follicle (Moore et al. 2006). 

 

During the follicular phase, the primary ovarian structures are growing dominant follicles that 

produce the primary reproductive hormone, estradiol (E2).  

The luteal phase is the period from ovulation until corpora lutea regression. During the early 

luteal phase the CL develops and progesterone begins to increase. Progesterone exerts a 

strong negative feedback on the hypothalamus, therefore prevents development of 

preovulatory follicles, production of estrogen, behavioral estrus and the preovulatory surge of 

GnRH and LH. Even though the luteal phase is dominated by progesterone from the CL, 

follicles continue to grow and regress during this phase but they do not produce high 

concentrations of E2. At the end of the luteal phase, one-to-three day period, luteolysis 
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(destruction of the CL) occurs. The hormones controlling luteolysis are oxytocin and 

progesterone from the CL and PGF2a produced by the uterine endometrium. Communication 

between the CL and the uterine endometrium is necessary in order to bring about successful 

luteolysis. This is through a vascular countercurrent exchange mechanism. The precise 

lutelytic mechanism is not fully understood. (Senger, 2003). 

During the puerperium, the uterus involutes and the hypothalamo-hypophyseal-ovarian axis 

resumes cyclical secretions of gonadotropic/gonadal hormones, leading to first postpartum 

ovulations and regular estrous cycles. In the normal puerperium, these events are completed 

within 6 wk after calving. Ninety percent of cows have their first postpartum ovulation within 

this period; however, the interval from calving to ovulation can be 3 wk longer in the present-

day dairy cow (Peter et al. 2009). 

 

 

2.3 Anestrus 

Anestrus is a condition when the cow doe not exhibit regular oestrous cycles (Senger, 2003). 

Silent ovulation (lack of overt signs of estrus) and unobserved estrus (poor estrus detection 

efficiency can greatly increase the incidence of anestrus. It is important to distinguish between 

these conditions (physiology vs. management) (Peter et al. 2009).  Management related 

anestrus is not discusses further, because we are using progesterone for detecting the oestrous 

cycle.  

Peter et al. (2009) have distinguished four different types of anestrus (figure 2.3.2) 

In type I anestrus, there is growth of follicles to emergence without further deviation or 

establishment of a dominant follicle. The pathophysiology of this condition is not well 

understood, but it is presumed to be due to extreme undernutrition. In that regard, 

undernutrition and severe energy deficit may cause this condition through a lack of essential 

LH support to sustain follicular growth and dominance. This condition is expected to occur in 

<10% of the dairy population in the postpartum period in a normal herd. A working model  

(figure 2.3.1) was proposed to explain the effects of NEB on the resumption of follicular 

activity in the early postpartum period. The 

reduction in LH pulse frequency may be the 

result of increases in the negative feedback 

effect of estradiol on LH pulse frequency. 

This can occur due to increased availability 

of estradiol receptors in the hypothalamus 

or increased sensitivity of hypothalamus to 

the negative feedback effect of estradiol, as 

well as other factors. In addition, there may 

be suppression of GnRH pulses, and it can 

be hypothesized that there is decreased 

GnRH neuronal activity (similar to 

prepuberal anestrus) (Peter et al. 2009). 

In type II anestrus, there is deviation and 

growth, followed by either atresia or 

regression. In certain cases, the regression 

or atresia occurs only after a follicle has 

reached a dominant status. Regression of this follicle results in the emergence of a new 

follicular wave 2 to 3 d later. In these cases, there are sequential follicular waves prior to first 

ovulation, which may be delayed for a prolonged interval. Some follicles grow further and 

regress prior to ovulation. These cows may have low LH pulse frequency (<1 per 3 to 4 h). 

These dominant follicles produce very low peripheral estradiol concentrations; hence, there is 

Figure 2.3.1 Proposed current working model that 

summarizes the effects of negative energy balance 

on reproductive parameters in the early postpartum 

period (DF, dominant follicle; P4 = progesterone). 

Modified from Roche and Diskin (Peter et al. 2009) 
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either insufficient estradiol production or failure of positive feedback from basal estradiol 

production by the dominant follicle. Subsequent follicular waves emerge within 1 to 2 d after 

this follicle regresses. It is noteworthy that there may be up to nine waves of follicular growth 

before first ovulation can occur.  

