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Abstract 
Utero-ovarian signalling in the postpartum cow 

Martin Sheldon 

The aim of the present thesis was to test the hypothesis that signalling between 
the ovary'. and the uterus is involved in the regulation of uterine involution and the 
resumption of cyclic ovarian activity in the postpartum cow. Fewer cows examined 
once between 14 and 28 days postpartum had a corpus luteum (16.9% vs. 37.0%, P< 
0.001), or a follicle >8 mm diameter (26.1% vs. 49.6%, P<0.001) in the ovary 
ipsilateral to the previously gravid uterine horn, compared with the contralateral 
ovary. However, the presence of a follicle >8 mm diameter in the ovary ipsilateral to 
the previously gravid uterine horn was associated with a shorter calving to 
conception interval compared with animals without such a follicle (99.0 ± 5.6 days, n 
= 74, vs. 112.8 ± 4.4 days, n= 210; P<0.05). These observations raise an intriguing 
issue: how does this follicle affect subsequent fertility - does the follicle exert a local 
influence on the uterus, or vice versa? 

Two studies in cattle and one in sheep examined the localised effect of large 
oestradiol-secreting ovarian follicles on uterine involution. Cows were administered 
intramuscular equine chorionic gonadotrophin (eCG) 14 days postpartum to 
stimulate follicular growth; oestradiol benzoate was administered into the previously 
gravid uterine horn lumen on Days 7 and 10; or, a3 cm silastic implant containing 
oestradial was sutured to the ovarian bursa ipsilateral to the previously gravid uterine 
horn after parturition in ewes. The eCG-stimulated follicular growth overcame the 
inhibition of follicular growth in the ovary ipsilateral to the previously gravid uterine 
horn, and increased oestradiol secretion compared with control animals. However, 
across the three studies, there was no consistent evidence that oestradiol had a 
systemic or localised effect on uterine involution. 

To examine the effect of the regressing corpus luteum of pregnancy on 
folliculogenesis in the ipsilateral ovary after parturition, cows were treated with 
prostaglandin Fla between 190 and 220 days of. gestation to cause luteolysis, but 

without inducing parturition. There was no significant effect of treatment on 
postpartum dominant follicle ovarian location, growth, or function. Thus, an effect 
of the previously gravid uterine horn on ovarian function shortly after parturition 
should be considered. 

The final study examined the effect of uterine bacterial contamination on ovarian 
function using swabs collected from the uterine body lumen on Day 7,14,21 and 28 
postpartum. Bacteria were identified by aerobic and anaerobic culture; bacterial 
growth was scored semi-quantitatively and animals categorized into standard or high 
bacterial contamination based on the number of colonies detected. There was no 
effect of bacterial contamination on plasma FSH concentration profiles, or ovarian 
follicle wave emergence. However, when uterine bacterial growth scores were high 

on Day 7 or Day 21, fewer first (1/20 vs. 15/50, P<0.05) or second dominant 
follicles (1/11 vs. 13/32, P<0.05) were selected in the ipsilateral than the 
contralateral ovary, respectively. The diameter of the first dominant follicle was 
smaller in animals with a high Day 7 bacterial score (P < 0.001), dominant follicle 

growth was slower (P < 0.05) and oestradiol secretion was reduced (P < 0.05). 
In conclusion, the present thesis provides evidence for uterine signals after 

parturition that affect ovarian function and subsequent fertility, and the signals are 

modified by the response to uterine bacterial contamination. 
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Abbreviations and trivial names 

The following abbreviations have been used in this thesis 

CL Corpus luteum 

eCG Equine chorionic gonadotrophin 
FSH Follicle stimulating hormone 

GnRH Gonadotrophin releasing hormone 

IGF Insulin-like growth factor 

IL Interleukin 

im Intramuscular 

Ipsilateral ovary Ovary ipsilateral to the previously gravid uterine horn 

iu International unit 
iv Intravenous 

LH Luteinising hormone 

mRNA Messenger ribonucleic acid 

PGUH Previously gravid uterine horn 

PMSG Pregnant mare serum gonadotrophin 
RIA Radioimmunoassay 

Spp Species 

SEM Standard error of the mean 
TNFq Tumour necrosis factor -a 

The following triv 

Androstenedione 

Oestradiol 

PGFM 

Progesterone 

Prostaglandin F2a 

Testosterone 

ial names have been used in this thesis 

4-androstene-3-one 

oestra-1,3,5, (10)-oestratrien-17 ß-one 

15-keto-13,14-dihydro-prostaglandin Fla 

4-pregene-3,20-dione 

9,11,15-trihydroxy-5-cis, 13-trans-prostadienoic acid 

I7 ß-hydroxy-4-andro step-3 -one 
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Chapter 1 

Introduction 

Ovarian function in cattle is characterised by the regular cyclic emergence and 

growth of waves of ovarian follicles from before puberty until death (Pierson and 

Ginther, 1987a; Evans et al., 1994; Ginther et al., 1996a). This cyclic ovarian 

activity is only punctuated by a matter of weeks before and after parturition when the 

waves are not observed (Savio et al., 1990a; Ginther et al., 1996a). For most of the 

functional life of the ovary, the relationship with the uterus would appear to be 

simply the source of the luteolytic signal (Ginther, 1968a). Most research into the 

biology of cattle reproduction and the oestrous cycle has focussed on the predictable 

first wave of follicular growth after ovulation in heifers (Pierson and Ginther, 1987a; 

Adams et al., 1992; Ginther et al., 1999; Rivera et al., 2001). Conversely, most 

subfertility involves the return of ovarian cyclic activity after parturition in lactating 

cows (Borsberry and Dobson, 1989; Lamming and Royal, 1999; Roche et al., 2000). 

After parturition, the genital tract must return to a normal non-pregnant state 

before insemination is likely to successfully establish the next pregnancy. A short 

but predictable postpartum period is important because reproductive efficiency is the 

major determinant of lifetime productivity of farm animals and optimal fertility is 

essential for farm profitability (Dijkhuizen et al., 1985; Stott et al., 1999). The 

postpartum period comprises uterine involution, elimination of bacterial 

contamination, and resumption of normal ovarian cyclic activity. 

The progression of uterine involution after parturition has been clearly described 

(Gier and Marion, 1968; Okano and Tomizuka, 1987). Similarly, the elimination of 

bacterial contamination has been widely investigated because it is ubiquitous in 

postpartum cattle and is associated with subfertility (Elliot et al., 1968; Griffin et al., 
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1974). Finally, with the advent of transrectal ultrasonography, observations of 

postpartum ovarian structures have been integrated with measurements of peripheral 

plasma hormone concentrations to describe the return of ovarian cyclic activity 

(Savio et al., 1990a; Beam and Butler, 1997). Each of these individual components 

of the postpartum period contributes to the physiological jigsaw of this important 

time. However, few have investigated the integration and interaction of the systems, 

such as the ovary and the uterus, or the endocrine and immune systems. 

An insight into how the uterus and ovary might interact after parturition, is 

revealed in the first four weeks, when there is an intriguing predilection for follicular 

growth in the ovary contralateral to the previously gravid uterine horn (Saiduddin et 

al., 1967; Kamimura et al., 1993). However, the mechanisms underlying the 

inhibition of folliculogenesis in the ipsilateral ovary have not been determined. 

Mechanisms could involve a local inhibitory effect on the ovary of the previously 

gravid uterine horn or its contents, or an effect within -the ovary of the regressing 

corpus luteum of pregnancy (Dufour and Roy, 1985; Nation et al., 1999). 

The potential importance of this postpartum ovarian asymmetry is indicated by a 

small study where the unexpected presence of a larger follicle in the ipsilateral ovary 

on Day 26 ±3 postpartum was associated with improved subsequent fertility 

(Bonnett et al., 1993). One explanation might be that a large oestradiol-secreting 

ovarian follicle has a localised beneficial effect on the involution of the ipsilateral 

previously gravid uterine horn. On the other hand, the presence of such a large 

follicle might reflect a uterus-to-ovary signal indicating relative uterine health. 

The present thesis used an integrated series of whole-animal studies to test the 

hypothesis that signalling between the ovary and the uterus is involved in the 

regulation of uterine involution and the resumption of cyclic ovarian activity in the 
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postpartum cow. Firstly, transrectal ultrasonography was used to examine if 

asymmetric ovarian folliculogenesis after parturition is a marker of fertility. 

Whether oestradiol has a localised effect on uterine involution, was investigated in 

three experiments using different strategies to deliver oestradiol. The effect of the 

regressing corpus luteum of pregnancy on postpartum folliculogenesis was examined 

by inducing premature luteolysis during the last trimester of pregnancy. In the final 

study, the effect of uterine bacterial contamination on ovarian function was 

investigated. If proven, the hypothesis will have important implications for 

veterinary medicine. 



Chapter 2 

Literature review 

After parturition, the genital tract recovers and returns to a normal non-pregnant 

state ready for the establishment of the next pregnancy. The initial stimulus for these 

changes to occur is the expulsion of the fetus at parturition along with the associated 

membranes and fluids. The events that comprise the postpartum period are uterine 

involution, involving contraction of the uterus and re-modelling of the tissues; 

elimination of the inevitable uterine bacterial contamination; and resumption of 

normal ovarian cyclic activity. The postpartum period is important because delayed 

uterine involution, the presence of postpartum uterine infection, or abnormal ovarian 

function causes subfertility which results in substantial economic loss for the cattle 

industry (Borsberry and Dobson, 1989; Esslemont and Kossaibati, 2000). 

Uterine involution 

Uterine involution involves uterine contractions, physical shrinkage, necrosis 

and sloughing of the caruncles, and regeneration of the endometrium (Gier and 

Marion, 1968). The amount of uterine tissue change is illustrated by the decrease in 

weight from about 9.0 kg at parturition to 1.0 kg by Day 30, and 0.75 kg by Day 50 

postpartum. In addition to changes in weight, uterine involution can be monitored by 

repeated estimation of size using palpation per rectum or transrectal ultrasonography 

(Fig. 1), reducing the between animal variation inherent in slaughter studies for 

monitoring uterine involution (Gier and Marion, 1968; Okano and Tomizuka, 1987). 

The previously gravid uterine horn is wider and longer than the non-gravid horn and 

this difference can be distinguished up to 30 days postpartum (Okano and Tomizuka, 

1987; Tian and Noakes, 1991 a; Risco et al., 1994). 
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Figure 1. Progress of uterine involution between Day 7 and 40 postpartum as 

determined using transrectal ultrasonography to measure the diameter of the 

previously gravid (. ) and non-gravid (o) uterine horns at the level of attachment of 

the intercornual ligament. Drawn from the data of Tian and Noakes (1991 a, n= 25) 

and Sheldon (unpublished observations, n= 70). 

The greatest change in uterine dimensions occur in the first few days after 

parturition and it is almost complete by Day 30 (Gier and Marion, 1968; Morrow et 

al., 1969; Kaidi et al., 1991a). The precise time at which involution is complete has 

been the subject of much debate, and in normal animals is dependent on the criteria 

selected for evaluation, the method of measurement, and biological variation. 

Estimates for completion of uterine involution vary between 23 and 50 days after 
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parturition (Gier and Marion, 1968; Rajamahendran and Taylor, 1990). The 

biological value of determining the precise day for completion of uterine involution 

is not clear, and physical dimensions may not fully represent the underlying cellular 

and biochemical changes. On the other hand, factors that delay uterine involution are 

important because they can cause future subfertility (Fonseca et al., 1983). 

Uterine involution is also reflected by changes in peripheral plasma 

concentrations of the prostaglandin Fla metabolite (15-keto-13,14-dihydro- 

prostaglandin Fla, PGFM), which increase at parturition and then gradually decrease 

to basal concentrations by about 20 days postpartum (Lindell et al., 1982). As 

uterine involution involves significant tissue remodelling, measurement of markers 

of tissue catabolism such as hydroxyproline also reflect involution (Kaidi et al., 

1991b). However, changes in plasma concentrations of collagen metabolites are not 

restricted to those caused by uterine remodelling and are also influenced by other 

tissues such as bone, tendons and ligaments which are also affected by changes in 

steroid hormone concentrations (Ho and Weissberger, 1992; Peris et al., 1999). 

Acute phase proteins are produced by heptaocytes in response to tissue damage and 

inflammation (Baumann and Gauldie, 1994). Plasma acute phase protein 

concentrations have been used to examine the process of uterine involution as the 

concentrations increase to maximum values between 1 and 3 days postpartum, and 

then decrease within two weeks to basal concentrations (Alsemgeest et al., 1993; 

Regassa and Noakes, 1999; Sheldon et aL, 2001). However, one confounding factor 

is that uterine bacterial contamination also increases the plasma concentrations of 

PGFM and acute phase proteins during the postpartum period (Del Vecchio et al., 

1992; Sheldon et al., 2001). 
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Factors that influence uterine involution have been investigated, and the most 

consistent observations are that involution is slower after postpartum disease such as 

dystocia, hypocalcaemia, retained fetal membranes or uterine infection (Morrow et 

al., 1966; Oltenacu et al., 1983). Involution is more rapid for primparous, than 

pluriparous cows (Marion et al., 1968; Fonseca et al., 1983); and, may differ 

between breeds (Larsson et al., 1984). Uterine involution has been reported to be 

slower in winter, compared with spring or summer (Marion et al., 1968). 

The effect of hormonal environment on uterine involution is not clear. The 

interval to completion of involution was not affected by parenteral administration of 

oestradiol throughout the postpartum period, but was shorter in cows ovariectomized 

3 to 5 days postpartum (Marion et aL, 1968). Furthermore, other attempts to 

pharmacologically hasten uterine involution, including the administrations of 

oxytocin, prostaglandin Fla and GnRH have not been outstandingly successful 

(Leslie et al., 1984; Tian and Noakes, 1991a). On the other hand, the genital tract is 

exquisitely sensitive to physiological doses of oestrogens administered parenterally 

during the puerperium (Rosenfeld, 1980). Oestradiol stimulates a several fold 

increased blood flow to the myometrium, endometrium and caruncles, with a greater 

magnitude of response with increasing interval postpartum. 

During the process of uterine involution, there is a concomitant necrosis, 

followed by sloughing of the uterine caruncle (Archbald et al., 1972). Subsequently, 

there is re-epithelialisation, such that the entire caruncular surface is covered with 

epithelium by 19 days postpartum. Subfertility has not been reported in association 

with problems of regeneration of the endometrium beyond Day 26 postpartum 

(Bonnett et al., 1993). 
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Elimination of uterine bacterial contamination 

During or shortly after parturition, when the vulva is relaxed and the cervix 

dilated, micro-organisms from the animal's environment, skin and faeces 

contaminate the uterine lumen. The postpartum uterine lumen supports the growth of 

a variety of aerobic and anaerobic bacteria. In one study, 93% of the uteri obtained 

within 15 days of calving yielded bacteria on aerobic and anaerobic culture of 

lumenal swabs and endometrial tissue (Elliot et al., 1968). The number of uteri from 

which bacteria were isolated had declined to 78% by 16 to 30 days, 50% by 31 to 45 

days, and 9% by 46 to 60 days postpartum. The progressive elimination of bacterial 

contamination is a consistent feature of several similar studies using samples 

collected from the uterus during the postpartum period (Fig. 2). 

The proportion of animal in which uterine bacterial contamination persists for 

several weeks is, of course, similar to the 10 to 15% incidence of uterine bacterial 

disease, known as the clinical condition endometritis (Borsberry and Dobson, 1989). 

Endometritis is defined histologically as inflammation of the endometrium, but is 

characterised clinically by the presence of a mucopurulent vaginal discharge, 21 days 

or more after calving, and is often associated with delayed uterine involution 

(Sheldon and Noakes, 1998). Endometritis is an important disease because it is 

common, and causes considerable financial loss to the cattle industry. The total 

economic cost of a case of endometritis was estimated at £160 (Kossaibati and 

Esslemont, 1997). Thus, the cost of endometritis to the UK dairy industry is about 

£48 M per annum. 
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Figure 2. Proportion (%) of cattle uteri contaminated with bacteria during the 

postpartum period. Drawn from data of Elliot et al. (1968) and Griffin et al. (1974). 

Many bacteria isolated from the uterine lumen are simple contaminants, and are 

removed from the uterus by a range of defence mechanisms in the live animal. Thus, 

there is a constantly fluctuating bacterial flora in the first 7 weeks postpartum due to 

spontaneous contamination, clearance and recontamination (Griffin et al., 1974). 

The determination of which bacterial isolates are contaminants and which are 

potential pathogens, associated with infection, varies between studies. However, 

uterine infection is most commonly associated with the presence of Escherichia coli, 

Arcanobacterium pyogenes, Fusobacterium necrophorum and Prevotella (formerly 

Bacteroides) species. Indeed, A. pyogenes, F. necrophorum and Prevotella species 
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can act synergistically to enhance the likelihood of uterine disease, and increase the 

risk of clinical endometritis and its severity (Ruder et aL, 1981; Olson et al., 1984). 

Furthermore, A. pyogenes is associated with severe endometritis, increased uterine 

tissue lesions, and subsequent infertility (Griffin et al., 1974; Bonnett et al., 1991). 

In addition to the bacterial species present, there are several risk factors for the 

establishment of uterine infection (Andriamanga et al., 1984; Lewis, 1997; Sheldon, 

1999). The factors most frequently associated with uterine infection are those that 

disrupt normal parturition including stillbirth, twins, dystocia, or a caesarean section 

operation (Hussain et al., 1990; Peeler et al., 1994). The mechanisms may involve a 

concomitant delay in uterine involution, which delays the expulsion of lochia; 

disruption of neutrophil function; and, tissue damage. Retained fetal membranes are 

also an important risk factor for persistence of uterine bacterial infection 

(Markusfeld, 1984). Presumably, the presence of large amounts of necrotic tissue 

provides an ideal environment for the growth of bacteria. In addition, there is an 

association between uterine infection and ketosis or other metabolic diseases, 

although the specific mechanisms are not clear (Markusfeld, 1987). 

The hormonal environment also affects elimination of bacterial contamination. 

In particular, administration of oestrogens or induction of oestrus appears to enhance 

the elimination of bacterial infection (Rowson et al., 1953). Oestradiol at doses of 5 

to 10 mg per animal is used therapeutically for postpartum endometritis and is as 

effective as oestrus induced using prostaglandin Fla, and both are superior to the 

spontaneous recovery rate of untreated animals (Pepper and Dobson, 1987; Sheldon 

and Noakes, 1998). Conversely, bacterial growth is facilitated in a progesterone- 

dominated uterine environment (Olson et al., 1984; Noakes et al., 1990). The 

mechanism underlying these observations may involve an effect on neutrophil 
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function; however, treatment of cows with exogenous oestradiol or progesterone did 

not produce consistent effects on peripheral plasma or intrauterine neutrophil 

function (Subandrio et al., 2000). 

On the other hand, uterine bacterial contamination is a key risk factor for 

abnormal ovarian cyclic activity after parturition (Opsomer et al., 2000). 

Endometritis is an important contributor to bovine infertility extending the calving to 

conception interval, increasing the number of services per conception and the 

proportion of culls for failure to conceive (Tennant and Peddicord, 1968; Borsberry 

and Dobson, 1989). Even following successful treatment for uterine bacterial 

infection, these animals have a 26% lower probability of becoming pregnant 

(Borsberry and Dobson, 1989). Unfortunately, even the pregnancy rates for normal 

cattle are lower than most other species, and have declined over the last 20 years to 

the current 43% per oestrous cycle (Lamming and Royal, 1999). 

Resumption of normal ovarian cyclic activity 

The oestrous cycle 

Transrectal ultrasonography and measurement of plasma and ovarian follicle 

hormone concentrations have been used to elucidate the events comprising the 

bovine oestrous cycle. Ovarian follicular development occurs in a wave pattern with 

2 or 3 sequential waves during each oestrous cycle as illustrated in Fig. 3 (Pierson 

and Ginther, 1988; Savio et al., 1988; Sirios and Fortune, 1988; Adams, 1999). Each 

follicular wave is preceded by an increase in plasma FSH concentration (Adams et 

al., 1992; Sunderland et al., 1994). The increase in FSH concentration that precedes 

the first follicular wave of an oestrous cycle has been recognised as the secondary 
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surge of FSH after ovulation (Dobson, 1978a). Each wave pattern starts with the 

contemporaneous recruitment of several follicles, which is the term given to the 

growth of follicles beyond the stage at which most undergo atresia (Fortune, 1994). 

Follicle emergence is defined by the smallest diameter used for generating growth 

profiles by ultrasonography, and involves three to seven 4 mm diameter follicles, 

which then enter a common-growth phase (Fortune et al., 2001; Ginther et al., 

2001a). Follicle selection occurs within several days, at the end of the common- 

growth phase; the dominant follicle in one of the ovaries continues to grow and 

differentiate, whilst the remaining or subordinate follicles become atretic and regress 

or temporarily grow at a reduced rate before atresia and regression. This partitioning 

of growth during selection of the dominant follicle has been called deviation, and is 

coincident with the decrease in plasma FSH concentrations (Adams et al., 1993; 

Ginther et al., 2001a). 

Selection of the dominant follicle results in oestradiol production, negative 

feedback on FSH secretion, with the follicle subsequently becoming LH dependent 

(Ginther et al., 1996b). The fate of the dominant follicle is dependent on LH pulse 

frequency. Insufficient LH pulse frequency is the underlying mechanism for 

dominant follicle atresia (Sirois and Fortune, 1990). Luteal phase progesterone 

secretion suppresses LH pulse frequency such that the first or first and second 

dominant follicles undergo atresia in a two or three wave cycle, respectively; the next 

follicular wave then emerges. Functional regression of follicles is characterised by 

decreased steroidogenic capacity, before morphological degeneration is evident (Bao 

and Garverick, 1998). In contrast, after luteolysis at the end of the oestrous cycle, 

LH pulse frequency increases stimulating further growth of the final dominant 

follicle which leads to increased plasma oestradiol concentrations, positive feedback 
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on the hypothalamo-pituitary axis, and stimulation of an LH surge and ovulation 

(Moenter et al., 1991; Yoshioka et al., 2001). However, the dominant follicle of any 

follicular wave can ovulate in an appropriate endocrine environment, such as after 

administration of prostaglandin F2a to cause luteolysis (Fortune et at, 2001; Sartori 

etal., 2001). 

LH 

Progesterone 

FSH 
" 

"" 

.. v..... i`WDR .... _ -ý0 

05 10 15 20 

Day of oestrous cycle 

Figure 3. A model of a three follicle wave oestrous cycle. Several follicles (. ) 

emerge as plasma FSH concentrations increase, with a single dominant follicle 

selected from each wave, and the subordinate follicles undergoing atresia (. ). After 

luteolysis, the plasma progesterone concentration falls, plasma LII concentrations 

increase, and the dominant follicle ovulates. 
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During the oestrous cycle of heifers there are more follicles, including dominant 

follicles, in the ovary containing the active corpus luteum, but not when the corpus 

luteum is regressing after luteolysis (Pierson and Ginther, 1987b; Savio et al., 1988; 

Driancourt et al., 1991). One possible explanation is that the effect of the corpus 

luteum on folliculogenesis could reflect increased blood flow to the ovary bearing 

the corpus luteum compared with the contralateral ovary (Nilwender et al., 1973; 

Wise et al., 1982). Another asymmetric feature of ovarian function is that some 

workers have reported more ovulations are from the right than the left ovary (Pierson 

and Ginther, 1987b); however, others report no differences between the ovaries 

(Sirios and Fortune, 1988; Ginther et al., 1989). 

The most obvious physical sign that a follicle has become dominant is the larger 

diameter compared with subordinate follicles, that is evident at follicle deviation 

(Ginther et al., 1996b; Ginther et al., 2001 c). Deviation is established within 8h and 

begins when the largest follicle has a diameter of 8.5 mm (Ginther et al., 1999). 

Most ultrasonographic studies have used the predictable first follicular wave after 

ovulation in heifers rather than cows, where the less precise measurement of follicles 

may lead to greater error. Therefore a 10 mm diameter for deviation of dominant 

follicles is often used in practice for cows when identifying dominant follicles using 

ultrasonography (Dobson et al., 2000). However, before physical deviation is 

evident, a number of biochemical changes occur including the greater capacity for 

oestradiol production, which is a defining characteristic of the dominant follicle. 

Dominant follicles secrete substantially more oestradiol than other pre-dominant 

recruited follicles, or other subordinate follicles after selection of the dominant 

follicle (Badinga et al., 1992; Fortune, 1994). Specifically, it is the granulosa cells of 
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dominant follicles that secrete more oestradiol than granulosa cells of subordinate 

follicles (Evans and Fortune, 1997). 

The hormonal control of follicle deviation involves decreasing plasma FSH 

concentrations below those required by the subordinate follicles, so that only the 

dominant follicle continues to grow and differentiate. The termination of increasing 

plasma FSH concentrations and the decrease to basal concentrations is associated 

with secretion of oestradiol by the dominant follicle, (Ginther et al., 2000a; Ginther 

et al., 2000b), inhibin (Kaneko et al., 1997; Bleach et al., 2001), and possibly 

androgens (Evans et al., 1997). However, there is a close two-way functional 

coupling between FSH and follicular growth; although plasma FSH concentrations 

decrease as the dominant follicle grows, FSH is still required to support that growth 

(Ginther et al., 2000a). Although, these mechanisms are components of dominant 

follicle selection, why a particular follicle should be selected is still not clear. 

Ultrasonographic studies suggest that the future dominant follicle is slightly larger 

than others in the cohort, but the size differences are small and not always predictive 

of future dominance (Mihm et al., 2000). 

At the cellular level oestradiol synthesis involves the two-cell: two- 

gonadotrophin model (Sirios and Fortune, 1988). Androgen biosynthesis is 

supported by the action of LH on theca cells. Androgens are then transported to the 

granulosa and converted to oestrogens by aromatisation, initially under the influence 

of FSH. The mRNA for. 17a-hydroxylase (P45017a), the enzyme that converts 

progestins to androgens (Fig. 4), is localised in thecal cells (Bao and Garverick, 

1998). Whereas, FSH receptor (FSHr) and the aromatisation enzyme (P450&om) 

mRNAs are localised in granulosa cells. Whilst LH receptors (LHr), the side-chain 

cleavage enzyme (P4505Cc) and 3(3 hydoxysteroid dehydrogenase (3ß-HSD) are found 
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in both theca and granulosa; their mRNAs are expressed in the different cell types 

during follicle growth. Recruited follicles have increased mRNA for aromatase, 

whereas follicle selection results in greater mRNA expression for the gonadotrophin 

receptors (LHr and FSHr) and the enzymes involved in androgen and progestin 

synthesis (Xu et al., 1995; Bao and Garverick, 1998). Therefore, it has been 

suggested that the selected dominant follicle is the first to acquire LHr on the 

granulosa cells, resulting in oestradiol synthesis in response to LH as well as FSH 

(Ginther et al., 1996b). However, the acquisition of LHr in the granulosa cells 

appears to occur after selection has occurred so it is not clear what pro-active role 

they play, if any, in achieving dominance (Evans and Fortune, 1997; Fortune et al., 

2001). On the other hand, after selection of the dominant follicle, growth is 

principally maintained by the action of LH on theca cells to provide androgen 

substrate, and on granulosa cells for increased aromatase activity, and the acquisition 

of LH responsiveness is critical for ovulation (Bao and Garverick, 1998; Ginther et 

al., 2001b). However, pulsatile LH acts synergistically with FSH to stimulate the 

growth of large ovulatory follicles and both are necessary for the optimum secretion 

of oestradiol (Campbell et al., 1998; Crowe et al., 2001). 

Immediately before the LH / FSH surge, mRNAs for the steroidogenic enzymes 

P450s,,, 3ß-HSD and P45017a, but not P450arom, increase in theca and granulosa cells 

and there is increased oestradiol production by granulosa cells (Bao and Garverick, 

1998). After the LH surge, mRNAs for steroidogenic enzymes decrease rapidly and 

follicular fluid concentrations of oestradiol decrease and progesterone increase. In 

dominant follicles that do not ovulate, but undergo atresia, there is decreased 

granulosa cell mRNA for FSHr, theca cell LHr and P4501%, and P450Scc in theca and 

granulosa cells. The outcome of these changes is decreased oestradiol concentrations 
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in atretic follicles. Similar events occur in unselected follicles that undergo atresia. 

Although current understanding of folliculogenesis reflects in vivo observations, 

there are also further complexities with functional differences within cellular 

components, such as between mural, antral, and cumulus granulosa cells (Rouillier et 

al., 1996; Khamsi and Roberge, 2001). 

Cholesterol 

Side-chain cleavage enzyme (P450S, c) 

Pregnenolone 

30-hydroxysteroid dehydrogenase (30-HSD) 

17a-hydroxylase (P45017a or P450c17) 
Progesterone 17a-hydroxyprogesterone 

17,20-desmolase 
(C 17.20-lyase) 

Aromatase (P450on, ) 
Oe trone Androstenedione 

17f -hydroxysteroid dehydrogenase (173-HSD) 17ß-HSD 

Aromatase (P450azom) 
Oestradiol 17D Testosterone 

Figure 4. The major biosynthetic pathways for the production of oestradiol in 

ovarian follicles. The enzymes responsible for each step are shown, with their 

common abbreviations. 
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Another system critical for follicular growth and ovulation is the insulin-like 

growth factor (IGF) system comprising two molecules (IGF-1 and IGF-2), two 

receptors (Types 1 and 2), and six binding proteins (IGFBP I to 6) (Poretsky et al., 

1999). The most important ovarian component promoting follicular growth appears 

to be the action of IGF-1 on Type 1 receptors, with the bioavailability of IGF-1 

increased by decreasing concentrations of IGFBPs. In vitro, IGF-1 acts 

synergistically with FSH to stimulate proliferation of granulosa cells and oestradiol 

secretion (Gong et al., 1994; Gutierrez et al., 1997). The search for factors that 

control IGF-1 concentrations in ovarian follicles has focussed on the binding 

proteins, particularly IGFBP-4. In each follicular cohort, the recruited follicle with 

the lowest follicular fluid IGFBP-4 concentration always became the dominant 

follicle (Mihm et al., 2000). Further, the concentration of IGFBP-4 is regulated by 

the action of IGFBP-4 protease causing degradation of IGFBP-4, and the protease 

activity is increased in follicular fluid of dominant compared with subordinate 

follicles (Rivera et al., 2001). In addition, experimental production of co-dominant 

follicles is characterised by the presence of increased IGFBP-4 protease activity in 

both dominant follicles, following stimulation by exogenous FSH (Rivera and 

Fortune, 2001). Thus, it is hypothesised that FSH induces IGFBP-4 protease in the 

future dominant follicle, reducing intra-follicular IGFBP-4 which increases free IGF- 

I concentrations, and stimulates follicular growth and oestradiol secretion (Rivera et 

al., 2001). 

Many other molecules may affect follicle growth and function, including the 

Transforming Growth Factor-ß (TGF-ß) superfamily, Epidermal Growth Factor 

(EGF), and cytokines (Rouillier et al., 1997; Webb et al., 1999b). Most of the 

evidence for the role of these compounds is based on in vitro tissue culture studies, 
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and their mechanism of action is presumed to be principally autocrine or paracrine 

(Webb et al., 1999a). 

Changes in the peripheral plasma concentrations of oestradiol are principally 

derived from oestradiol secretion by the dominant follicle. Concentrations of 

oestradiol in the utero-ovarian vein draining the ovary containing a dominant follicle 

are greater than in the vein draining the contralateral ovary, and 10 to 300 times the 

concentration in peripheral plasma (Evans et al., 1997). There are intimate 

relationships between both the lymphatic and blood vasculature of the uterus and 

ovary (Del Campo and Ginther, 1973; Staples et al., 1982). The venous drainage 

from the ovary, the oviduct and from much of the uterine horn form a common utero- 

ovarian vein (Fig. 5). The ovarian artery is tortuous and is closely applied to the 

utero-ovarian vein (Ginther and Del Campo, 1974). The uterus-to-ovary pathway 

has been clearly established for the transport of prostaglandin Fla during luteolysis 

(Heap et al., 1985; Bonnin et al., 1999). Whilst the opposite ovary to uterus pathway 

is probably responsible for the localised increase in progesterone concentrations in 

the uterine horn and uterine vasculature ipsilateral to the ovary containing the corpus 

luteum (Weems et al., 1988; Cerbito et al., 1994). 
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Figure 5. Ventral view (left) and dorsal view (right) of the arteries (light) and 

veins (dark) of a uterine horn and adjacent ovary in cattle (Ginther and Del Campo, 

1974). o= ovary; oa = ovarian artery; ov = ovarian vein; ua = uterine artery; uv -- 

uterine vein; uboa (ubov) = uterine branch of ovarian artery (vein); uh = uterine horn; 

ut = uterine tube 
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The ovary during pregnancy 

Throughout pregnancy, regular periodic emergence of anovulatory follicular 

waves continues in response to recurrent FSH surges (Ginther et al., 1996a). 

However, progesterone suppresses growth of the dominant follicle in a dose- 

dependent manner and the maximum diameter of the dominant follicle decreases as 

pregnancy progresses (Adams, 1999). During the last month of pregnancy, recurrent 

FSH surges are absent and no follicular waves emerge, probably due to very high 

plasma progesterone and oestrogen concentrations (Ginther et al., 1996a; Crowe et 

al., 1998). Indeed, due to the strong negative feedback of high steroid 

concentrations, the anterior pituitary has a decreased content of LH and FSH in late 

pregnancy and around parturition (Nett, 1987). 

An interesting feature of follicular waves during pregnancy is an asymmetric 

ovarian distribution. From the time around the maternal recognition of pregnancy, 

there is'a predilection (75 to 80%) for dominant follicles to occur in the ovary 

contralateral to the gravid uterine horn (Thatcher et al., 1991; Bergfelt et al., 1998). 

The source of regulatory factors could be the corpus luteum, the uterus, or the 

conceptus. Although, in sheep, an inhibitor of follicular aromatase activity has been 

isolated from corpora lutea of late pregnancy (Al-Gubory et al., 1994); a number of 

lines of evidence suggest that the uterus or contents are more likely involved. 

Firstly, hysterectomy obviates the expected ovarian follicular asymmetry (Guilbault 

et al., 1986; Thatcher et al., 1991). Secondly, in an animal with a corpus luteum on 

each ovary, but only one conceptus, the supression of follicular growth was still 

evident ipsilateral to the gravid uterine horn (Thatcher et al., 1991). Finally, in ewes, 

lutectomy during pregnancy has no effect on the ovarian follicular asymmetry (Hall 

et al., 1993). 
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Postpartum ovarian activity 

The ovarian follicular waves suppressed during the last month of pregnancy are 

re-established after parturition. Plasma steroid hormone concentrations decrease to 

basal values, and there is an increase in plasma FSH concentration within days of 

calving (Crowe et al., 1998; Duffy et al., 2000). Subsequent increases in plasma 

FSH concentrations occur regularly every 7 to 10 days and are not affected by diet, 

suckling, or duration of the postpartum anoestrus interval (Stagg et al., 1998; Beam 

and Butler, 1999). Transrectal ultrasonographic examination of the ovaries is 

possible from 6 to 8 days after parturition when the emergence of the first follicular 

wave is detectable, with the first dominant follicle (diameter > 10 mm) being 

identified around Day 10 postpartum (Savio et al., 1990a; Stagg et al., 1995; Beam 

and Butler, 1997). This first postpartum dominant follicle has three possible fates: 

ovulation and formation of the first corpus luteum (Fig. 6); atresia, with subsequent 

emergence of a second dominant follicle; or, persistence with continued growth, 

often called an ovarian cyst. However, behavioural oestrus is rarely observed if the 

first postpartum dominant follicle is ovulated, probably because of insufficient prior 

exposure to progesterone (Savio et al., 1990a; Stevenson and Pursley, 1994). 

The fate of the first postpartum dominant follicle is dependent on LH pulse 

frequency, and the re-establishment of a pulsatile LH secretion pattern sufficient for 

development of an ovulatory dominant follicle is the key event in the return of 

ovarian cyclic activity (Nett, 1987; Beam and Butler, 1999). Failure to ovulate is 

probably a consequence of inadequate LH pulse frequency (Beam and Butler, 1999; 

Duffy et al., 2000). High LH pulse frequency (one / h) culminates in an LH surge 

and ovulation; whereas, low frequency is associated with atresia, and an intermediate 

frequency is associated with persistence of the dominant follicle. Those dominant 
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follicles destined to undergo atresia produce low plasma oestradiol concentrations, 

compared with ovulatory or persistent follicles (Beam and Butler, 1997). The 

importance of both persistent and atretic first dominant follicles is that they are 

associated with prolonged intervals to first postpartum ovulation of about 50 days, 

which is longer than the traditional voluntary waiting period before insemination of 

40 days postpartum. 

Postpartum recovery of pituitary LH content, and release in response to GnRH is 

usually complete by 10 to 14 days postpartum in dairy cattle (Lamming et al., 1981; 

Alam and Dobson, 1987). The principal causes of low LH pulse frequency are 

negative energy balance and suckling or the calf-dam maternal bond. Thus, the first 

dominant follicle is more likely to ovulate in dairy cows, than in beef cows (Murphy 

et al., 1990; Savio et al., 1990a). In dairy cattle, LH pulse frequency is suppressed 

and the ovulatory competence of the first dominant follicle reduced until the nadir of 

negative energy balance after parturition (Canfield and Butler, 1990; Beam and 

Butler, 1997). Supplementation of the diet with fat reverses the effects of negative 

energy balance resulting in larger first dominant follicles, higher maximum 

oestradiol concentrations and a shorter anovulatory period. The pulse frequency of 

LH is most often reduced by prolonged energy deficient diets in postpartum beef 

cattle (Perry et al., 1991). In beef cattle, suckling also sustains the reduced LH pulse 

frequency postpartum, although the effect is specifically mediated by the maternal 

bond with the calf (Silveira et al., 1993). Elimination of olfaction and vision, 

however, precludes calf identification by the dam and eliminates the negative effect 

on LH secretion (Griffith and Williams, 1996). 

29 



LH 
Progesterone 

FSH ý 

05 10 15 20 
Day postpartum 

Figure 6. A model of postpartum follicular waves in which the first dominant 

follicle ovulates. Several follicles (c, ) emerge as plasma FSH concentrations increase 

after paruturition, with a first dominant follicle selected about Day 10, and the 

subordinate follicles undergoing atresia (. ). Plasma LH concentrations increase, and 

the dominant follicle ovulates, with formation of a corpus luteum secreting 

progesterone, and the emergence of the first oestrous cycle follicular wave. 

The first postpartum oestrous cycles are of variable duration, although the 

majority in dairy cattle are the usual 18 to 24 days, and associated with two or three 

follicular waves. Shorter oestrous cycles are associated with one or two follicular 

waves within a cycle, and tend to occur in animals in which the first dominant 

follicle is not detected before 20 days postpartum (Savio et al., 1990b; Duffy et al., 

2000). The suggested cause of short first luteal phases is inappropriate activation of 
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luteolytic mechanisms, possibly due to insufficient progesterone priming preceding 

the first postpartum ovulation (Hunter, 1991; Inskeep, 1995; Lamming and Mann, 

1995). In contrast, one fifth of dairy cows have prolonged luteal phases during the 

postpartum period, associated with factors that adversely affect uterine function such 

as dystocia, retained fetal membranes or uterine infections (Lamming and Darwash, 

1998; Opsomer et al., 1998). However, in some studies there are no effects of uterine 

infection on the length of the luteal phase (Del Vecchio et al., 1992); whilst in other 

studies, luteal life-span is shortened (Gilbert et al., 1990). 

Postpartum utero-ovarian relationships 

It has been known for many years that, after calving, the ovary contralateral to 

the previously gravid horn has greater follicular activity than the ipsilateral ovary 

(Casida and Venzke, 1936; Saiduddin et al., 1967). Follicles in the contralateral 

ovary are larger and more oestrogen active than those in the ipsilateral ovary (Bellin 

et al., 1984; Spicer et al., 1986). There are. also more first postpartum ovulations 

from the contralateral ovary, as determined by the location of the first postpartum 

corpus luteum (Saiduddin et al., 1967; Foote and Peterson, 1968; Marion and Gier, 

1968; Lewis et al., 1984; Guilbault et al., 1987). The majority (70 to 82%) of first 

dominant follicles observed using ultrasonography were in the ovary contralateral to 

the previously gravid horn (Kamimura et al., 1993; Nation et al., 1999). A similar 

postpartum asymmetrical distribution of follicular growth occurs in other uniparous 

species with a bicornuate uterus, such as sheep (Bartlewski et al., 2000); and 

possibly horses (Allen and Newcombe, 1981). However, such observations have not 

been reported in species with a simplex uterus. 

The asymmetric effect on folliculogenesis reduces with increasing time 

postpartum (Saiduddin et al., 1967; Marion and Gier, 1968). Differences in 

31 



follicular growth between the ovaries were present until Day 20 to 30 postpartum 

(Foote and Peterson, 1968; Marion and Gier, 1968). However, in cattle that 

remained anovulatory, differences between ovaries were detected until Day 40 to 56 

(Spicer et al., 1986; Risco et al., 1994). The effect of the previously gravid horn on 

folliculogenesis is no longer evident after the first ovulation (Dufour and Roy, 1985). 

In one study, the first dominant follicle was rarely observed in the left ovary, even if 

it was contralateral to the previously gravid uterine horn (Nation et al., 1999). 

However, other studies found no such effect of the left or right ovary on follicle 

distribution after parturition (Saiduddin et al., 1967; Foote and Peterson, 1968). 

The mechanism suppressing folliculogenesis in the ipsilateral ovary to the 

previously gravid horn is not clear, although the asymmetry is more likely to be a 

localised, rather than a central effect. Suppression of folliculogenesis in the 

ipsilateral ovary decreases concurrent with uterine involution, and elimination of the 

ubiquitous uterine bacterial contamination after parturition (Elliot et al., 1968; 

Marion and Gier, 1968). Furthermore, although luteolysis and regression of the 

corpus luteum is rapid during the oestrous cycle, following parturition luteolysis is 

protracted with physical remnants of luteal cells detectable for up to 35 days 

postpartum (Sawyer, 1995). Thus, suppression of folliculogenesis in the ipsilateral 

ovary could also be explained by a localised inhibitory effect of the regressing corpus 

luteum of pregnancy, or the previously gravid uterine horn, or uterine contents 

(Dufour and Roy, 1985). 

Prostaglandins may be mediators of an effect of uterine involution on 

folliculogenesis as they are released in high concentrations during the postpartum 

period reflecting uterine involution (Lindell et al., 1982; Guilbault et al., 1987). 

There may be a local counter current exchange of prostaglandin F2a from uterine 
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venous plasma to ovarian arterial plasma, similar to that during luteolysis (Ginther, 

1968b). However, in contradiction to this hypothesis, ' partial suppression of 

endogenous prostaglandin synthesis using flunixin meglumine in the early 

postpartum period reduced ovarian activity of both ovaries up to 60 days. 

Furthermore, replacement with prostaglandin Fla specifically increased follicular 

activity in the ovary ipsilateral to the previously gravid horn (Guilbault et al., 1987). 

In addition, infusion of prostaglandin Fla into the descending aorta between Days 2 

and 13 postpartum, stimulated the growth of larger follicles in both ovaries 

(Villeneuve et al., 1988). Other mediators that could transfer from the uterus to the 

ovary are tissue metabolites. There is extensive re-modelling of uterine tissue during 

the postpartum period, with high plasma concentrations of collagen metabolites (Tian 

and Noakes, 1991 c). However, a uterus to ovary transfer of such metabolites has not 

been investigated. 

The contents of the postpartum uterus could also be a source of mediators for a 

localised effect on the ovary. Uterine bacterial contamination has an inhibitory effect 

on ovarian folliculogenesis, decreasing the number and maximum diameter of 

ovarian follicles observed 4,8 and 12 days postpartum (Peter and Bosu, 1988a). 

Furthermore, endotoxin infused into the uterus is absorbed into the peripheral 

circulation, reduces preovulatory follicular growth, and blunts the oestradiol-induced 

preovulatory LH surge (Peter et al., 1989; Peter et al., 1990a; Battaglia et al., 1997). 

To explain these observations studies initially focussed on central mechanisms, 

demonstrating that endotoxin or various intermediary cytokines such as IL-1 or TNF« 

block GnRH secretion and pituitary responsiveness (Rivest et al., 1993; Battaglia et 

al., 2000; Williams et al., 2001). However, there is also evidence of a localised 

effect of uterine infection on ovarian function, as cows with retained foetal 
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membranes after parturition have an even greater predilection for follicular activity 

in the contralateral ovary, and the effect persists for longer than for normal control 

animals (Risco et al., 1994). In addition, intrauterine or intravenous administration 

of endotoxin suppresses the preovulatory increase in plasma oestrogen concentration 

at the ovarian level in cattle and sheep, respectively (Peter et al., 1990b; Battaglia et 

al., 2000). In addition, in vitro endotoxin and intermediary cytokines such as 

interleukins (IL-1, IL-6) and tumour necrosis factor (TNFa) affect ovarian function 

by, amongst other effects, blocking FSH-induced oestradiol secretion by granulosa 

cells (Alpizar and Spicer, 1994; Spicer and Alpizar, 1994; Taylor and Terranova, 

1996). 