In type III anestrus, there is deviation, growth, and establishment of dominant follicle, but it 

fails to ovulate and becomes a persistent follicular structure. This may be due to insensitivity 

of the hypothalamus to the positive feedback effect of estradiol or to altered follicular 

responsiveness to gonadotrophic support, mediated via metabolic hormones (e.g., insulin-like 

growth factor and insulin). Persistent follicular structures may become follicular cysts or they 

may luteinize (luteal cysts). The latter occurs in 10% to 13% of the cases. Follicular cysts may 

either regress or persist as an anovulatory structure. Depending on its structural/functional 

status, this anovulatory structure may or may not suppress the emergence of a subsequent 

postpartum follicular wave for a variable interval.  

Type IV anestrus is due to a prolonged luteal phase. These cows have normal estrus, 

ovulation, and formation of a CL, with prolonged luteal function due to a lack of luteal 

regression. A contributing factor may be the lack of an estrogenic dominant follicle at 

the expected time of luteal regression. In that regard, estradiol from a dominant follicle is 

believed to induce the formation of uterine oxytocin receptors, leading to pulsatile release of 

PGF2a. Many factors have been suggested to increase the risk of a prolonged luteal phase, 

including parity, dystocia, health problems during the first month of lactation, 

heat stress, and perhaps ovulation soon after calving. Uterine infection or pyometra can 

prolong the life of the CL (Peter et al. 2009). The uterine immune system seems to up-

regulate during the periparturient period and remains so until progesterone from the first 

post-partum ovulation down-regulates the uterine immune system. Onset of endometritis 

has been associated with an increase in progesterone concentrations (Thatcher et al. 2006). 

 

 

 

Fig. 2.3.2 Schematic representation of types of anestrous conditions based on the physiology of ovarian follicular 

luteal dynamics (Peter et al. 2009). 

 

 

 

 

 



                                         Different cattle breeds may show important metabolic differences during the 

                                             periparturient period and in the onset of postpartum ovarian cyclicity 

 

Inske de Vries 
12 

2.4 Metabolic  

The resumption of ovarian cyclicity after parturition is closely related to the negative 

energy balance in this period; the time to the beginning of the recovery of the energy 

balance is positively correlated with the time to first ovulation (Meikle et al. 2004). 

Milk production of the high yielding dairy cow has increased dramatically in recent decades. 

Milk yield usually peaks at 4–7 weeks after calving, while dry matter intake starts to decrease 

already during the final three weeks before calving with the majority (89%) of that decline 

occurring in the last week of gestation. Feed intake then improves gradually by each week and 

reaches maximum level only between 8–20 weeks post partum (PP). Thus, at the onset of 

lactation, cows enter a state of negative energy balance (NEB) that lasts for several weeks as 

nutrient demand of the mammary gland and the energy required for maintenance exceed the 

energy available from dietary sources. NEB nadir occurred between 1-3 weeks PP and 

returned to zero by week 8 however, in another study cows reached nadir only by week 5 and 

returned to balance later. Energy balance (EB) was more negative in high yielding cows than 

in low producers and in cows overfed during the dry period compared to feed restricted cows 

(Balogh, 2009).  

The physiological pathways by which the hypothalamic–pituitary–ovarian axis is 

informed about the energetic status of the animal are complex, and involve several 

metabolites and hormones, such as the growth hormone (GH)–insulin-like growth factor-I 

(IGF-I) system, insulin, thyroid hormones and leptin. Insulin plays a central role in the 

homeostatic control of energy metabolism and its concentration is positively correlated 

with energy intake. The diminished concentration is consistent with the reduction in DM 

intake that characterizes this period (Meikle et al. 2004). Both insulin and IGF-I are 

promoters of follicular growth and thus have an effect on the resumption of ovarian 

cyclicity (Cavestany et al. 2008). Although GH concentrations are usually high in early 

lactating ruminants, the intrahepatic production of its mediator IGF-I is diminished. 

Circulating concentrations of IGF-I in the peripartum period are good indicators of the 

capacity of energy-restricted cows to resume cyclicity after parturition. Cows with 

ovulatory estrogen-active follicles have higher circulating IGF-I concentrations during the 

first 2 weeks than cows with anovulatory follicles. Likewise, cows that ovulated within 35 

days postpartum present higher IGF-I concentrations as well as higher glucose and insulin 

and lower non-esterified fatty acids (NEFA) and b-hydroxybutyrate (BHB) concentrations 

(Meikle et al. 2004).  Insulin and IGF-1 concentrations are lower in animals genetically 

selected for increased milk yield.  This can result in impaired ovarian follicular development, 

thus compromising reproductive efficiency (Walsh et al. 2008). 