The importance of the asymmetrical ovarian distribution of folliculogenesis was 

indicated by a small study of postpartum cattle using palpation per rectum to monitor 

ovarian status (Bonnett et al., 1993). Larger follicles in the ovary ipsilateral to the 

previously gravid uterine horn reduced the risk of subsequent poor reproductive 

performance. However, the mechanisms underlying these observations have not 

been investigated, so it is not clear if this is an effect of follicle health or better 

reflects uterine health. Thus, it is to be determined if the uterus influences the ovary, 

or vice versa. 
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Chapter 3 

The influence of ovarian activity and uterine involution determined by 

ultrasonography on subsequent reproductive performance of dairy cows 

Introduction 

The relationship between subsequent reproductive performance and postpartum 

changes in the uterus or ovaries of cattle has been investigated by a number of 

authors (Studer and Morrow, 1978; Oltenacu et al., 1983). However, little attention 

has been paid to the local relationship between the previously gravid uterine horn and 

follicular growth in the ipsilateral ovary. 

Results from a small study suggested that the occurrence of a larger follicle, 

determined by palpation per rectum, in the ovary ipsilateral to the previously gravid 

uterine horn on Day 26 ±3 postpartum, increased the likelihood of shorter calving to 

conception intervals (Bonnett et al., 1993). However, the accuracy of manual 

palpation for identifying and measuring such structures, as well as determining the 

degree of uterine involution, is open to criticism due to the high level of subjectivity. 

The monitoring of follicular growth and uterine involution in cows can be improved 

by the use of transrectal ultrasonography (Pierson and Ginther, 1988; Savio et al., 

1990a). 

Greatest follicular activity after calving occurs initially in the ovary contralateral 

to the previously gravid uterine horn (Lewis et al., 1984; Guilbault et al., 1987; 

Risco et al., 1994). Kamimura et al. (1993) reported that only 18% of first dominant 

follicles were identified in the ipsilateral ovary. The negative influence of the 

previously gravid horn on the return of ovarian cyclicity in the ipsilateral ovary 
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declines with increasing time postpartum (Saiduddin et al., 1967; Foote and 

Peterson, 1968; Marion and Gier, 1968). 

There are conflicting reports on the relationship between the return of ovarian 

cyclicity (as determined by the interval from calving to first rise in milk progesterone 

concentration) and calving to conception interval. An early return of cyclicity was 

associated with shorter calving to conception intervals in one study, whereas the 

reverse is claimed in another (Darwash et al., 1997; Smith and Wallace, 1998). 

However, such studies are unable to determine in which ovary the return to cyclicity 

occurs in relation to the previously gravid uterine horn. 

The objective of the present study was to test the hypothesis that a follicle >8 

mm diameter in the ovary ipsilateral to the previously gravid uterine horn, between 

14 and 28 days postpartum, improves subsequent reproductive performance. 

Materials and Methods 

Animals 

Three commercial Holstein-Friesian dairy farms (identified as A, C and E) were 

chosen for the study on the basis of accurate farm records and existing regular visits. 

During spring and summer, the cows were kept at pasture, whereas during the 

autumn and winter they were housed in freestall barns with grass silage available ad 

libitum. Concentrate feed was supplied at 0.3 kg/L milk yield. The farms had a 

target calving index of 365 days with a policy of inseminating cows from 45 days 

postpartum. All animals were bred by artificial insemination at observed oestrus by 

a single technician. 
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Each farm was visited every 2 weeks for a one year period to monitor fertility 

and other aspects of reproductive health. Cows that had calved 14 to 28 days earlier 

and without a history of peripartal problems were included in the study and examined 

once. Calving date, date of examination and lactation number were recorded. 

Clinical Examination 

The vagina of each cow was examined by direct palpation, and the lumenal 

contents were inspected. Purulent vaginal discharge, which is regarded as a 

reflection of uterine infection, was defined as the presence of mucopurulent material 

in the vagina (Studer and Morrow, 1978; Nakao et al., 1992). Normal mucus was 

defined as uniform and translucent in the absence of a fetid odor. Cows with gross 

vaginal lacerations, inappetence or pyrexia were excluded from the study. 

The previously gravid uterine horn was determined transrectally as that which 

was longer and of greater diameter than the contralateral horn. The genital tract was 

scanned per rectum using a SonoAce 600 ultrasound scanner with a 5-MHz linear 

array transrectal probe (BCF Technology Ltd., Livingston, U. K. ). Follicles were 

defined as nonechogenic (black) spherical structures with a clear demarcation 

between the follicular wall and antrum. Corpora lutea (corpus luteum) were defined 

as grainy echogenic structures that had a well-defined border with the less echogenic 

ovarian stroma. In some corpora lutea there was a normal nonechogenic lacuna. The 

internal diameter of the largest follicular and luteal ovarian structures and the 

external diameter of the uterine horns at mid-point were measured using the internal 

calipers of the machine. When the image of the structure being scanned was not 

spherical, the diameter was estimated by averaging two 90° measurements. In 

addition, follicles >4 mm diameter in each ovary were counted. 
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Ovarian activity was defined as the presence of a follicle and/or corpus luteum > 

8 mm diameter. Similar definitions have been used previously (Guilbault et al., 

1987; Risco et al., 1994). The >8 mm measurement was selected because follicles 

of up to 8 mm diameter have previously been identified within 7 to 10 days of 

calving immediately before emergence of a dominant follicle (Peter and Bosu, 

1988b; Savio et al., 1990a). In addition, ovarian structures >8 mm diameter are 

readily and accurately determined by ultrasonography. 

Evaluation of Fertility Data 

Fertility data were collected for 18 months. Cows that were culled because of 

failure to conceive were ascribed a calving to conception interval of 308 days, 

equivalent to a 305-day lactation period plus 3 days colostrum production (Shanks et 

al., 1979). Cows culled for other reasons before conception were removed from the 

data. Conception date was verified by the subsequent calving date. 

Statistical Analysis 

The data were analyzed for the combined heids and for 3 periods of calving to 

examination (14 to 18,19 to 23 and 24 to 28 days). Results are expressed as mean ± 

SEM. Analysis was performed using SPSS (Version 8.0, SPSS Inc, Chicago, IL). 

Values of P<0.05 were regarded as significant. 

The mean period from calving to examination was compared amongst herds 

using a t-test, and the mean lactation number was compared using the nonparametric 

Kologorov-Smirnov Z test. The calving to conception data (logio transformed for 

analysis) were compared by analysis of covariance. The variables tested were uterine 

diameter, presence of a purulent vaginal discharge, presence of a follicle >8 mm 

diameter, a corpus luteum, ovarian activity and their interactions. Ovarian structure 
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and uterine diameter comparisons were also tested separately for location: ipsilateral 

or contralateral to the previously gravid uterine horn. 

The distribution of the number of animals with a corpus luteum or with a 

follicle >8 mm diameter in the ovary ipsilateral or contralateral to the previously 

gravid uterine horn were compared using Chi-squared tests. Comparison of the mean 

number of follicles >4 mm diameter between each ovary, the three calving to 

examination periods and their interactions were tested using a general linear model. 

Correlation between the number of follicles in each ovary and the interval from 

calving to examination were tested by Pearson coefficient. 

Results 

There were 284 cows with complete data for analysis, including 115,120 and 49 

cows in Herds A, C and E, respectively. The mean lactation number was higher for 

Herd A than for Herds C and E (4.2 ± 0.2 vs. 2.9 ± 0.2 and 3.0 ± 0.3, respectively; P 

< 0.05). Three cows in each herd failed to conceive. The mean interval from calving 

to examination for the combined data was 21.8 ± 0.3 days and was similar for each 

herd. The mean calving to conception interval for the combined data was 109.2 ± 

3.7 days and did not differ significantly between herds. Consequently, further 

analyses were carried out on combined data from the 3 herds. 

Ovarian Activity 

Fewer cows had a corpus luteum in the ovary ipsilateral to the previously gravid 

uterine horn compared with the contralateral ovary (Table 1; P<0.001). In addition, 

there were fewer follicles >4 mm diameter in the ipsilateral ovary than in the 

contralateral ovary (Table 1; P<0.001). The difference in the number of follicles >4 
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mm diameter between the ovaries ipsilateral or contralateral to the previously gravid 

uterine horn declined with increasing time from calving to examination. The 

difference was greatest at 14 to 18 days after calving compared with 19 to 23 days 

and was no longer significant at 24 to 28 days. The mean number of follicles >4 

mm diameter did not differ significantly between the calving to examination periods, 

or for the interaction of period with ovarian location. 

Fewer animals had a follicle >8 mm diameter in the ovary ipsilateral to the 

previously gravid uterine horn compared with the contralateral ovary (Table 1; P< 

0.001). The proportion of cows with a follicle >8 mm diameter differed between the 

ovaries ipsilateral and contralateral to the previously gravid uterine horn at 14 to 18, 

19 to 23 and 24 to 28 days from calving to examination. However, the proportion of 

cows with a follicle >8 mm diameter did not differ significantly between the calving 

to examination periods, or for the interaction of period with ovarian location. There 

were significant correlations between the interval from calving to examination and 

the number of follicles >4 mm diameter (r = 0.12, P<0.05), the presence of a 

follicle >4 mm (r = 0.16, P<0.01) and the presence of a follicle >8 mm (r = 0.14, P 

< 0.05) in the ovary ipsilateral to the previously gravid uterine horn. There were no 

significant correlations concerning the contralateral ovary. 
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Uterine Discharge in Relation to Ovarian Activity 

In the' combined herds, 143/284 (50.4%) of animals had purulent vaginal mucus, 

and the proportion was similar in each herd. In addition, the proportion of cows with 

purulent vaginal mucus was similar at the different calving to examination periods. 

There were fewer animals with a corpus luteum (P < 0.01) or a follicle >8 mm 

diameter (P < 0.01) in the ovary ipsilateral to the previously gravid uterine horn 

compared with the contralateral ovary within the normal or purulent mucus groups 

(Table 2). More cows with normal vaginal mucus compared with purulent mucus 

animals had a corpus luteum in the ovary contralateral to the previously gravid 

uterine horn, but this was not so for the ipsilateral ovary. The number of normal 

compared with purulent vaginal discharge cows with a follicle >8 mm diameter in 

the ipsilateral or contralateral ovary to the previously gravid uterine horn was similar. 

Furthermore, there was no significant difference between normal and purulent mucus 

cows in the mean number of follicles >4 mm diameter in the ipsilateral ovary (0.70 

± 0.09 vs. 0.71 t 0.08) or the contralateral ovary (1.12 ± 0.10 vs. 0.98 ± 0.08, 

respectively). 

Subsequent Reproductive Performance 

The calving to conception interval was significantly (P < 0.01) affected by 

previously gravid uterine horn diameter, the presence of a follicle >8 mm diameter 

in the ipsilateral ovary, ovarian activity, purulent vaginal mucus and the interaction 

between ovarian activity and purulent vaginal mucus. 
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The calving to conception interval was shorter in those' animals with a smaller 

diameter previously gravid uterine horn (P < 0.01). However, the diameter of the 

contralateral uterine horn was not significant. 

Cows with ovarian activity on either ovary had a shorter mean calving to 

conception interval compared with cows with no ovarian activity (Table 3; P<0.05). 

When each calving to examination interval was considered separately, only those 

examined 14 to 18 days after calving had a shorter calving to conception interval (P 

< 0.0 1). 

The calving to conception interval was shorter for cows with a follicle >8 mm 

diameter in the ovary ipsilateral to the previously gravid uterine horn compared with 

those without a follicle >8 mm diameter (99.0 ± 5.6 vs. 112.8 ± 4.4 days; P<0.05). 

Cows with normal vaginal mucus had a shorter mean calving to conception 

interval than those with purulent mucus (101.4 ± 4.5 vs. 116.8 ± 5.8 days; P<0.05). 

To investigate the influence of ovarian activity, cows with normal vaginal mucus 

were considered separately. Cows with normal mucus and ovarian activity had 

shorter mean calving to conception intervals compared with those without ovarian 

activity (89.1 ± 1.0 days, n= 127; vs. 113.1 ± 1.1 days, n= 14; P<0.05). In animals 

with a purulent vaginal discharge, there was no effect of ovarian activity on the 

calving to conception interval. 
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Table 2. Number (%) of cows with normal (n = 141) or purulent (n = 143) 

vaginal mucus that had a corpus luteum (CL) or a follicle >8 mm diameter in the 

ovary ipsilateral or contralateral to the previously gravid uterine horn. 

Structure and location Normal Purulent 

CL in the ipsilateral ovary 20 (14) a 28 (20) a 

CL in the contralateral ovary 60(43 )b` 45(3 1)bd 

Follicle >8 mm diameter in the ipsilateral ovary 35 (25) a 39 (27)' 

Follicle >8 mm diameter in the contralateral ovary 73 (52) b 68 (48) b 

Values with different superscripts are significantly different between the ipsilateral 

and contralateral ovary (ab P<0.01) and between cows with normal and purulent 

vaginal mucus (cd P<0.05). 

Table 3. Mean ± SEM calving to conception interval (days) of animals with or 

without ovarian activity in either ovary at 3 periods after calving. 

Calving to examination interval Ovarian activity n No ovarian activity n 

14 to 18 days 90.7 f 6.2 a 60 139.0 19.1 10 

19to23days 111.6±6.7 91 113.9±13.4 14 

24 to 28 days 110.2±6.7 95 139.4±23.6 14 

All 105.9±3.9c 246 130.1±11.1d 38 

Values with different superscripts are significantly different between cows with and 

without ovarian activity. (ab P<0.01, cd P<0.05) 
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Discussion 

This study shows that the presence of a follicle >8 mm diameter between 14 and 

28 days after calving in the ovary ipsilateral to the previously gravid uterine horn is 

associated with shorter calving to conception intervals. In addition, there is reduced 

folliculogenesis in the ipsilateral ovary of cattle during this postpartum period. This 

association between the ovaries and uterus is further modified by the presence of 

purulent vaginal mucus (indicative of uterine bacterial infection), which suggests that 

the dialogue may be partially mediated by inflammation. 

The observation that a follicle >8 mm diameter in the ovary ipsilateral to the 

previously gravid uterine horn was associated with a shorter calving to conception 

interval confirms the results of the small study of 66 animals by Bonnet et al. (1993). 

They reported that cows with good subsequent reproductive performance had a larger 

diameter follicle (6.1 ± 1.3 mm) on the ipsilateral ovary, compared with a smaller 

follicle (2.7 ± 0.9 mm) in cows with poor performance. The shorter calving to 

conception interval associated with the presence of a larger follicle in the ipsilateral 

ovary may be due to the influence of the follicle on the uterine endometrium and/or 

myometrium. One hypothesis is that estradiol synthesized by a follicle >8 mm 

diameter has a beneficial local effect on uterine function. Plasma oestradiol 

concentrations are greater within the utero-ovarian vein draining the ovary 

containing the ovulatory follicle (Ireland et al., 1984); bearing in mind that only 

postpartum follicles >8 mm diameter that eventually ovulate (not nonovulatory 

follicles) are associated with increased peripheral plasma oestradiol concentrations 

(Beam and Butler, 1997). Unfortunately, in the present study neither milk nor blood 

samples were taken to measure this hormone. 
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The current study shows that cows with ovarian activity, defined by the 

ultrasonographic presence of a corpus luteum and/or follicle >8 mm diameter, had a 

shorter calving to conception interval compared with those without. This 

observation supports Shanks et al. (Lucy et al., 1992), who reported shorter calving 

to conception intervals for cows that had an initial ovulation before, rather than after, 

42 days postpartum. Similarly, Darwash et al. (1997) reported a significant 

reduction in the calving to conception interval with shorter intervals to the first 

postpartum increase in milk progesterone concentration, although, Smith and 

Wallace (1998) observed the reverse. 

Fewer animals in the present study had a corpus luteum in the ovary ipsilateral 

to the previously gravid uterine horn, and there were fewer follicles >4 mm diameter 

and fewer cows with a follicle >8 mm diameter in the ovary ipsilateral to the 

previously gravid uterine horn. The mechanism could be exerted by a systemic 

pathway; however our observations support the suggestion that the previously gravid 

uterine horn has a local negative effect on ipsilateral postpartum ovarian function 

(Lewis et al., 1984; Dufour and Roy, 1985). A local effect of the uterus on ovarian 

function is an established concept, for example, in relation to the transfer of 

prostaglandin F2a (Ginther, 1968a), and it has been implicated in the action of 

interferon (Spencer et al., 1999). Furthermore, in the present study there was a 

positive correlation between postpartum interval and number or presence of follicles 

in the ovary ipsilateral to the previously gravid uterine horn. These observations 

would support a hypothesis of a declining influence of an as yet unknown uterine- 

derived inhibitor of ovarian function as uterine involution progresses. Possible 

uterine factors could include inflammatory mediators such as prostaglandin Fla, 

which is produced by the postpartum uterus in high concentrations during involution 
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and in response to uterine infection (Lindell et al., 1982; Del Vecchio et al., 1994). 

However, Guilbault et al. (1987) reported that a partial inhibitor of prostaglandin 

synthesis administered during the postpartum period reduced ovarian activity. 

Furthermore, replacement with prostaglandin F2a,, enhanced ovarian activity in the 

ovary ipsilateral to the previously gravid uterine horn. However, there are a large 

number of other inflammatory mediators, particularly cytokines, that participate in 

folliculogenesis and ovulation (Terranova and Rice, 1997). An alternative 

mechanism might be via immune or inflammatory cell cytokine release and/or cell- 

cell communication in the ovary. Neutrophils readily migrate into the uterine lumen 

in response to a chemotactic stimulus at all stages of the bovine reproductive cycle. 

Furthermore, intrauterine and peripheral neutrophil function is modified by 

reproductive hormonal status, retained fetal membranes and uterine infection (Cai et 

al., 1994; Subandrio and Noakes, 1997). Perhaps immune cells could migrate from 

the uterine horn, or a uterine-derived chemotactic substance could attract immune 

cells to the ipsilateral ovary, and so influence folliculogenesis. Immune cells have 

been detected in ovarian follicles and luteal tissue in association with a modulation of 

follicular and luteal activity (Brannstrom et al., 1994; Gaytan et al., 1998; Penny et 

al., 1999). 

Fewer animals with a uterine infection, as reflected by the presence of purulent 

vaginal mucus, had a corpus luteum in the ovary contralateral to the previously 

gravid uterine horn. One explanation for this observation might be that increased 

plasma oestradiol concentrations associated with ovulatory dominant follicles may 

have enhanced the elimination of uterine infection in those cows that, at the time of 

examination, had normal vaginal mucus and a corpus luteum (Rowson et al., 1953; 

Andriamanga et al., 1984). However, in the present study, the number of corpora 
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lutea in the ipsilateral ovary did not differ between normal and infected animals. 

Therefore, an alternative hypothesis for the difference in the contralateral ovary must 

be sought. In cows with uterine infection, the ovarian inhibitory factor, possibly 

induced by inflammation, may have extended to the contralateral uterine horn in 

addition to. its presence in the previously gravid uterine horn. 

In the present study, increased previously gravid uterine horn diameter or 

purulent vaginal mucus increased the calving to conception interval. Similar 

increases in calving to conception interval have been reported previously in 

association with purulent vulval or vaginal discharge (Studer and Morrow, 1978; 

Borsberry and Dobson, 1989), or a larger uterine horn diameter (Oltenacu et al., 

1983; Bonnett et al., 1993). However, the cows were not always differentiated into 

those with, or without, a purulent vaginal discharge (Shanks et al., 1979). 

In conclusion, the present data confirm that follicular activity is suppressed in 

the ovary ipsilateral to the previously gravid uterine horn between 14 and 28 days 

postpartum. However, this ovarian suppression declines with increasing interval 

after calving. In cows with a purulent vaginal discharge, there were fewer corpora 

lutea in the ovary contralateral to the previously gravid uterine horn, although follicle 

population differences were not apparent. Ovarian activity 14 to 18 days postpartum, 

but not later, was associated with a shorter calving to conception interval. In 

addition, location of ovarian structure in relation to the previously gravid uterine 

horn was also important. The presence of a follicle >8 mm diameter in the ovary 

ipsilateral to the previously gravid uterine horn 14 to 28 days postpartum was 

associated with shorter calving to conception intervals. These observations raise an 

intriguing issue: how does this follicle affect subsequent fertility - does the follicle 

influence the uterus, or vice versa? 
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Chapter 4 

Effect of administration of equine chorionic gonadotrophin (eCG) to 

postpartum cows on folliculogenesis in the ovary ipsilateral to the previously 

gravid uterine horn and uterine involution 

Introduction 

Postpartum follicular activity in the ovary ipsilateral to the previously gravid 

uterine horn has consistently been observed to be less than that in the contralateral 

ovary (Lewis et al., 1984; Guilbault et al., 1987; Kamimura et al., 1993; Risco et al., 

1994; Nation et al., 1999). Intriguingly, however, the presence of a follicle >8 mm 

diameter in the ovary ipsilateral to the previously gravid uterine horn in cows 

examined between 14 and 28 days postpartum was associated with a shorter calving- 

to-conception interval (Sheldon et al., 2000; Chapter 3), confirming a smaller study 

by Bonnett et al. (1993). One hypothesis to explain these observations is that 

oestrogen secreted by a dominant follicle in the ovary ipsilateral to the previously 

gravid uterine horn acts locally to increase the rate of involution of the ipsilateral 

uterine horn. Indeed plasma concentrations of oestradiol are high in the utero- 

ovarian vein draining the ovary containing the ovulatory dominant follicle (Ireland et 

al., 1984). Such a hypothesis is not without precedence: treatment-by-side 

interactions on oviductal protein synthesis occur in cows with persistent dominant 

follicles, and it has been suggested that this was due to the ipsilateral increase in 

oestradiol concentration (Binelli et al., 1999). 

One method of testing the hypothesis would be to stimulate follicular growth in 

the ovary ipsilateral to the previously gravid uterine horn and assess uterine 

involution. Equine chorionic gonadotrophin (eCG) has both FSH- and LH-like 

activity and parenteral administration stimulates follicular growth and ovulation in 
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cattle (Gonzalez-Menico et al., 1978; Newcomb et al., 1979). Uterine involution 

occurs on a decreasing logarithmic scale, as reflected by changes in diameter of each 

uterine horn monitored accurately by transrectal ultrasonography (Okano and 

Tomizuka, 1987; Bekana et al., 1994). In addition, involution has been characterised 

by the estimation of plasma concentration of 15-keto-13,14-dihydro-prostaglandin 

Fla (PGFM), the metabolite of prostaglandin Fla, which is correlated with the 

decrease in uterine horn dimension (Lindell et al., 1982; Lewis et al., 1984). 

The aim of the present study was to test the hypothesis that increased oestradiol 

secretion by large follicles in the ovary ipsilateral to the previously gravid uterine 

horn has a local effect to increase the rate of uterine involution. Specific objectives 

were: 1) to administer eCG to increase follicular growth in the ovary ipsilateral to the 

previously gravid uterine horn; and, 2) to determine the effect of that increased 

follicular growth on involution of the previously gravid uterine horn by 

' ultrasonography and by estimation of plasma PGFM concentration. 

Materials and Methods 

Animals 

A seasonally calving dairy herd, with 124 Holstein-Friesian cows and an annual 

average milk yield of -6050 litres, was selected for the study on the basis of accurate 

farm records. Fifty-seven cows that had calved in a two month period were included 

in the study. Routine medical treatments were not used on the farm; insemination of 

all cows began 50 days after calving. 

The farm was visited every 48 hours and generally three new cases were 

enrolled at each visit (range 0-6). At the first examination, 14 days after calving 
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(Day 0), details from the farm records of lactation number, calving date, assisted 

parturition, and peri-parturient disease were recorded for each cow. Cows that had 

intercurrent disease were excluded from the study. 

Clinical examination 

The side of the previously gravid uterine horn was determined transrectally by 

assessing which was longer and of greater diameter than the contralateral horn. The 

genital tract was scanned transrectally using a SonoAce 600 ultrasound scanner with 

a5 MHz linear array transrectal probe (BCF Technology Ltd., Livingston, U. K. ) and 

recorded using a video cassette recorder (Panasonic AG-5260B, Japan). Follicles 

were defined as non-echogenic (black) spherical structures with a clear demarcation 

between the follicular wall and antrum. Corpora lutea were defined as grainy 

echogenic structures that had a well-defined border with the less echogenic ovarian 

stroma; in some corpora lutea there was a non-echogenic lacuna. The diameter of the 

largest follicular and luteal ovarian structures, and the diameter of the uterine horns 

adjacent to the insertion of the free edge of the intercornual ligament, were measured 

using the internal callipers on the screen of the machine. When the image of the 

structure being scanned was not spherical, the diameter was estimated by averaging 

two 90° dimensions. In addition, the number of follicles >4 mm diameter in each 

ovary was counted. 

Animals were re-examined using the procedure outlined above, two, four and six 

days after the first examination (Day 0). In addition, at the time of the final 

examination (Day 6), the vagina of each cow was examined by direct palpation and 

visual inspection of the lumenal contents. The character of the vaginal mucus was 

recorded: abnormal mucus was defined as the presence of mucopurulent material; 
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normal mucus was defined as uniform, translucent material in the absence of a fetid 

odour. 

Blood sampling and hormone assays 

Blood samples were collected at each visit from the coccygeal vein or artery into 

evacuated heparinised tubes (Vacutainer, Becton Dickinson, Meylan, Cedex-France). 

Plasma was separated within 30 min by centrifugation (1000g for 10 min), harvested 

and stored frozen at -20°C until assayed for PGFM and oestradiol-173. 

The PGFM assay was performed in duplicate using unextracted plasma by direct 

radioimmunoassay using the method of Kindahl et al. (1976). Oestradiol-1713 

concentration was estimated in duplicate by radioimmunoassay using extracted 

plasma (Mann et al., 1995). The sensitivity, intra- and inter-assay coefficient of 

variation was 27.0 pg/ml, 7.6% and 14.3%, respectively, for PGFM (using a pooled 

plasma sample of 91.2 pg/ml); and 0.24 pg/mi, 6.3% and 15.1%, respectively, for 

oestradiol (using a pooled-plasma sample of 3.9 pg/ml). 

Treatments 

Treatments were administered by intramuscular injection on day 14 postpartum 

(Day 0 of study). A randomisation chart was used to assign cows to treatment 

groups. The treatments were 2m1 Sterilised Water for Injection BP (Arnolds 

Veterinary Products, Shrewsbury) to control animals; 250 iu eCG (PMSG Folligon 

1000 iu, Intervet UK, Cambridge); or, 750 iu eCG. 

Statistical Analysis 

Results are expressed as mean ± SEM. Significance was assigned at P<0.05. 

The data were analysed either using all cases, or following selection of animals that 

had a plasma oestradiol concentration of <1 pg/ml on Day 0. The latter cows were 
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selected because the response to eCG treatment is greater in the absence of a 

dominant follicle (Guilbault et al., 1991; Huhtinen et al., 1992). 

The proportion of animals in each group with an assisted parturition, animals 

with a corpus luteum formed during the study, and animals with a follicle >8 mm 

diameter in the ipsilateral ovary to the previously gravid uterine horn on Day 2, was 

compared by Chi-square test. The number of follicles >4 mm or >8 mm diameter, 

lactation number, and the number of inseminations per conception, were compared 

between treatment groups using the Kruskal-Wallis. The plasma oestradiol 

concentration, and log transformed values of calving-to-first insemination and 

calving-to-conception intervals were compared between treatment groups using 

analysis of variance (ANOVA). Animals with normal and abnormal vaginal mucus 

were compared for calving-to-first insemination and calving-to-conception intervals 

using t-test and for the number of inseminations per conception using the Mann- 

Whitney non-parametric test (Gibbons and Chakraborti, 1992). 

Because ovarian follicular growth is not synchronous at precise times 

postpartum and varies between cows, the diameter of the largest follicle >4 mm or > 

8 mm diameter in each ovary was additively accumulated over the study periods. 

This transformation provides an estimate of the overall postpartum response to 

treatment for each cow (Risco et al., 1994). Differences between ovarian 

accumulated follicular diameter ipsilateral and contralateral to the previously gravid 

uterine horn were compared within cow using t-tests within treatment groups and 

using ANOVA between groups. Changes in uterine horn diameter were compared 

within cow using t-tests within treatment groups and using ANOVA between groups 

for all cows, and between animals with or without a follicle >8 mm diameter in the 

ipsilateral ovary on Day 2. The latter cows were selected to test the effect of follicles 

53 



>8 mm diameter on uterine involution because follicles identified on Day 2, after 

eCG administration, were present for the remainder of the study period. 

Associations between the uterine horn diameter and plasma oestradiol concentration 

or accumulated follicular diameter were examined using Pearson correlation 

coefficients. 

Factors that affected plasma PGFM concentration and uterine horn diameter 

were identified using a mixed multivariate model for repeated measures (SAS, 1997). 

Initially the Logio transformed data were checked for normality by univariate 

analysis. An unstructured correlation structure provided the best fit to these data. 

Variables included were day of study, treatment group, abnormal vaginal mucus, 

lactation number, the presence of a follicle >8 mm diameter in the ipsilateral ovary 

on Day 2, and animal. Variables were removed from the model, following 

examination for correlation with remaining variables, until those remaining were 

significant and results were expressed as least-square means ± SEM. 

Results 

There were 19,18 and 20 cows in the control, 250 and 750 iu eCG treatment 

groups, respectively. The mean lactation number of the 57 cows was 3.2 ± 0.4 and 

did not differ significantly between the treatment groups. There was no difference in 

the number of animals that had a farmer-assisted parturition between treatment 

groups (40.4% of all cases). There were 5,6 and 5 cows with an abnormal vaginal 

discharge in the control, 250 and 750 iu eCG treatment groups, respectively. 
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Ovarian activity 

Accumulated follicular diameters of follicles >4 mm diameter are summarised 

in Figure 
. 
1. There was a significant effect of Day (P < 0.01), and the interaction 

between treatment group and the relationship of the ovary to the previously gravid 

uterine horn (P < 0.05). In control cows there was a significant difference between 

accumulated follicular diameter in the ipsilateral and contralateral ovary on Day 0,2, 

4 and 6. However, there was no significant difference in accumulated follicular 

diameter between the ipsilateral and contralateral ovaries for cows administered 250 

iu or 750 iu eCG. Comparison of accumulated follicular diameter was not 

significantly different between treatment groups, the relationship of the ovary to the 

previously gravid uterine horn, or interaction between treatment and Day, or ovary 

and Day. Similar trends in follicular growth were observed for accumulated 

follicular diameters of follicles >8 mm diameter; on Day 6 the difference between 

the accumulated follicular diameter in the ipsilateral and contralateral ovary was 

greater in control cows (23.5±3.5 vs. 3 1.0±4.0 mm) compared with 250 iu (32.0±7.8 

vs. 35.8±4.7 mm) and 750 iu eCG treated cows (33.4±7.4 vs. 38.9±5.3 mm); 

however, differences were not statistically significant. 

The number of follicles >4 mm or >8 mm diameter did not differ significantly 

between treatment groups on Day 0. When data from all cows on Day 0 were 

combined, there were fewer follicles >4mm diameter in the ipsilateral, compared 

with the contralateral, ovary to the previously gravid uterine horn (0.89 ± 0.13 vs. 

1.33 1 0.15, P<0.01), and there were fewer follicles >8 mm diameter in the 

ipsilateral ovary (0.19 ± 0.05 vs. 0.37 ± 0.06, P<0.05). 

In control animals, the actual diameter of the largest follicle >4 mm diameter in 

the contralateral ovary was greater in those cows with normal vaginal mucus, 
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compared with cows with abnormal mucus, on Day 2 (14.3 ± 1.3, n= 10 vs. 9.4 ± 

1.0, n=5; P<0.05)and on Day 4(15.0f 1.4, n= 10 vs. 9.7±1.2, n=3; P<0.05). 

The presence of abnormal vaginal discharge did not affect the diameter of the largest 

follicle in the ipsilateral ovary of control animals, or in either ovary in the groups 

administered eCG. 

There was a follicle >8 mm diameter in the ipsilateral ovary to the previously 

gravid uterine horn on Day 2 in 5,7 and 12 cows in the control group, 250 and 750 iu 

eCG treatment groups, respectively; although, differences were not statistically 

significant. 

There were fewer corpora lutea formed during the study in the ipsilateral ovary 

than in the contralateral ovary (6 vs. 20, P<0.01); however, there were no significant 

differences between treatments. 

Plasma oestradiol concentration 

Plasma oestradiol concentrations for all cows receiving each treatment during 

the study are summarised in Fig. 2. There were no significant differences between 

the treatment groups when comparing the concentration of plasma oestradiol within 

each Day of the study. Although plasma oestradiol concentration increased (P < 

0.05) between Day 4 and 6 for control animals, and Day 0 and 2 for the 750 iu eCG 

group, there was no clear pattern of oestradiol concentration changes. 

There were 12,8 and 11 cows with a plasma oestradiol concentration <1 pg/ml 

on Day 0 in the control, 250 and 750 iu eCG treatment groups, respectively. The 

plasma oestradiol concentrations on each Day for these animals are summarised in 

Figure 3. Concentrations were higher (P < 0.05) on Day 6 compared with Day 0,2 

and 4, for control cows; higher on Day 4 and 6, compared with Day 0 for the 250 iu 

cows; and, higher on Day 2 and 4, compared with Day 0, for the 750 iu cows. 
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Uterine horn diameter 

The previously gravid and contralateral uterine horn diameters are summarised 

in Figure A 4. There was a significant difference between uterine horn diameter 

between the previously gravid and contralateral horn (P < 0.01) and between the 

interaction of side of horn and Day of study (P < 0.01). The previously gravid 

uterine horn diameter was significantly (P < 0.001) smaller on Day 6 compared with 

Day 0 in control cows, 250 iu and 750 iu eCG treated cows. The contralateral 

uterine horn diameter was smaller (P < 0.05) on Day 6 compared to Day 0 for control 

cows and 750 iu cows, but not for 250 iu eCG animals. The change in uterine horn 

diameter did not differ between treatment groups, or between cows with or without a 

follicle >8 mm diameter in the ipsilateral ovary on Day 2 for all cows or within 

treatment groups. These differences in uterine horn diameter were confirmed by 

multivariate models, which indicated a highly significant effect of Day of the study 

(P<0.0001), and between-the previously gravid and contralateral horn (P<0.0001); 

however, eCG treatment, presence of a follicle >8 mm diameter in the ipsilateral 

ovary on Day 2, presence of abnormal vaginal mucus, lactation number, cow and 

interactions of these terms were not significant. In addition, there was no significant 

correlation between the uterine horn diameter and plasma oestradiol concentration 

(even after selecting only for cows with <1 pg/ml plasma oestradiol concentrations), 

or accumulated follicular diameter. 

For cows selected on the basis of a plasma oestradiol concentration < lpg/ml on 

Day 0, the previously gravid uterine horn diameter was significantly smaller on Day 

6 compared with Day 0 in control cows (49.6 ± 2.8 vs. 38.7 ± 2.8 mm, P<0.01), and 

750 iu eCG cows (49.1 ± 2.9 vs. 40.2 ± 2.1 mm, P<0.01), but not 250 iu eCG 

treated cows (47.4 ± 5.6 vs. 37.4 ± 2.1 mm). Although the contralateral uterine horn 
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diameter was smaller on Day 6 compared to Day 0, the differences were not 

statistically significant for control cows (37.1 f 1.8 vs. 31.6 f 2.5 mm), 250 iu eCG 

animals (33.1 f 3.2 vs. 31.0 + 1.3 mm), and 750 iu eCG treated cows (37.7 f 2.6 vs. 

34.5 ± 1.5 nim). The change in uterine horn diameter did not differ between 

treatment groups, or between cows with or without a follicle >8 mm diameter in the 

ipsilateral ovary to the previously gravid uterine horn on Day 2 for all cows or within 

treatment groups. Multivariate models were not significant for eCG treatment in 

these animals. 
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Figure 1. Mean + SEM accumulated follicular diameter (mm) of the largest 

follicle >4 mm diameter in the ovaries ipsilateral (Q) and contralateral (. ) to the 

previously gravid uterine horn on Day 0 to 6, for control cows and animals 

administered 250 iu or 750 iu eCG fourteen days postpartum. No significant 

differences were observed among data from the eCG treated cows. Values differ 

between columns within the control group on the same day of study. *P < 0.05; 

***P < 0.001. 
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Figure 2. Mean f SEM oestradiol 17(3 concentrations in peripheral plasma on 
Day 0 to 6 of the study, for control cows (E) and animals administered 250 iu (®) or 
750 iu ( ) eCG starting at fourteen days postpartum. 
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Figure 3. Mean f SEM plasma ocstradiol 17ý concentrations on Day 0 to 6 of 

the study, for control cows (Q) and animals administered 250 iu (m) or 750 iu eCG 

( ) starting at fourteen days postpartum, only for cows with plasma oestradiol 

concentration of <I pg/ml on Day 0. 
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Figure 4. Mean f SEM diameter of the previously gravid (Q) and contralateral 

( ) uterine horns on Day 0 to 6 of the study, for all control cows and all animals 

administered 250 iu or 750 iu eCG starting at fourteen days postpartum. 
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Plasma PGFM concentration 

The plasma PGFM concentration on Day 0 to 6, when subjected to multivariate 

modelling; showed a significant effect of Day (P < 0.01) and the presence of an 

abnormal vaginal discharge (P < 0.01), but not eCG treatment, presence of a follicle 

>8 mm diameter in the ipsilateral ovary on Day 2, lactation number, or cow. There 

was a significant decrease in plasma PGFM concentration in all cows between Day 0 

and Days 2,4 and 6 (77.6±1.1 vs. 59.7±1.1,56.0±1.1 and 58.6±1.1 pg/ml, 

respectively, P<0.001). 

Cows with abnormal vaginal mucus had higher concentrations of plasma PGFM 

throughout the study, compared with cows that had normal mucus (76.6 f 1.1 vs. 

51.0 ± 1.1 pg/ml, P<0.01); however, the differences were not statistically significant 

when comparisons were made within each Day of the study. 

Multivariate models of plasma PGFM concentrations for cows selected on the 

basis of a plasma oestradiol concentration <1 pg/ml on Day 0, did not differ 

significantly between treatment groups. 

Subsequent reproductive performance 

The mean calving-to-first insemination interval was 84.9 t 3.9,85.7 ± 4.7 and 

94.0 ± 7.1 days, and the mean calving-to-conception interval was 109.6 ± 13.3,124.8 

f 13.3 and 114.2 f 9.0 days, for the control, 250 iu and 750 iu eCG treatment groups, 

respectively; differences were not statistically significant. The number of 

inseminations per conception for the three groups was 1.4 ± 0.2,2.1 ± 0.3 and 1.8 t 

0.3, respectively; again, differences were not statistically significant. 

Cows with normal vaginal mucus had a shorter calving-to-conception interval 

compared with animals with abnormal mucus (106.2 ± 6.1 vs. 143.6 ± 18.8 days, P< 

0.05) and fewer inseminations per conception (1.6 ± 0.2 vs. 2.2 ± 0.3, P<0.05); 
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however, the calving-to-first insemination interval (88.9 ± 4.0 vs. 86.6 ± 4.6 days) 

did not differ significantly. 

Discussion 

Administration of 250 iu or 750 iu eCG at 14 days postpartum overcame the 

inhibition of folliculogenesis in the ovary ipsilateral to the previously gravid uterine 

horn that was evident in control animals. Although there was an associated increase 

in peripheral plasma oestradiol concentrations following administration of eCG, 

there was no local effect of greater follicular growth in the eCG treated animals on 

the rate of uterine involution determined by ultrasonography. 

In the present study, there were fewer follicles >4 mm or >8 mm diameter in 

the ovary ipsilateral to the previously gravid uterine horn on the first day of the 

study, supporting previous observations (Lewis et al., 1984; Guilbault et al., 1987; 

Kamimura et al., 1993; Nation et al., 1999; Sheldon et al., 2000; Chapter 3). 

Ovarian follicular activity was also estimated in the present study by additively 

accumulating the diameter of the largest follicle in each ovary during the study 

period (Risco et al., 1994). In the control animals, this transformation clearly 

illustrated that on each day of the study there was less follicular growth in the ovary 

ipsilateral to the previously gravid uterine horn, confirming the negative influence 

exerted by the previously gravid uterine horn on folliculogenesis in the ipsilateral 

ovary (Lewis et al., 1984; Dufour and Roy, 1985). The mechanism is unclear but 

may involve a response to uterine tract inflammation, possibly mediated by cytokines 

or immune cells; parallel immunological influences of uterine origin on ovarian 

corpus luteum function have already been proposed (Spencer et al., 1999). 

Interestingly, uterine tract infection, as reflected by an abnormal vaginal discharge, 
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affected the rate of growth of the largest follicle in the contralateral ovary, which 

supports and extends previous observations that the presence of uterine infection was 

associated with fewer animals with a corpus luteum in the contralateral ovary 

(Sheldon et al., 2000; Chapter 3). 

Administration of 250 iu or 750 iu eCG in the current study overcame the 

negative influence of the previously gravid uterine horn and, specifically, increased 

follicular growth in the ipsilateral ovary determined using accumulated follicular 

diameter of follicles >4 mm diameter; with a similar trend using accumulated 

follicular-diameter of follicles >8 mm diameter. These observations suggest that 

uterine-derived inhibitor(s) of follicular growth may inhibit the action of FSH and/or 

LH on follicular activity. Administration of eCG to cattle (i) leads to fewer atretic 

follicles, (ii) recruits more smaller follicles in which growth rate is increased, (iii) 

sustains the growth of larger follicles, and (iv) increases the final number of 

ovulations (Newcomb et al., 1979; Monniaux et al., 1984; Driancourt et al., 1991; 

Gonzalez et al., 1994). We suggest that a uterine-derived inhibitor of 

folliculogenesis, acting principally on the ovary ipsilateral to the previously gravid 

uterine horn, possibly blocks the action of FSH and/or LH within that ovary, and that 

this block can be overcome by administration of eCG. The inhibition of 

folliculogenesis in the ipsilateral ovary reduces the number of ovulations, reflected 

by fewer corpora lutea, and reduced numbers of follicles >8 mm and >4 mm 

diameter (Sheldon et al., 2000; Chapter 3). Thus the principal stage at which 

inhibition occurs is likely to be <4 mm diameter. Interestingly, a variety of 

cytokines reduce FSH-induced oestradiol production from bovine granulosa cells 

collected from 1-5 mm diameter follicles, but have little effect on cells from follicles 

>_ 8 mm diameter (Spicer and Alpizar, 1994). 
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The presence of a follicle >8 to 9 mm diameter at the time of treatment, reduces 

the superovulatory response to eCG (Guilbault et al., 1991; Huhtinen et al., 1992). 

In the postpartum period, there is a succession of follicles growing to 5 to 9 mm 

diameter and then regressing, until development of the first dominant follicle 

(Murphy et al., 1990). Plasma oestradiol concentrations are <1 pg/ml prior to 

follicles reaching 8-9 mm diameter; subsequently, concentrations increase above I 

pg/ml in the presence of ovulatory, but not non-ovulatory, dominant follicles (Beam 

and Butler, 1997). Therefore, in the present study, cows could have been selected for 

analysis from the data on the basis of ovarian follicular diameter and/or plasma 

oestradiol concentration on Day 0; unfortunately, there were insufficient animals to 

select for both parameters. As our hypothesis was that the effect of a follicle on 

uterine involution was mediated by oestradiol, cows with plasma oestradiol 

concentration <1 pg/ml on Days 0 were selected for analysis. The validity of this 

approach was confirmed by contrasting the plasma oestradiol concentration profile of 

all cows, with that of the selected animals. In the former, there was no clear pattern 

of plasma oestradiol concentrations throughout the study. In contrast, following 

selection of cases, plasma oestradiol concentration increased by Day 6 for the control 

animals, by Day 4 for the 250 iu group and by Day 2 for the 750 iu eCG group. 

Uterine involution during the period between 14 and 28 days postpartum is 

characterised by a decline in uterine horn diameter (Gier and Marion, 1968). A 

similar decline in diameter occurred in the uterine horns of each group in the present 

study. However, there was no difference in the rate of previously gravid uterine horn 

involution between the treatment groups when all animals, or only those with a 

plasma oestradiol concentration <1 pg/ml, were considered. Furthermore, the 

presence of a follicle >8 mm diameter in the ipsilateral ovary on Day 2 did not 
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increase the rate of uterine involution in the previously gravid uterine horn, 

compared with cows with smaller follicles, either within treatment groups or using 

combined data. 

An alternative method of assessing uterine involution is the estimation of plasma 

PGFM concentration, which is correlated with changes in the dimensions of the 

genital tract after calving (Lindell et al., 1982; Lewis et al., 1984). Plasma PGFM 

concentration is generally high during, and immediately after, parturition and 

declines to basal concentrations by Day 20 postpartum (Lewis et al., 1984). In the 

present study plasma PGFM concentration was greater on Day 0 than on subsequent 

days of the study. However, there was no difference in PGFM concentration during 

the study period between the treatment groups when either, all the animals or only 

those with a plasma oestradiol concentration <1 pg/ml were considered. This 

observation, in addition to the absence of an effect of treatment on uterine horn 

diameter, indicates that eCG treatment did not affect uterine involution. 

Furthermore, there was no evidence that increased oestradiol secretion and/or large 

follicles in the ipsilateral ovary had a local effect to increase the rate of uterine 

involution during the study period. However, as the major changes in uterine horn 

diameter and plasma PGFM concentration occur between calving and day 14 

postpartum, future studies could consider earlier intervention. 

Although, administration of eCG failed to influence uterine involution or 

subsequent fertility in the present study, an explanation is required for the beneficial 

effect of large follicles in the ipsilateral ovary on subsequent fertility reported 

previously (Bonnett et al., 1993; Sheldon et al., 2000; Chapter 3). Possibly, the 

effect of such a follicle on the uterus may not be detectable by the present techniques 

or a longer period of study may be required. An alternative hypothesis is that the 

65 



appearance of a large follicle may reflect the early demise of the negative influence 

of the previously gravid uterine horn on the ipsilateral ovary. This, in turn, may 

reflect earlier recovery of the postpartum uterus other than changes in dimension, 

which may have a beneficial effect on subsequent fertility. 