The dairy cow is amazing in that ovarian follicular activity resumes early in the 

postpartum period. With the drop in plasma concentrations of estradiol following delivery 

of calf and fetal membranes, inhibition of FSH secretion is terminated and early increases 

in plasma FSH begin to stimulate follicle development as early as 7 days after parturition. 

A dominant follicle develops in response to FSH and LH. However, the follicle does not 

always produce estradiol, and this appears to be associated with inadequate amounts of  

plasma LH and IGF-1. Both LH and IGF-I are necessary for full functional development 

of an estrogenic follicle. Concentrations of IGF-I in plasma were related closely to the 

recrudescence of CL activity. Cows that cycled early in the post-partum period 

experienced an early increase in plasma concentrations of IGF-I (i.e., 2 weeks post-

partum), whereas cows that were anestrous through 8 weeks of lactation did not exhibit a 

rise in plasma IGF-I concentrations until 5–6 weeks post-partum. It is our contention that 

these changes in IGF-I were related to metabolic differences among cows that began to 

cycle at different times and were critical to follicle development and subsequent formation 

of the CL (Thatcher et al. 2006). 
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Plasma IGF-1 concentrations decrease after calving and rise gradually as energy status of the 

cow improves. In addition adipose and muscle become insulin resistant in late gestation, 

but develop an increased sensitivity to lipolytic agents. Together these changes increase 

lipolysis, reduce peripheral glucose uptake and increase glucose supply for milk lactose 

production. Circulating IGF-1 is released from the liver in response to GH coupling to GH 

receptors. IGF-1 is believed to be the main mediator of GH on milk production regulating 

milk synthesis by the mammary gland. Liver GH receptors are, however, down regulated 

in the periparturient period and in early lactation the relationship between IGF-1 

concentrations and yield is negative (Wathes et al. 2007). The report of Walsh et al. (2008) 

showed that insulin and IGF-1 profiles followed this natural trend. However, breed did not 

influence insulin and IGF-1 profiles in the periparturient period. Insulin-like growth factor-I 

concentration in blood (endocrine) is a heritable trait in cattle, with heritability estimates 

ranging from 0.23 to 0.52 (Velazquez et al. 2008) 

Cows in postpartum NEB have lower concentrations of thyroid hormones induced by 

altering central and peripheral mechanisms. The peripheral tissues try to fit their current 

local energy metabolism to the postpartum catabolic condition, for example by interfering 

in the path of thyroid hormones, resulting in diminished circulation. A role of these 

hormones in regulating steroidogenesis has been reported, but data regarding their effect 

on ovarian function in vivo are limited and controversial (Meikle et al. 2004). 

During the immediate prepartum period, depressed feed intake and endocrine changes result 

in continued NEFA mobilization from adipose tissue. The liver extracts NEFA in direct 

proportion to circulating concentrations and is the major site for further metabolism and 

processing of NEFA as follows: (1) esterification and secretion as very low-density 

lipoproteins; (2) esterification and intracellular storage as triglycerides; (3) complete 

oxidation to CO2; and (4) partial oxidation to acetate or ketone bodies. During the transition 

period, plasma concentrations of NEFA and h-hydroxybutyrate (BHBA) and hepatic 

accumulation of triglycerides were higher for cows in which the first PP dominant follicle 

failed to ovulate in comparison with cows that had ovulatory follicles. The strong negative 

relationship of NEFA and BHBA concentrations indicates that higher circulating levels may 

act to inhibit follicular oestradiol production and ovulation. Potential sites of inhibition are at 

the hypothalamus on LH pulse frequency and on follicular sensitivity to metabolic stimuli 

(e.g., insulin and IGF-I). Thus, liver metabolism of NEFA seems to play a central role to the 

timing of first ovulation (Butler 2005). 

Plasma NEFA concentrations are positively correlated with the extent of the energy deficit 

and may provide a potential signal of dietary status to the neural centra. The massive lipid 

mobilization can provoke liver steatosis, resulting in suboptimal liver function, which can 

ultimately impact fertility. Kruip and Kemp (1999) suggested possible direct toxic effects 

of high NEFA concentrations at the level of the ovary. Recently, we were able to show 

that high NEFA levels, associated with NEB, are indeed reflected in the FF of dominant 

follicles in dairy cows early postpartum. Elevated ketone concentrations, another 

important metabolic feature of NEB, have been associated with depression of the immune 

system, through direct toxic effects on cells of the immunity system. High producing dairy 

cows are more sensitive to all types of infections (e.g. mastitis, endometritis) that in turn, 

can suppress fertility indirectly (Leroy et al. II 2008). 
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3. Material and Methods 

 

3.1 Animals  

We used primiparous, pregnant cows imported specially for the experiment. There are 6 

different breeds included in the study: Brown Swiss (n=16), Finn Ayrshire (n=16), Jersey 

(n=16), Swedish Red (n=16), Norwegian Red (n=16) and Holstein Friesian (n=16). They are 

born between 7
th

 of November 2005 and 20
th

 of February 2007. The suspected date of 

delivery is approximately 5
th

 of October 2008 and the 2
nd

 of February 2009. All the cattles are 

kept in a loose housing system with opened yards.  The calves are weaned within 5 days, 

following the colostrums period. And bodyweight has been measured daily. The feeding 

system is based on standard principles, drinking is ad libitum. The cattles are milked twice a 

day and it is continuously until the end of lactation. The artificial insemination is according to 

recorded oestrus, but not earlier than 45 days post partum. There is a continuous data 

collection, during the beginning of the experiment (day 263-270 of pregnancy) until 

reconception, about the clinical state and the reproductive performance of the cattles. 

Reproductive disorders were diagnosed and treated by a veterinarian. 
 

3.2 Milk sampling 

Milk sampling started from day 7 until day 107 postpartum and was sampled three times each 

week (Monday, Wednesday, and Friday). The samples (approximately 6-8 ml) were taken 

before milking and from the healthy udder quarters during morning milking (Figure 3.1). We 

used plastic tubes (polystirol) containing sodium-acid as preservative for collecting and were 

stored at +4 
o
C until assay.  

 

3.3 Blood sampling  

Blood sampling started from day 263-270 of gestation and was sampled every week until delivery. 

Within 24 hours following calving and week 1, 2, 3, 5, 10 post partum (Figure 3.1). The samples 

(approximately 17-20 ml blood in K-EDTA tubes and 5 ml blood in a Sodium-F tube) were taken 

before morning feeding from the v. jugularis. The prepared tubes before use and the tubes following 

blood sampling had to be cooled immediately by cooling bags. Within one hour the blood samples 

were centrifugated and the plasma divided. The plasma of the K-EDTA samples were pipetting in 

5 x 1-1.5 ml small plastic tubes and the plasma of the NaF+K-EDTA samples were pipetting 

in 1 x 1-1.5 ml in Eppendorf tube. They were stored under permanent freezing -18 
o
C. Later 

on they were stored at -50 or -80 
o
C until assay. 

 

0

1

>270 270+7 270+14 0 1 2 3 4 5 0 10 0 14

Lactation (week)

Milk sampling for progesterone (monitoring of ovarian activity): 

trice weekly from ~ d 7-107 (Monday, Wednesday, Friday) 

Clinical state and reproductive performance: data collection from the beginning of the experiment until 

reconception

Daily milk production: until the end of lactation

Decursus of calving / RFM (metritis)

263-

270

      +7      +14        +21

                 day

Gestation Calving

Blood sampling

  - EDTA: hormones:     IGF-I, insulin, T4, T3

                metabolites:   NEFA, BHB, Urea-N, TCh 

  - NaF:                          glucose

 
Figure 3.1 Milk sampling and blood sampling 
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3.4 Cyclicity analyses 

The reinitiation of ovarian cyclicity was determined by progesterone concentrations in milk, 

three times per week, by the Endocrine Laboratory of the Faculty of Veterinary Science, 

Budapest, Hungary. We used the abbot AxSYM system  (Abbot Laboratories, Abbot Park, IL, 

USA). The AxSYM Progesterone assay is based on Microparticle Enzyme Immunoassay 

(MEIA) technology 

 

3.5 Metabolic analyses 

The metabolic state of the cattles during the periparturient and the postpartum period was 

determined by hormones and metabolites in blood.  