During the period of study, plasma PGFM concentration was higher in cows 

with abnormal, compared with normal, vaginal mucus which is in agreement with 

previous reports (Lindell et al., 1982; Del Vecchio et al., 1994). However, when 

plasma PGFM concentrations were compared on each Day of study, differences 

between abnormal and normal vaginal mucus cows were not significant, which 

agrees with reports that plasma PGFM concentration was not a reliable diagnostic 

indicator of endometritis (Archbald et al., 1998). The presence of mucopurulent 

vaginal mucus was similarly associated with impaired reproductive performance in 

the present study and that reported by Archbald et al. (1998). 

In conclusion, parenteral administration of 250 iu or 750 iu eCG increased 

follicular growth in the ipsilateral ovary, overcoming the inhibition evident in control 

cows. However, the increased ipsilateral ovarian follicular growth and increased 

plasma oestradiol concentrations did not affect uterine involution assessed by 

ultrasonography or by plasma PGFM concentration. Therefore, a local effect of a 

large follicle in the ipsilateral ovary on the previously gravid uterine horn was not 

demonstrated and the alternative pathway, the uterus influencing the ovary, should be 

considered. 
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Chapter 5 

The effect of intrauterine administration of oestradiol on postpartum uterine 

involution in cattle 

Introduction 

There is a predilection for greater ovarian folliculogenesis in the ovary 

contralateral to the previously gravid uterine horn during the first four weeks after 

parturition in cattle (Kamimura et al., 1993; Nation et al., 1999; Sheldon et al., 2000; 

Chapter 3). Fewer follicles emerge and fewer first dominant follicles are selected in 

the ovary ipsilateral to the previously gravid uterine horn. However, the presence of 

a large follicle in the ipsilateral ovary is a marker of contemporaneous and 

subsequent improved fertility (Bonnett et al., 1993; Bridges et al., 2000; Sheldon et 

al., 2000; Chapter 3). Such improved fertility could reflect an effect of the ovary on 

the uterus. 

- After parturition, the uterus must undergo marked changes to return to the 

normal non-pregnant state before the next pregnancy can be established. The 

changes include uterine involution, regeneration of the endometrium, and elimination 

of the bacterial contamination that is ubiquitous after parturition in cattle. A large 

oestradiol-secreting follicle in the ipsilateral ovary could have a localised beneficial 

effect to hasten uterine involution. The principal source of increased oestradiol in 

peripheral plasma is via the utero-ovarian vein draining the ovary containing the 

dominant follicle (Ireland et al., 1984). Uterine involution can be monitored directly 

using ultrasonography, or indirectly by estimation of the concentration of PGFM or 

acute phase proteins in peripheral plasma (Lindell et al., 1982; Sheldon et al., 2001). 

Increasing ovarian follicular growth and plasma oestradiol concentrations by 

administration of eCG on Day 14 postpartum did not affect uterine involution as 
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determined by plasma PGFM concentrations or changes in uterine diameter (Sheldon 

and Dobson, 2000; Chapter 4). However, plasma oestradiol concentrations did not 

increase until several days after the time for selection of the first dominant follicle, 

which occurs around Day 10 postpartum (Beam and Butler, 1997). Furthermore, the 

increased oestradiol concentration following eCG administration was not restricted to 

the ovary ipsilateral to the previously gravid uterine horn. Thus, the aim of the 

present study was to test the hypothesis that oestradiol increases the rate of uterine 

involution when administered directly into the previously gravid uterine horn around 

the expected time of selection of the first postpartum dominant follicle. 

Materials and Methods 

Animals 

A dairy herd of 90 Holstein-Friesian cows, with an annual average milk yield of 

7,500 litres, was selected for the study on the basis of accurate farm records. The 

vagina of each cow was examined on Day 7 postpartum by direct palpation and 

inspection of the lumenal contents. Cows with retained fetal membranes, gross 

vaginal lacerations, inappetence, or pyrexia were excluded from the study to reduce 

confounding effects of clinical disease. Cows were also excluded from the study if 

there was a dominant follicle identified on Day 7 using transrectal ultrasonography 

(see later). Using a randomisation chart (www. randomizer. org) animals were 

randomly assigned into treatment or control groups on Day 7 postpartum. Day 7 was 

chosen for assignment of treatments because it is 2 days before the expected 

ultrasonographic detection of the first dominant follicle. The interval from calving to 
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the day when the follicle diameter exceeded 10 mm was 9.2 ± 0.3 days in this herd 

(Sheldon, unpublished data). 

All procedures were carried out under the Animals (Scientific Procedures) Act 

1986 regulations for experiments on living animals, administered by the UK Home 

Office. In addition, experimental protocols were approved by the Royal Veterinary 

College Ethical Review Committee. 

Treatments 

For each animal, the side of the previously gravid uterine horn was identified 

by transrectal palpation as that which was longest and had the greatest diameter. 

Animals in the treatment group (n = 15) were infused with 10 mg oestradiol benzoate 

(Intervet UK Ltd, Cambridge) emulsified in 9 ml sterile 0.9 % w/v saline by vigorous 

shaking, into the previously gravid uterine horn using a trans-cervical catheter on 

Day 7 and again on Day 10. Animals in the control group (n = 14) were infused with 

an equal volume of saline. A dose of 10 mg oestradiol benzoate was chosen because 

administration of the same dose into the vagina achieves peripheral plasma 

concentrations similar to those during the follicular phase of the oestrous cycle 

(Burke et al., 1999). Day 10 was selected for the administration of the second dose 

on the basis of a half-life for our preparation of about 16 h (DJ Sutton, Intervet UK, 

personal communication). 

Examination 

The genital tracts of all cows were examined daily by transrectal palpation and 

ultrasonography using a 7.5-MHz linear array transducer (Aloka SSD 210 DXII, 

BCF Technology, Livingstone) starting on Day 7 postpartum and continuing for 21 

days. Follicles were defined as non-echogenic (black) spherical structures with a 

clear demarcation between the follicular wall and antrum. Corpora lutea were 
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defined as grainy echogenic structures that had a well-defined border with the less 

echogenic ovarian stroma; in some corpora lutea there was a non-echogenic lacuna. 

After freezing the image on the screen, the number of ovarian follicles >4 mm 

internal diameter and corpora lutea in each ovary were counted, and maximum 

diameters measured using the internal callipers of the machine. The diameter of each 

uterine horn was measured at the level of attachment of the intercornual ligament. 

When the image of the structure being scanned was not spherical, the diameter was 

estimated by averaging two 90° dimensions. 

A dominant follicle was defined as the largest follicle in the ovary with > 10 mm 

internal diameter in the absence of other growing follicles (Dobson et al., 2000). A 

dominant follicle and cohorts were defined as a follicular wave (Dobson et al., 

2000). The first day of dominance within a follicular wave was determined, 

retrospectively, as the day on which the dominant follicle was first >_ 10 mm 

diameter. Day of ovulation was defined as the day when a dominant follicle was last 

identified ultrasonographically prior to subsequent appearance of a corpus luteum in 

the same location, and confirmed, retrospectively, by a subsequent increase in 

plasma progesterone concentration to >1 ng/ml. A persistent follicle was defined as 

a follicle >_ 10 mm internal diameter that persisted for more than 5 consecutive days 

and did not ovulate (Dobson et al., 2000). 

Uterine swab collection and bacteriology 

A trans-cervical guarded swab was collected from the central uterine body 

before horn bifurcation from each cow on Day 7 postpartum using a previously 

validated method (Noakes et al., 1989). The swab was transferred to a bijou bottle 

containing Stuart Transport Medium (Unipath, Basingstoke) and was cultured within 

1h of collection, at the on-site bacteriology laboratory. Swabs were cultured 
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aerobically and anaerobically on pre-equilibrated sheep blood agar (Unipath), and 

aerobically on MacConkey agar (Unipath). Identification of bacteria was based on 

the characteristics of the colony, Gram-stain, morphology, haemolysis, biochemical 

profile (API systems, bioMerieux, Basingstoke), and other standard tests (Barrow 

and Feltham, 1993). Bacterial growth on the culture plates was scored semi- 

quantitatively, dependent on the number of bacterial colonies detected on the plate: 

0: no growth; 1: < 10 colonies; 2: 10 to 100 colonies; 3: 100 to 500 colonies; and, 4: 

> 500 colonies (Noakes et al., 1991). The total bacterial growth score was the sum 

of the scores for each of the bacterial isolates and this was used to categorize cows 

into standard or high bacterial contamination. The standard category was defined as 

the lower 75% quartile total bacterial growth score and the high contamination 

category as the upper 25% (Sheldon and Dobson, unpublished data). 

Blood Sampling and Hormone Assays 

Starting on Day 7 postpartum, blood samples were collected daily for 21 days 

from the coccygeal vein or artery into evacuated heparinised and plain tubes 

(Vacutainer, Becton Dickinson, Meylan, France) and transported on ice to the 

laboratory. Plasma, within 30 minutes, and serum after clotting at room temperature 

for 1 h, were separated by centrifugation (2200g for 10 min), harvested and stored 

frozen at -20°C. 

Oestradiol-1713 concentration was measured in duplicate following diethyl ether 

extraction of plasma samples using a radioimmunoassay (RIA) kit (Estradiol MAIA, 

Serono Diagnostics Ltd, Woking) modified to increase sensitivity and validated for 

bovine plasma (Mann et al., 1995). The mean intra-assay (n = 12 samples) and inter- 

assay (n =3 assays) coefficient of variation was 8.1% and 13.1%, respectively for a 

0.9 pg/ml sample, and the sensitivity was 0.24 pg/ml. Progesterone concentration 
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was measured in duplicate using a commercial ELISA kit (Ridgeway Science, 

Gloucester). The intra-assay (n = 10 samples) and inter-assay (n =3 assays) 

coefficients of variation were 6.5% and 11.2%, respectively for a 1.7 ng/ml sample, 

and the sensitivity was 0.6 ng/ml. The concentration of FSH in plasma was 

measured in duplicate using a previously characterized direct RIA (Dobson, 1978b). 

The standard used for the FSH assay was AFP 5679C RP-1. The intra-assay (n = 20 

samples) and inter-assay (n =3 assays) coefficient of variation was 3.4% and 4.7%, 

respectively for a 1.2 ng/ml sample, and the sensitivity was 0.12 ng/ml. The 

concentration of PGFM was measured in duplicate by direct RIA using plasma in a 

single assay (Kindahl et al., 1976). The mean intra-assay (n = 20 samples) coefficient 

of variation was 7.6% for a 91.2 pg/ml pooled plasma sample, and the sensitivity was 

27.0 pg/ml. 

The concentrations of the acute phase proteins al-acid glycoprotein and 

haptoglobin in plasma, and ceruloplasmin in serum, were measured in duplicate 

using methods adapted for 96 well microtitre plates (Life Technologies, Paisley, 

Scotland) for bovine samples (Lewis et al., 1989; Sheldon et al., 2001). For ai-acid 

glycoprotein, the intra-assay (n = 10 samples, mean of 3 assays) and inter-assay (n = 

3 assays) coefficient of variation was 9.6% and 14.8%, respectively for a 1.7 mg/ml 

sample, and the sensitivity was 0.2 mg/ml. For haptoglobin, the intra-assay (n = 10 

samples, mean of 3 assays) and inter-assay (n =3 assays) coefficient of variation was 

10.8 % and 11.8%, respectively for a 152 µg/ml sample, and the sensitivity was 36 

µg/ml. For ceruloplasmin, the intra-assay (n = 10 samples, mean of 3 assays) and 

inter-assay (n =3 assays) coefficient of variation was 8.6% and 17.7%, respectively 

for a 20.8 units/ml sample, and the sensitivity was 3.6 units/ml. 
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Statistical analysis 

Data analysis was performed using SAS ver 8.01 computer program (SAS 

Institute Inc., Cary, NC). Results are quoted as arithmetic mean ± SEM, and 

significance was attributed at P<0.05. 

The location of the first dominant follicle or first ovulation, in relation to the 

previously gravid uterine horn, was compared between the ipsilateral and 

contralateral ovaries using Fisher's exact test. Survival analysis, using the Kaplan 

Meier test, was used to compare between treatment groups the time intervals from 

calving to appearance of the first dominant follicle, or to ovulation (Kalbfleisch and 

Prentice, 1980). 

The diameter of the largest follicle in the ovary, the first postpartum dominant 

follicle and uterine horn diameters, and plasma concentrations of hormones and acute 

phase proteins were examined using a repeated measurements ANOVA mixed model 

with a first order autoregressive covariance structure (SAS, 1997). Data were 

examined for normality, and plasma concentrations of hormones, and acute phase 

proteins were logarithmically transformed before analysis. The analysis of follicle 

diameter and plasma oestradiol and FSH concentrations were examined between the 

start of the study (Day 7 postpartum) and the mean day of ovulation for the first 

dominant follicle (Day 16); whilst, the remainder of the data were examined between 

Day 7 and 28. The explanatory variables were Day postpartum, treatment group, fate 

of the first dominant follicle, location of the first dominant follicle, and bacterial 

contamination category, and their interactions with Day postpartum. There were 

insufficient numbers of animals in which the first dominant follicle persisted for 

statistical analysis (n = 2), so analysis of the fate of the dominant follicle was 

restricted to animals in which the follicle ovulated or regressed. 
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Correlation between uterine diameters and plasma concentrations of PGFM or 

acute phase proteins was examined using Pearson Correlation coefficients. 

Results 

Ovarian ultrasonography 

The mean diameter of the largest follicle on Day 7 was similar for animals 

assigned to control or treatment groups (7.0 ± 1.2 vs. 6.2 ± 0.6 mm). A dominant 

follicle was identified in each animal within two weeks of parturition. However, 

there were fewer dominant follicles in the ipsilateral ovary to the previously gravid 

uterine horn, compared with the contralateral ovary, for animals in the control group 

(3 vs. 11, P<0.05) and the treatment group (1 vs. 14, P<0.001). 

For cows in the control group, the first dominant follicle ovulated, regressed, or 

persisted in 11,2 and 1 animals, respectively. Treated animals had two patterns of 

dominant follicle growth. In 3 animals, the largest ovarian follicle present on Day 7 

(n = 2, contralateral ovary) or Day 10 (n = 1, ipsilateral ovary) ovulated within 48 h 

of oestradiol treatment. In each of these three cases, the largest follicle was >8 mm 

diameter at the time of treatment. These animals in which there was premature 

ovulation were excluded from further analysis. In the remaining 12 treated animals, 

the largest follicle on Day 7 and its cohort of smaller follicles regressed within 3 to 5 

days, followed by the emergence of a new follicular wave and selection of a 

dominant follicle. In each case this first dominant follicle was in the contralateral 

ovary and ovulated, regressed, or persisted in 6,5 and 1 cases, respectively. The 

calving to dominance interval for these treated animals was longer than for control 

animals (15.0 f 1.0 vs. 10.1 ± 1.0 days, P<0.05), and the calving to ovulation 
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interval was also longer (18.8 ± 1.2 vs. 14.0 ± 0.9 days, P<0.01). Furthermore, 

there was a trend for fewer treated animals to ovulate compared with control animals 

(6/12 vs. 11/14, P=0.10). 

Changes in the diameter of the largest follicle, initially specified on Day 7, 

differed significantly with Day postpartum (P < 0.001) and between treatment groups 

(P < 0.0 1, Fig. 1a), reflecting the arrest of follicle growth in treated animals between 

Days 7 and 11. The diameter of the first dominant follicle also differed significantly 

with Day postpartum (P < 0.001) but not between treatment groups, and the 

interaction of Day x treatment was not significant. Similarly, the maximum 

follicular diameter for follicles that ovulated did not differ significantly between the 

control and treatment groups (14.4 ± 0.9 vs. 16.0 ± 1.0 mm). 

The diameter of the first dominant follicle did not differ significantly with 

uterine bacterial contamination category, nor between those first dominant follicles 

in the ipsilateral compared with the contralateral ovary. However, there was a 

significant effect of the fate of the dominant follicle (P < 0.05) and the interaction of 

fate x Day was significant (P < 0.001). Between Days 7 and 16, the mean follicle 

diameter was smaller in those animals in which the first dominant follicles 

subsequently regressed compared with those that ovulated (7.6 ± 0.4 vs. 9.3 ± 0.3 

mm, P<0.01). 
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Figure 1. Mean ± SEM (a) diameter of the largest follicle initially identified on 

Day 7 (FOL 1) and/or the first dominant follicle (DF 1), (b) plasma oestradiol 

concentration, and (c) plasma FSH concentration, for 12 treated (solid symbols; 10 

mg oestradiol benzoate administered into the previously gravid uterine horn on Day 

7 and Day 10) or 14 control animals (open symbols). Occasionally the SEM bar was 

within the size of the symbol. 
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Plasma oestradiol and FSH concentrations 

Plasma oestradiol concentrations differed significantly with Day postpartum (P < 

0.05) and between treatment groups (Fig. 1 b, P<0.001), and the interaction of Day x 

treatment was significant (P < 0.001). Mean plasma oestradiol concentrations on 

Day 7 were similar for cows assigned to treatment or control groups. However, two 

peaks of plasma oestradiol concentrations were noted in the treated animals, on Days 

8 and 11, following intrauterine infusion of oestradiol benzoate on Days 7 and 10. 

The maximum concentration of oestradiol on Day 8 was not significantly different to 

that on Day 11 (3.82 ± 0.68 vs. 3.75 ± 0.93 pg/ml). 

Plasma oestradiol concentrations differed significantly between animals with a 

different fate of the first dominant follicle (P < 0.001), but the interaction of fate x 

Day was not significant. Between Day 7 and 16, mean plasma oestradiol 

concentrations were lower in animals in which the first dominant follicle regressed 

compared with cows that ovulated this follicle in the control group (0.75 ± 0.09 vs. 

1.3 ± 0.10 pg/ml, P<0.05), and the treated group (1.26 ± 0.26 vs. 3.08 ± 0.49 pg/ml, 

P<0.05). Plasma oestradiol concentrations did not differ significantly between 

animals with the first dominant follicle in the ipsilateral or contralateral ovaries, or 

between uterine bacterial contamination categories. 

Plasma FSH concentrations differed significantly with Day postpartum (P < 

0.05) and between treatment groups (P < 0.05, Fig. lc). For treated animals, the 

highest concentrations of FSH were on Days 8 and 11, coincident with peak 

oestradiol concentrations. Plasma FSH concentrations between Day 7 and 16 did not 

differ significantly between cows with different fates of the first dominant follicle, 

uterine bacterial contamination category, or between cows with the first dominant 

follicle in the ipsilateral or contralateral ovary. 
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Oestradiol and FSH plasma concentrations after Day 16 varied considerably 

because of differences in follicular growth between animals; therefore, these data 

precluded meaningful analysis. 

Uterine ultrasonography 

Between Day 7 and 28, the diameters of the previously gravid and non-gravid 

uterine horns progressively decreased as the postpartum interval increased (P < 

0.001). However, uterine diameters did not differ significantly between treatment 

groups (Fig. 2a), or between animals in which the first dominant follicle was in the 

ipsilateral or the contralateral ovary. In animals with high uterine bacterial 

contamination, the diameters of both the previously gravid (P < 0.001) and the non- 

gravid (P < 0.05) uterine horns were greater than for cows with standard 

contamination (Fig. 2b). In addition, the diameters of the previously gravid (P < 

0.01) and non-gravid (P < 0.001) uterine horns were greater for animals in which the 

first dominant follicle regressed, compared with cows that ovulated the first follicle 

(Fig. 2c). Furthermore, the differences between animals that ovulated or regressed 

were significant between Days 10 and 15 for both the previously gravid and non- 

gravid uterine horns. 
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Figure 2. Mean ± SEM diameter of the previously gravid (square symbols; 
PGUH) and non-gravid (circular symbols; NGH) uterine horns for (a) control (solid 

symbols; n= 14) or treated (open symbols; n= 12; 10 mg oestradiol benzoate 

administered into the previously gravid uterine horn on Day 7 and Day 10) animals, 
(b) standard (solid symbols; n= 19) or high (open symbols; n= 7) uterine bacterial 

contamination, and (c) animals in which the first dominant follicle regressed (solid 

symbols; n= 7) or ovulated (open symbols; n= 17). SEM bars are frequently within 

the size of the symbol. 
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Figure 3. Mean ± SEM plasma PGFM concentration for (a) control (solid 

symbols; n= 14) or treated (open symbols; n= 12; 10 mg oestradiol benzoate 

administered into the previously gravid uterine horn on Day 7 and Day 10) animals, 

(b) standard (solid symbols; n= 19) or high (open symbols; n= 7) uterine bacterial 

contamination, and (c) animals in which the first dominant follicle regressed (solid 

symbols; n= 7) or ovulated (open symbols; n= 17). SEM bars are frequently within 

the size of the symbol. 
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Figure 4. Mean ± SEM plasma al-acid glycoprotein concentration for (a) 

control (solid symbols; n= 14) or treated (open symbols; n= 12; 10 mg oestradiol 
benzoate administered into the previously gravid uterine horn on Day 7 and Day 10) 

animals, (b) standard (solid symbols; n= 19) or high (open symbols; n= 7) uterine 
bacterial contamination, and (c) animals in which the first dominant follicle 

regressed (solid symbols; n= 7) or ovulated (open symbols; n= 17). SEM bars are 

occasionally within the size of the symbol. 
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Plasma PGFM concentrations 

Plasma PGFM concentrations were correlated with the diameter of the 

previously, gravid (r = 0.50, P<0.001) and non-gravid (r = 0.53, P<0.001) uterine 

horns, although concentrations returned to basal values before uterine diameters 

reached minimum values. Plasma PGFM concentrations differed significantly with 

Day (P < 0.001) decreasing progressively from a maximum concentration of 1047 ± 

174 pg/mI on Day 8 to a minimum concentration of 62 ± 12 pg/ml on Day 27. 

Plasma PGFM concentrations did not differ significantly between treatment groups 

(Fig. 3a), or between animals with standard or high uterine bacterial contamination 

(Fig. 3b). Furthermore, PGFM concentrations did not differ between cows with the 

first dominant follicle arising in the ipsilateral or contralateral ovary (data not 

shown), or between cows in which the first dominant follicle ovulated or regressed 

(Fig. 3c). 

Plasma acute phase protein concentrations 

There was a significant correlation between the diameter of the previously 

gravid or non-gravid uterine horns and the plasma concentration of al-acid 

glycoprotein (r = 0.37 and 0.33, respectively, P<0.001), haptoglobin (r = 0.46 and 

0.44, respectively, P<0.001), and ceruloplasmin (r = 0.50 and 0.53, respectively, P 

< 0.001). However, plasma concentrations of acute phase proteins returned to basal 

values before uterine diameters reached minimum values. 

Plasma al-acid glycoprotein concentrations differed significantly amongst Day 

(P < 0.001). Plasma concentrations progressively decreased from a maximum of 1.69 

± 0.15 mg/ml on Day 8, to a minimum of 0.93 ± 0.05 mg/ml on the last day of 

sampling, Day 28. Plasma ai-acid glycoprotein concentrations were lower in treated 

cows than in controls (Fig. 4a, P<0.01). The interaction of treatment x Day was 
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also significant (P < 0.001), with the greatest difference between the groups 

occurring between Day 8 and 13. Plasma al-acid glycoprotein concentrations were 

lower in animals with a standard uterine bacterial contamination compared with 

those highly contaminated (Fig. 4b, P<0.05), and the interaction of bacterial 

contamination category x Day was also significant (P < 0.001). Plasma al-acid 

glycoprotein concentrations did not differ significantly between animals in which the 

first dominant follicle was in the ipsilateral of contralateral ovary (data not shown). 

However, in those animals in which the first dominant follicle ovulated, plasma a, - 

acid glycoprotein concentrations were lower, compared with those animals in which 

the follicle regressed (Fig. 4c, P<0.01), and the interaction of follicle fate x Day was 

significant (P < 0.001). 

Plasma haptoglobin concentrations decreased progressively with increasing 

interval postpartum (P < 0.001; data not shown). Concentrations decreased from a 

maximum of 255.1 ± 55.9 gg/m1 on Day 7 to a minimum of 9.8 ± 4.5 µg/m1 on Day 

28. Mean plasma haptoglobin concentrations between 7 and 28 days postpartum 

were higher in cows with high, compared with standard, uterine bacterial 

contamination (128.7 ± 20.1 vs. 68.1 ± 6.6 µg/ml, P<0.05). However, plasma 

haptoglobin concentrations did not differ significantly between treatment groups, 

ovarian dominant follicle location, or fate of the first dominant follicle (data not 

shown). 

Plasma ceruloplasmin concentrations also decreased progressively with 

increasing interval after parturition (P < 0.001), from a maximum of 40.1 ± 1.7 

units/ml on Day 7 to a minimum of 26.2 ± 1.6 units/ml on Day 28. However plasma 

ceruloplasmin concentrations did not differ significantly between treatment groups, 
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uterine bacterial contamination category, ovarian dominant follicle location or the 

fate of the first dominant follicle (data not shown). 

Discussion 

The presence of an oestradiol-secreting dominant follicle in the ovary ipsilateral 

to the previously gravid uterine horn is a marker of contemporaneous and subsequent 

fertility (Bonnett et al., 1993; Bridges et al., 2000; Sheldon et al., 2000; Chapter 3). 

We hypothesised that one explanation for these observations might be a localised 

effect of oestradiol from the dominant follicle in the ipsilateral ovary acting on the 

uterus to increase the rate of involution. However, in the present study, oestradiol 

administered into the previously gravid uterine horn around the expected time of the 

first postpartum dominant follicle did not influence uterine involution between Days 

7 and 28 postpartum. There was no effect of oestradiol treatment on the diameter of 

either of the uterine horns, nor on plasma concentrations of PGFM or acute phase 

proteins, which are peripheral chemical markers of uterine involution. On the other 

hand, there was an association between smaller uterine horn diameter and subsequent 

ovulation of the first postpartum dominant follicle. Thus, our present hypothesis is 

not proven and the opposite pathway of uterus-to-ovary signalling may be more 

important; the uterus influences ovarian activity during the postpartum period. 

The first treatment with oestradiol was administered in the present study before 

the expected time of selection of the first dominant follicle. This dose of oestradiol 

benzoate was selected on the basis of data reported by Burke et al. (1999). The 

interval between doses was selected on the basis of a half-life for this preparation of 

about 16 h. Administration of oestradiol benzoate into the previously gravid uterine 

horn lumen on Days 7 and 10 postpartum resulted in plasma oestradiol 
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concentrations exceeding normal follicular phase concentrations of 1.3 to 1.8 pg/ml 

for four to five days. The plasma concentrations in the present study were similar to 

those following administration of the same dose of oestradiol benzoate into the 

vagina (Burke et al., 1999). In the latter study maximum plasma oestradiol 

concentrations of 6.4 pg/ml were identified 8h after treatment, whereas in the 

present study peak concentrations were observed the day after each oestradiol 

treatment because blood samples were collected daily. 

Uterine involution was monitored directly by daily measurement of uterine horn 

diameter using transrectal ultrasonography. The pattern of decreasing diameter of 

the previously gravid and non-gravid uterine horns with increasing time after 

parturition was similar to that of previous ultrasonographic studies (Okano and 

Tomizuka, 1987; Kamimura et al., 1993). In the present study, localised oestradiol 

treatment had no effect on the progression of uterine involution. Similarly, there was 

no effect on the time to completion of uterine involution when 5 or 10 mg oestradiol 

was administered parenterally 48 h or 17 days after parturition, or in smaller doses on 

alternate days throughout the postpartum period (Marion et al., 1968; Saiduddin et 

al., 1968; Tian and Noakes, 1991a). Furthermore, stimulation of follicular growth 

and increased plasma oestradiol concentration by administration of eCG on Day 14 

also had no effect on uterine involution (Sheldon and Dobson, 2000; Chapter 4). On 

the other hand, although there was no effect of oestradiol on gross uterine diameter, 

there could be an effect at the cellular or biochemical levels. 

In addition to direct uterine measurements, involution in cattle can be monitored 

indirectly by estimation of peripheral plasma concentrations of PGFM and acute 

phase proteins (Lindell et al., 1982; Sheldon et al., 2001). Similarly, in the present 

study, plasma PGFM and acute phase protein concentrations decreased progressively 
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with increasing time after parturition and were correlated with uterine dimensions, 

although basal values are reached sooner. However, there was no effect of oestradiol 

treatment on plasma PGFM, haptoglobin, or ceruloplasmin concentrations. There 

was a lower plasma concentration of a1-acid glycoprotein in treated animals, which 

could represent an effect of oestradiol on uterine involution. However, this appears 

unlikely in the absence of other similar changes in the measurement of uterine 

involution and in view of direct effects of oestradiol on al-acid glycoprotein. Oral 

oestrogens administered to humans have an effect on the hepatic glycosylation of al- 

acid glycoprotein which are opposite to those associated with inflammation 

(Brinkman-Van der Linden et al., 1996). Although, the effect of oestradiol on al- 

acid glycoprotein secretion is not clear; both increased and decreased secretion rates 

have been reported after oestradiol treatment in rodents (Lebreton et al., 1988; 

Deshpande et al., 1997). 

In the absence of a localised effect of oestradiol on uterine involution, an 

alternative hypothesis is required to explain how an ipsilateral first postpartum 

dominant follicle exerts its effect on subsequent fertility. The majority of first 

dominant follicles are observed in the ovary contralateral to the previously gravid 

uterine horn, with suppression of folliculogenesis in the ipsilateral ovary (Kamimura 

et at, 1993; Sheldon et at, 2000; Chapter 3). The reason for this suppression of 

folliculogenesis in the ipsilateral ovary is not clear; although it is not due to the 

regressing corpus luteum of pregnancy (Sheldon et at, 2002; Chapter 7). The 

previously gravid uterine horn or its contents could cause a localised suppression of 

ovarian function. Thus, more rapid uterine involution, or elimination of bacterial 

contamination could facilitate the selection of the first dominant follicle in the 

ipsilateral ovary. Indeed in the present study, a smaller uterine horn diameter or 
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lower a, - acid glycoprotein concentration was associated with ovulation of the first 

dominant follicle. Unfortunately, with few first dominant follicles in the ipsilateral 

ovary, statistical analysis of the effect of uterine involution on ovulation of that 

follicle was not possible. Another possibility is that uterine contamination may elicit 

a utero-ovarian signal and, as expected, uterine contamination in the present study 

was associated with wider uterine horns and higher concentrations of al-acid 

glycoprotein and haptoglobin. 

Administration of oestradiol into the uterine lumen caused ovulation in three 

animals, as determined ultrasonographically and by a subsequent increase in plasma 

progesterone concentration. Oestradiol administered during the postpartum period, 

in the absence of a corpus luteum, induces increased plasma FSH and LH 

concentrations similar to those of the pre-ovulatory surge (Peters, 1984; Nanda et al., 

1988). Following the LH surge, ovulation occurs a day later, and increased plasma 

progesterone concentrations 6 to 7 days later (Sunderland et al., 1994). In the 

present, study blood sample collection was probably too infrequent to detect this 

gonadotrophin surge precisely, although there was a significant increase in FSH 

concentration after oestradiol treatment and the highest concentrations of FSH and 

oestradiol were simultaneous. The three animals that ovulated shortly after treatment 

each had a follicle >8 mm diameter at the time of treatment. This observation 

concurs with reports that selected dominant follicular growth deviates from 

subordinate follicles and physiological dominance is achieved at a diameter of 8 to 9 

mm (Ginther et al., 1999; Fortune et al., 2001). For the remaining treated animals 

the first follicular wave was suppressed and a new follicular wave emerged, from 

which the first dominant follicle was selected. Follicular growth suppression and 

emergence of a new follicular wave about 4 days after treatment also occurs 

87 



following intra-vaginal administration of oestradiol benzoate (Burke et al., 1999). 

Similarly, parenteral administration of oestradiol causes a brief decrease in plasma 

FSH concentration, but with a marked increase in concentration by 12 h after 

treatment with subsequent suppression of dominant follicle growth (Bo et al., 1994). 

In the control animals, most first dominant follicles ovulated, in agreement with 

previous studies of dairy cattle, and plasma oestradiol concentrations were lower in 

animals in which the first dominant follicle regressed (Roche et al., 1992; Beam and 

Butler, 1997). The trend for fewer first dominant follicles to ovulate in the treated 

animals was probably caused by the exposure to oestradiol, as the presence of 

oestradiol at follicular phase concentrations for 2 to 4 days inhibits subsequent LH 

surge release (Ozturk et al., 1998). 

In conclusion localised administration of oestradiol into the lumen of the 

previously gravid uterine horn did not affect the rate of uterine involution. Thus, it is 

unlikely that increased fertility associated with a first dominant follicle in the 

ipsilateral ovary is a consequence of a localised action of ovarian oestradiol on the 

previously gravid uterine horn. It is therefore suggested that the presence of a first 

dominant follicle in the ipsilateral ovary may be a reflection of an uterus-to-ovary 

signal indicating more rapid uterine involution. 
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Chapter 6 

The localised effect of oestradiol on the postpartum uterus in sheep 

Introduction 

After parturition in ruminants, the uterus involutes and there is regeneration of 

the endometrium in preparation for a subsequent pregnancy (Gier and Marion, 1968). 

In addition, waves of follicular growth return and, either immediately, or after a 

period of anoestrus, ovulation occurs and there is a return of ovarian cyclic activity 

(Savio et al., 1990a; Bartlewski et al., 1999; Bartlewski et al., 2000). There is -a 

predilection for greater folliculogenesis in the ovary contralateral to the previously 

gravid uterine horn during the first four weeks postpartum in cattle and sheep 

(Kamimura et al., 1993; Bartlewski et al., 2000). However in cattle, the presence of 

a large follicle in the ipsilateral ovary is a marker of subsequent fertility (Bonnett et 

al., 1993; Sheldon et al., 2000; Chapter 3). One explanation for this observation is 

that oestradiol secreted by the ipsilateral ovary has a localised effect to increase the 

rate of uterine involution. There is close apposition between the venous drainage of 

the ovary and the uterine artery (Del Campo and Ginther, 1973). Furthermore, 

steroid concentrations are higher in the uterine artery and the cranial portions of the 

uterine horn ipsilateral to the active ovary in cattle and sheep (Weems et al., 1988; 

Weems et al., 1989). Among other effects, oestradiol increases blood flow to the 

myometrium, endometrium and caruncles, and causes hyperplasia and hypertrophy 

of uterine tissues (Rosenfeld, 1980; Reynolds et al., 1998). 

To test the hypothesis that ovarian oestradiol increases the rate of uterine 

involution, follicular growth in the ipsilateral ovary was stimulated by administering 

eCG on Day 14 postpartum (Sheldon and Dobson, 2000; Chapter 4). In a second 

study, oestradiol benzoate was infused into the previously gravid uterine horn on 
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Days 7 and 10 postpartum (Chapter 5). However in both studies, there was no effect 

on uterine involution as determined by monitoring changes in uterine horn diameters, 

or peripheral plasma markers of uterine involution such as PGFM or acute phase 

proteins. 

One limitation of postpartum experiments in cattle is ubiquitous contamination 

of the uterine lumen with bacteria. Such contamination is a confounding influence, 

because it delays uterine involution (Sheldon et al., 2000; Chapter 3). However in 

sheep, postpartum uterine bacterial contamination is uncommon, and has no 

significant effect on uterine involution (Regassa and Noakes, 1999). Furthermore, 

sheep have been used previously in biochemical studies to investigate rates of uterine 

involution, including the collection of uterine tissues and estimation of the collagen 

density of tissues (Tian and Noakes, 1991b; Regassa and Noakes, 2001). Thus, to 

further test the hypothesis that ovarian oestradiol increases the rate of uterine 

involution, the present study used sheep to examine the effect on uterine involution 

of oestradiol administered continuously by means of a silastic implant attached to the 

ovarian bursa adjacent to the ovary ipsilateral to the previously gravid uterine horn. 

Materials and Methods 

Animal model 

All procedures were carried out under the Animals (Scientific Procedures) Act 

1986 regulations for experiments on living animals, administered by the UK Home 

Office. In addition, experimental protocols were approved by the Royal Veterinary 

College Ethical Review Committee. Oestrus was synchronised during the breeding 

season (October) in a group of 25 adult Welsh ewes using a progestagen intra- 

vaginal sponge inserted for 14 days (Veramix, Pharmacia). Three Welsh rams were 
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introduced 24 h after sponge removal, for a period of 7 days. A single fetus 

pregnancy was identified in 20 ewes using transabdominal ultrasonography, and 

these ewes were housed as a group under standard husbandry conditions for 2 

months prior to parturition. Ewes were provided with concentrate feed twice daily, 

and had ad libitum access to hay and water. 

On the day of parturition (Day 1; March; anoestrus at this latitude), ewes were 

randomly allocated to one of the following groups: oestradiol implant (n = 8), empty 

placebo implant (n = 7), or no implant (n = 5, un-operated controls). On the day after 

parturition, a left flank laparotomy was performed on ewes from the implant groups, 

under general anaesthesia using Thiopentone sodium (20 mg/kg i. v.; Merial Animal 

Health, Harlow) for induction, followed by maintenance with, oxygen and Halothane 

(Merial Animal Health). The previously gravid uterine horn was identified as being 

longer and wider than the contralateral horn. Oestradiol implants were made from 

crystalline oestradiol packed into 3 cm lengths of medical grade silastic tubing 

(internal diameter 3.3 mm x external diameter 4.6 mm; Degania Silicone, Degania 

Bet, Israel), whilst placebo implants were empty (Karsch et al., 1980; Ozturk et al., 

1998). Implants were pre-equilibrated in a sterile isotonic PBS solution for 24 h to 

prevent an initial peak of steroid release. Implants were sutured to the ovarian bursa 

adjacent to the ovary ipsilateral to the previously gravid uterine horn. Antibiotic 

(Amoxycillin Trihydrate BP, 15 mg/kg; Intervet UK Ltd., Cambridge) was 

administered to all animals on Day 1 after surgery, and to ewes in the control group. 

Animals continued to be maintained in a loose-housed group with their lambs until 

Day 17 when the dams were euthanased. 
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Blood sampling 

Jugular venous blood samples were collected by venepuncture from ewes at 24 h 

intervals, from the day of parturition to the day of euthanasia, into evacuated 

heparinised and plain tubes (Vacutainer, Becton Dickinson, Meylan, France) and 

transported on ice to the laboratory. Plasma, within 30 minutes, and serum after 

clotting at room temperature for 1h were separated by centrifugation (2200g for 10 

min), harvested and stored frozen at -20°C. 

Assays 

Oestradiol-170 concentration was measured following diethyl ether extraction of 

plasma samples using a RIA kit (Estradiol MAIA, Serono Diagnostics Ltd, Woking) 

modified to increase sensitivity, and validated for ovine plasma (Beard et al., 1994). 

The mean inter-assay (n =3 assays) and intra-assay (n = 12 samples) coefficients of 

variation were 13.1 % and 6.3 %, respectively for a 0.9 pg/ml sample, and the 

sensitivity was 0.24 pg/ml. PGFM was measured in duplicate by direct 

radioimmunoassay using plasma samples in a single assay (Kindahl et al., 1976). The 

mean intra-assay (n = 20 samples) coefficient of variation was 7.6 %, for a 91.2 

pg/ml sample, and the sensitivity was 27.0 pg/ml. FSH concentration was measured 

in duplicate by radioimmunoassay using a previously validated assay (Dobson et al., 

2000). Inter- and intra-assay coefficients of variation were 4.7% and 3.4%, 

respectively (n =3 and mean of 3 assays each including 20 samples, mean 

concentration 1.2 ng/ml) and the sensitivity was 0.12 ng/ml. 

The acute phase proteins al-acid glycoprotein and haptogolobin in plasma, and 

ceruloplasmin in serum, were measured using methods adapted for 96 well microtitre 

plates (Life Technologies, Paisley, Scotland) for ovine samples (Lewis et al., 1989; 

Regassa and Noakes, 1999). The inter and intra-assay coefficients of variation for 
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low, medium and high values within the effective range used in the study were all < 

18% and < 12%, respectively. 

Tissue collection and measurement 

The eves were killed on Day 17, and the genital tract collected immediately. 

Calipers (Mitutoyo, Japan) were used to measure the length and the diameter of the 

cervix at the midpoint, and the diameter of the previously gravid and contralateral 

uterine horns, 1 cm distal to the insertion of the intercornual ligament. The length of 

each uterine horn was measured using a nylon cord placed along the greater 

curvature from the intercornual ligament to the insertion of the oviduct. 

The genital tract was weighed after it was cut into three sections: cervix, and 

each uterine horn. Full-thickness 1 cm3 blocks of tissue were collected from the 

caruncular and inter-caruncular areas of each uterine horn, and the cervix. Tissue 

was stored in Mirskey's fixative (National Diagnostics, Atlanta, Georgia). The dry 

matter content of each tissue was estimated after freeze-drying for > 24 h using a 

lyophyliser (Edwards Plc, London). 

Tissue staining and histological examination for collagen density 

Blocks of uterine and cervical tissue were dehydrated using a graded series of 

ethanol, cleared with Citroclear (HD Supplies, Aylesbury) and embedded in wax 

(Ralwax, BDÜ, Poole). Tissue blocks were cut into six pm sections and 

representative sections stained by the Haematoxylin-Van Gieson method (Regassa 

and Noakes, 2001). The slides were stained by immersion in iron-haematoxylin for 

10 min (equal parts of alcoholic haematoxylin and ferric chloride mixed immediately 

before use). After differentiation with 0.5 per cent acid-alcohol for 2 min, the slides 

were stained with Van Geison's stain (Raymond A Lamb Ltd, Eastbourne, Sussex) 

for 5 min. 
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" The sections of stained tissue were examined in triplicate by measuring the 

optical density of an area of endometrium or myometrium using the Seescan Image 

Analysis System (Secscan Imaging Plc, Cambridge). Tissue collagen density was 

estimated from the optical density measurement using stained reference sections 

where collagen concentrations had been previously determined and the method 

verified using hydroxyproline analysis (Regassa and Noakes, 2001). The mean inter- 

assay (n =3 assays) and intra-assay (n = 16 samples) coefficients of variation were 

7.3 % and 1.5 %, respectively for a 16 mg/g sample, and 14.9 % and 3.8 %, 

respectively, for a 130 mg/g sample. 

Histological technique and ovarian follicle populations 

Ovaries were collected immediately after slaughter and fixed in Mirskey's 

fixative, until dehydrated using a graded series of ethanol, cleared with Citroclear 

and embedded in wax. Ovaries were serially sectioned 5 µm thick, mounted and 

stained with haematoxylin and eosin. Sections were examined using an ocular 

microscope, calibrated for measuring follicle diameter using a stage graticule 

(Graticules Ltd., Tonbridge, Kent). The diameters of follicles > 1.0 mm were 

recorded. The diameter of follicles was determined by taking the average of two 

measurements at right angles to each other on the section in which the area of the 

follicle was maximal (Al-Gubory and Abdennebi, 1996). 

Statistical analysis 

Data analysis was performed using SAS ver 8.01 computer program (SAS 

Institute Inc., Cary, NC). Results are quoted as arithmetic mean ± SEM, and 

significance was attributed at P<0.05. 
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Comparisons of the collagen density, dry matter, dimensions and weights of the 

genital tract tissues was made using paired 1-tests between tissues, and ANOVA 

between treatment groups, using Bonferonni post hoc tests where appropriate. 

The number of ovarian follicles in the ipsilateral and contralateral ovary to the 

previously gravid hom were recorded for the following diameters: 1,2,3,4, and >4 

mm. Numbers of follicles in each diameter group, the total number of follicles, and 

the number of follicles >2 mm diameter, were compared between the ipsilateral and 

contralatcral ovary using the non-parametric Wilcoxon signed rank test, and between 

treatment groups using the non-parametric Kruskal-Wallis test (Gibbons and 

Chakraborti, 1992). 

Plasma concentrations of hormones and acute phase proteins were examined 

using a repeated measurements ANOVA mixed model with a first order 

autoregressive covariance structure (SAS, 1997). Data were examined for normality, 

and the data logarithmically transformed for analysis. The explanatory variables 

were Day postpartum, treatment group, and their interaction. 

Results 

At the time of euthanasia it was confirmed that each oestradiol implant was 

correctly placed adjacent to the ovary ipsilateral to the previously gravid uterine 

horn. Furthermore, there was no evidence of gross adhesions around the implants. 

Plasma oestradiol and FSff concentrations 

Plasma oestradiol concentrations differed significantly between Day postpartum 

(P < 0.001) and between treatment groups (P < 0.001, Fig. la); however, the 

interaction of Day x treatment was not significant. Plasma oestradiol concentrations 
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decreased after parturition from a maximum of 3.14 ± 0.43 pg/ml on Day I to a 

minimum of 1.41 ± 0.17 pg/ml on Day 17 in un-operated control and placebo ewes. 

Plasma oestradiol concentrations were higher in the treated group, compared with 

ewes in the un-operated control or placebo groups (P < 0.001). The mean plasma 

oestradiol concentrations between Day 1 to 17 for ewes in the treated, control, and 

placebo ewes was 2.61 ± 0.12,1.40 ± 0.13, and 1.41 ± 0.09 pg/ml, respectively. 

Plasma FSH concentrations differed significantly between Day postpartum (P < 

0.05), and between treatments (P < 0.01, Fig. lb); although the interaction of Day x 

treatment was not significant. The mean FSH concentration between Day 1 and Day 

17 was persistently low in the treated ewes and lower than the control or placebo 

groups (2.71 ± 0.14 vs. 5.96 ± 0.45 or 6.58 ± 0.44 ng/ml, respectively, P<0.001). 

Plasma PGFM concentrations 

After parturition, plasma PGFM concentrations decreased significantly (P < 

0.001) from maximum values on Day 1 to basal values between Day 9 and 17 (Fig. 

I c). PGFM concentrations did not differ significantly between treatments, but the 

interaction of Day x treatment was significant (P < 0.01). The effect of the Day x 

treatment interaction was most evident between Day 1 and 8, when the mean PGFM 

concentration was lower for treated animals compared with controls (0.98 ± 0.19 vs. 

1.56 ± 0.28 ng/ml, P<0.05); although, not significantly lower than placebo ewes 

(0.98 ± 0.19 vs. 1.10 ± 0.21 ng/ml). 
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Figure 1. Mean + SEM plasma concentrations between Day I to 17 postpartum 
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administered an implant containing oestradiol ( ) or an empty placebo implant (, u). 
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Plasma acute phase protein concentrations 

Plasma ai-acid glycoprotein, haptoglobin, and ceruloplasmin concentrations 

differed between Day postpartum, reaching maximum values between Days 3 and 5, 

and then decreasing to basal concentrations (P < 0.001). Plasma acute phase 

concentrations did not differ significantly between treatments. However, there was a 

significant Day x treatment interaction for a, -acid glycoprotein (P < 0.05, Fig. 2a), 

and ceruloplasmin (P < 0.001, Fig. 2b), but not haptoglobin (Fig. 2c). Between Days 

1 and 4, treated animals had lower concentrations, compared with un-operated 

control animals, of at-acid glycoprotein (0.46 ± 0.05 vs. 0.70 ± 0.09 mg/ml, P< 

0.05), or ceruloplasmin (50.0 ± 1.7 vs. 68.7 ± 4.3 Units/ml, P<0.05), but not 

haptoglobin (0.21 ± 0.06 vs. 0.40 ± 0.12 mg/ml). 

Tissue weight and dimensions 

On Day 17, the previously gravid uterine horn was wider (21.6 ± 0.8 vs 18.6 ± 

0.6 mm, P<0.001), longer (257 ±9 vs. 221 ± 10 mm, P<0.001), and heavier (70.7 

± 4.6 vs. 55.5 ± 4.0 g, P<0.001) than the contraläteral horn. 

The previously gravid uterine horn of treated ewes was wider than that of control 

ewes (23.5 ± 1.1 vs. 18.1 ± 1.1 mm, P<0.05), but neither differed significantly from 

that of the placebo group (21.9 ± 1.4 mm). There was no significant difference 

between control, placebo or treated ewes in the length of the previously gravid 

uterine horn (243 ± 24 vs. 280 ± 18 vs. 245 ±6 mm), or weight (60.3 ± 9.7 vs. 72.6 ± 

9.0 vs. 75.5 ± 5.9 g). The previously non-gravid uterine horn did not differ 

significantly between the control, placebo, or treated ewes in diameter (16.5 ± 0.8 vs. 

19.7 ± 1.9 vs. 18.8 ± 1.2 mm), length (200 ± 21 vs. 248 ± 19 vs. 211 ± 7.8 mm), or 

weight (46.8 ± 7.4 vs. 59.8 f 7.6 vs. 57.3 ± 6.2 g). Similarly, there was no 

significant difference between control, placebo, or treated groups in cervix diameter 
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(11.9 ± 0.2 vs. 13.3 ± 1.3 vs. 13.2 ± 0.7 mm), length (54.2 f 2.2 vs. 57.1 ± 4.1 vs. 

53.3 ± 2.6 mm), or weight (15.9 ± 1.0 vs. 21.6 ± 1.9 vs. 19.5 2.3 g). 

Tissue dry, matter 

Dry matter did not differ significantly between treatment groups (Table 1), 

except for inter-caruncular tissue of the previously non-gravid uterine horn, where 

the dry matter was greater for treated compared with placebo ewes (P < 0.05). 

For all animals, the dry matter content of caruncular tissue was lower than inter- 

caruncular uterine tissue in the previously gravid (17.2 t 0.3 vs. 18.2 ± 0.3 %, P< 

0.01) and the contralateral uterine horn (16.4 ± 0.2 vs. 17.9 ± 0.2 %, P<0.001). The 

dry matter content of caruncular tissue was greater in the previously gravid compared 

with the contralateral uterine horn (P < 0.05), but inter-caruncular tissue did not 

differ significantly between the horns. The dry matter content of cervical tissue (20.6 

± 0.3 %) was greater than the uterine tissues (P < 0.001). 

Tissue collagen density 

Collagen density did not differ significantly between treatment groups (Table 2), 

except for caruncular endometrium in the non-gravid horn where the collagen 

concentration was higher in the control or placebo groups than in the treated ewes (P 

< 0.01). 

For all animals, the caruncle collagen density of endometrium was lower than in 

myometrium in the previously gravid uterine horn (58.0 ± 2.7 vs. 90.5 ± 5.5 mg/g, P 

< 0.001) and the non-gravid horn (57.4 ± 3.7 vs. 90.0 ± 4.2 mg/g, P <0.001). The 

inter-cotyledonary tissue collagen density of endometrium was lower than in 

myometrium in the previously non-gravid uterine horn (75.6 ± 6.1 vs. 95.3 14.5 

mg/g, P<0.001), but not in the previously gravid horn (78.2 f 5.2 vs. 75.8 ± 5.3 

mg/g). The collagen density of endometrium, but not myometrium, was lower in 
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caruncles than in inter-caruncular tissue of the previously gravid (P < 0.001) and 

non-gravid (P < 0.05) uterine horn. The cervical collagen density was 124.0 ± 5.4 

mg/g, which was greater (P < 0.001) than each of the uterine tissues. 

Ovarian structures 

There was no evidence of ovulation or new corpora lutea in the ovaries. Across 

treatments, the number of follicles in the 1,2,3,4 or >4 mm diameter categories did 

not differ significantly between the ovary ipsilateral or contralateral to the previously 

gravid uterine horn. Furthermore, there was no significant difference between the 

ipsilateral and contralateral ovary for the total number of follicles (11.2 ± 0.9 vs. 10.7 

± 0.9), or the number of follicles >2 mm diameter (3.5 ± 0.9 vs. 3.6 ± 0.8). The 

maximum follicle diameter was the same in each ovary (2.8 ± 0.3 mm). 

The mean number of follicles 1,2,3,4 or >4 mm diameter in the ovary 

ipsilateral or contralateral to the previously gravid uterine horn for the control, 

placebo, and treatment groups is illustrated in Fig. 3. Treated, compared with control 

or placebo, ewes had fewer 2 mm diameter follicles (P < 0.01) in the ipsilateral and 

fewer 2 mm (P < 0.01) and 3 mm (P < 0.05) diameter follicles in the contralateral 

ovary. The remaining follicle diameter groups did not differ significantly between 

treatment groups. Furthermore, the total number of follicles did not differ 

significantly between control, placebo and treated ewes for the ipsilateral ovary (11.6 

± 1.9 vs. 10.7 ± 1.4 vs. 11.4 ± 1.5) or the contralateral ovary 11.0 ± 2.0 vs. ± 12.6 ± 

1.7 vs. 8.8 ± 0.9). However, the control or placebo groups had more follicles >2 mm 

diameter compared with treated ewes, in the ipsilateral ovary (5.2 ± 1.5 vs. 5.8 ± 1.2 

vs. 0.9 ± 0.6, P<0.001), and the contralateral ovary (5.0 ± 2.2 vs. 6.0 ± 1.1 vs. 0.3 t 

0.2, P<0.001). 
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Discussion 

The presence of an oestrogen-secreting follicle in the ovary ipsilateral to the 

previously gravid uterine horn is a marker of subsequent fertility in cattle (Bonnett et 

al., 1993; Sheldon et al., 2000; Chapter 3). It was hypothesised that oestradiol 

secreted by the ipsilateral ovary has a localised effect to increase the rate of uterine 

involution. In the present study, postpartum sheep that had a single-lamb were used 

as a model, by suturing an oestradiol implant to the ovarian bursa ipsilateral to the 

previously gravid uterine horn. The attachment of the oestradiol implant to the 

ovarian bursa was an attempt to mimic the production of oestradiol by dominant 

follicles. Steroid hormone concentrations are higher in the uterine artery and the 

tissues of the cranial uterine horn ipsilateral to the active ovary in sheep and cattle 

(Weems et al., 1988; Weems et al., 1989). This is probably a result of close 

apposition of the venous drainage of the ovary and the ovarian bursa with the uterine 

artery (Del Campo and Ginther, 1973); and, because of anastomoses between ovarian 

and uterine lymphatic ducts (Staples et al., 1982). " Thus, if there is a local ovary-to- 

uterus pathway, the silastic implants in the present study should result in exposure of 

the uterus to higher oestradiol concentrations than are present in the peripheral 

circulation. However, ideally, oestradiol concentrations should have been measured 

in uterine tissues at the time of peak plasma concentrations. In the present study, 

there was no consistent effect of oestradiol treatment on measurements of uterine 

involution of the genital tract, including wet weight, size, dry matter and collagen 

density. Although, treated animals had lower concentrations of plasma markers of 

involution, including PGFM and the acute phase proteins a, -acid glycoprotein and 

ceruloplasmin. 
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The ewes provided a good surgical model, with correct placement of each 

implant and no evidence of surgical inflammation, as determined by the absence of 

adhesions with all implants, or changes in plasma acute phase protein concentrations 

with the placebo implants. Plasma oestradiol concentrations increased in treated 

ewes to values approaching those reported after subcutaneous implantation, and 

remained elevated (Karsch et al., 1980; Ozturk et al., 1998). 

Genital tracts were collected on Day 17 postpartum, in advance of the expected 

time for completion of uterine involution, around Day 24 to 29 (Call et al., 1976; 

Tian and Noakes, 1991b). There was no evidence of a localised effect of oestradiol 

treatment on the dry matter, collagen density, wet weight, length or width of the 

previously gravid horn, compared with the non-gravid uterine horn. One possible 

explanation for the absence of a localised effect could be an unsuitable dose of 

oestradiol, although the peripheral plasma concentrations were within the 

physiological range. Another explanation may be an unsatisfactory location of the 

implant, which obviated a localised effect on the uterus, although each implant was 

adjacent to the ovary and the utero-ovarian blood vessels. On the other hand, there is 

increasing evidence in sheep and cattle that the effects of oestradiol on the 

postpartum uterus are minimal, and that effects of the uterus on the ovary are 

probably greater (Tian and Noakes, 1991b; Sheldon and Dobson, 2000; Chapter 4; 

Chapter 5). 

After parturition, in sheep, decreasing plasma PGFM concentrations principally 

reflect uterine involution, (Lewis and Bolt, 1987; Tian and Noakes, 1991b; Regassa 

and Noakes, 1999). Similarly in the present study, plasma PGFM concentrations 

were high at parturition and decreased to basal values by Day 9. However, plasma 

PGFM concentrations decreased more rapidly and were lower between Days 1 to 8 in 
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ewes treated with oestradiol compared with the control group. Acute phase proteins 

are produced by hepatocytes in response to inflammation, and increased plasma 

concentrations after parturition also reflect uterine involution (Regassa and Noakes, 

1999). In the present study, plasma acute phase protein concentrations also increased 

after parturition, reaching maximum values 1 to 3 days postpartum. However, in the 

present study, the increase in plasma ai-acid glycoprotein, and ceruloplasmin 

concentrations was slower for oestradiol-treated ewes. Taken together, the effect of 

oestradiol on plasma PGFM, al-acid glycoprotein, and ceruloplasmin concentrations 

could reflect a beneficial effect of treatment on uterine health. Another explanation 

for differences between treatment groups could be a direct effect of oestradiol on 

PGFM and acute phase protein concentrations. Oestradiol specifically suppresses the 

production of the cytokines that mediate the acute phase protein response 

(Deshpande et al., 1997). Furthermore, oestradiol has direct effects on the hepatic 

glycolysation of a, -acid glycoprotein which are opposite to those associated with 

inflammation (Brinkman-Van der Linden et al., 1996). It is unlikely that uterine 

bacterial contamination was a confounding factor because it is uncommon in sheep, 

all ewes were treated with antibiotic, and plasma haptoglobin concentrations were 

unaffected. In light of direct effects of oestradiol on peripheral plasma markers, and 

in the absence of parallel physical measurements, it is not possible to conclude that 

oestradiol increases the rate of uterine involution. 

The pattern of plasma FSH concentrations for sheep in the control and placebo 

groups was similar to previous reports of postpartum and anoestrus ewes, with 

increasing concentrations for about 4 days, followed by a decrease, and then a 

rhythm of increases at 4 to 6 day intervals (Schirar et al., 1990; Bartlewski et al., 

1998). However, oestradiol treatment was associated with consistently low FSH 
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concentrations throughout the study. We are not aware of other studies of 

continuous oestradiol administration on postpartum FSH concentrations. However, 6 

h periods of administration of oestradiol to anoestrous ewes also reduced FSH 

concentrations (Dobson and Ward, 1977); and, oestradiol treatment of 

ovariectomized ewes for 4 to 32 days, suppressed the synthesis and secretion of FSH 

(Herring et al., 1991). 

In the present study, ovarian follicular populations of the ewes in the control and 

placebo group were consistent with those observed previously in anoestrous ewes 

(Bartlewski et al., 1998). However, oestradiol-treated ewes had fewer follicles >2 

mm diameter, probably reflecting the reduced plasma FSH concentrations. In 

contrast to a previous study, there was no difference in the distribution of ovarian 

follicles between the ovaries ipsilateral and contralateral to the previously gravid 

uterine horn of control ewes (Bartlewski et al., 2000). It was expected that there 

would be fewer follicles >2 mm diameter in the ipsilateral ovary. The localised 

suppression of folliculogenesis in the ipsilateral ovary in ruminants is unlikely to be 

caused by the regressing corpus luteum of pregnancy (Sheldon et al., 2002; Chapter 

7). It is more likely that the previously gravid uterine horn or its contents, suppress 

folliculogenesis (Lewis and Bolt, 1987; Al-Gubory and Abdennebi, 1996); and, this 

suppression may be associated with uterine bacterial contamination (Peter and Bosu, 

1988a). Thus, administration of antibiotic to all our animals may be an explanation 

for the difference between our present results and those of Bartlewski et al. (2000). 

In conclusion, the present study examined the effect on uterine involution of 

continuous administration of oestradiol adjacent to the ovary ipsilateral to the 

previously gravid uterine horn. There were lower plasma concentrations of PGFM, 

at-acid glycoprotein, and ceruloplasmin, which might reflect a beneficial effect of 
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oestradiol on uterine involution or a direct effect of oestradiol on these markers. 

However, there was no consistent effect of treatment on the dry matter, collagen 

density, wet weight, length or width of the genital tract tissues. In addition, there 

was no evidence of a localised effect of oestradiol on the involution of the ipsilateral 

previously gravid uterine horn. The present results, taken together with previous 

studies, show no consistent localised effect of oestradiol on uterine involution 

(Sheldon and Dobson, 2000; Chapter 4; Chapter 5). Thus, it is unlikely that 

increased fertility associated with a first dominant follicle in the ipsilateral ovary is a 

consequence of a localised action of ovarian oestradiol to increase the rate of uterine 

involution, and the alternative uterus-to-ovary pathway should be considered. 
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Chapter 7 

The effect of the regressing corpus luteum of pregnancy on ovarian 

folliculogenesis after parturition in cattle 

Introduction 

After parturition in cattle there is an increase in plasma FSH concentration 

which is followed by the emergence of a follicular wave and subsequent selection of 

a dominant follicle (Beam and Butler, 1997; Crowe et at, 1998). The use of 

sequential transrectal ultrasonography has revealed a preference for the first 

postpartum dominant follicle to be selected in the ovary contralateral to the 

previously gravid uterine horn and, thus, the ovary bearing the corpus luteum of 

pregnancy (Kamimura et at, 1993; Nation et at, 1999). This is important, because 

the presence of a large follicle in the ovary ipsilateral to the previously gravid uterine 

horn within 4 weeks of parturition, although less frequent, is associated with 

improved subsequent fertility (Bonnett et at, 1993; Bridges et at, 2000; Sheldon et 

at, 2000; Chapter 3). 

Suppression of folliculogenesis in the ipsilateral ovary decreases as the 

postpartum interval advances, concurrent with disappearance of the corpus luteum of 

pregnancy and uterine involution (Sawyer, 1995; Sheldon et at, 2000; Chapter 3). 

This could be explained by an inhibitory local effect of the regressing corpus luteum 

of pregnancy, or a regional effect of the previously gravid uterine horn (Dufour and 

Roy, 1985). Although luteolysis and regression of the corpus luteum is rapid during 

the oestrous cycle, following parturition luteolysis is protracted with physical 

remnants of luteal cells detectable up to 35 days postpartum (Sawyer, 1995). In 

addition, there is evidence for a non-steroidal aromatase inhibitor of luteal origin that 

can influence follicular steroidogenesis (Al-Gubory et at, 1994). 
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The aim of the present study was to test the hypothesis that the regressing corpus 

luteum of pregnancy suppresses folliculogenesis in the ipsilateral ovary after 

parturition. Specific objectives were, firstly, to remove the corpus luteum of 

pregnancy without disruption of the fetus by administering prostaglandin Fla during 

the last trimester of pregnancy (Conley and Ford, 1987). Then, the effect of the 

absence of the corpus luteum of pregnancy on ovarian follicle structure and function, 

after parturition, would be determined using sequential ultrasonography and plasma 

hormone assays. 

Materials and Methods 

Animals 

All procedures were carried out under the Animals (Scientific Procedures) Act 

1986 regulations for experiments on living animals, administered by the UK Home 

Office. In addition, experimental protocols were approved by the Royal Veterinary 

College Ethical Review Board. 

A dairy herd of 90 Holstein-Friesian cows, with an annual average milk yield of 

6,800 litres, was selected for the study on the basis of accurate farm records. A total 

of 53 cows that were due to calve within a 5-month period were included in the 

study. All cows had been artificially inseminated with Holstein-Friesian semen. 

Prostaglandin Fla analogue (500 µg cloprostenol, Schering-Plough Animal Health, 

Uxbridge) was administered intramuscularly between 190 and 220 days of gestation 

to 17 animals selected using a randomization chart (www. randomizer. org). 

Examination 

The genital tracts of all cows were examined daily by transrectal palpation and 

ultrasonography using a 7.5-MHz linear array transducer (Aloka SSD 210 DXII, 



BCF Technology, Livingstone) starting on Day 6 postpartum and continuing for 21 

days. The side of the previous pregnancy was determined by assessing which uterine 

horn was longest and of greatest diameter on Day 6. Follicles were defined as non- 

echogenic (black) spherical structures with a clear demarcation between the follicular 

wall and antrum. Corpora lutea were defined as grainy echogenic structures that had 

a well-defined border with the less echogenic ovarian stroma; in some corpora lutea 

there was a non-echogenic lacuna. After freezing the image on the screen, the 

number of ovarian follicles ?4 mm diameter and corpora lutea in each ovary were 

counted, and their maximum diameter measured using the internal calipers of the 

machine. When the image of the structure being scanned was not spherical, the 

diameter was estimated by averaging two 90° dimensions. 

A dominant follicle was defined as the largest follicle in the ovary with > 10 mm 

internal diameter in the absence of other growing follicles (Dobson et al., 2000). A 

dominant follicle and cohorts were defined as a follicular wave (Dobson et al., 

2000). The first day of dominance within a follicular wave was determined, 

retrospectively, as the day on which the dominant follicle was first >_ 10 mm 

diameter. The number of ?4 mm or ? 10 mm follicles in a wave was based on the 

emergence of the follicles at the same, or consecutive, examinations (Ginther et al., 

1996a). Day of ovulation was defined as the day when a dominant follicle was last 

scanned prior to subsequent appearance of a corpus luteum in the same location, and 

confirmed, retrospectively, by a subsequent increase in plasma progesterone 

concentration >1 ng/ml. A persistent follicle was defined as a follicle >_ 10 mm 

internal diameter that persisted for more than 5 consecutive days, in the absence of 

new follicle growth, and did not ovulate (Dobson et al., 2000). 
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Blood Sampling and Hormone Assays 

Blood samples were collected daily for 21 days, starting on Day 6 postpartum, 

from the coccygeal vein or artery into evacuated heparinised tubes (Vacutainer, 

Becton Dickinson, Meylan, France) and transported on ice to the laboratory. Within 

30 minutes, plasma was separated by centrifugation (2200g for 10 min), harvested 

and stored frozen at -20°C. 

Oestradiol-17ß concentration was estimated in duplicate using a previously 

characterized RIA (Estradiol MAIA, Serono Diagnostics Ltd, Woking) following 

diethyl ether extraction of the plasma samples (Mann et al., 1995). The mean intra- 

assay (n = 12 samples) and inter-assay (n =3 assays) coefficient of variation was 

8.1 % and 13.1 %, respectively for a 0.9 pg/ml sample, and the sensitivity was 0.24 

pg/ml. Progesterone concentration was estimated in duplicate using a commercial 

ELISA kit (Ridgeway Science, Gloucester). The intra-assay (n = 10 samples) and 

inter-assay (n =3 assays) coefficients of variation were 6.5% and 11.2%, 

respectively for a 1.7 ng/ml sample, and the sensitivity was 0.6 ng/ml. FSH 

concentration was estimated in duplicate using a previously validated RIA (Dobson 

et al., 2000). The standard used for the FSH assay was AFP 5679C RP-1. The intra- 

assay (n = 20 samples) and inter-assay (n =3 assays) coefficient of variation were 

3.4% and 4.7%, respectively for a 1.2 ng/ml sample, and the sensitivity was 0.12 

ng/ml. 

Statistical analysis 

Data analysis was performed on 46 animals (14 treated and 32 control) using 

SAS ver 8.01 computer program (SAS Institute Inc., Cary, NC). Three treated cows 

were excluded from the analysis; one aborted at 243 days of gestation, one had a 

caesarean operation, and a third had a physical injury. Four control cows were 
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excluded; two had caesarean operations, and two animals had mastitis. Data are 

quoted as arithmetic mean ± SEM, and significance was attributed at P<0.05. 

Continuous data were examined for normality using the Kolmogorov-Smirnoff test, 

and equality of variance using the Levene's test (Petrie and Watson, 1999). Plasma 

hormone data were Logio transformed prior to statistical analysis. 

The duration of gestation, time interval from insemination to PG administration, 

intervals between parturition and dominance or ovulation, and interval between 

ovulation and increase in plasma progesterone concentration were examined by 

Kaplan-Meier survival analysis (Kalbfleisch and Prentice, 1980). Differences 

between the treated and control groups were compared using the Log Rank test. The 

maximum diameter of follicles was compared between ovaries and between 

treatments using unpaired t-tests, and between different follicular fates using 

ANOVA. Comparisons of the location of ovarian structures, or the fate of ovarian 

structures, were tested using the Chi-square test, or Fisher's Exact test when a cell 

had an expected frequency of < 5. Data for the number of follicles in each ovary 

were compared using the non-parametric Wilcoxon signed rank test and differences 

between treatment groups tested using the Mann-Whitney test (Gibbons and 

Chakraborti, 1992). 

Follicle diameters and plasma hormone concentrations were examined using 

ANOVA mixed models for repeated measures (SAS, 1997). Response variables 

tested were day postpartum, treatment group, fate of the first dominant follicle 

(ovulated, regressed, persistent follicle), location of the first dominant follicle 

(ipsilateral, contralateral ovary), and their interactions. Variables were removed 

from the model, following examination for correlation with remaining variables, 

until those remaining were significant. Model fitting and the selection of the 
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covariance structure were determined using Akaike's information criterion (SAS, 

1997). Correlation between first dominant follicle diameter and plasma hormone 

concentrations were tested using Pearson's correlation coefficient. 

Results 

The interval from conception to administration of Prostaglandin Fla for treated 

cows was 207.5 ± 3.4 days (range 190 to 220). The interval between administration 

of Prostaglandin Fla and parturition was 66.4 ± 3.5 days. The gestation interval was 

shorter (P < 0.001) for treated cows (274.6 ± 2.5 days, range 255 to 289) compared 

with control animals (284.2 ± 0.9 days, range 276 to 296). 

Location of events 

The corpus luteum of pregnancy was not detected postpartum by ovarian 

ultrasonography in any cow administered Prostaglandin Fla, although it was 

observed in all control animals between Day 6 to 14. There was a wave of follicular 

development, with the emergence of a dominant follicle, in all cows within 14 days 

of parturition. 

There were fewer follicles >_ 4 mm diameter in the ipsilateral ovary compared 

with the contralateral ovary in the first follicular wave after parturition (2.27 ± 0.23 

vs. 3.34 ± 0.20, P<0.001). However, when comparisons were made between treated 

and control animals there were no significant differences in the numbers of follicles 

>4 mm diameter in the first postpartum follicular wave in the ipsilateral ovary (2.71 

± 0.37 vs. 2.03 ± 0.28) or contralateral ovary (3.36 ± 0.40 vs. 3.33 ± 0.22). There 

were fewer first postpartum dominant follicles in the ipsilateral ovary compared with 

the contralateral ovary (12 vs. 34, P<0.01), but again the proportions in the 

ipsilateral ovary did not differ between the treated and control animals (4/14 vs. 
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8/32). A smaller proportion of dominant follicles, than follicles >4 mm diameter, 

were observed in the ipsilateral ovary (12/46 vs. 104/257, P<0.05). 

The first dominant follicle ovulated in 35 out of 46 cases. There were fewer 

ovulations in the ipsilateral ovary compared with the contralateral ovary (11 vs. 24, P 

< 0.01). There was no statistical difference in the proportion of dominant follicles 

that ovulated between the ipsilateral and contralateral ovaries (11/12 vs. 24/34). 

There was no difference in the frequency of ovulations from the ipsilateral ovary 

between the treated and control groups (4/14 vs. 7/32). 

A second follicular wave was detected in 36 animals; 33 animals which had 

ovulated and 3 where the first dominant follicle regressed. There were similar 

numbers of follicles >_ 4 mm diameter in the ipsilateral ovary compared with the 

contralateral ovary (2.40 ± 0.26 vs. 2.43 ± 0.18). There was no significant difference 

between the number of second dominant follicles in the ipsilateral and contralateral 

ovaries (13 vs. 23). The frequency of second dominant follicles in the ipsilateral 

ovary did not differ between treated and control animals (6/14 vs. 7/22). 

Timing of events 

The interval between calving and achieving dominance for the first dominant 

follicle was similar for the treated and control animals (10.1 ± 0.4 vs. 10.7 ± 0.5 

days). The interval from calving to dominance did not differ between dominant 

follicles located in the ipsilateral or contralateral ovaries (10.6 ± 0.5 vs. 10.2 ± 0.4 

days). 

For those animals in which the first dominant follicle ovulated, the interval from 

calving to ovulation did not differ between the treated and control groups (16.1 ± 1.0 

vs. 17.0 ± 0.7 days). The interval from calving to ovulation from the ipsilateral and 

contralateral ovaries was also similar (16.5 10.88 vs. 16.8 ± 0.8 days). After each 
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ovulation, an increase in plasma progesterone concentration to >1 ng/ml was 

detected 3.8 ± 0.2 days later, and this interval did not differ between those animals 

with a first dominant follicle in the ipsilateral or the contralateral ovary (3.7 ± 0.5 vs. 

3.9 ± 0.2 days). The interval from ovulation to progesterone increase for cows 

treated with PG more than 60 days earlier, did not differ significantly from that of 

control animals (4.6 ± 0.4 vs. 3.5 ± 0.2 days). 

The interval from parturition to dominance of the second dominant follicle 

postpartum did not differ between treated and control animals (19.9 ± 1.0 vs. 20.8 ± 

0.8 days) or between the ipsilateral and contralateral ovaries (20.8 ± 1.0 vs. 20.6± 

0.8 days). 

Follicular growth and function 

The diameter of the first dominant follicle increased between Day 6 and 16 

postpartum (P < 0.001), but follicle growth rates did not differ between treatment and 

control groups, and the interaction of group x Day was not significant (Fig. 1 a). The 

maximum diameter of the first dominant follicle of the treated and control groups 

was 14.9 ± 1.1 and 16.9 ± 0.8 mm, respectively. There was no significant difference 

between the diameter of dominant follicles in the ipsilateral and contralateral ovaries, 

between Day 6 to 16 postpartum (Fig. 1 b). The maximum diameter of the first 

dominant follicle of the ipsilateral and contralateral ovaries was 14.8 ± 1.1 and 16.8 

± 0.8 mm, respectively. 

There was no significant effect of treatment group or location of the first 

dominant follicle on peripheral plasma oestradiol or FSH concentration, and so the 

combined data are illustrated in Figure 2. Plasma oestradiol concentration increased 

between Day 6 and 16 postpartum (P < 0.001) and FSH concentration decreased 

between Day 6 and 11 postpartum (P < 0.001), as follicular diameter increased. 
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Between Day 6 and 16, there was a significant correlation between first dominant 

follicle diameter and plasma oestradiol concentration (r = 0.53, P<0.001), or FSH 

concentration (r = -0.44, P<0.001). Plasma oestradiol and FSH concentration also 

were correlated (r = -0.26, P<0.001). 

Ultrasonography revealed three possible fates for the first dominant follicle: 

ovulation; regression, followed by a second follicular wave; or formation of a 

persistent follicle (Fig. 3). The frequency of the different fates of the first dominant 

follicle did not differ significantly between treated and control animals. The 

dominant follicle ovulated, regressed or formed a persistent follicle in 10,3, and 
.1 

treated animals and in 25,3, and 4 control animals, respectively. Using pooled data 

across treatment groups, the interaction of fate of the first dominant follicle x Day 

postpartum was significant for follicle diameter (P < 0.01), plasma FSH 

concentration (P < 0.01), and plasma oestradiol concentration (P < 0.05). The 

diameters of first dominant follicles that regressed were smaller than for ovulatory or 

persistent follicles between Day 9 to 16 postpartum (P < 0.01), and plasma oestradiol 

concentrations were also lower between Day 14 and 16 (P < 0.01). Plasma oestradiol 

concentrations were correlated with diameter of the first dominant follicle for those 

that ovulated (r = 0.60, P<0.001), or formed a persistent follicle (r = 0.36, P<0.01), 

but not for those that regressed. Further, unlike ovulatory or persistent follicles, in 

those animals with a first dominant follicle that subsequently regressed, plasma 

oestradiol concentration did not exceed 1 pg/ml. Plasma FSH concentration was 

lower in animals with a persistent follicle on Day 15 postpartum, compared with 

animals with a first dominant follicle that ovulated or regressed (0.56 ± 0.07 vs. 0.76 

± 0.08, or 0.72 ± 0.06 ng/ml, P<0.05). 
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FIG. 1. Mean ± SEM diameter of the first postpartum dominant follicle (mm) 

between Day 6 and 16 postpartum in cows (a) administered prostaglandin Fla around 

day 200 of gestation (u) and control animals (0); and, (b) when the first postpartum 

dominant follicle was in the ipsilateral (") or contralateral (A) ovary. 
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FIG. 2. Mean ± SEM diameter (. ) of the first postpartum dominant follicle (mm), 

plasma oestradiol (") concentration (pg/ml) and FSH (O) concentration (ng/ml) 

between day 6 and 16 postpartum using data pooled from all animals 
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FIG. 3. Diameter of the first (. ) and, where observed, the second (o) 
postpartum dominant follicles (mm), plasma oestradiol (") concentration (pg/ml), 

and FSH (G) concentration (ng/ml) between Day 6 and 25 postpartum for typical 
cases in which the first dominant follicle (a) ovulated, (b) regressed, or (c) persisted. 

121 



Discussion 

Administration of a prostaglandin Fla analogue at around 200 days of gestation 

caused lüteolysis, without disturbance of the fetus which remained supported by 

extragonadal sources of progesterone (Estergreen et al., 1967; Conley and Ford, 

1987). The present study also confirmed that the corpus luteum of pregnancy was 

not detectable by ultrasonography after parturition in cows treated with prostaglandin 

Fla early in the third trimester. Treated cows had a shorter gestation, although it was 

not possible in the present study to determine how that might affect the results. 

However, because the absence of the corpus luteum of pregnancy had no effect on 

postpartum follicular growth or function, or the timing or location of ovarian events, 

an effect of the previously gravid uterine horn and its contents should be considered. 

A postpartum transient increase in plasma FSH concentration precedes the 

emergence of the first postpartum follicular wave, and subsequent selection of a 

dominant follicle during the following phase of decreasing FSH concentration 

(Adams et al., 1992; Sunderland et al., 1994; Beam and Butler, 1997; Crowe et al., 

1998). Similarly, in the present study, each animal after parturition developed a 

cohort of approximately six follicles >_ 4 mm diameter and, as plasma FSH 

concentration decreased, selection of the first dominant follicle occurred. However, 

plasma FSH concentration did not differ between those cows in which the first 

dominant follicle developed in the ipsilateral or contralateral ovary, or between the 

treated and control animals. 

The preference for the first postpartum dominant follicle to be selected in the 

contralateral ovary has been established by repeated transrectal ultrasonography after 

parturition (Kamimura et al., 1993; Nation et al., 1999). Additionally, in the present 

study there were fewer follicles >_ 4 mm diameter in the ipsilateral ovary during the 
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first postpartum follicular wave, and there were fewer ovulations reflecting fewer 

first dominant follicles in the ipsilateral ovary. However, the preference for structures 

to occur in the contralateral ovary diminishes with increasing interval from 

parturition (Sheldon et al., 2000; Chapter 3). Two possible explanations for these 

observations have been suggested. Firstly, there could be a local luteal inhibitory 

effect (Dufour and Roy, 1985; Nation et al., 1999); however, in the present study the 

presence of a regressing corpus luteum of pregnancy did not affect several aspects of 

follicular growth. Furthermore, during normal oestrous cycles there are more 

dominant follicles in the corpus luteum-bearing ovary (Savio et al., 1988). A second 

explanation is that there could be a regional effect of the involuting previously gravid 

uterus on folliculogenesis in the ipsilateral ovary (Lewis et al., 1984; Dufour and 

Roy, 1985; Sheldon et al., 2000; Chapter 3). A possible mechanism would be the 

transfer of products from the uterus to the ovary via the counter current mechanism, 

as established for prostaglandin Fla during the process of luteolysis (Bonnin et al., 

1999). 

The observation of fewer dominant follicles in the ipsilateral ovary after 

parturition appears to be a consequence of two components. Firstly, fewer follicles > 

4 mm diameter emerged in the ipsilateral ovary during the first postpartum follicular 

wave. Secondly, a smaller proportion of these first wave follicles were selected to 

achieve dominance in the ipsilateral ovary. As FSH concentration gradually 

decreases, there is selection of the dominant follicle, and subsequent transfer of 

gonadotrophin dependence from FSH to LH (Campbell et al., 1999; Ginther et al., 

1999); LH probably plays a minor role until the point of selection (Ginther et al., 

2001 b). After parturition, we suggest that there is further control on follicle 

emergence and selection exerted at the level of the ovary, acting to modulate the 
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response of follicles to FSH secreted by the pituitary. However, the inhibition of 

postpartum follicular growth in the ipsilateral ovary can be overcome by 

administration of eCG which has both FSH and LH-like activity (Sheldon and 

Dobson, 2000; Chapter 4). Interestingly, a similar multi-level control mechanism 

has been suggested for endotoxin disruption of the follicular phase in ewes (Battaglia 

et al., 2000). It is possible that immune/inflammatory challenges could also be 

involved in the control of folliculogenesis after parturition, as uterine involution and 

elimination of bacterial contamination provoke an acute phase protein response 

(Sheldon et al., 2001). 

Once the location of the first dominant follicle had been determined, the timing 

of events was independent of location in the ipsilateral or contralateral ovary, and the 

presence of the corpus luteum of pregnancy. In addition, their ovarian location, or 

the corpus luteum of pregnancy, did not affect the growth rate of the first dominant 

follicles or their maximum diameter. Therefore, the mechanism responsible for 

imbalance between the ipsilateral and contralateral ovaries after parturition acts 

before and/or at the time of dominant follicle selection, and the regressing corpus 

luteum of pregnancy is not involved. Furthermore, first dominant follicles were as 

competent in the ipsilateral ovary as in the contralateral ovary, as determined by their 

ability to secrete oestradiol and to ovulate. 

In the absence of an effect of the corpus luteum of pregnancy on postpartum 

follicular development, the influence of uterine involution on postpartum 

folliculogenesis should be considered. Postpartum folliculogenesis parallels 

observations of decreased follicular activity in the ovary ipsilateral to the gravid 

uterine horn during early and mid-pregnancy (Rexroad and Casida, 1975; Pierson 

and Ginther, 1987c). In addition, the suppressive effect of the pregnant uterus and/or 
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its contents on ovarian follicular growth is removed following hysterectomy 

(Thatcher et al., 1991). Studies in sheep concluded that the negative effects on 

folliculogenesis were exerted by the gravid uterine horn, and that the corpus luteum 

of pregnancy had a positive effect on follicle numbers in the ipsilateral ovary (Hall et 

al., 1993; Driancourt et al., 2000). 

The fates of the first dominant follicles observed in the present study and their 

function supported previous descriptions (Beam and Butler, 1997). In particular, 

first dominant follicles that regressed secreted less oestradiol, irrespective of follicle 

diameter; this may be a consequence of inadequate LH support (Ginther et al., 

2001b). The frequency with which dominant follicles ovulated, regressed or formed 

a persistent follicle did not differ between the treated and control cows, suggesting 

that fate is dependent on other factors, probably LH pulse frequency (Campbell et 

al., 1997; Campbell et al., 1998; Duffy et al., 2000). 

In conclusion, the removal of the corpus luteum of pregnancy by administration 

of prostaglandin Fla prior to parturition did not influence first postpartum follicle 

wave location or timing of ovarian events, dominant follicle growth or function. 

Although there was greater folliculogenesis in the ovary contralateral to the 

previously gravid uterine horn, once the location of the future first dominant follicle 

was selected, the timing of events was independent of location. We suggest that the 

corpus luteum of pregnancy does not have a local effect on postpartum ovarian 

function but, instead, an effect of the previously gravid uterine horn shortly after 

parturition should be considered. 
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Chapter 8 

Uterine bacterial contamination after parturition influences ovarian dominant 

follicle selection and inhibits follicle growth and function in cattle 

Introduction 

After parturition, there is an increase in plasma FSH concentration which is 

followed by the emergence of a wave of several 4 to 6 mm follicles, and subsequent 

selection of a single dominant follicle (Beam and Butler, 1997; Crowe et al., 1998). 

The use of sequential transrectal ultrasonography has revealed that the first 

postpartum dominant follicle is preferentially selected in the ovary contralateral to 

the previously gravid uterine horn (Kamimura et al., 1993; Nation et al., 1999). 

This is important because the presence of a large follicle in the ovary ipsilateral to 

the previously gravid uterine horn within 4 weeks of parturition, although less 

frequent, is associated with improved subsequent fertility (Bonnett et al., 1993; 

Sheldon et al., 2000; Chapter 3). 

Suppression of folliculogenesis in the ipsilateral ovary decreases as the 

postpartum interval advances, concurrent with the disappearance of the corpus 

luteum of pregnancy, uterine involution, and elimination of the ubiquitous uterine 

bacterial contamination after parturition (Elliot et al., 1968; Sawyer, 1995; Sheldon 

et al., 2000; Chapter 3). Suppression of folliculogenesis in the ipsilateral ovary could 

be explained by an inhibitory local effect of the regressing corpus luteum of 

pregnancy, or the previously gravid uterine horn, or its contents (Dufour and Roy, 

1985). However, the removal of the corpus luteum of pregnancy, by administration 

of prostaglandin Fla before parturition, did not influence first postpartum dominant 

follicle growth, function, or ovarian location (Sheldon et al., 2002; Chapter 7). 
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Although the previously gravid uterine horn was not identified, in one study 

ovarian follicles were smaller after parturition in cattle with a uterine bacterial 

infection (Peter and Bosu, 1988a). Further, inflammatory mediators such as bacterial 

endotoxin, and immune mediators such as cytokines, disturb the hormonal 

interactions that control normal cyclic ovarian function (Rivest et al., 1993; Battaglia 

et al., 1999; Williams et al., 2001). Intracerebral, or intravenous, administration of 

inflammatory mediators disrupts GnRH release from the hypothalamus, and LH 

secretion from the pituitary. However, a surprising inhibition of follicular oestradiol 

secretion following administration of endotoxin, in the face of adequate plasma LH 

concentrations, lead to the suggestion of an additional effect at the level of the ovary 

(Xiao et al., 1998; Battaglia et al., 2000). Despite these observations, little human or 

animal research has been focused on the impact of inflammatory mediators on the 

ovary, particularly under normal pathophysiological situations. 

The aim of the present study was to test the hypothesis that postpartum uterine 

bacterial contamination alters the location of ovarian follicle emergence and 

selection, and inhibits dominant follicle growth and function. 

Materials and Methods 

Animals 

All procedures were carried out under the Animals (Scientific Procedures) Act 

1986 regulations for experiments on living animals, administered by the UK Home 

Office. In addition, experimental protocols were approved by the Royal Veterinary 

College Ethical Review Committee. 
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A dairy herd of 90 Holstein-Friesian cows, with an annual average milk yield of 

6,800 litres and a rolling herd mean somatic cell count of 84 x 103 cells/ml, was 

selected for the study on the basis of accurate farm records. All cows had been 

pregnant to Holstein-Friesian bulls. Animals with a history of caesarean operation, 

or the presence of vaginal lacerations, acute mastitis, lameness, abdominal disorders 

or other intercurrent disease, were excluded from the study on the basis of daily 

clinical examination to remove any confounding influence of non-uterine bacterial 

infection during the study period (Skinner et al., 1991; Scott et al., 1992; 

Horadagoda et al., 1999). Seventy Holstein/Friesian cows were included in the study 

during a one-year period. No antimicrobial treatments were administered during the 

study. 

Clinical examination 

The genital tract of each cow was examined daily from Day 7 to Day 28, using 

transrectal palpation and ultrasonography with a 7.5-MHz linear array transducer 

(Aloka SSD 210 DXII, BCF Technology, Livingstone, U. K. ). The previously gravid 

uterine horn was identified as being longer and of greater diameter than the 

contralateral horn. Follicles were defined as non-echogenic (black) spherical 

structures with a clear demarcation between the follicular wall and antrum. A corpus 

luteum was defined as a grainy echogenic structure that had a well-defined border 

with the less echogenic ovarian stroma; in some corpora lutea there was a non- 

echogenic lacuna. The numbers of ovarian follicles >_ 4 mm diameter and corpora 

lutea in each ovary were counted, and each maximum diameter was measured using 

the instrument's internal calipers. When the image of the structure being scanned was 

not spherical, the diameter was estimated by averaging two 900 dimensions. 
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A dominant follicle was defined as the largest follicle in the ovary with > 10 mm 

internal diameter in the absence of other growing follicles (Dobson et al., 2000). A 

dominant follicle and cohorts were defined as a follicular wave (Dobson et al., 

2000). The first day of dominance within a follicular wave was determined 

retrospectively as the day on which the dominant follicle initially exceeded 10 mm 

diameter. The number of ?4 mm, or _> 
10 mm follicles in a wave was based on 

emergence of the follicles at the same or consecutive examinations (Ginther et al., 

1996a). Day of ovulation was defined as the day when the dominant follicle was last 

scanned, before its sudden disappearance, and the subsequent appearance of a corpus 

luteum in the same location. Luteinisation was confirmed, retrospectively, by a 

subsequent increase in plasma progesterone concentration >I ng/ml. A persistent 

follicle (follicular cyst) was defined as a follicle >_ 10 mm internal diameter that 

persisted for more than 5 consecutive days and did not ovulate (Dobson et al., 2000). 

Uterine swab collection and bacteriology 

A trans-cervical guarded swab was collected from the uterine body of each cow 

on Day 7,14,21 and 28 postpartum using a previously validated method (Noakes et 

al., 1989). The swab was transferred to a bijou bottle containing Stuart Transport 

Medium (Unipath, Basingstoke) and was cultured within Ih of collection, at the on- 

site bacteriology laboratory. Swabs were cultured aerobically and anaerobically on 

pre-equilibrated sheep blood agar (Unipath), and aerobically on MacConkey agar 

(Unipath). Identification of bacteria was based on the characteristics of the colony, 

Gram-stain, morphology, haemolysis, biochemical profile (API systems, bioMerieux, 

Basingstoke), and other standard tests (Barrow and Feltham, 1993). Bacterial growth 

on the culture plates was scored semi-quantitatively, dependent on the number of 

bacterial colonies detected on the plate: 0: no growth; 1: < 10 colonies; 2: 10 to 100 
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colonies; 3: 100 to 500 colonies; and, 4: > 500 colonies (Noakes et al., 1991). The 

bacterial growth score on Day 7,14,21, or 28, was the sum of the scores for each of 

the bacterial isolates, and the total bacterial growth score for each cow was the sum 

of the individual bacterial growth scores for all four uterine swabs. The uterine 

bacterial scores at each time point were used to categorise cows into categories of 

standard or high bacterial contamination on Day 7,14,21, or 28. The standard 

category was defined as the lower 75% quartile bacterial score and the high 

contamination category as the upper 25%. In addition, bacteria were categorised, 

based on expected pathogenic potential within the uterus (Ruder et al., 1981; Olson 

et al., 1984; Farin et al., 1989; Noakes et al., 1989; Noakes et al., 1991; Bonnett et 

al., 1993). The categories were (1) pathogens known to cause endometrial lesions; 

(2) other recognised uterine pathogens; and, (3) bacteria not recognised as uterine 

pathogens (see Table 1). Using these bacterial pathogenicity categories, cows were 

grouped for the presence of the most pathogenic bacteria on Day 7,14,21, or 28, for 

statistical analysis, with a fourth group in which no bacteria were isolated (Laven et 

al., 2000). 