Insulin and IGF-1 are analyzed by the Endocrine Laboratory of the Faculty of Veterinary 

Science, Budapest, Hungary. 

We used the IGF-1- RIACT kit (CIS bio international, France, March 2009-Model 10), but 

with some changes in the assay procedure. After adding the buffer, we left them overnight in 

the fridge. IGF-1-RIACT is a kit for the radioimmunoassay of IGF-1 in serum or in plasma. 

For Insulin we used the BI-Insulin-IRMA kit (CIS bio international, France, March 2009-

Model 10). It is an immunoradiometric assay for serum insulin. 

The analyses of T3, T4, NEFA, BHB, Urea, TCh and glucose will be finished in a later 

stadium. 

 

3.6 Statistical analyses 

Statistical analyses of the results of progesterone, insulin and IGF-1 in this experiment will be 

ready after the overall evaluation of the results. 
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4. Results 

 

After a short and rough evaluation of the results of the progesterone, insulin and IGF-1 we 

have found some interesting things. 

The acyclic period (determined by progesterone profiles) in Holstein Friesian cattle is 

prolonged, in Jersey short and in the Norwegian Red, Swedish Red, Finn Ayrshire and Brown 

Swiss average.  

During the late gestation IGF-1 declines gradually in all breeds, with a nadir in the 1
st
 and 2

nd
  

week after calving, and a moderate increase thereafter. In HF cows, this decrease is obvious 

and long-lasting, whereas in several other species only a mild temporary decline is seen. 

There were no breed differences in the concentrations of insulin during the different stages
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5. Discussion 
 

The milk yield of the different breeds is not collected, which is an important data of the 

discussion if milk yield is a cause of the cyclicity problem nowadays. The prolonged 

acyclicity of the Holstein Friesian cattle could be connected with the higher milk yield.  

Like the short acyclic period of the Jersey cattle could be connected with lower milk yield.  

In this experiment several species had only a mild and temporary decline in IGF-1. In the 

Holstein Friesian this decrease is obvious and long-lasting. The Holstein Friesian cattle 

did cycled later in the post partum period. This could be connected with the obvious and 

long-lasting decline in IGF-1. Wathes et al. (2007) found that the relationship between 

IGF-1 concentrations and milk yield is negative. Thatcher et al. (2006) found that cows 

who cycled early in the post-partum period experienced an early increase in plasma 

concentrations of IGF-I. This will be evaluated later if this is also the case here, but 

reverse. However, Velazquez et al. (2008) reported that after nearly two decades of 

research, there is no clear indication that endocrine IGF-I can be used as an accurate predictor 

of reproductive performance in cattle. Walsh et al. (2008) found no breed differences in the 

IGF-1 profiles. Maybe this is because we used different breeds.  

This experiment is very complex, because of the amount of samples, amount of animals 

and the amount of different analyses. It is very important that in all steps of this 

experiment the registration of the samples and the animals is correct. With a lot of steps 

and people involving, is this challenging. It can be improved with more and better 

communication between the different people and using the same methods of registration 

every time. 

Management is an important factor in the metabolic status of the cattle and thus in the 

onset of cyclicity. The animals were kept under the same conditions in a biological kind of 

way. Unfortunately there were dominance problems between some breeds, a number of 

cows couldn’t eat and rest properly. After two months we replaced them in groups of their 

own breed. This may have infected the results of some animals and especially a whole 

breed. 

The feeding system was not closely regulated. Transition cow management and nutrition 

have been recognized as the most important variables in reproductive performance. 

Imbalanced nutrition during the dry and early postpartum period results in reduced 

concentrations of IGF-1 and a low frequency of LH pulses, followed by delayed resumption 

of ovarian cyclicity (Falkenberg et al. 2008).  

We are using primiparous cattle, 16 animals per breed. The metabolic state will be 

different than in multiparous cattle, because primiparous cattle also require nutrients for 

their own growth (Wathes et al. 2007). This may influence the results of normal patterns 

and concentrations comparing it with multiparous cattle.  
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6. Conclusion 

 

The results need to be evaluated, before writing the conclusion relating to the results.  

The experiment was a lot of work. Not only in the field, but also the administration and 

analyzing of the samples. Good communication is very important in such huge experiment. 

Changes during this kind of experiments, particularly in management and nutrition, are not 

satisfying.   
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