Blood sampling and hormone assays 

Blood samples were collected daily from Day 7 to Day 21 postpartum, from the 

coccygeal vein or artery into evacuated heparinised tubes (BD Vacutainer Systems, 

Plymouth) and transported on ice to the laboratory. Within 30 minutes, plasma was 

separated by centrifugation (2200g for 10 min), harvested and stored frozen at -20°C. 

Oestradiol-17ß concentration was estimated in duplicate by a previously 

characterized RIA (Estradiol MAIA, Serono Diagnostics Ltd, Woking) using diethyl 

ether extracted plasma (Mann et al., 1995). The mean intra- (n = 12 samples) and 

inter-assay (n =3 assays) coefficients of variation were 8.1% and 13.1%, 
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respectively, for a 0.9 pg/ml sample, and the minimum detectable quantity was 0.24 

pg/ml. Progesterone concentration was estimated in duplicate using a commercial 

ELISA kit (Ridgeway Science, Gloucester). The intra- (n = 10 samples) and inter- 

assay (n =3 assays) coefficients of variation were 6.5% and 11.2%, respectively, for 

a 1.7 ng/ml sample, and the minimum detectable quantity was 0.6 ng/ml. FSH 

concentration was estimated in duplicate by a previously characterized RIA (Dobson 

et al., 2000). The standard used for the FSH assay was AFP 5679C RP-1. The intra- 

(n = 20 samples) and inter-assay (n =3 assays) coefficients of variation were 3.4% 

and 4.7%, respectively for a 1.2 ng/ml sample, and the minimum detectable quantity 

was 0.12 ng/ml. 

Statistical analysis 

Data analysis was performed using SAS ver 8.01 computer program (SAS 

Institute Inc., Cary, NC). Results are quoted as arithmetic mean ± SEM, and 

significance was attributed at P<0.05. 

The location of ovarian structures (first dominant follicle, first ovulation, or 

second dominant follicle), in relation to the previously gravid uterine horn, were 

compared using Chi-square analysis, or Fisher's exact test if cells contained less than 

five observations. Logistic regression was used to examine the effect of standard or 

high uterine bacterial contamination, or the pathogen group, on the location of 

ovarian structures, and to obtain odds ratios. 

Survival analysis, using Cox regression models, was used to compare time 

intervals from calving to appearance of the first dominant follicle, the first dominant 

ovulatory follicle and to ovulation, between bacterial categories, between the ovarian 

location of the structures, or between different bacterial pathogen groups. 
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Follicle numbers were compared using Mann-Whitney and Kruskall-Wallis non- 

parametric tests for two or more variables, respectively (Gibbons and Chakraborti, 

1992). Follicle diameter, plasma oestradiol and FSH concentrations were compared 

by repeated measurements ANOVA using a mixed model (SAS, 1997). Data from 

Day 7 postpartum, the start of the study, to Day 16, the mean day of ovulation for the 

first dominant follicle, were included in the analysis. Data were examined for 

normality using the Kolmogorov-Smirnoff test, and equality of variance using the 

Levene's test. Where appropriate, data were Logio or square root transformed to 

yield variance homogeneity. The explanatory variables were bacterial contamination 

category on Day 7,14,21 and 28, pathogen group, location of the first dominant 

follicle, fate of the first dominant follicle, and their interactions with time 

postpartum. A compound symmetry model best fitted the data, as determined using 

Akaike's information criterion. Post hoc tests were performed using Bonferonni's 

adjustment. 

Results 

Bacteriology 

Bacteria were isolated from uterine swabs in each animal at least once during the 

study. More than 30 different bacteria were identified and categorised by their 

potential pathogenicity (Table 1). No bacteria were isolated from uterine swabs 

collected from 5,4,9, and 13 animals on Day 7,14,21, and 28, respectively. The 

mean ± SEM bacterial growth score for each bacterial pathogenicity group are 

illustrated in Fig. I for uterine swabs collected on Day 7,14,21, or 28. The ranges 

of total bacterial growth scores were 0 to 15,0 to 12,0 to 10, and 0 to 9 for Days 7, 
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14,21, and 28, respectively. The 75% quartile cut-off point to categorise cows into 

standard or high bacterial score for uterine swabs collected on Day 7 was score 6. 

Day 14 was 6, Day 21 was 4, and on Day 28 was 3. The mean bacterial score of the 

standard categories on Days 7,14,21, and 28 were 2.2 f 02,2.7 ± 0.2,1.6 ±0 . 2, and 

1.2 ± 0.1, respectively; and, for the high categories were 8.4 -- 0.6.7.7 ! 0.4. i. 5 

0.4, and 4.2 f 0.2, respectively. The individual animals comprising the standard or 

high bacterial score categories on Day 7,14,21, or 28 were not always the sane. 

However. 28 animals in the standard. and 7 in the high bacterial contamination 

categories were identical across the four periods. 
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Table 1. Categorisation of bacteria, isolated by aerobic and anaerobic culture of 

uterine swabs, based on their potential pathogenicity (Ruder et al., 1981; Olson et aL, 

1984; Farin et al., 1989; Noakes et al., 1989; Noakes et al., 1991; Bonnett et al., 

1993). Categories: (1) pathogens known to cause endometrial lesions; (2) other 

recognised uterine pathogens; and, (3) bacteria not recognised as uterine pathogens 

Bacterial category 

1 2 3 

Arcanobacterium pyogenes Acinetobacter spp Aerococcus viridans 

Prevotella spp Bacillus licheniformis Clostridium butyricum 

Escherichia coli Enterococcus faecalis Clostridium perfringens 

Fusobacterium Haemophilus somnus Corynebacterium spp 

necrophorum Mannhiemia Enterobacter aerogenes 

Fusobacterium nucleatum haemolytica Klebsiella pneumoniae 
Pasteurella multocida Micrococcus spp 
Peptostreptococcus spp Providencla rettgerl 
Staphylococcus aureus Pro videncia stuartit 
(coagulase +) Proteus spp 
Streptococcus uberis Proprionobacterium granulosa 

Staphylococcus species (coagulase ") 

a-haemolyic Strctococci 

Streptococcus acidominimus 

spp: species 
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Location of events 

A wave of follicular development, with the emergence of a dominant follicle, 

was observed in all cows within 14 days of parturition. 

There were fewer follicles >_ 4 mm diameter in the ipsilateral ovary compared 

with the contralateral ovary in the first follicular wave after parturition (1.74 ± 0.15 

vs. 2.89 ± 0.14, P<0.0001). However, there were no significant differences in the 

numbers of follicles >_ 4 mm diameter in the first postpartum follicular wave between 

high or standard Day 7 bacterial score categories, in the ipsilateral ovary (1.88 ± 0.18 

vs. 1.40 ± 0.22, P=0.14), or the contralateral ovary (2.86 ± 0.19 vs. 2.95 ± 0.17, P= 

0.78). The proportion of follicles >_ 4 mm diameter in the first follicular wave, 

located in the ipsilateral ovary, was greater than the proportion of first dominant 

follicles in the ipsilateral ovary (37.6% vs. 22.9%, P<0.05). 

There were fewer first postpartum dominant follicles in the ipsilateral ovary 

compared with the contralateral ovary (16 vs. 54, P<0.0001). Logistic regression 

for the location of the first postpartum dominant follicles indicated that the standard 

or high bacterial category on Day 7 was significant (P < 0.05), but not on Day 14 (P 

= 0.77), Day 21 (P = 0.10), or Day 28 (P = 0.87). The high Day 7 bacterial score 

category was 14.4 (odds ratio) times less likely to have a first dominant follicle in the 

ipsilateral ovary, compared with the standard category (Fig. 2a). llowevcr, the 

location of the first dominant follicle did not differ significantly between animals in 

different bacterial pathogenicity groups on Day 7 postpartum (P = 0.65). 

Ultrasonography revealed three possible fates for the first dominant follicle: 

ovulation (n = 48), regression followed by a second follicular wave (n - 10), or 

formation of a persistent follicle (n = 12). The frequency of the first dominant 
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follicles that ovulated, regressed or persisted did not differ significantly between the 

standard and high bacterial categories on Day 7 (37,6 and 10 vs. 11,4 and 2, 

respectively, P=0.41), Day 14 (33,6 and 7 vs. 15,4 and 5, respectively, P=0.73), 

Day 21 (36,6 and 11 vs. 12,4 and 1, P=0.22), or Day 28 (40,6 and 11 vs. 8,4 and 

1, P=0.14). 

There were fewer ovulations in the ipsilateral ovary compared with the 

contralateral ovary (11 vs. 37, P<0.001). However, a similar proportion of 

dominant follicles in the ipsilateral ovary ovulated compared with the contralateral 

ovary (11/16 vs. 37/54, P=1.00). 

A second follicular wave was detected in 43 animals. There was a similar 

number of follicles >_ 4 mm diameter in the ipsilateral ovary compared with the 

contralateral ovary (2.29 ± 0.20 vs. 2.54 ± 0.24, P=0.46). There were no significant 

differences in the numbers of follicles >_ 4 mm diameter in the second postpartum 

follicular wave between high or standard Day 21 bacterial score categories, in the 

ipsilateral ovary (2.11 ± 0.54 vs. 2.34 ± 0.21, P=0.52), or the contralatcral ovary 

(2.89 ± 0.45 vs. 2.44 ± 0.28, P=0.31). There were fewer second dominant follicles 

in the ipsilateral ovary compared with the contralateral ovary (14 vs. 29, P<0.05). 

Logistic regression for the location of the second postpartum dominant follicle 

indicated that the bacterial category on Day 21 was significant (P < 0.05), but not on 

Day 7 (P = 0.66), Day 14 (P = 0.70), or Day 28 (P = 0.36). The high Day 21 bacterial 

score category was 6.0 (odds ratio) times less likely to have a first dominant follicles 

in the ipsilateral ovary, compared with the standard category (Fig. 2b). liowcvcr, the 

location of the second dominant follicle did not differ significantly between uterine 

pathogenicity group (P = 0.35). 
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Timing of events 

The interval between calving and the first dominant follicle achieving 

dominance was 9.2 ± 0.3 days. The calving to follicular dominance interval was 

similar for the Day 7 high bacterial score category, compared with the standard 

bacterial score cows (10.3 ± 0.6 vs. 8.8 ± 0.3 days, P=0.44), and for the different 

bacterial pathogenicity groups (P = 0.61). Furthermore, the interval did not differ for 

those dominant follicles observed in the ipsilateral or contralateral ovary (8.9 f 0.6 

vs. 9.3 ± 0.4 days, P=0.64). 

For animals in which the first dominant follicle ovulated, the interval from 

calving to ovulation was 15.7 f 0.7 days and the interval did not differ significantly 

between those animals ovulating from the ipsilateral or contralateral ovary (14.0 t 

1.2 vs. 16.2 1 0.8 days, P=0.12). Furthermore, there was no significant diffcrcncc 

in the calving to ovulation interval between cows with a high or standard bacterial 

score on Day 7 (16.4 ± 1.4 vs. 15.4 t 0.8 days, P=0.33), or on Day 14 (17.3 t 1.6 

vs. 15.2 t 0.8 days, P=0.11). 

In each case after ovulation an increase in plasma progesterone concentration to 

>I ng/ml was detected 3.2 ± 0.2 days later, and the interval did not differ between 

those animals with a first dominant follicle in the ipsilatcral or the contralatcral ovary 

(3.3 ± 0.5 vs. 3.1 ± 0.2 days, P=0.50). In addition, bacterial score on nay 7,14 or 

21 was not a significant variable for the interval from ovulation to progesterone 

valucs >I ng/ml. 

The interval from parturition to dominance of the second dominant follicle was 

19.7 t 0.7 days and, again, did not differ between the ipsilatcral or contralatcral 

ovarian location of the follicle (20.0 ± 1.4 vs 19.6 f 0.9 days, P@0.64). Furthermore, 
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bacterial score on Day 7,14, or 21 was not a significant variable for the interval from 

calving to dominance of the second follicle. 

Follicular growth and function 

Follicle diameter 

The mean internal diameter of first dominant follicles increased daily between 

Day 7 and 15 postpartum (P < 0.0001). However, uterine bacterial score, ovarian 

location, and the fate of the dominant follicle significantly influenced follicle 

diameter. The diameter of the first dominant follicle was smaller in animals with a 

high Day 7 bacterial score compared with standard score cows (P < 0.001), and there 

was a significant interaction of bacterial score category with time (P < 0.05, Fig. 3). 

However, the influence of the bacterial pathogenicity group was not significant. The 

diameter of the first dominant follicle differed between thosc located in the ipsilatcral 

and those in the contralateral ovary (P < 0.05), and the interaction of location with 

time was also significant (P < 0.05, Fig 4). There was no difference in follicle 

diameter between follicles that persisted and those that ovulated or regressed. 

However, between Day 9 and 13 postpartum, the first dominant follicle was smaller 

before regression, compared with those that ovulated (P < 0.05, fig. 5). The 

interaction of the fate of the dominant follicle and time was not significant. 

Plasma oestradiol concentration 

Plasma ocstradiol concentration increased between Day 7 and 16 postpartum (I' 

< 0.0001). In addition, there were significant interactions of Day x Day 7 bacterial 

category (P < 0.05, Fig. 3), and Day x fate of the first dominant follicle (P < 0.05, 

Fig. 5). There was no significant effect of the bacterial pathogen group, or the 
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location of the first dominant follicle (Fig. 4). On Day 15 and Day 16, plasma 

oestradiol concentrations were lower in animals with a high Day 7 bacterial score 

(Fig. 3). Oestradiol was also lower between Day 12 to Day 15, for animals in which 

the first dominant follicle regressed, compared with animals in which the follicle 

ovulated, or persisted (Fig. 5). 

Plasma FSH concentration 

Plasma FSH concentration between Day 7 and 16 postpartum differed 

significantly between Days postpartum (P < 0.05, Figs. 3-5). FSFI concentration was 

highest on Day 7, decreased between Days 8 to 12, and subsequently increased 

between Days 13 to 16. Additional significant variables were the fate of the first 

dominant follicle (P < 0.01, Fig. 5), and the interaction of Day x dominant follicle 

fate (P < 0.01). However, plasma FSH concentration did not differ significantly 

between animals with standard or high bacterial score on Day 7 (Fig. 3); between 

bacterial pathogenicity group; or, the location of the first dominant follicle between 

the ipsilateral or contralateral ovary (Fig. 4). 
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Discussion 

The present study provides evidence that after parturition, uterine bacterial 

contamination has a contemporaneous effect on ovarian folliculogenesis. 

Spontaneous uterine bacterial contamination influenced the location of ovarian 

dominant follicle selection, but not follicle wave emergence. In addition, uterine 

bacterial contamination suppressed dominant follicle growth and function. 

A postpartum transient increase in plasma FSH concentration preceded the 

emergence of the first postpartum follicular wave, and subsequent selection of a 

dominant follicle during the following phase of decreasing FSH concentration 

(Adams et al., 1992; Sunderland et al., 1994; Beam and Butler, 1997; Crowe et al., 

1998). Similarly, in the present study, after parturition, a wave of follicles >4 mm 

diameter emerged and, a first dominant follicle was selected in each animal 

irrespective of the severity of uterine bacterial contamination. 

The present study supports previous observations that fewer first dominant 

follicles were selected in the ovary ipsilateral to the previously gravid uterine horn 

(Kamimura et al., 1993; Nation et al., 1999). Furthermore in the present study, 

fewer follicles >_ 4 mm diameter, comprising the first postpartum follicular wave, 

emerged in the ipsilateral ovary. However, during the second follicular wave after 

parturition, there was no difference between the ovaries for the number of follicles > 

4 mm diameter emerging, although fewer second dominant follicles were selected in 

the ipsilateral ovary. These observations support our previous findings that the effect 

on folliculogenesis in the ipsilateral ovary declines with increasing time after 

parturition, in parallel with uterine involution and disappearance of the corpus 

luteum of pregnancy (Sawyer, 1995; Sheldon et al., 2000; Chapter 3). However, 

removal of the corpus luteum of pregnancy, before parturition, did not affect the 
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asymmetric distribution of dominant follicles between the ovaries (Sheldon et al., 

2002; Chapter 7). Thus, it is suggested that uterine bacterial contamination after 

parturition determines the location of dominant follicle selection. 

In the present study, when uterine bacterial growth scores were high on Day 7 or 

Day 21, few first or second dominant follicles were selected in the ipsilateral ovary, 

respectively. These observations suggest that uterine bacterial contamination had a 

localised effect preventing dominant follicle selection in the ipsilateral ovary. 

Similarly, cows with retained fetal membranes, which are likely to be associated with 

greater uterine bacterial contamination, had less follicular activity in the ipsilateral 

ovary, although the presence of dominant follicles was not identified (Risco et al., 

1994). The effect of uterine bacterial contamination appeared to be short-term. The 

uterine bacterial scores on Day 7 and Day 21, were contemporaneous with the time 

of first and second dominant follicle selection on - Day 9 and - Day 20, 

respectively. Bacterial scores at other times were not significant. Furthermore, the 

individual animals comprising the high score categories on Day 7 and 21 were not 

exactly the same cows. 

There are two potential mechanisms whereby uterine bacterial contamination 

could have had a localised effect on the ipsilateral ovary. Firstly, bacterial load, or 

the induced inflammatory response, may differ between the two uterine horns. 

Alternatively, the concentration of inflammatory mediators reaching the ipsilateral 

ovary may be greater than the contralateral ovary because of the greater blood flow 

to and from the gravid uterine horn (Ford et al., 1979). Most animals had bacterial 

contamination of the uterus within 2 weeks of parturition, so it was not possible to 

determine if the inflammatory response was the sole mechanism for the disparity in 

the pattern of folliculogenesis between the two ovaries. On the other hand, the 
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inflammatory response to uterine bacterial contamination may be modulated by an 

existing effect of the involuting previously gravid horn on the ipsilateral ovary. In 

cattle, uterine involution provokes an inflammatory response, independent of uterine 

bacterial contamination (Sheldon et al., 2001). 

The precise mechanism by which inflammatory mediators could influence 

ovarian events has not been determined. However, intravenous or intracerebral 

infusion of endotoxin, or the cytokine IL-1, disrupts the follicular phase of the 

oestrous cycle in several species (Peter et al., 1989; Rivest et al., 1993; Battaglia et 

al., 1999; Puder et al., 2000). As in the present study, the effects of inflammatory 

mediators on ovarian function were rapid, and did not carry over into subsequent 

oestrous cycles (Xiao et al., 1998). A contemporaneous effect of inflammatory 

mediators was to be expected, as there is acute inhibition of hypothalamic GnRH 

release and pituitary LH secretion (Rivest et al., 1993; Williams et al., 2001). 

However, these neuro-endocrine mechanisms do not fully explain the present 

observations of a localised effect on the ipsilateral ovary. Furthermore, evidence has 

been provided for a direct effect of inflammatory mediators at the ovarian level by 

the suppression of oestradiol secretion, in the presence of adequate plasma LH 

concentration (Xiao et al., 1998; Battaglia et al., 2000). Dominant follicle selection 

involves a close functional coupling with changes in plasma FSH concentration 

(Ginther et al., 2000a; Ginther et al., 2001b). However, plasma FSH concentrations 

did not differ between standard or high bacterial score categories, and there was no 

effect on the number of follicles >_ 4 mm diameter that emerged in each ovary. 

In addition to the effect of the high Day 7 uterine bacterial score on dominant 

follicle location, follicles grew slower, and produced lower plasma oestradiol 

concentrations. A significant difference in plasma oestradiol concentration between 
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dominant follicles in the standard or high Day 7 bacterial score categories was not 

detected until Day 15 to 16, when the difference in follicle diameter was maximal. 

The effect of uterine bacterial contamination on follicle growth and function could be 

a centralised effect mediated by disruption of LH secretion, or a direct effect on the 

ovary (Battaglia et al., 2000). Decreased plasma LH concentration reduced the 

growth rate and oestradiol secretion of dominant follicles, after follicle selection 

(Ginther et al., 2001b). However, in the present study, the effect on follicle growth 

rate was evident at a diameter of < 8.5 mm, the diameter for deviation between 

dominant and subordinate follicles (Ginther et aL, 1999). Furthermore, although 

inflammatory challenge disrupts ovulation by perturbing the LH surge, the 

proportion of dominant follicles ovulating was not affected by spontaneous uterine 

bacterial contamination, in the present study. 

Although there were small differences in diameter between dominant follicles in 

the ipsilateral and contralateral ovaries before dominance, subsequent follicle 

diameters were similar. In addition, follicle function as determined by plasma 

oestradiol concentrations was similar for both ovaries, and the interval from 

parturition to ovulation was similar. These observations suggest that dominant 

follicles in the ipsilateral ovary were at least as functionally competent as in the 

contralateral ovary. 

Important uterine pathogenic bacteria are associated with more severe clinical 

disease, increased endometrial inflammation, and reduced fertility (Farin et al., 1989; 

Bonnett et al., 1993). In particular, A. pyogenes, F. necrophorum and Prevotella spp. 

act synergistically to cause more severe clinical signs (Ruder et al., 1981; Olson et 

al., 1984). In the present study, whilst there was an effect of bacterial load on 

folliculogenesis, the importance of uterine bacterial pathogens was not significant. 
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This suggests that the inflammatory response to the amount of bacterial 

contamination is more important than the presence of particular bacterial species. 

That response is likely to involve several mediators, rather than single mediators 

used in many intervention studies. Indeed, intrauterine infusion of E. coli shortened 

the oestrous cycle, whereas intrauterine or intravenous administration of endotoxin, 

did not (Gilbert et al., 1990). 

The fate and function of the first dominant follicles observed in the present study 

supported previous descriptions (Beam and Butler, 1997). In particular, the first 

dominant follicles that regressed, secreted less oestradiol irrespective of follicle 

diameter, possibly as a consequence of inadequate LH support (Ginther et al., 

2001 b). The time interval from parturition to ovulation, and from ovulation to 

increased plasma progesterone concentration, did not differ between ovaries, and was 

not affected by uterine bacterial contamination. The frequency with which dominant 

follicles ovulated, regressed, or became persistent, was also unaffected by ovarian 

location or uterine bacterial contamination. These observations suggest that follicle 

fate was dependent on other factors such as LH pulse frequency (Duffy et al., 2000). 

In conclusion, there was no effect of uterine bacterial contamination on plasma 

FSH concentration, and ovarian follicle wave emergence. However, spontaneous 

bacterial contamination of the postpartum uterus influenced the ovarian location for 

dominant follicle selection. Contemporaneous, high bacterial contamination was 

associated with fewer first and second dominant follicles in the ipsilateral ovary to 

the previously gravid uterine horn. In addition, dominant follicle growth was slower, 

and oestradiol secretion reduced, in the presence of high bacterial contamination. 

The present study provides evidence for a localised effect of uterine bacterial 

contamination on the ovary after parturition. 
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Chapter 9 

General discussion 

The present thesis tested the hypothesis that utero-ovarian signalling is involved 

in the regulation of uterine involution and the resumption of cyclic ovarian activity in 

the postpartum cow. The formulation of this hypothesis was stimulated by three 

pieces of evidence. Firstly, there is a predilection for folliculogenesis in the ovary 

contralateral to the previously gravid uterine horn (Lewis et al., 1984; Kamimura et 

al., 1993). Secondly, a small epidemiological study noted that a larger follicle in the 

ipsilateral ovary around Day 26 postpartum was associated with improved 

subsequent fertility (Bonnett et al., 1993). Finally, the anatomical structure of the 

ruminant reproductive tract lends itself to such localised effects of the ovary on the 

uterus, or vice versa. There are intimate relationships between both the lymphatic 

and blood vasculature of the uterus and ovary (Del Campo and Ginther, 1973; 

Staples et al., 1982). The uterus-to-ovary pathway has been clearly established for 

the transport of prostaglandin Fla, during luteolysis (Heap et al., 1985; Bonnin et al., 

1999)., Whilst the opposite ovary-to-uterus pathway is probably responsible for the 

localised increase in progesterone concentrations in the uterine horn and vasculature 

ipsilateral to the ovary containing the corpus luteum (Weems et al., 1988; Cerbito et 

al., 1994) 

The first study in the present thesis used transrectal ultrasonography to confirm 

the postpartum suppression of folliculogenesis in the ovary ipsilateral to the 

previously gravid uterine horn (Sheldon et al., 2000; Chapter 3). This suppression 

of follicular growth decreased with increasing time postpartum, until the ovarian 

asymmetry was no longer significant by 24 to 28 days postpartum, in agreement with 

previous studies using palpation per rectum (Foote and Peterson, 1968; Marion and 
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Gier, 1968). Despite this limited period of ovarian asymmetry, the presence of a 

follicle >8 mm diameter in the ipsilateral ovary between 14 and 28 days postpartum, 

in the present study, was associated with improved subsequent fertility, as 

determined by shorter calving-to-conception intervals. In the meantime, it was also 

reported that conception rates tended to be higher if cows ovulate from the ipsilateral 

ovary 25 or 39 days postpartum (Bridges et al., 2000). We suggest that our 

observations, taken together with those of Bonnett et al. (1993) and Bridges et al. 

(2000), indicate that the presence of a dominant follicle in the ipsilateral ovary within 

four weeks of parturition is a marker of subsequent fertility. 

Results from the first study stimulated several questions about how a dominant 

follicle in the ipsilateral ovary could act to improve fertility, and the mechanism 

controlling asymmetric ovarian folliculogenesis. On the one hand, there may be 

ovary-to-uterus signalling, whereby a large oestradiol-secreting follicle in the ovary 

has a localised effect to increase the rate of involution of the ipsilateral previously 

gravid uterine horn. Alternatively, there could by uterus-to-ovary signalling, 

whereby a relatively healthy previously gravid uterine horn is reflected by the 

presence of a large follicle within the ipsilateral ovary. In addition, the decreasing 

asymmetry between ovaries with increasing time after parturition could reflect an 

effect of the parallel regression of the corpus luteum of pregnancy or changes in the 

uterus (Elliot et al., 1968; Sawyer, 1995). To answer these questions, an integrated 

series of whole-animal experiments were designed. 

Oestradiol enhances uterine defence mechanisms and is an effective treatment 

for postpartum uterine infection in cattle (Rowson et al., 1953; Pepper and Dobson, 

1987; Sheldon and Noakes, 1998). Furthermore, oestradiol treatment after 

parturition increases blood flow to all uterine tissues several fold (Rosenfeld, 1980). 
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However, there is no information about the localised effect of a large oestrogen- 

secreting follicle in the ipsilateral ovary on uterine involution. In the first of three 

studies to examine for a localised effect of oestradiol on uterine horn involution, eCG 

was administered 14 days postpartum to increase ovarian follicular growth (Sheldon 

and Dobson, 2000; Chapter 4). There was no discernible effect on uterine diameter 

that could be attributed to a localised increase in ovarian follicular growth and 

function, nor a dose response effect of eCG treatment. However, a possible 

weakness of the study was that uterine dimensions were measured for only six days. 

Nevertheless, repeated measures of uterine dimensions do provide a sensitive method 

of examining uterine involution when examined using a mixed model for repeated 

measures ANOVA (SAS, 1997). This analysis technique was also used to examine 

the concentrations of PGFM or acute phase proteins in peripheral plasma. The 

plasma concentration of PGFM and the acute phase proteins a, -acid glycoprotein, 

haptoglobin and ceruloplasmin are increased around the time of parturition in 

ruminants, and decrease gradually during the first two to three weeks postpartum 

(Lindell et al., 1982; Regassa and Noakes, 1999; Sheldon et al., 2001). These 

changes in plasma concentrations, at least in part, reflect the progress of uterine 

involution and were additional measurements used to compare treatments in two 

further studies. 

To more precisely mimic a localised effect, oestradiol benzoate was infused into 

the uterine lumen of cattle on Days 7 and 10 postpartum, and in a second study, 

attaching an implant to the ovarian bursa ipsilateral to the previously gravid uterine 

horn prolonged the period of oestradiol administration. In the latter study, sheep 

were used as a model to reduce the possible confounding effect of the ubiquitous 

postpartum uterine bacterial contamination, which is present in cattle but to a lesser 
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extent in sheep (Elliot et al., 1968; Regassa and Noakes, 1999). In addition, the use 

of ewes permitted the evaluation of uterine involution by estimating the dry matter 

and collagen content of the genital tract tissues after slaughter on Day 17 postpartum. 

There was no consistent evidence in either study of a localised effect on uterine 

involution, as determined by changes in uterine dimensions, wet weight, dry matter 

or collagen content. However, there was evidence that oestradiol decreased the 

concentration of inflammatory mediators in the peripheral circulation. Although, it 

was not - clear whether this suppression was mediated via an effect on uterine 

involution; or, directly on the metabolism and secretion of the acute phase proteins 

and PGFM (Brinkman-Van der Linden et al., 1996; Mann and Haresign, 2001). 

Taken together, the three studies that examined an ovary-to-uterus pathway provide 

increasing evidence that oestradiol secretion from the ovary has a minimal localised 

effect on the uterus after parturition. A possible reason for not detecting an effect 

could be inappropriate doses of oestradiol in relation to the concentration of uterine 

oestradiol receptors present at the time. However, each experiment produced 

peripheral plasma concentrations within the expected physiological range. In 

addition, although oestrogen receptor immunoreactivity decreases after parturition, 

concentrations are above basal values and the concentration of oestrogen receptors 

would be expected to be high in the presence of follicular phase concentrations of 

oestradiol (Boos et al., 2000; Robinson et al., 2001). 

An intriguing feature of one of the experiments testing the ovary-to-uterus 

signalling was the effect of eCG to overcome the expected suppression of 

folliculogenesis in the ipsilateral ovary (Sheldon and Dobson, 2000; Chapter 4). 

Administration of eCG, which mimics FSH and LH activity in cattle (i) leads to 

fewer atretic follicles, (ii) recruits more smaller follicles in which growth rate is 
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increased, (iii) sustains the growth of larger follicles, and (iv) increases the final 

number of ovulations (Newcomb et al., 1979; Monniaux et al., 1984; Driancourt et 

al., 1991; 
. 
Gonzalez et al., 1994). Possibly, an inhibitor of folliculogenesis, acting 

principally on the ovary ipsilateral to the previously gravid uterine horn, blocks the 

action of FSH and/or LH within that ovary, and this block can be overcome by 

administration of eCG. Mechanisms that have been suggested to cause such a 

localised inhibition include the regressing corpus luteum of pregnancy, the uterus, or 

its contents (Dufour and Roy, 1985; Nation et al., 1999). 

To examine the effect of the regressing corpus luteum of pregnancy on 

postpartum folliculogenesis cows were treated with prostaglandin Fla between 190 

and 220 days of gestation to cause luteolysis, but without inducing parturition 

(Sheldon et al., 2002; Chapter 7). However, the proportion of first dominant follicles 

in the ipsilateral ovary was similar for treated and control animals, as was the time 

interval between calving and establishment of a dominant follicle. Further, there was 

no significant effect of treatment on dominant follicle growth, or function as 

determined by plasma hormone concentrations. Thus, it is suggested that the corpus 

luteum of pregnancy does not have a local effect on postpartum ovarian 

folliculogenesis and that, instead, an influence exerted by the previously gravid 

uterine horn should be considered. This suggestion is also supported by the 

observation that ovarian postpartum follicular asymmetry occurs in uniparous species 

with a bicornuate uterus, but not in multiparous species or those with a simplex 

uterus (Allen and Newcombe, 1981; Kamimura et al., 1993; Bartlewski et al., 2000). 

Additional indications of uterus-to-ovary signalling include the observations that 

animals in which the first dominant follicle did not ovulate have larger diameter 

uterine horns than animals in which the follicle ovulated (Chapter 5); and ovulation 
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is less likely if there is a purulent vaginal discharge (Sheldon et al., 2000; Chapter 3). 

Therefore, the effect of the postpartum uterus on the location of ovarian follicle 

emergence, selection, growth and function was examined. Swabs were collected 

from the uterine body lumen of cattle on Days 7,14,21 and 28 postpartum. Bacteria 

were identified by aerobic and anaerobic culture; bacterial growth was scored semi- 

quantitatively and animals categorised into standard or high bacterial contamination 

based on the number of colonies detected. There was no effect of bacterial 

contamination on plasma FSH concentration profiles, or ovarian follicle wave 

emergence. However, when uterine bacterial growth scores were high on Day 7 or 

Day 21, fewer first or second dominant follicles were selected in the ipsilateral than 

the contralateral ovary, respectively. In addition, the diameter of the first dominant 

follicle was smaller in animals with a high Day 7 bacterial score, dominant follicle 

growth was slower and oestradiol secretion was reduced. Thus, uterine bacteria have 

a contemporaneous localised effect on ovarian follicle selection, and subsequent 

growth and function, but not initial emergence. This uterus-to-ovary signalling could 

also be an explanation for a first dominant follicle in the ipsilateral ovary being a 

marker of fertility; in this case by indicating relative uterine health. This hypothesis 

would agree with previous observations that animals with endometritis are subfertile 

(Borsberry and Dobson, 1989). 

In conclusion, signalling between the uterus and ovary is a key feature of the 

postpartum reproductive biology of the cow. There is a predilection for 

folliculogenesis and first dominant follicle selection in the ovary contralateral to the 

previously gravid uterine horn. However, this is not a local effect of the regressing 

corpus luteum of pregnancy. Although less frequent, the presence of a first dominant 

follicle in the ipsilateral ovary is a marker of subsequent fertility. There was little 
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evidence from three studies testing ovary-to-uterus signalling, that oestradiol from a 

dominant follicle affects the involution of the ipsilateral previously gravid uterine 

horn. The mechanism underlying both the asymmetry of folliculogenesis postpartum 

and its relationship to fertility is likely to involve uterus-to-ovary signalling, 

probably involving uterine bacterial contamination. The future challenge is to 

elucidate the details of this pathway by examining the relative contributions of 

immune mediators and products of uterine involution such as metabolites of 

collagen. In addition, as pelvic inflammatory disease is an important cause of 

subfertility in humans, which may involve parallel mechanisms, the signalling 

between uterus and ovary in the postpartum cow has important implications for both 

human and veterinary medicine. 

155 



References 

Adams GP (1999) Comparative patterns of follicle development and selection in 

ruminants Journal of Reproduction and Fertility Supplement 54 17-32 

Adams GP, Matteri RL, Kastelic JP, Ko JCH and Ginther OJ (1992) 
Association between surges of follicle-stimulating hormone and the emergence of 
follicular waves in heifers Journal of Reproduction and Fertility 94 177-188 

Adams GP, Kot K, Smith CA and Ginther OJ (1993) Selection of a dominant 

follicle and suppression of follicular growth in heifers Animal Reproduction Science 

30 259-271 

Alam MGS and Dobson H (1987) Pituitary responses to a challenge test of GnRH 

and oestradiol benzoate in postpartum and regularly cyclic dairy-cows Animal 

Reproduction Science 14 1-9 

Al-Gubory KB, Drianeourt MA, Antoine M, Martal J and Neimer N (1994) 

Evidence that a non-steroidal factor from corpus luteum of pregnant sheep inhibits 

aromatase activity of ovarian follicles in vitro Journal of Reproduction and Fertility 

100 51-56 

Al-Gubory KH and Abdennebi L (1996) Evidence that the conceptus contributes to 

the inhibition of follicular growth in the ewe Animal Reproduction Science 45 71-80 

Allen WE and Newcombe JR (1981) Relationship between early pregnancy site in 

consecutive gestations in mares Equine Veterinary Journal 13 51-52 

Alpizar E and Spicer LJ (1994) Effects of interleukin-6 on proliferation and 
follicle-stimulating hormone-induced estradiol production by bovine granulosa cells 
in vitro: Dependence on size of follicle Biology of Reproduction 49 38-43 

Alsemgeest SP, Taverne MA, Boosman R, van der Weyden BC and Gruys E 

(1993) Peripartum acute-phase protein serum amyloid-A concentration in plasma of 

cows and fetuses American Journal of Veterinary Research 54 164-7 

Andriamanga S, Steffan J and Thibier M (1984) Metritis in dairy herds: An 

epidemiological approach with special reference to ovarian cyclicity Annales 

Recherches Veterinaires 15 503-508 

Archbald LF, Schultz RH, Fahning ML, Kurtz HJ and Zemjanis R (1972) A 

sequential histological study of the post-partum bovine uterus Journal of 

Reproduction and Fertility 29 133-136 

156 



Archbald LF, Tsai I-F, Thatcher WW, Tran T, Wolfsdorf K and Risco C (1998) 
Use of plasma concentrations of 13,14-dihydro, 15-keto-pgf2 alpha (PGFM) in the 
diagnosis of sub-clinical endometritis and its relationship to fertility in the 

postpartum dairy cow Theriogenology 49 1425-1436 
Badinga L, Driancourt M, Savio J, Wolfenson D, Drost M, De La Sota R and 
Thatcher W (1992) Endocrine and ovarian responses associated with the first-wave 

dominant follicle in cattle Biology of Reproduction 47 871-883 

Bao B and Garverick HA (1998) Expression of steroidogenic enzyme and 

gonadotropin receptor genes in bovine follicles during ovarian follicular waves: A 

review Journal ofAnimal Science 76 1903-1921 

Barrow GI and Feltham RKA (1993) In Cowan and Steel's manual for the 

identification of medical bacteria pp 1-331. Cambridge University Press, Cambridge. 

Bartlewski PM, Beard AP, Cook SJ and Rawlings NC (1998) Ovarian follicular 

dynamics during anoestrus in ewes Journal of Reproduction and Fertility 113 275- 

285 

Bartlewski PM, Beard AP and Rawlings NC (1999) Ovarian function in ewes at 

the onset of the breeding season Animal Reproduction Science 57 67-88 

Bartlewski PM, Beard AP and Rawlings NC (2000) Ultrasonographic study of 

ovarian - function during early pregnancy and after parturition in the ewe 
Theriogenology 53 673-89 

Battaglia DF, Bowen JM, Krasa HB, Thrun LA, Viguie C and Karsch FJ (1997) 

Endotoxin inhibits the reproductive neuroendocrine axis while stimulating adrenal 

steroids: A simultaneous view from hypophyseal portal and peripheral blood 

Endocrinology 138 4273-4281 

Battaglia DF, Beaver AB, Harris TG, Tanhehco E, Viguie C and Karsch FJ 

(1999) Endotoxin disrupts the estradiol-induced luteinizing hormone surge: 

Interference with estradiol signal reading, not surge release Endocrinology 140 2471- 

2479 - 
Battaglia DF, Krasa HB, Padmanabhan V, Viguie C and Karsch FJ (2000) 

Endocrine alterations that underlie endotoxin-induced disruption of the follicular 

phase in ewes Biology of Reproduction 62 45-53 

Baumann H and Gauldie J (1994) The acute phase response Immunology Today 15 

74-80 . 

157 



Beam SW and Butler WR (1997) Energy balance and ovarian follicle development 

prior to the first ovulation postpartum in dairy cows receiving three levels of dietary 
fat Biology of Reproduction 56 133-142 
Beam SW and Butler WR (1999) Effects of energy balance on follicular 
development and first ovulation in postpartum dairy cows Journal of Reproduction 

and Fertility Supplement 54 411-424 

Beard AP, Hunter MG and Lamming GE (1994) Quantitative control of oxytocin- 
induced pgf2 alpha release by progesterone and oestradiol in ewes Journal of 
Reproduction and Fertility 100 143-150 

Bekana M, Ekman T and Kindahl H (1994) Ultrasonography of the bovine 

postpartum uterus with retained fetal membranes Journal of Veterinary Medicine 
Series A 41 653-662 

Bellin ME, Hinshelwood MM, Hauser ER and Ax RL (1984) Influence of 
suckling and side of corpus luteum or pregnancy on folliculogenesis in postpartum 
cows Biology of Reproduction 31 849-855 

Bergfelt DR, Brogliatti GM and Adams GP (1998) Gamete recovery and follicular 

transfer (GRAFT) using transvaginal ultrasonography in cattle Theriogenology 50 

15-25 

Binelli M, Hampton J, Buhi WC and Thatcher WW (1999) Persistent dominant 

follicle alters pattern of oviductal secretory proteins from cows at estrus Biology of 
Reproduction 61 127-134 

Bleach EC, Glencross RG, Feist SA, Groome NP and Knight PG (2001) Plasma 

inhibin A in heifers: Relationship with follicle dynamics, gonadotropins, and steroids 
during the estrous cycle and after treatment with bovine follicular fluid Biology of 
Reproduction 64 743-752. 

Bo GA, Adams GP, Pierson RA, Tribulo HE, Caccia M and Mapletoft RJ (1994) 

Follicular wave dynamics after estradiol-17ß treatment of heifers with or without a 

progestagen implant Theriogenology 41 1555-1569 

Bonnett BN, Martin SW, Gannon VP, Miller RB and Etherington WG (1991) 

Endometrial biopsy in holstein-friesian dairy cows. III. Bacteriological analysis and 

correlations with histological findings Canadian Journal of Veterinary Research 55 

168-73 

158 



Bonnett BN, Martin SW and Meek AH (1993) Associations of clinical findings, 
bacteriological and histological results of endometrial biopsy with reproductive 
performance of postpartum dairy cows Preventive Veterinary Medicine 15 205-220 
Bonnin P, Huynh L, L'Haridon R, Chene N and Martal J (1999) Transport of 

uterine PGF2a, to the ovaries by systemic circulation and local lymphovenous-arterial 

diffusion during luteolysis in sheep Biology of Reproduction 116 199-210 

Boos A, Kohtes J, Stelljes A, Zerbe H and Thole HH (2000) 
Immunohistochemical assessment of progesterone, oestrogen and glucocorticoid 
receptors in bovine placentomes during pregnancy, induced parturition, and after 
birth with or without retention of fetal membranes Journal of Reproduction and 
Fertility 120 351-360 

Borsberry S and Dobson H (1989) Periparturient diseases and their effect on 

reproductive performance in five dairy herds Veterinary Record 124 217-219 

Brannstrom M, Pascoe V, Norman RJ and McClure N (1994) Localization of 
leukocyte subsets in the follicle wall and in the corpus luteum throughout the human 

menstrual cycle Fertility and Sterility 61488-495 

Bridges PJ, Taft R, Lewis PE, Wagner WR and Inskeep EK (2000) Effect of the 

previously gravid uterine horn and postpartum interval on follicular diameter and 
conception rate in beef cows treated with estradiol benzoate and progesterone 
Journal ofAnimal Science 78 2172-2176 

Brinkman-Van der Linden ECM, Havenaar EC, Van Ommen ECR, Van Kamp 

GJ, Gooren LJG and Van Dijk W (1996) Oral estrogen treatment induces a 
decrease in expression of sialyl Lewis x on alpha(1)-acid glycoprotein in females and 

male-to-female transsexuals Glycobiology 6 407-412 

Burke CR, Boland MP and Macmillan KL (1999) Ovarian responses to 

progesterone and oestradiol benzoate administered intravaginally during dioestrus in 

cattle Animal Reproduction-Science 55 23-33 

Cai T-Q, Weston PG, Lund LA, Brodie B, McKenna DJ and Wagner WC 

(1994) Association between neutrophil functions and periparturient disorders in cows 

American Journal of Veterinary Research 55 934-943 

Call JW, Foote WC, Eckre CD and Hulet CV (1976) Postpartum uterine and 

ovarian changes, and estrous behavior from lactation effects in normal and hormone 

treated ewes Theriogenology 6 495-521 

159 



Campbell BK, Dobson H, Baird DT and Scaramuzzi RJ (1997) Studies on the 

role of Ih in the maturation of the pre-ovulatory follicle in a sheep using a gnrh- 
antagonist Animal Reproduction Science 48 219-234 

Campbell"BK, Dobson H and Scaramuzzi RJ (1998) Ovarian function in ewes 
made hypogonadal with gnrh antagonist and stimulated with fsh in the presence or 
absence of low amplitude lh pulses Journal of Endocrinology 156 213-222. 
Campbell BK, Dobson H, Baird DT and Scaramuzzi RJ (1999) Examination of 
the relative role of fsh and lh in the mechanism of ovulatory follicle selection in 

sheep Journal of Reproduction and Fertility 117 355-367 

Canfield RW and Butler WR (1990) Energy balance and pulsatile Ih secretion in 

early postpartum dairy cattle Domestic Animal Endocrinology 7 323-330 

Casida LE and Venzke WG (1936) Observations on reproductive processes in dairy 

cattle and their relationship to breeding efficiency Proceedings of the American 
Society of Animal Production 29 221-223 

Cerbito WA, Quero Jr. FV, Balagapo Jr. CR, Miyazawa K and Sato K (1994) 

Spatial distribution of progesterone in bovine uterus in relation to corpus luteum 

location and function Theriogenolgy 41 1663-1671 

Conley AJ and Ford SP (1987) Effect of prostaglandin Fla-induced luteolysis on in 

vivo and in vitro progesterone production by individual placentomes of cows Journal 

ofAnimal Science 65 500-507 

Crowe MA, Padmanabhan V, Mihm M, Beitins IZ and Roche JF (1998) 

Resumption of follicular waves in beef cows is not associated with periparturient 

changes in follicle-stimulating hormone heterogeneity despite major changes in 

steroid and luteinizing hormone concentrations Biology of Reproduction 58 1445- 

1450 

Crowe MA, Kelly P, Driancourt MA, Boland MP and Roche JF (2001) Effects of 
follicle-stimulating hormone with and without luteinizing hormone on serum 
hormone concentrations, follicle growth, and intrafollicular estradiol and aromatase 

activity in gonadotropin-releasing hormone-immunized heifers Biology of 

Reproduction 64 368-374 

Darwash AO, Lamming GE and Woolliams JA (1997) The phenotypic association 

between the interval to post-partum ovulation and traditional measures of fertility in 

dairy cattle Animal Science 65 9-16 

160 



Del Campo CH and Ginther OJ (1973) Vascular anatomy of the uterus and ovaries 

and the unilateral luteolytic effect of the uterus: Angioarchitecture in sheep American 

Journal of Veterinary Research 34 1377-1385 

Del Vecchio RP, Matsas DJ, Inzana TJ, Sponenberg DP and Lewis GS (1992) 
Effect of intrauterine bacterial infusions and subsequent endometritis on 

prostaglandin Fla metabolite concentrations in postpartum beef cows Journal of 
Animal Science 70 3158-62 

Del Vecchio RP, Matsas DJ, Fortin S, Sponenberg DP and Lewis GS (1994) 

Spontaneous uterine infections are associated with elevated prostaglandin Fla 

metabolite concentrations in postpartum dairy cows Theriogenology 41413-421 

Deshpande R, Khalili H, Pergolizzi RG, Michael SD and Chang MY (1997) 

Estradiol down-regulates LPS-induced cytokine production and NFkB activation in 

murine macrophages American Journal of Reproductive Immunology 38 46-54 

Dijkhuizen AA, Stelwagen J and Renkema JA (1985) Economic aspects of 

reproductive failure in dairy cattle. I. Financial loss at farm level Preventive 

Veterinary Medicine 3 251-263 

Dobson H (1978a) Plasma gonadotrophins and oestradiol during oestrus in the cow 
Journal of Reproduction and Fertility 52 51-53 

Dobson H (1978b) Radioimmunoassay of FSH in the plasma of post-partum dairy 

cows Journal of Reproduction and Fertility 52 45-49 

Dobson H and Ward WR (1977) Alterations in plasma gonadotrophin patterns 

caused by sodium pentobarbitone in ewes at oestrus and in anoestrous ewes after 
infusion of oestradiol Journal of Endocrinology 75 109-118 

Dobson H, Ribadu AY, Noble KM, Tebble JE and Ward WR (2000) 

Ultrasonography and hormone profiles of adrenocorticotrophic hormone (ACTH)- 

induced persistent ovarian follicles (cysts) in cattle Journal of Reproduction and 

Fertility 120 405-410 

Driancourt MA, Thatcher WW, Terqui M and Andrieu D (1991) Dynamics of 

ovarian follicular development in cattle during the estrous cycle, early pregnancy and 

in response to pmsg Domestic Animal Endocrinology 8 209-221 

Driancourt MA, Fevre J, Martal J and Al-Gubory KH. (2000) Control of ovarian 

follicular growth and maturation by the corpus luteum and the placenta during 

pregnancy in sheep Journal of Reproduction and Fertility 120 151-158 

161 



Duffy P, Crowe MA, Boland MP and Roche JF (2000) Effect of exogenous lh 

pulses on the fate of the first dominant follicle in postpartum beef cows nursing 

calves Journal ' of Reproduction and Fertility 118 9-17 

Dufour JJ and Roy GL (1985) Distribution of ovarian follicular populations in the 
dairy cow within 35 days after parturition Journal of Reproduction and Fertility 73 

229-235 

Elliot L, McMahon KJ, Gier HT and Marion GB (1968) Uterus of the cow after 

parturition: Bacterial content. American Journal of Veterinary Research 29 77-81 

Esslemont D and Kossaibati MA (2000) Dairy farming systems: Husbandry, 

economics and recording. In The health of dairy cattle pp 299-327 Ed AH Andrews. 

Blackwell Science, Oxford 

Estergreen VL, Frost OL, Gomes WR, Erb RE and Bullard JF (1967) Effect of 

ovariectomy on pregnancy maintenance and parturition in dairy cows Journal of 
Dairy Science 50 1293-1295 

Evans A, Komar C, Wandji S and Fortune J (1997) Changes in androgen 

secretion and luteinizing hormone pulse amplitude are associated with the 

recruitment and growth of ovarian follicles during the luteal phase of the bovine 

estrous cycle Biology of Reproduction 57 394-401 

Evans AC and Fortune JE (1997) Selection of the dominant follicle in cattle occurs 
in the absence of differences in the expression of messenger ribonucleic acid for 

gonadotropin receptors Endocrinology 138 2963-2971 

" Evans ACO, Adams GP and Rawlings NC (1994) Follicular and hormonal 

development in prepubertal heifers from 2 to 36 weeks of age Journal of 

Reproduction and Fertility 102 463-470 

Farin PW, Ball L, Olson JD, Mortimer RG, Jones RL, Admey WS and 

McChesney AE (1989) Effect of actinomyces pyogenes and gram-negative bacteria 

on the development of bovine pyometra Theriogenology 31 979-989 

Fonseca FA, Britt JH, McDaniel BT, Wilk JC and Rakes All (1983) 

Reproductive traits of holsteins and jerseys. Effects of age, milk yield, and clinical 

abnormalities on involution of cervix and uterus, ovulation, estrous cycles, detection 

of estrus, conception rate and days open Journal of Dairy Science 66 1128-1147 

Foote WD and Peterson DW (1968) Relationships between side of pregnancy and 

side of subsequent ovarian activities in beef and dairy cattle Journal of Reproduction 

and Fertility 16 415-421 

162 



Ford SP, Chenault JR and Echternkamp SE (1979) Uterine blood flow of cows 
during the oestrous cycle and early pregnancy: Effect of the conceptus on the uterine 
blood supply Journal of Reproduction and Fertility56 53-62 
Fortune JE (1994) Ovarian follicular growth and development in mammals Biology 

of Reproduction 50 225-232 

Fortune JE, Rivera GM, Evans AC and Turzillo AM (2001) Differentiation of 
dominant versus subordinate follicles in cattle Biology of Reproduction 65 648-654 

Gaytan F, Morales C, Bellido C, Aguilar E and Sanchez-Criado JE (1998) 

Ovarian follicle macrophages: Is follicular atresia in the immature rat a macrophage- 

mediated event? Biology of Reproduction 58 52-59 

Gibbons JD and Chakraborti S (1992) In Nonparametric statistical inference pp 1- 
576. Marcel Dekker Inc, New York. 

Gier HT and Marion GB (1968) Uterus of the cow after parturition: Involutional 

changes American Journal of Veterinary Research 29 83-96 

Gilbert RO, Bosu WTK and Peter AT (1990) The effect of Escherichia coli 

endotoxin on luteal function in holstein heifers Theriogenology 33 645-651 

Ginther OJ (1968a) Utero-ovarian relationships in cattle: Physiologic aspects 
Journal of the American Veterinary Medical Association 153 1656-1664 

Ginther OJ (1968b) Utero-ovarian relationships in cattle: Applied veterinary aspects 
Journal of the American Veterinary Medical Association 153 1665-1671 

Ginther OJ and Del Campo CH (1974) Vascular anatomy of the uterus and ovaries 

and the unilateral luteolytic effect of the uterus: Cattle American Journal of 
Veterinary Research 35 193-203 

Ginther OJ, Kastelic JP and Knopf K (1989) Intraovarian relationships among 
dominant and subordinate follicles and the corpus luteum in heifers Theriogenology 

32 787-795 

Ginther OJ, Kot K, Kulick LJ, Martin S and Wiltbank MC (1996a) 

Relationships between FSH and ovarian follicular waves during the last six months 

of pregnancy in cattle Journal of Reproduction and Fertility 108 271-279 

Ginther OJ, Wiltbank MC, Fricke PM, Gibbons JR and Kot K (1996b) Selection 

of the dominant follicle in cattle Biology of Reproduction 55 1187-1194 

Ginther OJ, Bergfelt DR, Kulick LJ and Kot. K (1999) Selection of the dominant 

follicle in cattle: Establishment of follicle deviation in less than 8 hours through 

depression of fsh concentrations Theriogenology 52 1079-1093 

163 



Ginther OJ, Bergfelt DR, Kulick LJ and Kot K (2000a) Selection of the dominant 
follicle in cattle: Role of 'two-way functional coupling between follicle-stimulating 

hormone and the follicles Biology of Reproduction 62 920-927 

Ginther OJ, Bergfelt DR, Kulick LJ and Kot K (2000b) Selection of the dominant 
follicle in cattle: Role of estradiol Biology of Reproduction 63 383-389 

Ginther OJ, Beg MA, Bergfelt DR, Donadeu FX and Kot K (2001a) Follicle 

selection in monovular species Biology of Reproduction 65 638-647 
Ginther OJ, Bergfelt DR, Beg MA and Kot K (2001b) Follicle selection in cattle: 
Role of luteinizing hormone Biology of Reproduction 64 197-205. 

Ginther OJ, Bergfelt DR, Beg MA and Kot K (2001c) Follicle selection in cattle: 
Relationships among growth rate, diameter ranking, and capacity for dominance 

Biology of Reproduction 65 345-350 

Gong JG, McBride D, Brumley TA and Webb R (1994) Effects of recombinant 
bovine somatotrophin, insulin-like growth factor-1 and insulin on bovine granulosa 

cell steroidogenesis in vitro Journal of Endocrinology 143 157-64 

Gonzalez A, Wang H, Carruthers TD, Murphy BD and Mapletoft RJ (1994) 

Superovulation in the cow with pregnant mare serum gonadotrophin: Effects of dose 

and antipregnant mare serum gonadotrophin serum Canadian Veterinary Journal 35 

158-162 

Gonzalez-Menico F, Manns J and Murphy BD (1978) FSH and LH activity of 

PMSG from mares at different stages of gestation Animal Reproduction Science 1 

137-144 

Griffin JFT, Hartigan PJ and Nunn WR (1974) Non-specific uterine infection and 

bovine fertility. I. Infection patterns and endometritis during the first seven weeks 

post-partum Theriogenology 1 91-106 

Griffith MK and Williams GL (1996) Roles of maternal vision and olfaction in 

suckling-mediated inhibition of luteinizing hormone secretion, expression of 

maternal selectivity, and lactational performance of beef cows Biology of 

Reproduction 54 761-768 

Guilbault LA, Dufour JJ, Thatcher WW, Drost M and Haibel GK (1986) 

Ovarian follicular development during early pregnancy in cattle Journal of 

Reproduction & Fertility 78 127-135 

Guilbault LA, Thatcher WW, Drost M and Haibel GK (1987) Influence of a 

physiological infusion of prostaglandin Fla, into postpartum cows with partially 

164 



suppressed endogenous production of prostaglandins. 1. Uterine and ovarian 
morphological responses Theriogenology 27 931-946 

Guilbault LA, Grasso F, Lussier JG, Rouillier P and Matton P (1991) Decreased 

superovulatory responses in heifers superovulated in the presence of a dominant 
follicle Journal of Reproduction and Fertility 91 81-89 

Gutierrez CG, Campbell BK and Webb R (1997) Development of a long-term 

bovine granulosa cell culture system: Induction and maintenance of estradiol 

production, response to follicle-stimulating hormone, and morphological 

characteristics Biology of Reproduction 56 608-616 

Hall JA, Dailey RA, Inskeep EK and Lewis PE (1993) Influence of the corpus 
luteum of pregnancy on ovarian function in postpartum ewes Journal of Animal 

Science 71 3067-3072 

Heap RB, Fleet IR and Hamön M (1985) Prostaglandin F-2 alpha is transferred 

from the uterus to the ovary in the sheep by lymphatic and blood vascular pathways 
Journal of Reproduction and Fertility 74 645-656 

Herring RD, Hamernik DL, Kile JP, Sousa ME and Nett TM (1991) Chronic 

administration of estradiol produces a triphasic effect on serum concentrations of 

gonadotropins and messenger ribonucleic acid for gonadotropin subunits, but not on 

pituitary content of gonadotropins, in ovariectomized ewes Biology of Reproduction 

45 151-156 

Ho KK and Weissberger AJ (1992) Impact of short-term estrogen administration 

on growth hormone secretion and action: Distinct route-dependent effects on 

connective and bone tissue metabolism Journal of Bone and Mineral Research 7 

821-827 

Horadagoda NU, Knox KMG, Gibbs HA, Reid SWJ, Horadagoda A, Edwards 

SER and Eckersall PD (1999) Acute phase proteins in cattle: Discrimination 

between acute and chronic inflammation Veterinary Record 144 437-441 

Iluhtinen M, Rainio V, Aalto J, Bredbacka P and Maki-Tanila A (1992) 

Increased ovarian responses in the absence of a dominant follicle in superovulated 

cows Theriogenology 37 457-463 

Hunter MG (1991) Characteristics and causes of the inadequate corpus luteum 

Journal of Reproduction and Fertility Supplement 43 91-99 

Hussain AM, Daniel RCW and O'Boyle D (1990) Postpartum uterine flora 

following normal and abnormal puerperium in cows Theriogenology 34 291-302 

165 



Inskeep EK (1995) Factors that affect fertility during oestrous cycles with short or 

normal luteal phases in postpartum cows Journal of Reproduction and Fertility 

Supplement 49 493-503 

Ireland JJ, Fogwell RL, Oxender WD, Ames K and Cowley JL (1984) Production 

of estradiol by each ovary during the estrous cycle of cows Journal of Animal 

Science 59 764-771 

Kaidi R, Brown PJ and David JSE (1991a) Uterine involution in cattle. In The 

Veterinary Annual Volume 31 pp 38-50 Eds CSG Grunsell and M-E Raw. Blackwell 

Scientific Publications, Oxford 

Kaidi R. Brown PJ, David JSE, Etherington DJ and Robins SP (1991b) Uterine 

collagen during involution in cattle Matrix 11 101-107 

Kalbfleisch JD and Prentice RL (1980) In The statistical analysis of failure time 

data pp. 1-336. John Wiley & Sons, New York 

Kamimura S, Ohgi T, Takahashi M and Tsukamoto T (1993) Postpartum 

resumption of ovarian activity and uterine involution monitored by ultrasonography 

in Holstein cows Journal of Veterinary Medicine and Science 55 643-647 

Kaneko H, Taya K, Watanabe G, Noguchi J, Kikuchi K, Shimada A and 

Hasegawa Y (1997) Inhibin is involved in the suppression of FSH secretion in the 

growth phase of the dominant follicle during the early luteal phase in cows Domestic 

Animal Endocrinology 14 263-271 

Karsch FJ, Legan SJ, Ryan KD and Foster DL (1980) Importance of estradiol and 

progesterone in regulating LH secretion and estrous behavior during the sheep 

estrous cycle Biology of Reproduction 23 404-413 

Khamsi F and Roberge S (2001) Granulosa cells of the cumulus oophorus are 

different from mural granulosa cells in their response to gonadQtrophins and IGF-1 

Journal of Endocrinology 170 565-573 

Kindahl H, Edqvist L-E, Granstrom E and Bane A (1976) The release of 

prostaglandin Fla as reflected by 15-keto-13,14-dihydroprostaglandin Fla in the 

peripheral circulation during normal luteolysis in heifers Prostaglandins 11 871-8 

Kossaibati MA and Esslemont RJ (1997) The cost of production diseases in dairy 

herds in england The Veterinary Journal 154 41-51 

Lamming GE, Wathes DC and Peters AR (1981) Endocrine patterns of the post- 

partum cow Journal of Reproduction and Fertility Supplement 30 155-170 

166 



Lamming GE and Mann GE (1995) A dual role for progesterone in the control of 
cyclicity in ruminants Journal of Reproduction and Fertility Supplement 49 561-566 
Lamming GE and Darwash AO (1998) The use of milk progesterone profiles to 
characterise components of subfertility in milked dairy cows Animal Reproduction 
Science 52 175-190 

Lamming GE and Royal MD (1999) Ovarian hormone patterns and subfertility in 
dairy cows. In Fertility in the high producing dairy cow pp 12. British Society of 
Animal Science, Galway, Ireland 
Larsson K, Jansson L, Berglund B, Edqvist L-E and Kindahl H (1984) 

Postpartum reproductive performance in dairy cows. I. Influence of animal, breed 

and parity Acta Veterinaria Scandinavia 25 445-461 

Laven RA, Biggadike HJ, Proven MJ, Halfacre S and Tickle LR (2000) Changes 

in vaginal microbiology associated with the use of progesterone-releasing 
intravaginal devices The Veterinary Record 146 760-762 

Lebreton JP, Hiron M, Biou D and Daveau M (1988) Regulation of alpha 1-acid 

glycoprotein plasma concentration by sex steroids and adrenal-cortical hormones 

during experimental inflammation in the rat Inflammation 12 413-424 

Leslie KE, Doig PA, Bosu WTK, Curtis RA and Martin SW (1984) Effects of 

gonadotropin releasing hormone on reproductive performance of dairy cows with 

retained placenta Canadian Journal of Comparative Medicine 48 354-359 

Lewis EJ, Bishop J and Cashin CH (1989) Automated quantification of rat plasma 

acute phase reactants in experimental inflammation Journal of Pharmacological 

Methods 21 183-94 

Lewis GS, Thatcher WW, Bliss EL, Drost M and Collier RJ (1984) Effects of 
heat stress during pregnancy on postpartum reproductive changes in holstein cows 
Journal ofAnimal Science 58 174-186 

Lewis GS and Bolt DJ (1987) Effects of suckling, progestogen-impregnated 

pessaries or hysterectomy on ovarian function in autumn-lambing postpartum ewes 

Journal of Animal Science 64 216-225. 

Lewis GS (1997) Uterine health and disorders Journal of Dairy Science 80 984-994 

Lindell J-O, Kindahl H, Jansson L and Edqvist L-E (1982) Post-partum release of 

prostaglandin Fla and uterine involution in the cow Theriogenology 17 237-243 

Lucy MC, Staples CR, Thatcher WW, Erickson PS, Cleale RM, Firkins JL, 

Clark JH, Murphy MR and Brodie BO (1992) Influence of diet composition, dry- 

167 



matter intake, milk production and energy balance on time of post-partum ovulation 

and fertility in dairy cows Animal Production 54 323-331 

Mann GE, Lamming GE and Fray MD (1995) Plasma oestradiol and progesterone 
during early pregnancy in the cow and the effects of treatment with buserelin Animal 

Reproduction Science 37 121-131 

Mann GE and Haresign W (2001) Effect of oestradiol treatment during GnRH- 

induced ovulation on subsequent PGF2a release and luteal life span in anoestrous 

ewes Animal Reproduction Science 67 245-252 

Marion GB and Gier HT (1968) Factors affecting bovine ovarian activity after 

parturition Journal ofAnimal Science 27 1621-1626 

Marion GB, Norwood JS and Gier HT (1968) Uterus of the cow after parturition: 

Factors affecting regression American Journal of Veterinary Research 29 71-75 

Markusfeld 0 (1984) Factors responsible for post parturient metritis in dairy cattle 

Veterinary Record 114 539-542 

Markusfeld 0 (1987) Periparturient traits in seven high dairy herds. Incidence rates, 

association with parity, and interrelationships among traits Journal of Dairy Science 

70 158-166 

Mihm M, Austin EJ, Good TE, Ireland JL, Knight PG, Roche JF and Ireland JJ 

(2000) Identification of potential intrafollicular factors involved in selection of 

dominant follicles in heifers Biology of Reproduction 63 811-819 

Moenter SM, Caraty A, Locatelli A and Karsch FJ (1991) Pattern of 

gonadotropin-releasing hormone (GnRH) secretion leading up to ovulation in the 

ewe: Existence of a preovulatory GnRH surge Endocrinology 129 1175-82 

Monniaux D, Mariana JC and Gibson WR (1984) Action of PMSG on follicular 

populations in the heifer Journal of Reproduction and Fertility 70 243-253 

Morrow DA, Roberts SJ, McEntee K and Gray HG (1966) Postpartum ovarian 

activity and uterine involution in dairy cattle Journal of the 'American Veterinary 

Medical Association 149 1596-1609 

Morrow DA, Roberts SJ and McEntee K (1969) Postpartum ovarian activity and 

involution of the uterus and cervix in dairy cattle. II. Involution of uterus and cervix 

Cornell Veterinarian 59 190-198 

Murphy MG, Boland MP and Roche JF (1990) Pattern of follicular growth and 

resumption of ovarian activity in post-partum beef suckler cows Journal of 

Reproduction & Fertility 90 523-533 

168 



Nakao T, Moriyoshi M and Kawata K (1992) The effect of postpartum ovarian 

dysfunction and endometritis on subsequent reproductive performance in high and 

medium producing cows Theriogenology 37 341-349. 

Nanda AS, Ward WR and Dobson H (1988) Effect of endogenous and exogenous 

progesterone on the oestradiol-induced ih surge in dairy cows Journal of 

Reproduction and Fertility 84 367-71 

Nation DP, Burke CR, Rhodes FM and Macmillan KL (1999) The inter-ovarian 

distribution of dominant follicles is influenced by the location of the corpus luteum 

of pregnancy Animal Reproduction Science 56 169-176 

Nett TM (1987) Function of the hypothalamic-hypophysial axis during the post- 

partum period in ewes and cows Journal of Reproduction and Fertility Supplement 

34 201-213 

Newcomb R, Christie WB, Rowson LEA, Walters DE and Bousfield WED 

(1979) Influence of dose, repeated treatment and batch of hormone on ovarian 

response in heifers treated with PMSG Journal of Reproduction and Fertility 56 113- 

118 

Niswender GD, Diekman MA, Nett TM and Akbar AM (1973) Relative blood 

flow to the ovaries of cycling and pregnant ewes Biology of Reproduction 9 87 

Noakes DE, Till D and Smith GR (1989) Bovine uterine flora post partum: A 

comparison of swabbing and biopsy Veterinary Record 124 563-564 

Noakes DE, Wallace LM and Smith GR (1990) Pyometra in a friesian heifer: 

Bacteriological and endometrial changes Veterinary Record 126 509 

Noakes DE, Wallace L and Smith GR (1991) Bacterial flora of the uterus of cows 

after calving on two hygienically contrasting farms Veterinary Record 128 440-442 

Okano A and Tomizuka T (1987) Ultrasonic observation of postpartum uterine 

involution in the cow Theriogenology 27 369-376 

Olson JD, Ball L, Mortimer RG, Farin PW, Adney WS and Huffman EM (1984) 

Aspects of bacteriology and endocrinology of cows with pyometra and retained 

foetal membranes. American Journal of Veterinary Research 45 2251-2255 

Oltenacu PA, Britt JH, Braun RK and Mellenberger RW (1983) Relationships 

among type of parturition, type of discharge from genital tract, involution of cervix, 

and subsequent reproductive performance in Holstein cows Journal of Dairy Science 

66 612-619 

169 



Opsomer G, Coryn M, Deluyker H and de Kruif A (1998) An analysis of ovarian 
dysfunction in high yielding dairy cows after calving based on progesterone profiles. 
Reproduction in Domestic Animals 33 193-204 

Opsomer. G, Grohn YT, Hertl J, Coryn M, Deluyker H and de Kruif A (2000) 

Risk factors for post partum ovarian dysfunction in high producing dairy cows in 

belgium: A field study Theriogenology 53 841-57 

Ozturk M, Smith RF and Dobson H (1998) Effect of prolonged exposure to 

oestradiol on subsequent Ih secretion in ewes Journal of Reproduction and Fertility 

114 1-9 

Peeler EJ, Otte MJ and Esslemont RJ (1994) Inter-relationships of periparturient 

diseases in dairy cows Veterinary Record 134 129-132 

Penny LA, Armstrong D, Bramley TA, Webb R, Collins RA and Watson ED 

(1999) Immune cells and cytokine production in the bovine corpus luteum 

throughout the oestrous cycle and after induced luteolysis Journal of Reproduction 

and Fertility 115 87-96 

Pepper RT and Dobson H (1987) Preliminary results of treatment and 

endocrinology of chronic endometritis in the dairy cow Veterinary Record 120 53-56 

Peris P, Alvarez L, Monegal A, Guanabens N, Duran M, Pons F, Martinez de 

Osaba MJ, Echevarria M, Ballesta AM and Munoz-Gomez J (1999) Biochemical 

markers of bone turnover after surgical menopause and hormone replacement 

therapy Bone 25 349-353 

Perry RC, Corah LR, Cochran RC, Beal WE, Stevenson JS, Minton JE, Simms 

DD and Brethour JR (1991) Influence of dietary energy on follicular development, 

serum gonadotropins, and first postpartum ovulation in suckled beef cows Journal of 

Animal Science 69 3762-3773 

Peter AT and Bosu WTK (1988a) Relationship of uterine infections and 

folliculogenesis in dairy cows during early puerperium Theriogenology 30 1045- 

1051 

Peter AT and Bosu WTK (1988b) Influence of intrauterine infections and follicular 

development on the response to GnRH administration in postpartum dairy cows 

Theriogenology 29 1163-1175 

Peter AT, Bosu WTK and DeDecker RJ (1989) Suppression of preovulatory 

luteinizing hormone surges in heifers after intrauterine infusions of Escherichia coli 

endotoxin American Journal of Veterinary Research 50 368-373 

170 



Peter AT, Bosu WTK and Gilbert RO (1990a) Absorption of Escherichia coli 

endotoxin (lipopolysaccharide) from the uteri of postpartum dairy cows 
Theriogenology 33 1011-1014 

Peter AT, Simon JE, Luker CW and Bosu WTK (1990b) Site of action for 

endotoxin-induced cortisol release in the suppression of preovulatory luteinizing 

hormone surges Theriogenology 33 63 7-643 
Peters AR (1984) Effect of exogenous oestradiol-17 beta on gonadotrophin secretion 
in post-partum beef cows Journal of Reproduction and Fertility 72 473-478 

Petrie A and Watson P (1999) In Statistics for veterinary and animal science pp 1- 

243. Blackwell Science, Oxford 

Pierson RA and Ginther OJ (1987a) Follicular populations during the estrous cycle 
in heifers I. Influence of day Animal Reproduction Science 14 165-176 

Pierson RA and Ginther OJ (1987b) Follicular populations during the estrous cycle 
in heifers II. Influence of right and left sides and intraovarian effect of the corpus 
luteum Animal Reproduction Science 14 177-186 

Pierson RA and Ginther OJ (1987c) Intraovarian effect of the corpus luteum on 

ovarian follicles during early pregnancy in heifers Animal Reproduction Science 15 

53-60 

Pierson RA and Ginther OJ (1988) Ultrasonic imaging of the ovaries and uterus in 

cattle Theriogenology 29 21-37 

Poretsky L, Cataldo NA, Rosenwaks Z and Giudice LC (1999) The insulin- 

related ovarian regulatory system in health and disease Endocrine Reviews 20 535- 

582 

Puder JJ, Freda PU, Goland RS, Ferin Ml and Wardlaw SL (2000) Stimulatory 

effects of stress on gonadotrophin secretion in estrogen-treated women Journal of 
Clinical Endocrinology and Metabolism 85 2184-2188 

Rajamahendran R and Taylor C (1990) Characterization of ovarian activity in 

postpartum dairy cows using ultrasound imaging and progesterone profiles Animal 

Reproduction Science 22 171-180 

Regassa F and Noakes DE (1999) Acute phase protein response of ewes and the 

release of pgfm in relation to uterine involution and the presence of intrauterine 

bacteria Veterinary Record 144 502-506 

171 



Regassa F and Noakes DE (2001) Changes in the weight, collagen concentration 

and content of the uterus and cervix of the ewe during pregnancy Research in 
Veterinary Science 70 61-66 

Rexroad. CEJ and Casida LE (1975) Ovarian follicular development in cows, sows 
and ewes in different stages of pregnancy as affected by number of corpora lutea in 

the same ovary Journal ofAnimal Science 41 1090-1097 

Reynolds LP, Kirsch JD, Kraft KC, Knutson DL, McClaflin WJ and Redmer 
DA (1998) Time-course of the uterine response to estradiol-170 in ovariectomized 

ewes: Uterine growth and microvascular development Biology of Reproduction 59 
606-612 

Risco CA, Drost M, Thatcher WW, Savio J and Thatcher MJ (1994) Effects of 
calving-related disorders on prostaglandin, calcium, ovarian activity and uterine 
involution in postpartum dairy cows Theriogenology 42 183-203 
Rivera GM, Chandrasekher YA, Evans AC, Giudice LC and Fortune JE (2001) 

A potential role for insulin-like growth factor binding protein-4 proteolysis in the 

establishment of ovarian follicular dominance in cattle Biology of Reproduction 65 

102-111 

Rivera GM and Fortune JE (2001) Development of codominant follicles in cattle 
is associated with a follicle-stimulating hormone-dependent insulin-like growth 
factor binding protein-4 protease Biology of Reproduction 65 112-118 

Rivest S, Lee S, Attardi B and Rivier C (1993) The chronic intracerebroventricular 

infusion of interleukin-lß alters the activity of the hypothalamic-pituitary-gonadal 

axis of cycling rats. I. Effect on LHRH and gonadotropin biosynthesis and secretion 
Endocrinology 133 2424-2430 

Robinson RS, Mann GE, Lamming GE and Wathes DC (2001) Expression of 

oxytocin, oestrogen and progesterone receptors in uterine biopsy samples throughout 

the oestrous cycle and early pregnancy in cows Reproduction 122 965-979 

Roche JF, Crowe MA and Boland MP (1992) Postpartum anoestrus in dairy and 

beef cows Animal Reproduction Science 28 371-378 

Roche JF, Mackey D and Diskin MD (2000) Reproductive management of 

postpartum cows Animal Reproduction Science 60-61 703-712 

Rosenfeld CR (1980) Responses of reproductive and nonreproductive tissues to 17 

ß-estradiol during ovine puerperium American Journal of Physiology 239 E333-339 

172 



Rouillier P, Matton P, Sirard MA and Guilbault LA (1996) Follicle-stimulating 
hormone-induced estradiol and progesterone production by bovine antral and mural 
granulosa cells cultured in vitro in a completely defined medium Journal of Animal 
Science 74 3012-3019 

Rouillier P, Sirard MA, Matton P and Guilbault LA (1997) 

Immunoneutralization of transforming growth factor a present in bovine follicular 
fluid prevents the suppression of the follicle-stimulating hormone-induced 

production of estradiol by bovine granulosa cells cultured in vitro Biology of 
Reproduction 57 341-346 

Rowson LEA, Lamming GE and Fry RM (1953) The relationship between ovarian 
hormones and uterine infection Veterinary Record 65 335-340 

Ruder CA, Sasser RG, Williams RJ, Ely JK, Bull RC and Butler JE (1981) 
Uterine infections in the postpartum cow: II possible synergistic effect of 
Fusobacterium necrophorum and Corynebacterium pyogenes Theriogenology 15 
573-580 

Saiduddin S, Riesen JW, Tyler WJ and Casida LE (1967) Some carry-over 

effects of pregnancy on post-partum ovarian function in the cow Journal of Dairy 

Science 50 1846-1847 

Saiduddin S, Quevedo MM and Foote WD (1968) Response of beef cows to 

exogenous progesterone and estradiol at various stages postpartum Journal of Animal 
Science 27 1015-1020 

Sartori R, Fricke PM, Ferreira JC, Ginther OJ and Wiltbank MC (2001) 

Follicular deviation and acquisition of ovulatory capacity in bovine follicles Biology 

of Reproduction 65 1403-1409 

SAS Institute Inc (1997) In SAS/STAT software: Changes and enhancements 

through release 6.12 pp 571-702. SAS Institute Inc, Cary, NC. 

Savio JD, Keenan L, Boland MP and Roche JF (1988) Pattern of growth of 
dominant follicles during the oestrous cycle of heifers Journal of Reproduction and 
Fertility 83 663-671 

Savio JD, Boland MP, Hynes N and Roche JF (1990a) Resumption of follicular 

activity in the early postpartum period of dairy cows Journal of Reproduction and 
Fertility 88 569-579 

173 



Savio JD, Boland MP and Roche JF (1990b) Development of dominant follicles 

and length of ovarian cycles in post-partum dairy cows Journal of Reproduction and 
Fertility 88 581-591 

Sawyer HR (1995) Structural and functional properties of the corpus luteum of 
pregnancy Journal of Reproduction and Fertility Supplement 49 97-110 

Schirar A, Cognie Y, Louault F, Poulin N, Meusnier C, Levasseur MC and 
Martinet J (1990) Resumption of gonadotrophin release during the post-partum 
period in suckling and non-suckling ewes Journal of Reproduction and Fertility 88 
593-604 

Scott PR, Murray LD and Penny CD (1992) A preliminary study of serum 
haptoglobin concentration as a prognostic indicator of ovine dystocia cases British 
Veterinary Journal 148 351-355 

Shanks RD, Freeman AE and Berger PJ (1979) Relationship of reproductive 
factors with interval and rate of conception Journal of Dairy Science 62 74-84 

Sheldon IM (1999) Bovine endometritis: A review Journal ofAnimal Breeding 2 2- 
14 

Sheldon IM and Noakes DE (1998) Comparison of three treatments for bovine 

endometritis Veterinary Record 142 575-579 

Sheldon IM and Dobson H (2000) Effect of administration of ecg to postpartum 
cows on folliculogenesis in the ovary ipsilateral to, the previously gravid uterine horn 

and uterine involution Journal of Reproduction and Fertility 119 157-163 

Sheldon IM, Noakes DE and Dobson H (2000) The influence of ovarian activity 
and uterine involution determined by ultrasonography on subsequent reproductive 

performance Theriogenology 54 409-419 

Sheldon IM, Noakes DE, Rycroft A and Dobson H (2001) Acute phase protein 

response to postpartum uterine bacterial contamination in cattle Veterinary Record 

148 172-175 

Sheldon IM, Noakes DE and Dobson H (2002) Effect of the regressing corpus 
luteum of pregnancy on ovarian folliculogenesis after parturition in cattle Biology of 
Reproduction 66 266-271 

Silveira PA, Spoon RA, Ryan DP and Williams GL (1993) Evidence for maternal 
behavior as a requisite link in suckling-mediated anovulation in cows Biology of 

Reproduction 49 1338-1346 

174 



Sirios J and Fortune JE (1988) Ovarian follicular dynamics during the estrous 

cycle in heifers monitored by real-time ultrasonography Biology of Reproduction 39 

308-317 

Sirois J and Fortune JE (1990) Lengthening the bovine estrous cycle with low 

levels of exogenous progesterone: A model for studying ovarian follicular 

dominance Endocrinology 127 916-925 

Skinner JG, Brown RA and Roberts L (1991) Bovine haptoglobin response in 

clinically defined field conditions Veterinary Record 128 147-149 

Smith MCA and Wallace JM (1998) Influence of early post partum ovulation on 
the re-establishment of pregnancy in multiparous and primiparous dairy cattle 
Reproduction Fertility and Development 10 207-216 

Spencer TE, Stagg AG, Ott TL, Johnson GA, Ramsey WS and Bazer FW (1999) 

Differential effects of intrauterine and subcutaneous administration of recombinant 

ovine interferon tau on the endometrium of cyclic ewes Biology of Reproduction 61 

464-70 

Spicer LJ, Leung K, Convey EM, Gunther J, Short RE and Tucker HA (1986) 

Anovulation in postpartum suckled beef cows. I. Associations among size and 

numbers of ovarian follicles, uterine involution, and hormones in serum and 

follicular fluid Journal ofAnimal Science 62 734-741 

Spicer LJ and Alpizar E (1994) Effects of cytokines on FSH-induced estradiol 

production by bovine granulosa cells in vitro: Dependence on size of follicle 

Domestic Animal Endocrinology 1125-34 

Stagg K, Diskin MG, Sreenan JM and Roche JF (1995) Follicular development in 

long-term anoestrous suckler beef cows fed two levels of energy postpartum Animal 

Reproduction Science 38 49-61 

Stagg K, Spicer LJ, Sreenan JM, Roche JF and Diskin MG (1998) Effect of calf 

isolation oil follicular wave dynamics, gonadotropin and metabolic hormone 

changes, and interval to first ovulation in beef cows fed either of two energy levels 

postpartum Biology of Reproduction 59 777-783 

Staples LD, Fleet IR and Heap RB (1982) Anatomy of the utero-ovarian lymphatic 

network and the composition of afferent lymph in relation to the establishment of 

pregnancy in the sheep and goat Journal of Reproduction and Fertility 64 409-420 

175 



Stevenson JS and Pursley JR (1994) Resumption of follicular activity and interval 

to postpartum ovulation after exogenous progestins Journal of Dairy Science 77 725- 

734 

Stott ANY, Veerkamp RF and Wassel TR (1999) The economics of fertility in the 
dairy herd Animal Science 68 49-57 

Studer E and Morrow DA (1978) Postpartum evaluation of bovine reproductive 

potential: Comparison of findings from genital tract examination per rectum, uterine 

culture, and endometrial biopsy Journal American Veterinary Medical Association 

172 489-494 

Subandrio AL and Noakes DE (1997) Neutrophil migration into the uterine lumen 

of the cow: The influence of endogenous and exogenous sex steroid hormones using 

two intrauterine chemoattractants Theriogenology 47 825-835 

Subandrio AL, Sheldon IM and Noakes DE (2000) Peripheral and intrauterine 

neutrophil function in the cow: The influence of endogenous and exogenous sex 

steroid hormones Theriogenology 53 1591-1608 

Sunderland SJ, Crowe MA, Boland MP, Roche JF and Ireland JJ (1994) 

Selection, dominance and atresia of follicles during the oestrous cycle of heifers 

Journal of Reproduction and Fertility 101 547-555 

Taylor CC and Terranova PF (1996) Lipopolysaccharide inhibits in vitro 
luteinizing hormone-stimulated rat ovarian granulosa cell estradiol but not 

progesterone secretion Biology of Reproduction 54 1390-6 

Tennant B, and Peddicord RG (1968) The influence of delayed uterine involution 

and endometritis on bovine fertility Cornell Veterinarian 58 185-192 

Terranova PF" and Rice VM (1997) Review: Cytokine involvement in ovarian 

processes American Journal of Reproductive Immunology 37 50-63 

Thatcher WW, Driancourt MA, Terqui M and Badinga L (1991) Dynamics of 

ovarian follicular development in cattle following hysterectomy and during early 

pregnancy Domestic Animal Endocrinology 8 223-234 

Tian W and Noakes DE (1991a) Effects of four hormone treatments after calving 

on uterine and cervical involution and ovarian activity in cows Veterinary Record 

128 566-569 

Tian W and Noakes DE (1991b) A radiographic method for measuring the effect of 

exogenous hormone therapy on uterine involution in ewes Veterinary Record 129 

463-466 

176 



Tian W and Noakes DE (1991c) Plasma 3 methyl-histidine concentrations and 

uterine involution in the post partum cow Veterinary Record 128 109-110 

Villeneuve P, Dufour JJ and Guilbault LA (1988) Influence of infusion of 

prostaglandin Fla (PGF2a, ) and weaning on surface and histologic populations of 

ovarian follicles in early postpartum beef cows Journal of Animal Science 66 3174- 

3184 

Webb R, Campbell BK, Garverick HA, Gong JG, Gutierrez CG and Armstrong 

DG (1999a) Molecular mechanisms regulating follicular recruitment and selection 
Journal of Reproduction and Fertility Supplement 54 33-48 

Webb R, Gosden RG, Telfer EE and Moor RM (1999b) Factors affecting 

folliculogenesis in ruminants Animal Science 68 257-284 

Weems CW, Lee CN, Weems YS and Vincent DL (1988) Distribution of 

progesterone to the uterus and associated vasculature of cattle Endocrinologica 

Japonica 35 625-630 

Weems CW, Weems YS, Lee CN and Vincent DL (1989) Progesterone in uterine 

and arterial tissue and in jugular and uterine venous plasma of sheep Biology of 
Reproduction 41 1-6 

Williams CY, Harris TG, Battaglia DF, Viguie C and Karsch FJ (2001) 

Endotoxin inhibits pituitary responsiveness to gonadotropin-releasing hormone 

Endocrinology 142 1915-1922 

Wise TH, Caton D, Thatcher WW, Barron DH and Fields MJ (1982) Ovarian 

function during the estrous cycle of the cow: Ovarian blood flow and progesterone 

release rate Journal ofAnimal Science 55 627-637 

Xiao E, Xia-Zhang L, Barth A, Zhu J and Ferin M (1998) Stress and the 

menstrual cycle: Relevance of cycle quality in the short- and long-term response to a 

5-day endotoxin challenge during the follicular phase in the rhesus monkey Journal 

of Clinical Endocrinology and Metabolism 83 2454-2460 

Xu Z, Garverick HA, Smith GW, Smith MF, Hamilton SA and Youngquist RS 

(1995) Expression of messenger ribonucleic acid encoding cytochrome p450 side- 

chain cleavage, cytochrome p450 17 alpha-hydroxylase, and cytochrome p450 

aromatase in bovine follicles during the first follicular wave Endocrinology 136 981- 

989 

177 



Yoshioka K, Suzuki C, Arai S, Iwamura S and Hirose H (2001) Gonadotropin- 

releasing hormone in third ventricular cerebrospinal fluid of the heifer during the 

estrous cycle Biology of Reproduction 64 563-570 

178 



Appendix 

Copies of published papers 

Sheldon IM and Dobson H (2000) Effect of administration of eCG to postpartum 

cows on folliculogenesis in the ovary ipsilateral to the previously gravid uterine horn 

and uterine involution Journal of Reproduction and Fertility 119 157-163 

Sheldon IM, Noakes DE and Dobson H (2000) The influence of ovarian activity 

and uterine involution determined by ultrasonography on subsequent reproductive 

performance Theriogenology 54 409-419 

Sheldon IM, Noakes DE, Rycroft A and Dobson H (2001) Acute phase protein 

response to postpartum uterine bacterial contamination in cattle Veterinary Record 

148 172-175 

Sheldon IM, Noakes DE and Dobson H (2002) Effect of the Regressing Corpus 

Luteum of Pregnancy on Ovarian Folliculogenesis after Parturition in Cattle Biology 

of Reproduction 66 266-271 

179 



Journal of Reproduction and Fertility (2000) 119,157-163 

Effect of administration of eCG to postpartum cows on 
folliculogenesis in the ovary ipsilateral to the previously gravid 

uterine horn and uterine involution 

I. M. Sheldon' and H. Dobson 
'Department of Farm Animal and Equine Medicine and Surgery, Royal Veterinary College, Hawkshead Lane, North Mymms, 
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This study tested the hypothesis that increased oestradiol secretion by large follicles in 
the ovary ipsilateral to the previously gravid uterine horn has a local effect to increase 
the rate of uterine involution. Cows were administered an i. m. water placebo (n = 19), 
250 iu equine chorionic gonadotrophin (eCG) (n = 18) or 750 iu eCG (n = 20) 14 days post 
partum (day 0). Transrectal ultrasonography at the time of treatment and 2,4 and 6 days 
later monitored uterine horn diameter and ovarian structures. Blood samples collected 
contemporaneously were assayed for 15-keto-13,14-dihydro-prostaglandin Fla and 
oestradiol concentration. For control cows, accumulated diameter of the largest follicle in 
the ovary ipsilateral to the previously gravid uterine horn, compared with the 
contralateral ovary, was smaller on day 0 (P < 0.05) and days 2,4 and 6 (P < 0.001). There 
were no significant differences in the eCG-treated animals. There were 12,8 and 11 cows 
with a plasma oestradiol concentration <1 pg ml-' on day 0 in the control, 250 and 750 iu 

eCG treatment groups, respectively. For control cows, the peripheral oestradiol 
concentrations were higher on day 6 compared with days 0,2 and 4 (P < 0.05); for cows 
treated with 250 iu eCG, concentrations were higher on days 4 and 6 compared with day 
0 (P < 0.05); and for cows treated with 750 iu eCG, concentrations were higher on days 2 

and 4 compared with day 0 (P < 0.01). Treatment with eCG, or the presence of a follicle 

>8 mm in diameter in the ovary ipsilateral to the previously gravid uterine horn, did not 

, affect the rate of uterine involution or plasma 15-keto-13,14-dihydro-prostaglandin F=1 

concentration. In conclusion, administration of eCG to increase follicular growth and 
oestradiol production overcame the inhibition of follicular growth in the ovary 
ipsilateral to the previously gravid uterine horn, but did not affect uterine involution. 

Introduction 

Postpartum follicular activity in the ovary ipsilateral to the 

previously gravid uterine horn is lower than that in the 

contralateral ovary (Lewis ct al., 1984; Guilbault et al., 1987; 

Kamimura et al., 1993; Risco et al., 1994; Nation et al., 1999). 

However, the presence of a follicle >8 mm in diameter in the 

ovary ipsilateral to the previously gravid uterine horn in cows 

examined between 14 and 28 days post partum was associated 

with a shorter calving-to-conception interval (I. M. Sheldon 

and H. Dobson, unpublished), confirming the results of a 

smaller study by Bonnet et al. (1993). One hypothesis to explain 
these observations is that oestrogen secreted by a dominant 

follicle in the ovary ipsilateral to the previously gravid uterine 
horn acts locally to increase the rate of involution of the 

ipsilateral uterine horn. Plasma concentrations of oestradiol are 
high in the utero-ovarian vein draining the ovary containing 
the ovulatory dominant follicle (Ireland et al., 1984). Such a 

Received 22 October 1999. 

hypothesis is not without precedence: treatment-by-side 
interactions on oviductal protein synthesis occur in cows with 
persistent dominant follicles, and it has been suggested that 
this is due to the ipsilateral increase in oestradiol concentration 
(Binelli el al., 1999). 

One method of testing the hypothesis would be to stimulate 
follicular growth in the ovary ipsilateral to the previously 
gravid uterine horn and assess uterine involution. Equine 

chorionic gonadotrophin (eCG) has both FSFI- and L11-like 
activity and parenteral administration stimulates follicular 

growth and ovulation in cattle (Gonzalez-Menico et al., 1978; 
Newcomb et al., 1979). Uterine involution occurs on a 
decreasing logarithmic scale, as reflected by changes in 
diameter of each uterine horn monitored accurately by 
transrectal ultrasonography (Okano and Tomizuka, 1987; 
Bekana et al., 1994). In addition, involution has been 

characterized by the estimation of plasma concentration of 15- 
keto-13,14-dihydro-prostaglandin F, (PGFM), the metabolite 
of prostaglandin F,,, which is correlated with the decrease in 
uterine horn dimension (Lindell el al., 1982; Lewis et al., 1984). 
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The aim of the present study was to test the hypothesis 
that increased oestradiol secretion by large follicles in the 
ovary ipsilateral to the previously gravid uterine horn has a 
local effect to increase the rate of uterine involution. Specific 

objectives were: (i) to administer eCG to increase follicular 

growth in the ovary ipsilateral to the previously gravid 
uterine hom; and (ii) to determine the effect of the increased 
follicular growth on involution of the previously gravid 
uterine horn by ultrasonography and by estimation of 
plasma PGFM concentration. 

Materials and Methods 

Animals 

A seasonally calving dairy herd of 124 Holstein-Friesian 
cows with an annual average milk yield of - 60501 was 
selected for the study on the basis of accurate farm records. A 
total of 57 cows that had calved in a2 month period were 
included in the study. Routine medical treatments were not 
used on the farm; insemination of all cows began 50 days 

after calving. 
The farm was visited every 48 h and generally three new 

cases were enrolled at each visit (range 0-6). At the first 

examination, 14 days after calving (day 0), details from the 
farnt records of lactation number, calving date, assisted 
parturition and peri-parturient disease were recorded for 

each cow. Cows that had intercurrent disease were excluded 
from the study. 

Clinical examination 
The side of the previously gravid uterine horn was 

determined transrectally by assessing which was longer and 

of greater diameter than the contralateral horn. The genital 
tract was scanned transrectally using a SonoAce 600 

ultrasound scanner with a5 MHz linear array transrectal 

probe (BCF Technology Ltd, Livingstone) and recorded 

using a video cassette recorder (Panasonic AG-5260B). 

Follicles were defined as non-echogenic (black) spherical 

structures with a clear demarcation between the follicular 

wall and antrum. Corpora lutea were defined as grainy 

echogenic structures that had a well-defined border with the 

less echogenic ovarian stroma; in some corpora lutea there 

was a non-echogenic lacuna. The diameter of the largest 

follicular and luteal ovarian structures, and the diameter of 

the uterine horns adjacent to the insertion of the free edge of 

the intercornual ligament, were measured using the internal 

callipers on the screen of the machine. When the image of the 

structure being scanned was not spherical, the diameter was 

estimated by averaging two 90° dimensions. In addition, the 

number of follicles >4 mm in diameter in each ovary was 

counted. 
Animals were re-examined using the procedure outlined 

above at 2,4 and 6 days after the first examination (day 0). In 

addition, at the final examination (day 6), the vagina of each 

cow was examined by direct palpation and visual inspection 

of the luminal contents. The character of the vaginal mucus 

was recorded: abnormal mucus was defined as the presence 
of mucopurulent material; normal mucus was defined as 
uniform translucent material in the absence of a fetid odour. 

Blood sampling and hormone assays 
At each visit blood samples were collected from the 

coccygeal vein or artery into evacuated heparinized tubes 
(Vacutainer, Becton Dickinson, Meylan). Plasma -was 
separated within 30 min by centrifugation (1000g for 10 
min), harvested and stored frozen at -20°C until assayed for 
PGFM and oestradiol. 

The PGFM assay was performed in duplicate using 
unextracted plasma by direct radioimmunoassay using the 
method of Kindahl et al. (1976). Oestradiol concentration was 
estimated in duplicate by radioimmunoassay using 
extracted plasma (Mann et at., 1995). The sensitivity, intra- 
and interassay coefficients of variation were 27.0 pg ml-1, 
7.6% and 14.3"/0, respectively, for PGFM (using a pooled 
plasma sample of 91.2 pg ml''); and 0.24 pg ml-1,6.3% and 
15.1%, respectively, for oestradiol (using a pooled plasma 
sample of 3.9 pg ml-1). 

Treatments 
Treatments were administered by i. m. injection on day 14 

post partum (day 0 of the study). A randomization chart was 
used to assign cows to treatment groups. The treatments 
were 2 ml sterilized water for injection BP (Amolds 
Veterinary Products, Shrewsbury) to control animals or 250 
or 750iu eCG (PMSG Folligon 1000 iu, Intervet UK, 
Cambridge). 

Statistical analysis 
Results are expressed as mean ± SFM. Significance was 

assigned at P<0.05. The data were analysed either using all 
cases, or after selection of animals that had a plasma 
oestradiol concentration of <1 pg ml-' on day 0. The animals 
chosen on the basis of plasma oestradiol were selected 
because the response to eCC treatment is greater in the 
absence of a dominant follicle (Guilbault et at., 1991; 
Huhtinen et at., 1992). 

The proportion of animals in each group with an assisted 
parturition, animals with a corpus luteum formed during the 
study, and animals with a follicle >8 mm in diameter in the 
ovary ipsilateral to the previously gravid uterine horn on 
day 2 was compared by the chi-squared test. The number of 
follicles >4 mm or> 8 mm in diameter, lactation number and 
the number of inseminations per conception were compared 
between treatment groups using a non-parametric test 
(Kruskal-Wallis). The plasma oestradiol concentration, and 
log transformed values of calving-to-first insemination and 
calving-to-conception intervals were compared between 
treatment groups using ANOVA. Animals with normal and 
abnormal vaginal mucus were compared for calving-to-first 
insemination and calving-to-conception intervals using f 
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tests and for the number of inseminations per conception 
using a non-parametric test (Mann-Whitney). 

Because ovarian follicular growth is not synchronous at 
precise times post partum and varies among individuals, the 
diameter of the largest follicle >4 mm or >8 mm in diameter 
in each ovary was accumulated over the study periods. 
This transformation provides an estimate of the overall 
postpartum response to treatment for each cow (Risco et al., 
1994). Differences between ovarian accumulated follicular 
diameter ipsilateral and contralateral to the previously 
gravid uterine horn were compared within cows using t tests 
within treatment groups and using ANOVA between groups. 
Changes in the diameter of the uterine horn were compared 
within cows using t tests within treatment groups and using 
ANOVA between groups for all cows, and between animals 
with or without a follicle >8 mm in diameter in the ovary 
ipsilateral to the previously gravid uterine horn on day 2. 
These cows were selected to test the effect of follicles >8 mm 
in diameter on uterine involution because follicles identified 

on day 2, after eCG administration, were present for the 

remainder of the study period. Associations between the 
diameter of the uterine horn and plasma oestradiol 
concentration or accumulated follicular diameter were 
examined using Pearson correlation coefficients. 

Factors that affected plasma PGFM concentration and 
uterine horn diameter were identified using a mixed 
multivariate model for repeated measures (SAS Inc., 1997). 
Initially, the log transformed data were checked for 

normality by univariate analysis. An unstructured 
correlation structure provided the best fit to these data. 
Variables included were day of study, treatment group, 
abnormal vaginal mucus, lactation number, the presence of a 
follicle >8 mm in diameter in the ovary ipsilateral to the 
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previously gravid uterine horn on day 2, and animal. 
Variables were removed from the model, after examination 
for correlation with remaining variables, until those 
remaining were significant and results were expressed as 
least-square means ± SEM. 

Results 

There were 19,18 and 20 cows in the control, 250 and 750 iu 
eCG treatment groups, respectively. The mean lactation 
number of the 57 cows was 3.2 ± 0.4 and did not differ 
significantly among the treatment groups. There was no 
difference in the number of animals that had a farmer- 
assisted parturition among treatment groups (40.4% of all 
cases). There were 5,6 and 5 cows with an abnormal vaginal 
discharge in the control, 250 and 750 iu eCG treatment 
groups, respectively. 

Ovarian activity 
Accumulated follicular diameters of follicles >4 mm in 

diameter are summarized (Fig. 1). There was a significant 
effect of day (P < 0.01) and the interaction between treatment 
group and the relationship of the ovary to the previously 
gravid uterine horn (P < 0.05). In control cows, there was a 
significant difference between accumulated follicular 
diameter in the ipsilateral and contralateral ovary on days 0, 
2,4 and 6. However, there was no significant difference in 
accumulated follicular diameter between the ipsilateral and 
contralateral ovaries for cows administered 250 or 750 iu 
eCG. Comparison of accumulated follicular diameter was 

Fig. 1. Mean ± SEM accumulated follicular diameter (mm) of the largest follicle 

>4 mm in diameter in the ovaries ipsilateral (Q) and contralateral ( ) to the 

previously gravid uterine horn on day 0 to day 6 for control cows (a) and cows 

administered 250 (b) or 750 (c) iu eCG at 14 days post partum. No significant 
differences were observed among eCC treated cows. Within the control group, 
values differ between columns on the same day of study. "p < 0.05; bp < 0.001. 
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not significantly different among treatment groups, the 
relationship of the ovary to the previously gravid uterine 
horn, or interaction between treatment and day, or ovary and 
day. Similar trends in follicular growth were observed for 
accumulated follicular diameters of follicles >8 mm in 
diameter. On day 6, the difference between the accumulated 
follicular diameter in the ipsilateral and contralateral ovary 
tended to be greater in control cows (23.5 ±- 3.5 versus 31.0 
4.0 mm) compared with cows treated with 250 (32.0 ± 7.8 
versus 35.8 ± 4.7 mm) or 750 iu eCG (33.4 - 7.4 versus 
38.9 ± 5.3 mm); however, the differences were not 
statistically significant. 

The number of follicles >4 nim or >8 mm in diameter did 
not differ significantly among treatment groups on day 0. 
When data from all cows on day 0 were combined, there 
were fewer follicles >4 mm in diameter in the ipsitateral 
compared with the contralateral ovary to the previously 
gravid uterine horn (0.89 - 0.13 versus 1.33 ' 0.15; P<0.01), 

and there were fewer follicles >8 mm in diameter in the 
ipsilateral ovary (0.19 - 0.05 versus 0.37 - 0.06; P< 0.05). 

In control animals, the actual diameter of the largest 
follicle >4 mm in diameter in the contralateral ovary was 
greater in those cows with normal vaginal mucus compared 
with cows with abnormal mucus, on day 2 (14.3 - 1.3, it = 10 

versus 9.4 - 1.0, it = 5; P<0.05) and on day .1 (15.0 * 1.4, 

it = 10 versus 9.7 ± 1.2, it = 3; P<0.05). The presence of 
abnormal vaginal discharge did not affect the diameter of the 
largest follicle in the ipsilateral ovary of control animals, or in 

either ovary in the groups administered eCG. 
There was a follicle >8 mm in diameter in the ipsilateral 

ovary to the previously gravid uterine horn on das' 2 in ;, 7 

and 12 cows in the control, 250 and 750 iu eCG treatment 

groups, respectively, although ti illt'renccs wirre not ýt, rtisti- 
cally significant. 

There were fewer corpora lute a turrned during the studv 
in the ipsilateral ovary to the previously gravid uterine horn 

than in the cuntralateral ovary (0 versus 20, P<0.01); how- 

ever, there were no significant differences among treatments. 

Plasma oestrodiol iuniwitration 
Plasma oeStradiol concentrations for all cows receiving 

each treatment during the study are summ, rri, ed (Fig. 2). 

There were no significant differences among the treatment 

groups when the concentrations of plasma uestradiol within 

each day of the study were compared. Although plasma 

oestradiol concentration increased (P < 11.05) between day 4 

and day h for control animals, and day Il and day 2 for Ihn' 
750 in c'CG group, there was no clear pattern of changes in 

oestradiol concentration. 
There were 12,8 and 11 cows with a plasma oestradiul 

concentration <I pg ml ' on day 0 in the control, 250 and 
750 iu eC( treatment groups, respectively the hl, ism. r 

oestradiol concentrations on each day for these animals are 

summarized (Fig. 3). Concentration,; were higher (11 -0 0") 

un day 6 compared with days (l, 2 and 4 for control cow", 
higher on days 4 and 6 Compared wit Ii d, ry Il for the cows 

treated with 2511 in ce('(; and higher on day' 2 , rod .1 
compared with day 0 for cows treated with 7111 iu e(G 

3.0 

E 
2.5 { 

2.0 
i 

1` 

ß 
Ji 

0ý 02 

Fig. 2. Mean " .l 't (wslf, idwi ý omrrntration in I n"ri Iit r. tl plasm., 
on day (I tu day b of nit. tuJc in Lontrul . is. s ( i) and r'nvs 
administered 2511 (Li) or : ', 0 IEi iu ý{(: starling at 1.4 Liv, 1)(,,. t 
partum 

3.0 

2.5 

ä 2,0 

O1f 
+I 

05 

00 07 

Fig. 3. Mr". nr . 1M I la. nt. r uo', trdttrul , unrvntr. rlunr, , if dae, 0 to 
ddb' b "t !: " in , rn Ind ti *C) and , ritt', r lrnlm, l, -rv i 2S1) 
1!:! ) of :'- i. i tI . 't, uting at 1.1 1. iv, p"l p. 11111111 unly' 10r iuw% 
with I I, r. in., - 11-11"I <<m r"nh. rlwn "Ipy, rill ' un let' 11 

Uherütr /tone II wwnmrtrr 
Ihv tli, rnu"tt rti nl the i rrvuru. lv gravid uh"rint" burnt and 

con Ir, rla lrraI horn arc tiufit ma rvr"cI (I 1,, "11 Iht"rr" wa', a 

' igniIit. rnl tlrttt"rr"nt" in titr"rrnr httrn -It -I hwt ývt tn Ihr 

hrcvitrw, Iv gravitI , rnt1 ttmlr, iLrtt"r, rl horn 1! '-'till fit, 
ht"t st"r"rt tht" interaction of tiitlr of horn 

, mutt tlnv (if '. tummle 
(1'" (1.111) Ilw diatnt"It"r of the I«revtnu". Iv I; r, tvul ult"rint" 
horn ýý. tý ýr}; nifir, rntlt' II' II INtl) ým, rllrr ttn tl iv it t tmrl+. rrrJ 

With this' (l In luntrttl cow-, and tow. (rt", mtt t tw'Ith . "III of 
7; 0 iu v( ; Iht" Jt, tnu"trr of the ( tmtr, rl, rtt r, rl urtraut. horn 

wati tint, rllr"r (1' - Il (15) on tl, n' it t unrlarn"I %% tth Jnv U Inn 

rtmtrttt rttvv, and (ow,, treated with 77W fit v( ( ., hoot not tot 

ttninl, iI , tm, rtt"tt v% nth 2'd0 fit t"( (, I)t hung In tlinntrtrr ttl 
the utt rrnc burn did not tirlft r mount; In". tftnt'nl l; rurrlt"., in 
ht"t%vtrn rn%%ti with (it . 'rthtnrt .r fullrt Iv "S 111m In 
in the rl, ýrl, rtt"r, rl uv', rrv it) tin 1uru uw, lN gray rtl utt"nnt" Iitnn 

Off iI«v 2 for all tow,, trr within Irr, rhnt"nt grnupu. I ht 

tliflrrr"rlr'r'ti in tilrrlne horn thamt"tt"r wt-n" rtlnlrrnnt l h\ 

multiv, triatt nttalt"Iti" whit If tntltt, Nu"tl ,t highly' t rl; nilr , 1111 
t"Ilt"t't tit tits' of IN, "tutl\' (1' - (I INNII I, anti ht Iisrt n tlu" 
Irrt vitt'. IV gravid and t nntral, rlt"rnl harn (1' " II INNII I 
I luwt"ct"r, t"( (: tro, rtnu"nt, Imr, r"nty Of .1 fulh, It II 111111 in 



Effect of eCC in postparhnn wms 

E 
60 

(a) 

50 

40 
c 

30 
5 

20 
I 

Q) 10J 

m_ 
0 

02 4 6 

LILI 
02a 

Day of study 

ý II 
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uterine horns on day 0 to day 6 of the study for all control cows (a) and ., li , .. i. . 
administered 250 (b) or 750 (c) iu eCG starting at 14 days post partum. 

diameter in the ipsilateral ovary to the previously gravid 
uterine horn on day 2, presence of abnormal vaginal mucus, 
lactation number, cow and interactions of these terms were 
not significant. In addition, there was no significant 
relationship between the uterine horn diameter and plasma 
oestradiol concentration (even after selecting only for cows 
with plasma oestradiol concentrations <I pg nil 1), or 
accumulated follicular diameter. 

For cows selected on the basis of a plasma oestradiol 
concentration <1 pg ml ' on day 0, the diameter of the 

previously gravid uterine horn was significantly smaller on 
day 6 compared with day l) in control cows (49.6 r 2.8 versus 
38.7 ' 2.8 mm; P< 0. ))1) and in cows treated with 750 iu eCG 
(49.1 2.9 versus 40.2 ' 2.1 rnm; 1' - 0.01), but not in cows 
treated with 250 iu eC(, (17.4 ' 5. (1 versus 37.4 ' 2.1 mni). 
Although the diameter of the contra lateral uterine horn 

diameter was smaller on day 6 compared with 1av (), the 
differences were not statistically significant for control 

cows (37.1 - 1.8 versus 31.6 2.5 mm), or roe's treated with 
250 (33.1 ý 3.2 versus 31.0 1.3 mm) or 75)) nj rCC treated 

cows (37.7 ' 2.6 versus 34.5 , 1.5 mm). The change in 

diameter of the uterine horn did not differ among treatment 

groups, or between cows with or without a follicle >8 mm in 

diameter in the ipsilateral ovary tu the previously gravid 

uterine horn on day 2 for all cows or within treatment 

groups. Multivariate models were not significant for e(( 

treatment in theseaninials. 

Pln. snrn PGFM cnnci'rii1(1! !I 

The plasma P( Fv1 concentration on days 0-6, where 

subjected to multivariate modelling, showed a signific, rrit 

effect of day (P < 0.01) and the presence of in , thnornr, rl 

vagina l discharge (N e 0.01), but nr, l cC( trrýrtmrnt, Eýrrscncr 

of a follicle >8 mm in diameter in the ip,, ilateral rn"arv to the 

previously gravid uterine horn rin day 2, lactation number, or 

cow. 'there was a significant decrease in plasma I'Gl'M 

ouccntratirm in all cows between day l) . end days 2,1 in(] h 

(77.6 ' 1.1 versus 59.71 1.1,56.0 t 1.1 and 58. (, - 1. I Fig 

nil ', respectiv'(, ly; I' < 0.001). 

Cows with abnormal vaginal n1ui u" had higher 

concentrations of plasma I'l; I"M throughout the study 
compared with cows that had normal nturus (70(, 1 
versus 51_()! 1.1 pg nil '; 1' < (L01); however, the' tltllt mnrr', 
were not statistically , ignifuant whin tonytnwnti werr 
made within e. n h day of the study 
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animals on the rate of uterine involution determined by 
ultrasonography. 

In the present study, there were fewer follicles >4 mm or 
>8 mm in diameter in the ovary ipsilateral to the previously 
gravid uterine horn on the first day of the study, supporting 
other observations (Lewis et al., 1984; Guilbault et al., 1987; 
Kamimura et al., 1993; Nation et al., 1999). Ovarian follicular 

activity was also estimated in the present study by 
accumulating the diameter of the largest follicle in each ovary 
during the study period (Risco et a1., 1994). In the control 
animals, this transformation showed that on each day of the 
study there was less follicular growth in the ovary ipsilateral 
to the previously gravid uterine hom, confirming the 
negative influence exerted by the previously gravid uterine 
horn on folliculogenesis in the ipsilateral ovary (Lewis et al., 
1984; Dufour and Roy, 1985). The mechanism is unclear but 

may involve a response to uterine tract inflammation, 

possibly mediated by cytokines or immune cells; parallel 
immunological influences of uterine origin on ovarian corpus 
luteum function were proposed by Spencer et al. (1999). 
Uterine tract infection, as reflected by an abnormal vaginal 
discharge, affected the rate of growth of the largest follicle in 
the contralateral ovary, which supports the observation that 
the presence of uterine infection is associated with fewer 

animals with a corpus luteum in the contralateral ovary (I. M. 
Sheldon and H. Dobson, unpublished). 

In the present study, administration of 250 or 750 iu eCG 
overcame the negative influence -of the previously gravid 
uterine horn and, specifically, increased follicular growth in 

the ipsilateral ovary determined using accumulated 
follicular diameter of follicles >4 mm in diameter; a similar 
trend was found using accumulated follicular diameter of 
follicles >8 mm in diameter. These observations indicate that 

uterine-derived inhibitors of follicular growth may inhibit 

the action of FSH or LH on follicular activity. Administration 

of eCG to cattle leads to fewer atretic follicles, recruits more 
smaller follicles in which growth rate is increased, sustains 
the growth of larger follicles, and increases the final number 
of ovulations (Newcomb et a!., 1979; Monniaux et a!., 1984; 
Driancourt eta!., 1991; Gonzalez et al., 1994). It is possible that 

a uterine-derived inhibitor of folliculogenesis, acting 

principally on the ovary ipsilateral to the previously gravid 

uterine horn, blocks the action of FSH or LH within that 

ovary, and this block can be overcome by administration of 

eCG. The inhibition of folliculogenesis in the ipsilateral 

ovary reduces the number of ovulations, reflected by fewer 

corpora lutea and fewer follicles >8 mm and >4 mm in 

diameter (I. M. Sheldon and H. Dobson, unpublished). Thus 

the principal stage at which inhibition occurs is likely to be 

<4 mm diameter. A variety of cytokines reduce FSH-induced 

oestradiol production from bovine granulosa cells collected 
from 1-5 mm diameter follicles, but have little effect on cells 
from follicles >s 8 mm in diameter (Spicer and Alpizar, 1994). 

The presence of a follicle > 8-9 mm in diameter at the time 

of treatment reduces the superovulatory response to eCG 
(Guilbault et a!., 1991; Huhtinen et al., 1992). In the post- 
partum period, there is a succession of follicles growing to 
5-9 mm diameter and then regressing until development of 
the first dominant follicle (Murphy et a!., 1990). Plasma 

oestradiol concentrations are <1 pg ml-I before follicles 

reach 8-9 mm diameter; subsequently, concentrations 
increase above 1 pg ml-' in the presence of ovulatory, but not 
non-ovulatory, dominant follicles (Beam and Butler, 1997). 
Therefore, in the present study, cows could have been 
selected for analysis on the basis of ovarian follicular 
diameter or plasma oestradiol concentration on day 0. 
Unfortunately, there were insufficient animals to select for 
both parameters. As the hypothesis was that the effect of a 
follicle on uterine involution was mediated by oestradiol, 
cows with plasma oestradiol concentrations <1 pg ml-' on 
day 0 were selected for analysis. The validity of this 
approach was confirmed by contrasting the plasma 
oestradiol concentration profile of all cows with that of the 
selected animals. Before selection there was no clear pattern 
of plasma oestradiol concentrations throughout the study. 
In contrast, after selection of cases, plasma oestradiol 
concentration increased by day 6 for the control animals, by 
day 4 for the 250 iu eCG group and by day 2 for the 750 iu 
eCG group. 

Uterine involution during the period between 14 and 28 
days post partum is characterized by a decrease in uterine 
horn diameter (Gier and Marion, 1968). A similar decrease In 
diameter occurred in the uterine horns of each group in the 
present study. However, there was no difference in the rate of 
involution of the previously gravid uterine horn between the 
treatment groups when all animals, or only those with a 
plasma oestradiol concentration <I pg ml-1, were considered. 
Furthermore, the presence of a follicle >8 mm in diameter in 
the ovary ipsilateral to the previously gravid uterine horn on 
day 2 did not increase the rate of uterine involution in the 
previously gravid uterine horn compared with cows with 
smaller follicles, either within treatment groups or using 
combined data. 

An alternative method of assessing uterine involution is 
the estimation of plasma PGFM concentration, which is 
correlated with changes in the dimensions of the genital tract 
after calving (Lindell of at., 1982; Lewis ei at., 1984). Plasma 
PGFM concentration is generally high during, and 
immediately after, parturition and decreases to basal 
concentrations by day 20 post partum (Lewis et at., 1984). In 
the present study, plasma PGFM concentration was greater 
on day 0 than on subsequent days of the study. However, 
there was no difference in PGFM concentrations between the 
treatment groups when either all the animals or only those 
with a plasma oestradiol concentration <1 pg ml' were 
considered. This observation, in addition to the absence of an 
effect of treatment on uterine horn diameter, indicates that 
eCG treatment did not affect uterine Involution. Furthermore, 
there was no evidence that increased oestradiol secretion or 
large follicles in the ovary ipsilateral to the previously gravid 
uterine horn had a local effect to increase the rate of uterine 
involution during the study period. However, as the major 
changes in uterine horn diameter and plasma I'GF'M 
concentration occur between calving and day 14 post partum, 
future studies could consider earlier intervention. 

Although administration of eCG failed to influence 

uterine involution or subsequent fertility in the present 
study, an explanation is required for the beneficial effect on 
subsequent fertility of large follicles in the ipsilateral ovary 
(Bonnet et al., 1993; I. M. Sheldon and 11. Dobson, 
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unpublished). It is possible that the effect of such a follicle on 
the uterus may not be detectable by the techniques used in 
the present study or a longer period of study may be 
required. An 4lternative hypothesis is that the appearance of 
a large follicle may reflect the early demise of the negative 
influence of the previously gravid uterine horn on the 
ipsilateral ovary. This, in turn, may reflect earlier recovery of 
the postpartum uterus, other than changes in dimension, 
which may have a beneficial effect on subsequent fertility. 

During the period of study, plasma PGFM concentration 
was higher in cows with abnormal, compared with normal, 
vaginal mucus. This finding is in agreement with other 
reports (Lindell et al., 1982; Del Vecchio et al., 1994). However, 

when plasma PGFM concentrations were compared on each 
day of the study, differences between cows with abnormal 
and normal vaginal mucus were not significant, which 
supports the finding that plasma PGFM concentration is not a 
reliable diagnostic indicator of endometritis (Archbald et al., 
1998). The presence of mucopurulent vaginal mucus was 
similarly associated with impaired reproductive performance 
in the present study and in that reported by Archbald et al. 
(1998). 

In conclusion, parenteral administration of 250 or 750 iu 

eCG increased follicular growth in the ovary ipsilateral to the 

previously gravid uterine horn, overcoming the inhibition 

apparent in control cows. However, the increased ipsilateral 

ovarian follicular growth and increased plasma oestradiol 
concentrations did not affect uterine involution as assessed 
by ultrasonography or by plasma PGFM concentration. 
Therefore, a local effect of a large follicle in the ipsilateral 

ovary on the previously gravid uterine horn was not 
demonstrated and the alternative pathway, the uterus 
influencing the ovary, should be considered. 

This work was supported by a Royal College of Veterinary 

Surgeons (Wilson) Scholarship in Production Animal Medicine and 

a British Cattle Veterinary Association Clinical Research Grant to 

1. M. Sheldon. 
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ABSTRACT 

The objective of this study was to test the hypothesis that a follicle >8 mm diameter in the 
ovary ipsilateral to the previously gravid uterine horn (PGUH), between 14 and 28 days postpartum, 
improves subsequent reproductive performance. Lactating Holstein-Friesian cows (n=284) in 3 
commercial herds were examined using transrectal ultrasonography once between 14 and 28 days 
postpartum to determine associations between uterine and ovarian measurements and subsequent 
fertility. There were fewer cows with a corpus luteum in the ovary ipsilateral to the PGUH 
compared with the contralateral ovary (16.9% vs. 37.0%; P<0.001). In addition, in the ovary 
ipsilateral to the PGUH there were fewer follicles >5 mm diameter (mean ± SEM; 0.69 ± 0.06 vs. 
1.02 ± 0.06; P<0.001) and fewer animals with a follicle >8 mm diameter (26.1% vs. 49.6%; 
P<0.001). These differences between the ovaries ipsilateral or contralateral to the PGUH declined 

with increasing time between 14 and 28 days postpartum. The presence of a purulent vaginal 
discharge decreased the number of animals with a corpus luteum in the ovary contralateral to the 
PGUH (45/143 vs. 60/141; P<0.05), but not in the ovary ipsilateral to the PGUH. The presence of 
a follicle >8 mm diameter in the ovary ipsilateral to the PGUH was associated with a shorter calving 
to conception interval compared with animals without such a follicle (99.0 ± 5.6 days, n=74, vs. 
112.8 ± 4.4 days, n=210; P<0.05). These observations raise an intriguing issue: how does this follicle 

affect subsequent fertility - does the follicle exert a local influence on the uterus, or vice versa? 
0 2000 by Elsevier Science Inc. 
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INTRODUCTION 

The relationship between subsequent reproductive performance and postpartum changes in 
the uterus or ovaries of cattle has been investigated by a number of authors (21,32). However, little 

attention has been paid to the local relationship between the previously gravid uterine horn (PGUH) 

and follicular growth in the ipsilateral ovary. 

Results from a small study suggested that the occurrence of a larger follicle, determined by 

palpation per rectum, in the ovary ipsilateral to the PGUH on Day 26 ±3 postpartum, increased the 
likelihood of shorter calving to conception intervals (3). However, the accuracy of manual palpation 
in accurately identifying and measuring such structures, as well as determining the degree of uterine 
involution, is open to criticism due to the high level of subjectivity. The monitoring of follicular 

growth and uterine involution in cows can be improved by the use of transrectal ultrasonography 
(24,28). 

Greatest follicular activity after calving occurs initially in the ovary contralateral to the PGUH 
(13,16,25). Kamirnura et aL (15) reported that only 18% of first dominant follicles were identified 
in the ovary ipsilateral to the PGUH. The negative influence of the previously gravid horn on the 
return of ovarian cyclicity in the ovary ipsilateral to the PGUH declines with increasing time 
postpartum (10,19,27). 

There are conflicting reports on the relationship between the return of ovarian cyclicity (as 
determined by the interval from calving to first rise in milk progesterone concentration) and calving 
to conception interval. Darwash et al. (7) claim that early return of cyclicity is associated with shorter 
calving to conception intervals, whereas Smith and Wallace (30) claim the reverse. However, such 
studies are unable to determine in which ovary the return to cyclicity occurs in relation to the 
PGUH. 

The objective of the present study was to test the hypothesis that a follicle >8 mm diameter in 

the ovary ipsilateral to the PGUH, between 14 and 28 days postpartum, improves subsequent 
reproductive performance. 

MATERIALS AND METHODS 

Animals 

Three commercial Holstein-Friesian dairy farms (identified as A, C and E) were chosen for 

the study on the basis of accurate farm records and existing regular visits. During spring and 
summer, the cows were kept at pasture, whereas during the autumn and winter they were housed in 

freestall barns with grass silage available ad libitum. Concentrate feed was supplied at 0.3 kg/L milk 
yield. The farms had a target calving index of 365 days with a policy of inseminating cows from 45 

days postpartum. All animals were bred by artificial insemination at observed estrus by a single 
technician. 
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The same veterinarian (LM. Sheldon) visited each farm every 2 weeks for one year to monitor 
fertility and other aspects of reproductive health. Cows that had calved 14 to 28 days earlier and 
without a history of peripartal problems were included in the study and examined once. Calving 
date, date of examination and lactation number were recorded. 

Clinical Examination 

The vagina of each cow was examined by direct palpation, and the lumenal contents were 
inspected. Purulent vaginal discharge, which is regarded as a reflection of uterine infection, was 
defined as the presence of mucopurulent material in the vagina (20,32). Normal mucus was defined 

as uniform and translucent in the absence of a fetid odor. Cows with gross vaginal lacerations, 
inappetence or pyrexia were excluded from the study. 

The previously gravid uterine horn was determined transrectally as that which was longer and 
of greater diameter than the contralateral horn. The genital tract was scanned per rectum using a 
SonoAce 600 ultrasound scanner with a 5-MHz linear array transrectal probe (BCF Technology Ltd., 
Livingston, U. K. ). Follicles were defined as nonechogenic (black) spherical structures with a clear 
demarcation between the follicular wall and antrum. Corpora lutea (CL) were defined as grainy 
echogenic structures that had a well-defined border with the less echogenic ovarian stroma. In some 
corpora lutea there was a normal nonechogenic lacuna. The internal diameter of the largest 
follicular and luteal ovarian structures and the external diameter of the uterine horns at mid-point 
were measured using the internal calipers of the machine. When the image of the structure being 

scanned was not spherical, the diameter was estimated by averaging two 90° measurements. In 

addition, follicles >5 mm diameter in each ovary were counted. 

Ovarian activity was defined as the presence of a follicle and/or corpus luteum >8 mm 
diameter. Similar definitions have been used previously (13,25). The >8 mm measurement was 
selected because follicles of up to 8 mm diameter have previously been identified within 7 to 10 days 

of calving immediately before emergence of a dominant follicle (23,28). In addition, ovarian 
structures >8 mm diameter are readily and accurately determined by ultrasonography. 

Evaluation of Fertility Data 

Fertility data were collected for 18 months. Cows that were culled because of failure to 

conceive were ascribed a calving to conception interval of 308 days, equivalent to a 305-day lactation 

period plus 3 days colostrum production (29). Cows culled for other reasons before conception 

were removed from the data. Conception date was verified by the subsequent calving date. 

Statistical Analysis 

The data were analyzed for the combined herds and for 3 periods of calving to examination 
(14 to 18,19 to 23 and 24 to 28 days). Results are expressed as mean ± SEM. Analysis was 
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performed using SPSS (Version 8.0, SPSS Inc, Chicago, IL). Values of P<0.05 were regarded as 
significant. 

The mean period from calving to examination was compared amongst herds using a t-test, 
and the mean lactation number was compared using the nonparametric Kologorov-Smirnov Z test. 
The calving to conception data (log10 transformed for analysis) were compared by analysis of 
covariance. The variables tested were uterine diameter, presence of a purulent vaginal discharge, 

presence of a follicle >8 mm diameter, a CL, ovarian activity and their interactions. Ovarian 

structure and uterine diameter comparisons were also tested separately for location: ipsilateral or 
contralateral to the PGUH. 

The distribution of the number of animals with a CL or with a follicle >8 mm diameter in the 
ovary ipsilateral or contralateral to the PGUH were compared using Chi-squared tests. Comparison 

of the mean number of follicles >5 mm diameter between each ovary, the three. calving to 
examination periods and their interactions were tested using a general linear model. Correlation 
between the number of follicles in each ovary and the interval from calving to examination were 
tested by Pearson coefficient. 

RESULTS 

There were 284 cows with complete data for analysis, including 115,120 and 49 cows in 
Herds A, C and E, respectively. The mean lactation number was higher for Herd A than for Herds 

C and E (4.2 ± 0.2 vs. 2.9 ± 0.2 and 3.0 ± 0.3, respectively; P<0.05). Three cows in each herd failed 

to conceive. The mean interval from calving to examination for the combined data was 21.8 ± 0.3 
days and was similar for each herd. The mean calving to conception interval for the combined data 

was 109.2 ± 3.7 days and did not differ significantly between herds. Consequently, further analyses 
were carried out on combined data from the 3 herds. 

Ovarian Activity 

Fewer cows had a CL in the ovary ipsilateral to the PGUH compared with the contralateral 

ovary (Table 1; P<0.001). In addition, there were fewer follicles >5 mm diameter in the ovary 
ipsilateral to the PGUH than in the contralateral ovary (Table 1; P<0.001). The difference in the 

number of follicles >5 mm diameter between the ovaries ipsilateral or eontralateral to the PGUH 

declined with increasing time from calving to examination. The difference was greatest at 14 to 18 

days after calving compared with 19 to 23 days and was no longer significant at 24 to 28 days. The 

mean number of follicles >5 mm diameter did not differ significantly between the calving to 

examination periods, or for the interaction of period with ovarian location. 

Fewer animals had a follicle >8 mm diameter in the ovary ipsilatcral to the PGUH compared 

with the contralateral ovary (Table 1; P<0.001). The proportion of cows with a follicle >8 mm 

diameter differed between the ovaries ipsilateral and eontralateral to the PGUEH at 14 to 18,19 to 23 

and 24 to 28 days from calving to examination. However, the proportion of cows with a follicle >8 
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mm diameter did not differ significantly between the calving to examination periods, or for the 
interaction of period with ovarian location. There were significant correlations between the interval 
from calving to examination and the number of follicles >5 mm diameter (r=0.12, P<0.05), the 
presence of a. follicle >5 mm (r=0.16, P<0.01) and the presence of a follicle >8 mm (r=0.14, 
P<0.05) in the ovary ipsilateral to the PGUH. There were no significant correlations concerning the 
ovary contralateral to the PGUH. 

Table 1. Ovarian activity as measured by mean ± SEM for the number of follicles >5 mm, percent 
>8 mm diameter and percent with a CL in the ovary ipsilateral or contralateral to the 
previously gravid uterine horn at 3 time periods after calving. 

Calving to Number Ipsilateral ovary Contralateral ovary 
examination of cows 

period 
No. Percent Percent No. Percent Percent 

(days) >5 mm >8 mm with CL >5 nun >8 mm with CL 

14 to 18 70 0.49 ± 0.09 a 20.6 a 22.1 0.93 ± 0.11 b 47.1 b 26.5 

19 to 23 105 0.72±0.11C 22.8 a 19.00 1.10 ± 0.12 d 54.3b 34.. 3d 

24 to 28 109 0.83 ± 0.11 33.0 11.9 a 1.07 ± 0.10 46.8E 45.9b 

All 284 0.69 ± 0.06 a 26.1 a 16.9 a 1.02 ± 0.06 b 49.6 b 37.0 b 

Values with different superscripts are significantly different between the ipsilatcral and contralatcral 

(ab ovary within a calving to examination period P<0.001, cd P<0.01, of P<0.05). 

Uterine Discharge in Relation to Ovarian Activity 

In the combined herds, 143/284 (50.4%) of animals had purulent vaginal mucus, and the 

proportion was similar in each herd. In addition, the proportion of cows with purulent vaginal 

mucus was similar at the different calving to examination periods. 

There were fewer animals with a CL (P<0.01) or a follicle >8 mm diameter (P<0.01) in the 

ovary ipsilateral to the PGUH compared with the contralateral ovary within the normal or purulent 

mucus groups (Table 2). More cows with normal vaginal mucus compared with purulent mucus 

animals had a CL in the ovary contralateral to the PGUH, but this was not so for the ovary 
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ipsilateral to the PGUH. The number of normal compared with purulent vaginal discharge cows 
with a follicle >8 mm diameter in the ipsilateral or contralateral ovary to the PGUH was similar. 
Furthermore, there was no significant difference between normal and purulent mucus cows in the 
mean number of'follicles >5 mm diameter in the ovary ipsilateral to the PGUH (0.70 ± 0.09 vs. 0.71 
± 0.08) or the contralateral ovary (1.12 ± 0.10 vs. 0.98 ± 0.08, respectively). 

Table 2. Number (%) of cows with normal and purulent vaginal mucus with a CL or a follicle >8 
mm diameter in the ovary ipsilateral or contralateral to the previously gravid uterine horn. 

Structure and location 
Normal Punilent 
n=141 n=143 

CL in the ipsilateral ovary 

CL in the contralateral ovary 

20 (14) a 

60 (43) bc 

28 (20) a 

45(31)bd 

Follicle >8 mm diameter in the ipsilateral ovary 35 (25) a 39 (27) a 

Follicle >8 mm diameter in the contralateral ovary 73 (52) b 68 (48) b 

Values with different superscripts are significantly different between the ipislateral and contralateral 

ovary (ab p<0.01) and between cows with normal and purulent vaginal mucus (d P<0.05). 

Subsequent Reproductive Performance 

The calving to conception interval was significantly (P<0.01) affected by PGUH diameter, the 
presence of a follicle >8 mm diameter in the ipsilateral ovary, ovarian activity, purulent vaginal 
mucus and the interaction between ovarian activity and purulent vaginal mucus. 

The calving to conception interval was shorter in those animals with a smaller diameter 

previously gravid uterine horn (P<0.01). However, the diameter of the contralatcral uterine horn 

was not significant. 

Cows with ovarian activity on either ovary had 2 shorter mean calving to conception interval 

compared with cows with no ovarian activity (Table 3; P<0.05). When each calving to examination 
interval was considered separately, only those examined 14 to 18 days after calving had a shorter 
calving to conception interval (P<0.01). 

The calving to conception interval was shorter for cows with a follicle >8 mm diameter in the 

ovary ipsilateral to the PGUH compared with those without a follicle >8 mm diameter (99.0 ± 5.6 

vs. 112.8 ± 4.4 days; P<0.05). 
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Cows with normal vaginal mucus had a shorter mean calving to conception interval than 
those with purulent mucus (101.4 ± 4.5 vs. 116.8 ± 5.8 days; P<0.05). To investigate the influence 
of ovarian activity, cows with normal vaginal mucus were considered separately. Cows with normal 
mucus and ovarian activity had shorter mean calving to conception intervals compared with those 
without ovarian activity (89.1 ± 1.0 days, n=127; vs. 113.1 ± 1.1 days, n=14; P<0.05). In animals 
with a purulent vaginal discharge, there was no effect of ovarian activity on the calving to 
conception interval. 

Table 3. Mean ± SEM calving to conception interval (days) of animals with or without ovarian 
activity in either ovary at 3 periods after calving. 

Calving to examination interval (days) Ovarian activity n No ovarian activity n 

14 to 18 90.7 ± 6.2 a 60 139.0 ± 19.1 
b 10 

19 to 23 111.6 ± 6.7 91 113.9 ± 13.4 14 

24 to 28 110.2 ± 6.7 95 139.4 ± 23.6 14 

All 105.9±3.9c 246 130.1±11.14 38 

Values with different superscripts are significantly different between cows with and without ovarian 

activity. (abP<0.01, cdP<0.05) 

DISCUSSION 

This study shows that the presence of a follicle >8 mm diameter between 14 and 28 days 

after calving in the ovary ipsilateral to the PGUH is associated with shorter calving to conception 
intervals. In addition, there is reduced folliculogenesis in the ovary ipsilateral to the PGUH of cattle 
during this postpartum period. This association between the 2 organs is further modified by the 

presence of purulent vaginal mucus (indicative of uterine bacterial infection), which suggests that the 
dialogue may be partially mediated by inflammation. 

The observation that a follicle >8 mm diameter in the ovary ipsilateral to the PGUH was 

associated with a shorter calving to conception interval confirms the results of the small study of 66 

animals by Bonnet et al. (3). They reported that cows with good subsequent reproductive 

performance had a larger diameter follicle (6.1 ± 1.3 mm) on the ovary ipsilateral to the PGUH, 

compared with a smaller follicle (2.7 ± 0.9 mm) in cows with poor performance. The shorter 

calving to conception interval associated with the presence of a larger follicle in the ovary ipsilateral 

to the PGUH may be due to the influence of the follicle on the uterine endometrium and/or 
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myometrium. One hypothesis is that estradiol synthesized by a follicle >8 mm diameter has a 
beneficial local effect on uterine function. Plasma estradiol concentrations are greater within the 
utero-ovarian vein draining the ovary containing the ovulatory follicle (14); bearing in mind that only 
postpartum follicles >8 mm diameter that eventually ovulate (not nonovulatory follicles) are 
associated with increased peripheral plasma estradiol concentrations (2). Unfortunately, in the 
present study neither milk nor blood samples were taken to measure this hormone. 

The current study shows that cows with ovarian activity, defined by the ultrasonographic 
presence of a CL and/or follicle >8 mm diameter, had a shorter calving to conception interval 
compared with those without. This observation supports Shanks et al. (18), who reported shorter 
calving to conception intervals for cows that had an initial ovulation before, rather than after, 42 
days postpartum. Similarly, Darwash et aL (7) reported a significant reduction in the calving to 
conception interval with shorter intervals to the first postpartum increase in milk progesterone 
concentration, although, Smith and Wallace (30) observed the reverse. 

Fewer animals in the present study had a CL in the ovary ipsilateral to the PGUH, and there 
were fewer follicles >5 nun diameter and fewer cows with a follicle >8 mm diameter in the ovary 
ipsilateral to the PGUH. The mechanism could be exerted by a systemic pathway; however our 
observations support the suggestion that the PGUH has a local negative effect on ipsilateral 

postpartum ovarian function (9,16). A local effect of the uterus on ovarian function is an 
established concept, for example, in relation to the transfer of luteolysins (12), and it has been 
implicated in the action of interferon (31). Furthermore, in the present study there was a positive 
correlation between postpartum interval and number or presence of follicles in the ovary ipsilateral 

to the PGUH. These observations would support a hypothesis of a declining influence of an as yet 
unknown uterine-derived inhibitor of ovarian function as uterine involution progresses. Possible 

uterine factors could include inflammatory mediators such as PGF2a, which is produced by the 
postpartum uterus in high concentrations during involution and in response to uterine infection (8, 
17). However, Guilbault et at. (13) reported that a partial inhibitor of prostaglandin synthesis 
administered during the postpartum period reduced ovarian activity. Furthermore, replacement with 
PGF2a enhanced ovarian activity in the ovary ipsilateral to the PGUH. However, there arc a large 

number of other inflammatory mediators, particularly cytokines, that participate in folliculogenesis 

and ovulation (34). An alternative mechanism might be via immune or inflammatory cell cytokine 

release and/or cell-cell communication in the ovary. Neutrophils readily migrate into the uterine 
lumen in response to a chemotactic stimulus at all stages of the bovine reproductive cycle. 
Furthermore, intrauterine and peripheral neutrophil function is modified by reproductive hormonal 

status, retained fetal membranes and uterine infection (6,33). Perhaps immune cells could migrate 
from the uterine horn, or a uterine-derived chemotactic substance could attract immune cells to the 
ipsilateral ovary, and so influence folliiculogenesis. Immune cells have been detected in ovarian 
follicles and luteal tissue in association with a modulation of follicular and luteal activity (5,11,22). 

Fewer animals with a uterine infection, as reflected by the presence of purulent vaginal mucus, 
had a CL in the ovary contralateral to the PGUH. One explanation for this observation might be 

that increased plasma-estradiol concentrations associated with ovulatory dominant follicles may have 
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enhanced the elimination of uterine infection in those cows that, at the time of examination, had 
normal vaginal mucus and a CL (1,, 26). However, in the present study, the number of corpora 
lutea in the contralateral ovary did not differ between normal and infected animals. Therefore, an 
alternative hypothesis for the difference in the ovary contralateral to the PGUH must be sought. In 
cows with uterine infection, the ovarian inhibitory factor, possibly induced by inflammation, may 
have extended to the contralateral uterine horn in addition to its presence in the PGUH. 

In the present study, increased PGUH diameter or purulent vaginal mucus increased the 
calving to conception interval. Similar increases in calving to conception interval have been reported 
previously in association with purulent vulval or vaginal discharge (4,32), or a larger PGUH 
diameter (3,21). However, the cows were not always differentiated into those with, or without, a 
purulent vaginal discharge (29). 

In summary, the present data confirm that follicular activity is suppressed in the ovary 
ipsilateral to the PGUH between 14 and 28 days postpartum. However, this ovarian suppression 
declines with increasing interval after calving. In cows with a purulent vaginal discharge, there were 
fewer corpora lutea in the ovary contalateral to the PGUH, although follicle population differences 

were not apparent. Ovarian activity 14 to 18 days postpartum, but not later, was associated with a 
shorter calving to conception intervaL In addition, location of ovarian structure in relation to the 
PGUH was also important. The presence of a follicle >8 mm diameter in the ovary ipsilateral to the 
PGUH 14 to 28 days postpartum was associated with shorter calving to conception intervals. These 

observations raise an intriguing issue: how does this follicle affect subsequent fertility - does the 
follicle influence the uterus, or vice versa? 
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Acute phase protein responses to uterine 
bacterial contamination in cattle after calving 
I. M. SHELDON, D. E. NOAKES, A. RYCROFY, H. DOBSON 

Repeated ultrasonographic examinations and collections of blood samples and uterine lumenal swabs 
between seven and 28 days after calving were used to examine the relative effects of bacterial 
contamination and involution of the uterus on the concentrations of acute phase proteins in the blood of 26 
dairy cows. The severity of bacterial contamination, as determined by the total bacterial growth score, was a 
significant variable for the concentrations of the acute phase proteins a, -acid glycoprotein (P<0.0001), 
haptoglobin (P<0.05) and ceruloplasmin (P<0.0001). In addition, the concentrations of a, -acid glycoprotein 
and ceruloplasmin were increased in the cows from which Escherichla coil (P<0.0001) and Arcanoboctedum 
pyogenes (PG0.05), respectively, were isolated from the uterine lumen. Uterine Involution, as determined by 
the decreasing diameter of the previously gravid uterine horn, was associated with a decrease in the 
concentrations of a, acid glycoprotein (PGO. 005). haptoglobin (P<0.05) and ceruloplasmin (P0.01). 
However, the response of the acute phase proteins to bacterial contamination was independent of the day 
on which the samples were collected, indicating that their concentrations were Increased by bacterial 
contamination in addition to the changes associated with uterine involution. 

THE uterus of most cows is contaminated with a wide range 
of bacteria at the time of calving or immediately afterwards 
(Elliot and others 1968), but by seven weeks after calving it 
is usually sterile and provides an environment suitable for 

supporting a normal pregnancy. However, in about 10 per 
cent of dairy cattle the bacteria persist and cause endometri- 
tis, which is associated with longer intervals from calving to 
conception and lower fertility (Borsberry and Dobson 1989). 

At parturition and during the period immediately after- 
wards, when uterine involution is occurring and the bacter- 
ial contaminants are being eliminated, there are increased 
concentrations of acute phase proteins in the peripheral cir- 
culation (Alsemgeest and others 1993, Regassa and Noakes 
1999). Because these hepatocyte-derived substances limit tis- 
sue damage and promote tissue repair (Baumann and Gauldic 
1994, Steel and Whitehead 1994), it has been suggested that 
their synthesis and release are a consequence of normal uter- 
ine involution, endometrial degeneration and tissue remod- 
elling (Regassa and Noakes 1999). However, the bacterial 

contaminants may, also increase the concentrations of the 
acute phase proteins because bacterial infections are consid- 
ered to stimulate their production (Whicher and Dieppe 
1985, Miller and others 1997, Gayle and others 1999). 

The main objective of this study was to test the hypothe- 
sis that the concentration of acute phase proteins may be 
increased by the contamination of the uterus with bacteria, as 
well as by the changes associated with uterine involution. The 

effects of specific pathogenic bacteria on the acute phase pro- 
tein response were also examined. 

MATERIALS AND METHODS 

Animals 
Cows from a dairy herd of 901lolstein-Friesian cows with an 
annual average milk yield of approximately 7200 litres, were 
used over a period of four months. They were housed in straw 
yards and fed a diet of grass and maize silage and concentrate. 
Any cows that had dystocia, or diseases such as retained fetal 

membranes, lameness or mastitis whitIt might have provoked 
an acute phase protein response were excluded from the study 
on the basis of a clinical examination made before the col- 
lection of each blood sample (Skinner and others 1991, Scott 

and others 1992. Horadagoda and others 1999). The herd's 

mlling mean somatic cell count was 135 x 101 cclls/ml and the 
mean (sd) cell count of the 26 cows included in the study was 

53-7(7-5)x 10' cells/ml. When the cows were first examined, 
seven days after calving, details of their lactation number and 
calving date were obtained from the farm records. 

Blood sampling 
Blood samples were collected on day 7 after calving and then 
three times a week until day 28, from a coccygeal vein or 
artery into evacuated heparinised and plain tubes 
(Vacutainer, Becton Dickinson), and transported on ice to the 
laboratory. Plasma and serum were separated by centrifuga- 
tion at 1000g for 10 minutes. and stored frozen at -20°C until 
assayed. 

Acute phase proteins 
The concentrations of the acute phase proteins a, -acid gly- 
coprotein and haptoglobin in plasma, and of ceruloplasmin 
in serum, wcre measured by the methods of Lewis and oth- 
ers (1989), adapted for 96-well tnicrotitre plates (Lift 
Technologies) by Regassa and Noakes (1999). The infra- and 
interassay coefficients of variation for low, medium and high 

values within the effective ranges used in the study were all 
less than 12 per cent and less than 18 per cent, respectively. 

Ultrasonography 
The genital tract of each cow was scanned transrectally, on the 
days when blood samples were collected, with an Atoka Ssi) 
210 DX 11 ultrasound machine (urf Technology) with a 7.5 
Ml la linear array transducer. The previously gravid uterine 
horn was identified as being the larger, and its diameter was 
measured at the level of insertion of the intcrcornual ligament 
by using the internal calipers on the screen of the scanner. 
When the image of the structure being scanned was not cir- 
cular, its diameter was estimated by averaging two dimensions 

measured at right angles. 

Uterine swabs and bacteriology 
A transccrvical guarded swab was collected from the hotly of 
the uterus on days 7,14,21 and 2$ after calving by the method 
of Noakes and others (1989). The swab was transferred to a 
bijou bottle containing Stuart Transport Medium (Oxoid) 

and taken to the laboratory within one hour of colleclion. llte 

swabs were cultured aerobically and anaerobically on pre- 
equilibrated blood agar plates, and aerobically on Mac(smkcy 

agar (Oxoid). Bacteria were identified on the basis of the char- 
ac Wirt ics of the colony, Gram-stain morphology, hacmoly. 

sis, and appropriate tests including motility, catalase, oxidase, 
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FIG 1: Numbers of cows 
with different total 
bacterial growth scores 
(the sum of the scores 
of the four weekly 
samples) after calving 

nitrate, oxidation-fermentation, methyl red, Voges Proskauer, 
ß-galactosidase, lysine decarboxylase, arginine dihydrolase, 
indole, urcase and citrate (Barrow and Feltham 1993). The 
growth of the principal pathogens on the culture plates was 
scored on a scale from 0 to 4 on the basis of the number of 
bacterial colonies detected on the plate:. 0, no growth; 1. less 
than 10 colonies; 2,10 to 100 colonies; 3,100 to 500 colonies; 
4, more than 500 colonies (Noakes and others 1991). The bac- 
terial growth score for each uterine swab was the sum of the 
scores for the principal pathogens, and the total score for a 
cow was the sum of the scores for its four swabs. 

Statistical analysis 
The concentrations of the acute 'phase proteins were log,, 
transformed and analysed by using the mixed procedure for 

repeated samples (sns 1997); they were best described by an 
autoregressive model. The explanatory variables included 
were the bacterial growth score for each swab, the total bac- 
terial growth score, the day of collection of the blood sam- 
ple, and interactions between these variables. In addition, 
when the bacterial growth score was a significant variable, the 
effect of the scores for Arcanobacterium pyogenes and 
Escherichia coli were tested, and their interaction with day of 
sample collection. The results are expressed as arithmetic least 
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FIG 2: Mean (se) concentrations of a, -acid glycoprotein. haptoglobin and ceruloplasmin 
and the diameter of the previously gravid uterine horn in 26 cows between seven and 26 
days after calving. *P<0.05, ""PGO. 01, ""P<0.001; values different from value on day 26 

square means (se). The data for the diameter of the uterus 
were analysed by using repeated measures analysis of vari- 
ance, and the results are expressed as estimated marginal 
means (se). Significance was accepted at P<0-05. 

RESULTS 

Data from 26 cows were eligible for analysis. None of them 
had a sterile uterus throughout the study and the frequency 
distribution of their total bacterial growth scores is shown in 
Fig 1. A pyogenes was isolated from 16 of the cows and E coli 
from 24. Other bacteria identified included Bacteroides species 
(two cases), a-haemolytic streptococci (22). Staphylococcus 
aureus (six), Proteus (four), and Pasteurella species (five). The 
diameter of the uterus decreased with time (Fig 2); most of 
the reduction had occurred by day 16 and after day 21 there 
was no further significant reduction. 

a, -add glycoproteln 
The concentration of a, -acid glycoprotein in plasma was 
affected by the day of collection of the blood sample 
(P<0.005) and by the total bacterial growth score (P<0.0001). 
The interaction between day of sampling and bacterial score 
was not significant. its concentration decreased gradually 
after calving until day 21 (Fig 2). Its concentration was high. 
est (2.39 10.23) mg/ml) in the cow with a total bacterial 
growth score of 24 (Fig 3) and lowest (0-60 10-271 mg/ml) in 
the cow with a score of 4. When bacterial pathogens were 
examined separately, the significant variables were E coli 
(P<0.0001) and the day of blood sampling (P<0.05), but not 
their interaction. The concentration of a, -acid glycoprotein 
was higher in the cows with Ecoli than in those without (1.30 
10-041 v 10-091 mg/mI ). 

Haptoglobin 
The concentration of haptoglobin in plasma was affected by 
the day of collection of the blood sample (P<0.05) and by the 
total bacterial growth score (P<0.05). The interaction 
between the day of sampling and the bacterial score was not 
significant. The plasma concentrations were very variable, but 

on average they decreased with time after calving (Fig 2), and 
reached a minimum on day 14, seven days earlier than the 
concentration of a, -acid glycoprotern. The haptoglobin con" 
centration was highest (101 1451 pg/ml) in the cow with a 
total bacterial growth score of M and and lowest (5-614,51 pg/ml) 
in the cow with a score of 2. There were no significant vari. 
able when the bacterial pathogens were examined separately. 

Ceruloplasmin 
The serum concentration of ceruloplasmin was affected by 
the day of collection of the bhwd sample (P<0.01) and by the 
total bacterial growth score (NO0001), but the interaction 
between these variables was not significant. its concentration 
decreased only slowly after calving (Fig 2). The cow with a 
total bacterial growth score of 12 had the highest ceruloplas. 
min concentration (31-2 12-21 units/ml) and the cow with a 
score of 2 had the lowest (17.412.2) units/ml) (Fig 3). When 
bacterial pathogens were examined separately, the significant 
variables were A pyogrnrs (P<0.05) and the day of blood sam- 
pling (P<0.0001). but not the interaction. The concentration 
of ccruloplasmin was higher in the cows with A pyogenes than 
in those without (29.110-91 v 25.111 . 11 units/ml). 

DISCUSSION 

The results of these studies indicate that the plasma concen- 
trations of the acute phase proteins a, -acid glycoprotein, 
haptoglobin and ccruloplasmin were different In cowl with 
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different degrees of uterine bacterial contamination. These 
observations agree with observations in ewes, in that ewes 
with contaminated uteri had higher concentrations of ct, -acid 
glycoprotein and haptoglobin than ewes with a sterile uterus, 
although the concentration of ceruloplasmin was not signif- 
icantly different (Regassa and Noakes 1999). Acute and 
chronic infections of other body systems in cattle have simi- 
larly been detected by changes in the plasma concentration of 
a, -acid glycoprotein, and, to a smaller extent, of haptoglo- 
bin (Horadagoda and others 1999). The concentrations of a, - 
acid glycoprotein, haptoglobin and ceruloplasmin decreased, 
as uterine involution progressed. However, the relationship 
between the acute phase protein response and the uterine bac- 
terial growth score was independent of the day of collection 
of the samples, supporting the hypothesis that the concen- 
trations of the acute phase proteins may increase in associa- 
tion with uterine bacterial contamination independently of 
the changes associated with uterine involution. 

The uteri of all the cows were contaminated with bacteria, 
the predominant pathogens being A pyogenes and E coli, in 
agreement with previous reports (Elliot and others 1968, 
Peter and Bosu 1987, Bonnett and others 1991). The presence 
of A pyogenes and E coli was associated with increased con- 
centrations of ceruloplasmin and ot, -acid glycoprotein in the 
blood. The isolation of A pyogenes from the uterine lumen has 
been associated with the most extensive tissue inflammation 
in dairy cows after calving (Bonnett and others 1991); and 
E soli produces a lipopolysaccharide endotoxin which induces 
the release of the cytokines interleukin-1 (it.. 0, interleukin- 
6 (IL-6) and tumour necrosis factor-ot (TNFa) (Miller and oth- 
ers 1997, Gayle and others 1999). These cytokines, produced 
in response to bacterial infection, induce hcpatocytes to 
secrete acute phase proteins (Andus and others 1988, 
Marinkovic and others 1989. Henderson and Wilson 1996). 
Because assays for IL-I. 16.6 and Two are not widely available, 
the concentrations of acute phase proteins in blood could 
possibly be used as a convenient measure of the degree of bac- 
terial contamination of the uterus. Furthermore, the concen- 
trations of cytokines in local tissues, rather than in the blood, 
are more reliable measures of biological activity and the sever- 
ity of a bacterial challenge (Miller and others 1997). 1lowever, 
the concentrations of acute phase proteins should be used to 
assess the degree of uterine bacterial contamination with cau- 
tion, because incrgases can also indicate bacterial infections 
in other parts of the body (Skinner and others 1991, 
1 ioradagoda and others 1999). 

Uterine involution was estimated by measuring the diam- 
eter of the larger uterine horn ultrasonographically. Most of 
the reduction in the diameter of the uterine horn had 
occurred by day 16 and there was no significant decrease after 
day 21, in agreement with observations by Gier and Marion 
(1968) and Tian and Noakes (1991). In parallel with these 
observations, the concentrations of a, -acid glycoproicin and 
ceruloplasmin decreased to basal values by day 18 to 21 after 
calving, whereas the concentration of haptoglubin had 
decreased to near basal concentrations by day 14. Similar 
trends in the concentrations of acute phase proteins were 
observed in sheep by Regassa and Noakes (1999). 

The differences between the responses of the acute phase 
proteins to the bacterial contamination and involution of the 
uterus may be due to the responses of hcpatocytes to differ- 
ent cytokines. Studies in rats indicate that different acute phase 
proteins are regulated differently by various cytokincs (Andus 
and others 1988). For example, the synthesis of haptoglobin is 
stimulated by it. e and Thin, but not by It, I (Nakagawa-Tosa 
and others 1995). The variability of the concentration of hap- 
toglobin observed in this study agrees with the results of pre- 
vious studies in sheep and cattle (Scott and others 1992. 
Regassa and Noakes 1999). Asa result. haptnglobin may not 
he as useful for monitoring uterine involution or bacterial con- 
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FIG 3: Relationships between the mean concentrations of oy-acid 6lycoprotein, 
haptoglobin and cerulopiasmin In 26 cows and their total bacterial scores 

tamination as a, -acid glycoprotcin and ccruloplasmin. In one 
study, a number of animals with acute metritia had low serum 
concentrations of haptoglobin (Smith and others 1998). 

The results of this study indicate that the concentrations of 
acute phase proteins in the blood of cattle were increased by 
uterine bacterial contamination. In addition, the isolation of 
A pyogenes and E coli from the uterus, was associated with 
increased concentrations of the acute phase proteins. The con- 
centrations of a, -acid glycoprotein, haptoglobin and cerulo- 
plasmin decreased as uterine involution progressed. I lowever, 
the response of the acute phase proteins to the bacterial conta- 
mination of the uterus was independent of the day on which the 
samples were collected, supporting the hypothesis that acute 
phase proteins may be increased by bacterial contamination in 
addition to the changes associated with uterine involution. 
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Scapulohumeral osteoarthritis in 20 Shetland 
ponies, miniature horses and falabella ponies 
P. D. CLEGG, S. J. DYSON, G. E. S. SUMMERHAYS, M. C.. SCHRAMME 

This paper describes the clinical and diagnostic features of 20 cases of scapulohumeral osteoarthritis in 
Shetland ponies, miniature horses and falabella ponies. The history and clinical signs were similar in all the 
cases. Radiographically they all had consistent changes which consisted predominantly of articular 
osteophytes and periarticular enthesiophytes. Six of the cases had radiographic evidence of dysplasla of the 
scapulohumeral joint, although it was uncertain whether this was a primary or a secondary finding. No 
specific treatment appeared to be advantageous. At follow up, six of the ponies had to be euthanased owing 
to continuing severe lameness; the other 14 ponies remained lame, but were maintained at pasture by the 
occasional use of oral non-steroidal anti-inflammatory drugs. No definitive aetiology for the condition was 
identified, but it is proposed that an underlying dysplasia, or lack of collateral support may predispose the 
scapulohumeral joint of miniature horse breeds to the disease. 

OSTFAARTIIRITIS of the scapulohumeral joint in horses is 
relatively rare, and when it does occur it is usually secondary 
to a primary disease or injury. Such primary diseases include 
fracture, subchondral bone cysts, osteochondritis dissecans, 
articular sepsis and lunation (Dyson 1986a, b). There has been 
only one previous report of a miniature horse with the con- 
dition (Arighi and others 1987), and in this case no obvious 
aetiology for it was recorded. Ina study of a large number of 
horses with lameness localised to the shoulder, there were no 
cases in Shetland ponies or other miniature breeds (Dyson 
1980b). A recent study has demonstrated that Shetland ponies 
have a shallower glcnoid cavity of the scapula than horses, and 
it was postulated that this difference may predispose them to 
osteoarthritis as a result of a primary dysplasi. i of the %capu- 
lohumeral joint (lioswcll and others 1999). 

This paper describes the clinical and diagnostic findings 
in 20 Shetland ponies, falabella ponies and miniature horses 

which became lame as a result of ostcoarthritia of the uapu- 
lohumeral joint. The condition appears to be specific to 
miniature horse breeds, and although no definitive aetiology 
was identified, several possible causes are propnicd. 

MATERIALS AND METHODS 

Over a period of seven years, 17 Shetland ponies, two falahella 
ponies and one miniature horse were referred to the authors 
for the investigation of forelimb lameness and were diagnosed 

with ostcoarthritis of the scapulohumeral joint. Eleven of the 
races were lame on the left forelimb, seven were lame on the 
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Effect of the Regressing Corpus Luteum of Pregnancy on Ovarian Folliculogenesis 
after Parturition in Cattle' 

Martin Sheldon, 2"3 David E. Noakes, ' and Hilary Dobson' 
Department of Farm Animal and Equine Medicine and Surgery3 Royal Veterinary College, University of London, 
Hatfield AL9 7TA, United Kingdom 
Department of Veterinary Clinical Science and Animal Husbandry, ' University of Liverpool, 
Chester CH64 7TE, United Kingdom 

ABSTRACT 
In cattle, the first postpartum dominant follicle has a predi- 

lection for the ovary contralateral to the previously gravid uter- 
ine horn, possibly due to a local inhibitory effect of the regress- 
ing corpus luteum of pregnancy in the ipsilateral ovary. The aim 
of the present study was to test the hypothesis that the regres- 
sing corpus luteum of pregnancy suppresses folliculogenesis in 
the ipsilateral ovary after parturition. Dairy cows were treated 
with prostaglandin F,, between 190 and 220 days of gestation 
to cause luteolysis without inducing parturition (n = 14) or were 
untreated controls (n = 32). Follicular growth and function were 
monitored by daily transrectal ultrasonography and collection 
of plasma samples for estimation of FSH, estradiol, and proges- 
terone concentrations. The proportion of first dominant follicles 
in the ipsilateral ovary was similar for treated and control ani- 
mals (4/14 vs. 8/32), as was the time interval between calving 
and establishment of a dominant follicle (mean t SEM, 10.1 t 
0.4 vs. 10.7 ± 0.5 days). Furthermore, no significant effect of 
treatment on dominant follicle growth or function was found as 
determined by plasma hormone concentrations. Although great- 
er folliculogenesis was found in the ovary contralateral to the 
previously gravid uterine horn, once the location of the future 
first dominant follicle was selected, the timing of events was 
independent of location. We suggest that the corpus luteum of 
pregnancy does not have a local effect on postpartum ovarian 
folliculogenesis and that, instead, an effect of the previously 
gravid uterine horn shortly after parturition should be consid- 
ered. 

corpus luteum, follicular development, ovary, parturition, uterus 

lateral to the previously gravid uterine horn within 4 wk of 
parturition, although less frequent, is associated with im- 
proved subsequent fertility [6-8]. 

Suppression of folliculogenesis in the ipsýilateral ovary 
decreases as the postpartum interval advances, concurrent 
with disappearance of the CL of pregnancy and uterine in- 
volution [6,9]. This could be explained by a local inhibi- 
tory effect of the regressing CL of pregnancy or by a re- 
gional effect of the previously gravid uterine horn (10]. 
Although luteolysis and regression of the CL is rapid during 
the estrous cycle, luteolysis following parturition is pro- 
tracted, with physical remnants of luteal cells being de- 
tectable up to 35 days postpartum [9]. In addition, evidence 
for a nonsteroidal aromatase inhibitor of luteal origin that 
can influence follicular steroidogenesis has been found 
[II]. 

The aim of the present study was to test the hypothesis 
that the regressing CL of pregnancy suppresses folliculo- 
genesis in the ipsilateral ovary after parturition. Specific 
objectives were, first, to remove the CL of pregnancy with- 
out disruption of the fetus by administering prostaglandin 
F2_ (PG) during the last trimester of pregnancy [12]. Then, 
the effect of the absence of the CL of pregnancy on ovarian 
follicle structure and function, after parturition, would be 
determined using sequential ultrasonography and plasma 
hormone assays. 

MATERIALS AND METHODS 

Animals 

INTRODUCTION 
After parturition in cattle, an increase in plasma FSII 

concentration occurs, which is followed by the emergence 
of a follicular wave and subsequent selection of a dominant 
follicle [l, 2]. Use of sequential transrectal ultrasonography 
has revealed a preference for the first postpartum dominant 
follicle to be selected in the ovary contralateral to the pre- 
viously gravid uterine horn and, thus, the ovary bearing the 
corpus luteum (CL) of pregnancy [3-5]. This is important, 
because the presence of a large follicle in the ovary ipsi- 
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All procedures were carried out under the Animals (Scientific Proce- 
dures) Act 1986 regulations for experiments on living animals. adminis- 
tered by the UK Home Ofiice. In addition, experimental protocols were 
approved by the Royal Veterinary College Ethical Review Board. 

A dairy herd or 90 Holstein-Friesian cows, with an annual average 
milk yield of 6800 L, was selected for the study on the basis or accurate 
farm records. A total of 53 cows that were due to calve within a S"mo 

period were included in the study. All cows had been artificially insemi- 

nated with Holstein-Friesurn semen. The P() analogue (500 gg of clo. 
prostenol; Schering-Plough Animal Health, Uxbridge. UK) was adminis- 
tcred i. m. between 190 and 220 days of gestation to 17 animals selected 
using a randomization chart (http: //www. randomizer. org). 

Examination 

The genital tracts of all cows were examined daily by transrcctal pal- 
pation and ultrasonography using a 7.5-MHz, linear-array transducer (Alo" 
ka SSD 210 DXII; BCE Technology, Livingstone, UK) starting on Post- 

partum Day 6 and continuing for 21 days. The side of the previous preg- 
nancy was determined by assessing which uterine hom was longest and 

of greatest diameter on Postpartum Day 6. Follicles were defined as non" 
echogenic (black), spherical structures with a clear demarcation between 
the follicular wall and antrum. Corpora lutes were defined as grainy, echo- 
genic structures having a well-defined border with the less echogeme ovar- 
ian stroma; in some CL, a nonechogenic lacuna was observed. After freer. - 
ing the image on the screen, the number or ovarian follicles z4 mm in 
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diameter and of CL in each ovary were counted, and their maximum 
diameter wasmeasured using the internal calipers of the machine. When 
the image of the structure being scanned was not spherical, the diameter 

was estimated by averaging two 90° dimensions. 
A dominant follicle was defined as the largest follicle in the ovary with 

an internal diameter of z 10 mm in the absence of other growing follicles 
[13). A dominant follicle and cohorts were defined as a follicular wave 
[ 13]. The first day of dominance within a follicular wave was determined, 
retrospectively, as the first day on which the dominant follicle was 2-, 10 
mm in diameter. The number of follicles 2t4 mm or x10 mm in a wave 
was based on the emergence of the follicles at the same, or consecutive, 
examinations [14]. Day of ovulation was defined as the day when a dom- 
inant follicle was last scanned before subsequent appearance of a CL in 
the same location and was confirmed, retrospectively, by a subsequent 
increase in plasma progesterone to a concentration of >1 ng/ml. A per- 
sistent follicle was defined as a follicle with an internal diameter of a 10 
mm that persisted for more than 5 consecutive days in the absence of new 
follicular growth and that did not ovulate [13]. 

Blood Sampling and Hormone Assays 
Blood samples were collected daily for 21 days, starting on Postpartum 

Day 6, from the coccygeal vein or artery into evacuated, heparinized tubes 
(Vacutainer; Becton Dickinson, Meylan, France) and transported on ice to 
the laboratory. Within 30 min, plasma was separated by centrifugation 
(2200 Xg for 10 min), harvested, and stored frozen at -20'C. 

Estradiol-170 concentration was estimated in duplicate using a previ- 
ously characterized RIA (Estradiol MAIA; Serono Diagnostics Ltd., Wo- 
king, UK) following diethyl ether extraction of the plasma samples [15]. 
The mean intraassay (n = 12 samples) and interassay (n =3 assays) 
coefficients of variation were 8.1% and 13.1%, respectively, for a sample 
of 0.9 pg/ml, and the sensitivity was 0.24 pg/ml. Progesterone concentra- 
tion was estimated in duplicate using a commercial ELISA kit (Ridgeway 
Science, Gloucester, UK). The intraassay (n = 10 samples) and interassay 
(n =3 assays) coefficients of variation were 6.5% and 11.2%, respectively, 
for a sample of 1.7 ng/ml, and the sensitivity was 0.6 ng/ml. The FSH 

concentration was estimated in duplicate using a previously validated RIA 
[13]. The standard used for the FSH assay was AFP 5679C RP-1. The 

mtraassay (n = 20 samples) and interassay (n -3 assays) coefficients of 

variation were 3.4% and 4.7%, respectively, for a sample of 1.2 ng/ml, 
and the sensitivity was 0.12 ng/ml. 

Statistical Analysis 
Data analysis was performed on 46 animals (14 treated and 32 control) 

using the SAS version 8.01 computer program (SAS Institute Inc., Cary, 
NC). Three treated cows were excluded from the analysis: one aborted at 
243 days of gestation, one had a cesarean operation, and one had a phys- 
ical injury. Four control cows were excluded: 2 had cesarean operations, 
and 2 had mastitis. Data arc quoted as the arithmetic mean ± SEM, and 
significance was attributed at P<0.05. Continuous data were examined 
for normality using the Kolmogorov-Smimoff test and for equality of var- 
iance using Levene test [16]. Plasma hormone data were log10 transformed 
before statistical analysis. 

The duration of gestation, time interval from insemination to PG ad- 

ministration, intervals between parturition and dominance or ovulation, 

and interval between ovulation and increase in plasma progesterone con- 

centration were examined by Kaplan-Meier survival analysis [17]. Differ- 

ences between the treated and control groups were compared using the 

log rank test [17]. The maximum diameter of follicles was compared be- 

tween ovaries and between treatments using unpaired 1-tests and between 

different follicular fates using ANOVA. Comparisons of the location or 

the fate of ovarian structures were tested using the chi-square test or, when 

a cell had an expected frequency of less than five, Fisher Exact test. Data 

for the number of follicles in each ovary were compared using the non- 

parametric Wilcoxon signed rank test, and differences between treatment 

groups were tested using the Mann-Whitney test [18]. 

Follicle diameters and plasma hormone concentrations were examined 

using ANOVA mixed models for repeated measures [19]. Response var- 

iables tested were day postpartum, treatment group, fate of the first dom- 

inant follicle (ovulated, regressed, persistent follicle), location of the first 

dominant follicle (ipsutateral, contralateral ovary), and their interactions. 

Variables were removed from the model following examination for cor- 

relation with remaining variables until those variables remaining were sig- 

nificant. Model fitting and selection of the covariance structure were dc- 

tcrmtncd using Akaike information criterion [19]. Correlation between di- 
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ameter of the first dominant follicle and plasma hormone concentrations 
were tested using the Pearson correlation coefficient. 

RESULTS 
The interval from conception to administration of PG 

for treated cows was 207.5 ± 3.4 days (range, 190-220 
days). The interval between administration of PG and par- 
turition was 66.4 ± 3.5 days (range, 48-82 days). The gcs- 
tation interval was shorter (P < 0.001) for treated cows 
(274.6 ± 2.5 days; range, 255-289 days) compared with 
control animals (284.2 t 0.9 days; range, 276-296 days). 

Location of Events 
The CL of pregnancy was not detected postpartum by 

ovarian ultrasonography in any cow administered PG, al- 
though it was observed in all control animals between Post- 
partum Days 6 and 14. A wave of foil iculardevelopment, 
with the emergence of a dominant follicle, was observed 
in all cows within 14 days of parturition. 

Fewer follicles of 2: 4 mm in diameter were found in the 
ipsilateral ovary compared with the contralateral ovary in 
the first follicular wave after parturition (2.27 ± 0.23 vs. 
3.34 ± 0.20 mm, P<0.001). However, when comparisons 
were made between treated and control animals, no signif- 
icant differences were found in the numbers of follicles z4 
mm in diameter in the first postpartum follicular wave in 
the ipsilateral ovary (2.71 ± 0.37 vs. 2.03 ± 0.28 mm) or 
contralateral ovary (3.36 ± 0.40 vs. 3.33 ± 0.22 mm). Few- 
er first postpartum dominant follicles were observed in the 
ipsilateral ovary compared with the contralateral ovary (12 
vs. 34, P<0.01), but again, the proportions in the ipsilat- 
eral ovary did not differ between treated and control ani- 
mals (4/14 vs. 8/32). A smaller proportion of dominant fol- 
licles, compared to follicles of z4 mm in diameter, was 
observed in the ipsilateral ovary (12/46 vs. 104/257, P< 
0.05). 

The first dominant follicle ovulated in 35 of 46 cases. 
Fewer ovulations occurred in the ipsilateral ovary com- 
pared with the contralateral ovary (11 vs. 24, P<0.01). 
No statistical difference was found in the proportion of 
dominant follicles that ovulated between the ipsilateral and 
contralateral ovaries (11/12 vs. 24/34), and no statistical 
difference was found in the frequency of ovulations from 
the ipsilateral ovary between the treated and control groups 
(4/14 vs. 7/32). 

A second follicular wave was detected in 36 animals, 33 
of which had ovulated and 3 in which the first dominant 
follicle had regressed. Similar numbers of follicles of Z4 
mm in diameter were found in the ipsilateral ovary com- 
pared with the contralateral ovary (2.40 ± 0.26 vs. 2.43 ± 
0.18). No significant difference was observed between the 
number of second dominant follicles in the ipsilateral and 
contralateral ovaries (13 vs. 23), and the frequency of sec- 
ond dominant follicles in the ipsilateral ovary did not differ 
between treated and control animals (6/14 vs. 7/22). 

liming of Events 
The interval between calving and achieving dominance 

for the first dominant follicle was similar for the treated 
and control animals (10.1 t 0.4 vs. 10.7 ± 0.5 days). The 
interval from calving to dominance did not differ bctwccn 
dominant follicles located in the ipsilateral or contralateral 
ovaries (10.6 ± 0.5 vs. 10.2 = 0.4 days). 

For those animals in which the first dominant follicle 
ovulated, the interval from calving to ovulation did not dif- 



268 

E 
E 

JS N 

E A 0 
d ü 

0 
LL 

E 
E 
d M 
d 

E 
A V 
d 

ö 
LL 

SHELDON ET AL. 

18 

16 

14 

12 

10 

18 
(b) 

16 

14 

12 

10 

8 

6 
:, 

tom 

4 

2 

0 
6789 10 11 12 13 14 15 16 

Day postpartum 

M. 1. Diameter (mm, mean *_ SEM) of the first postpartum dominant 
follicle between Postpartum Days 6 and 16 in cows a) administered pros- 
taglandin F,, at approximately 200 days of gestation (a) and control an- 
imals (0) and b) when the first postpartum dominant follicle was in the 
ipsilateral (e) or contralateral (A) ovary. 

x 
Lg. 
I- 0 
ö 

m 
w N 
d 

0 

1.5 

0.5 1 ýr 

0 
68 10 12 14 16 

Day postpartum 

16 

14 

12 
d 10 E 

8 

6 

4 

2 

0 

FIG. 2. Diameter (mm, mean ± SEM) of the first postpartum dominant 
follicle (0), plasma estradiol (0) concentration (pg/mI) and FSH (0) con- 
centration (ng/ml) between Postpartum Days 6 and 16 using data pooled 
from all animals. 

fer between the treated and control groups (16.1 ± 1.0 vs. 
17.0 ± 0.7 days). The interval from calving to ovulation 
from the ipsilateral and contralateral ovaries was also sim- 
ilar (16.5 ± 0.88 vs. 16.8 ± 0.8 days). After each ovulation, 
an increase in plasma progesterone concentration to >l ng/ 
ml was detected 3.8 ± 0.2 days later, and this interval did 
not differ between those animals with a first dominant fol- 
licle in the ipsilaterat or the contralateral ovary (3.7 ± 0.5 
vs. 3.9 ± 0.2 days). The interval from ovulation to pro- 
gesterone increase for cows treated with PG more than 60 
days earlier did not differ significantly from that of control 
animals (4.6 ± 0.4 vs. 3.5 ± 0.2 days). 

The interval from parturition to dominance of the second 
dominant follicle postpartum did not differ between treated 
and control animals (19.9 ± 1.0 vs. 20.8 ± 0.8 days) or 
between the ipsilateral and contralateral ovaries (20.8 ± 1.0 
vs. 20.6 ± 0.8 days). 

_ 

Follicular Growth and Function 

The diameter of the first dominant follicle increased be- 
tween Postpartum Days 6 and 16 (P < 0.001). However, 
follicular growth rates did not differ between treatment and 
control groups, and the interaction of group X day post- 
partum was not significant (Fig. la). The maximum diam- 
eter of the first dominant follicle of the treated and control 
groups was 14.9 ± 1.1 and 16.9 ± 0.8 mm, respectively. 
No significant difference was found between the diameter 
of dominant follicles in the ipsilateral and contralateral ova- 
ries between Postpartum Days 6 and 16 (Fig. I b). The max- 
imum diameter of the first dominant follicle of the ipsilat- 
eral and contralateral ovaries was 14.8 t 1.1 and 16.8 t- 
0.8 mm, respectively. 

No significant effect of treatment group or location of 
the first dominant follicle was observed on plasma estradiol 
or FSH concentration, so the combined data are illustrated 
in Figure 2. Plasma estradiol concentration increased be- 
tween Postpartum Days 6 and 16 (P < 0.001), and FSI I 
concentration decreased between Postpartum Days 6 and 
11 (P < 0.001), as follicular diameter increased. Between 
Postpartum Days 6 and 16, a significant correlation was 
observed between first dominant follicle diameter and plas- 
ma estradiol concentration (r - 0.53, P<0.001) or FSII 
concentration (r = -0.44, P<0.001). Plasma estradiol 
and FSH concentration also were correlated (r - -0.26, P 
< 0.001). 

Ultrasonography revealed three possible fates for the 
first dominant follicle: ovulation; regression, followed by a 
second follicular wave; or formation of a persistent follicle 
(Fig. 3). The frequencies of these different fates of the first 
dominant follicle did not differ significantly between the 
treated and control animals. The dominant follicle ovulated, 
regressed, or formed a persistent follicle in 10,3, and I 
treated animals and in 25,3, and 4 control animals, re- 
spectively. Using pooled data across treatment groups, the 
interaction of fate of the first dominant follicle X day post- 
partum was significant for follicle diameter (P < 0.01), 
plasma FSH concentration (P < 0.01), and plasma cstradiol 
concentration (P < 0.05). The diameters of first dominant 
follicles before regression were smaller than those of ovu- 
latory or persistent follicles between Postpartum Days 9 
and 16 (P < 0.01), and plasma estradiol concentrations 
were also lower between Postpartum Days 14 and 16 (P < 
0.01). Plasma estradiol concentrations were correlated with 
diameter of the first dominant follicle for those that ovu- 
lated (r = 0.60, P<0.001) or formed a persistent follicle 
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(r = 0.36, P<0.01), but not for those that regressed 
Furthermore, unlike ovulatory or persistent follicles, plasma 
estradiol concentration in those animals with a first domi 
nant follicle that subsequently regressed did not exceed I 
pg/ml. Plasma FSH concentration was lower in animals 
with a persistent follicle on Postpartum Day IS Compared 
to animals with a first dominant follicle that o%ulatcd of 
regressed (0.56 , 0.07 vs. 0.76 c 0.08 or (1 72 -0 00 n), 
nil, P<0.05). 

DISCUSSION 
Administration of PG at approximately 200 dass of gees 

tation caused luteolysis without disturbance of the fetus, 

which remained supported by extragonadal sources of lino 
gesterone [12,20]. The present study also confirmed that 
the CL of pregnancy was not detectable by ultrasrmol; r: rph 
after parturition in cows treated with PG early to the third 
trimester. Treated cows had a shorter gestation, although it 
was not possible in the present study to determine how this 
might affect the results. However, because the absence of 
the CL of pregnancy had no effect on postpartum follicular 

growth or function, or on the timing or location of ovarian 
events, an effect of the previously gravid uterine horn and 
its contents should he considered. 

A postpartum, transient increase in plasma I'SII c mean 
tration precedes emergence of the first postpartum follicular 
wave and subsequent selection of a dominant follicle iw inf; 
the following phase of decreasing FSI I concentration II, 

.' 
21,22]. Similarly, in the present study, each annual after 
parturition developed a cohort of approxuuately h tollet es 
of -4 mm in diameter, and as plasma FS11 (unrcntr, ruwn 
decreased, selection of the first dominant follicle occurred 
however, plasma FSl l concentration did not (filler between 
those cows in which the first dominant follicle developed 
in the ipsilateral or contralateral ovary or hetween the neat 
ed and control animals. 

The preference for the first postpartum dominant follil. Ic 
to be selected in the contralateral ovary has been est, th 
lisped by repeated transrect, tl ultrrsonography aller brio 
rition [3,4]. Additionally, to the present study, fewer fol 
licles of' =4 mm in diameter were hound it, the rpstlatcral 
ovary during the first p rstp; uturn follicular wave, and fewer 

ovulations were observed, reflecting fewer first donun: uu 
follicles in the ipsilateral ovary. However, the prefercnrr 
Ior structures to occur in the cuntralateral oval v Jrnunitihe, 

with increasing interval front parturition [(0J Iwo prrssihlc 
explanations for these ubservanons have been suggested 
First, there could be a local lineal inhrburnv effect 1'1.101, 
however, in the present study, the presence of ai c'ressr p 
('1, of'pregnancy did not affect several aspects of frrlhrul: n 
growth. Furthermore, during mental cstruus cycles, Irrur 
dominant follicles are found to the ('L bearing; ovary J 2; J 
A second explanation is that there could he a regional cffet I 
of the involuting, previously gravid uterus on 101 Ilk will rgcllc 
sis in the ipsilateral ovary V, 10,24J A possible tnctha 
nism would he the transfer of product% font the uterus to 
the ovary via the countercurrent mechanism, as cstahlishvd 
for PG during the process of lulcolysis [25] 

The observation of fewer dominant follicles rn the tp 
silateral ovary after parturition appeals to he a conscyucnc e 
of two components First, fewer follicles of "'1 nun to rlr 
ameter emerged in the ipsilateral ovary dwrnl; the first lord 
partum follicular wave. Second. it smaller pnrporuun of 
these first-wave follicles were selected to achtsec ilium 
mince in the rpstlateral ovary. As I SII conccnlraUun I, t, nl 
ually decreases, selection of' the dominant hurt le -, < < ur.. 
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with subsequent transfer of gonadotropin dependence from 
FSH to LH [26,27]; LH probably plays a minor role until 
the point of selection [28]. After parturition, we suggest 
that further control on follicle emergence and selection is 
exerted at the level of the ovary, acting to modulate the 
response of follicles to FSH secreted by the pituitary. How- 
ever, inhibition of postpartum follicular growth in the ip- 
silateral ovary can be overcome by administration of eCG, 
which has both FSH- and LH-like activity [5]. Interestingly, 
a similar multilevel control mechanism has been suggested 
for endotoxin disruption of the follicular phase in ewes 
[29]. It is possible that immune/inflammatory challenges 
could also be involved in the control of folliculogenesis 
after parturition, because uterine involution and elimination 
of bacterial contamination provoke an acute-phase protein 
response [30]. 

Once the location of the first dominant follicle had been 
determined, the timing of events was independent of loca- 
tion in the ipsilateral or contralateral ovary and the presence 
of the CL of pregnancy. In addition, their ovarian location, 
or the CL of pregnancy, did not affect the growth rate of 
the first dominant follicles or their maximum diameter. 
Therefore, the mechanism responsible for imbalance be- 
tween the ipsilateral and contralateral ovaries after partu- 
rition acts before and/or at the time of dominant follicle 
selection, and the regressing CL of pregnancy is not in- 
volved. Furthermore, first dominant follicles were as com- 
petent in the ipsilateral ovary as in the contralateral ovary 
as determined by their ability to secrete estradiol and to 
ovulate. 

In the absence of an effect of the CL of pregnancy on 
postpartum follicular development, the influence of uterine 
involution on postpartum folliculogenesis should be con- 
sidered. Postpartum folliculogenesis parallels observations 
of decreased follicular activity in the ovary ipsilateral to 
the gravid uterine horn during early and midpregnancy [31, 
32]. In addition, the suppressive effect of the pregnant uter- 
us and/or its contents on ovarian follicular growth is re- 
moved following hysterectomy [33]. Researchers studying 
sheep have concluded that the negative effects on follicu- 
logenesis were exerted by the gravid uterine horn, and that 
the CL of pregnancy had a positive effect on follicle num- 
bers in the ipsilateral ovary [34,35]. 

The fates of the first dominant follicles observed in the 
present study and their function support previous descrip- 
tions [I]. In particular, first dominant follicles that regressed 
secreted less estradiol, irrespective of follicle diameter; this 
may be a consequence of inadequate LH support [28]. The 
frequency with which dominant follicles ovulated, re- 
gressed, or formed a persistent follicle did not differ be- 

tween the treated and control cows, suggesting that fate is 
dependent on other factors, probably LH pulse frequency 
[36-38]. 

In conclusion, removal of the CL of pregnancy by ad- 
ministration of PG before parturition did not influence first 

postpartum follicular wave location, timing of ovarian 
events, or dominant follicle growth or function. Although 

greater folliculogenesis was observed in the ovary contra- 
lateral to the previously gravid uterine horn, once the lo- 

cation of the future first dominant follicle was selected, the 

timing of events was independent of location. We suggest 
that the CL of pregnancy does not have a local effect on 

postpartum ovarian function; instead, an effect of the pre- 
viously gravid uterine horn shortly after parturition should 
be considered. ' 
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